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(54) ELECTRONIC DEVICE AND COMMUNICATION METHOD

(57) Disclosed are electronic devices and communi-
cation methods. An electronic device comprises a
processing circuit, the processing circuit being config-
ured to: receive an RRC signaling and/or a MAC CE sig-
naling from a control-side electronic device; determine,
based on a first beam indication information of control
channel in the RRC signaling and/or the MAC CE sign-
aling, an activated beam for performing a transmission
in the physical control channel with the control-side elec-
tronic device; rewrite the activated beam based on a sec-
ond beam indication information of control channel in-
cluded in a downlink control information (DCI) carried by
a physical downlink control channel (PDCCH); and use
the rewritten activated beam to perform the transmission
in the physical control channel with the control-side elec-
tronic device.
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Description

CROSS REFERENCES TO RELATED APPLICATIONS

[0001] This application claims priority of Chinese patent application No.201811127709.2 filed on September 27, 2018,
and the content of which hereby incorporated by reference in their entirety as a part of this application.

TECHNICAL FIELD

[0002] The present disclosure relates to electronic devices and communication methods, and in particular, to an
electronic device and a communication method with a beam indication with a short latency in a 5G New Radio (NR) system.

BACKGROUND

[0003] 5G NR technology is rapidly developing and standardizing. Since the carrier frequencies used by a 5G NR
system may be in a wide range from 700 MHz to 70 GHz, user-side electronic devices (for example UEs) and control-
side electronic devices (for example base stations) need to employ activated beams with high directivity. For this reason,
5G NR systems usually use a process called "beam management" to optimize the directivity of activated beams.
[0004] The beam management process selects and maintains activated beams used for transmissions between the
user-side electronic device and the control-side electronic device. The beam management process in the 5G NR system
may generally include three sub-processes: a beam measurement process, a beam reporting process, and a beam
indication process, wherein, the performance of multiple receive/transmit beam pairs between the user-side electronic
device and the control-side electronic device is measured via the beam measurement process, then the measured result
is reported to the control-side electronic device via the beam reporting process, the control-side electronic device in turn
indicates to the user-side electronic device, via the beam indication process, activated beams to be used for transmit-
ting/receiving. The beam management process enables control-side electronic devices and user-side electronic devices
to use activated transmit/receive beams with good directivity for uplink transmissions or downlink transmissions.
[0005] In the beam management process, some systems use a Radio Resource Control (RRC) signaling and/or a
MAC Control Element (MAC CE) signaling to perform the beam indication process. However, due to inherent properties
of the RRC signaling and the MAC CE signaling, the use of these signaling will result in a great latency. For example,
for some user-side electronic devices, processing of the MAC CE signaling has an inherent latency. These latencies
will not only degrade system performance but also degrade user experience.

SUMMARY

[0006] The present disclosure provides communication methods and electronic devices that have reduced latency of
beam indication, which enables the control-side electronic device and the user-side electronic device to dynamically
adjust activated beams to be used, with a DCI that is carried by the physical downlink control channel, thereby reducing
the latency of beam indication.
[0007] An aspect of the present disclosure relates to an electronic device comprising a processing circuit configured
to: receive an RRC signaling and/or a MAC CE signaling from a control-side electronic device; determine, based on a
first beam indication information of control channel in the RRC signaling and/or the MAC CE signaling, an activated
beam for performing a transmission in a physical control channel with the control-side electronic device; rewrite the
activated beam based on a second beam indication information of control channel included in a DCI that is carried by
a physical downlink control channel (PDCCH); and use the rewritten activated beam to perform a transmission in the
physical control channel with the control-side electronic device.
[0008] A further aspect of the present disclosure relates to an electronic device comprising a processing circuit con-
figured to: send an RRC signaling and/or MAC CE signaling to a user-side electronic device, the RRC signaling and/or
the MAC CE signaling including a first beam indication information of control channel, and the first beam indication
information of control channel indicates to the user-side electronic device an activated beam for a transmission in the
physical control channel; send a DCI to the user-side electronic device through a physical downlink control channel
(PDCCH), the DCI including a second beam indication information of control channel, and the second beam indication
information of control channel indicates to the user-side electronic device an activated beam for the transmission in the
physical control channel; and use the activated beam as indicated by the second beam indication information of control
channel to perform the transmission in the physical control channel with the user-side electronic device.
[0009] Another aspect of the present disclosure relates to an electronic device comprising a processing circuit con-
figured to: receive, through a physical downlink control channel (PDCCH), a DCI from a control-side electronic device;
determine, based on a first beam indication information of data channel in the DCI, a first activated beam for the physical
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data channel that is scheduled by the DCI; determine, based on a second beam indication information of data channel
in the DCI, one or more second activated beams to be used by one or more subsequent transmissions in the physical
data channel; use the first activated beam to perform a transmission in the physical data channel with the control-side
electronic device; after using the first activated beam to perform the transmission in the physical data channel with the
control-side electronic device, use the one or more second activated beams to perform the one or more subsequent
transmissions in the physical data channel with the control-side electronic device.
[0010] Yet another aspect of the present disclosure relates to an electronic device comprising a processing circuit
configured to: send, through a physical downlink control channel (PDCCH), a DCI to a user-side electronic device, the
DCI including: a first beam indication information of data channel to indicate to the user-side electronic device a first
activated beam for a transmission in the physical data channel that is scheduled by the DCI; and a second beam indication
information of data channel to indicate to the user-side electronic device one or more second activated beams to be
used by one or more subsequent transmissions in the physical data channel; use the first activated beam to perform
the transmission in the physical data channel with the user-side electronic device; and after using the first activated
beam to perform the transmission in the physical data channel with the user-side electronic device, use the one or more
second activated beams to perform the one or more subsequent transmissions in the physical data channel with the
user-side electronic device.
[0011] A further aspect of the present disclosure relates to a communication method comprising: receiving an RRC
signaling and/or a MAC CE signaling from the control-side electronic device; determining, based on a first beam indication
information of control channel in the RRC signaling and/or the MAC CE signaling, an activated beam for performing a
transmission in the physical control channel with the control-side electronic device; rewriting the activated beam based
on a second beam indication information of control channel included in a DCI that is carried by a physical downlink
control channel (PDCCH); and using the rewritten activated beam to perform the transmission in the physical control
channel with the control-side electronic device.
[0012] Another aspect of the present disclosure relates to a communication method comprising: sending an RRC
signaling and/or a MAC CE signaling to the user-side electronic device, the RRC signaling and/or the MAC CE signaling
including a first beam indication information of control channel, wherein the first beam indication information of control
channel indicates to the user-side electronic device an activated beam for a transmission in the physical control channel;
sending, through a physical downlink control channel (PDCCH), a DCI to the user-side electronic device, the DCI including
a second beam indication information of control channel, wherein the second beam indication information of control
channel indicates to the user-side electronic device an activated beam for a transmission in the physical control channel;
and using the activated beam indicated by the second beam indication information of control channel to perform the
transmission in the physical control channel with the user-side electronic device.
[0013] Yet another aspect of the present disclosure relates to a communication method comprising: receiving, through
a physical downlink control channel (PDCCH), a DCI from the control-side electronic device; determining, based on a
first beam indication information of data channel in the DCI, a first activated beam for the physical data channel that is
scheduled by the DCI; determine, based on a second beam indication information of data channel in the DCI, one or
more second activated beams to be used by one or more subsequent transmissions in the physical data channel; using
the first activated beam to perform the transmission in the physical data channel with the control-side electronic device;
after using the first beam to perform the transmission in the physical data channel with the control-side electronic device,
using the one or more second activated beams to perform the one or more subsequent transmissions in the physical
data channel with the control-side electronic device.
[0014] A further aspect of the present disclosure relates to a communication method comprising: sending, through a
physical downlink control channel (PDCCH), a DCI to a user-side electronic device, the DCI including: a first beam
indication information of data channel to indicate to the user-side electronic device a first activated beam for a transmission
in the physical data channel that is scheduled by the DCI; and a second beam indication information of data channel to
indicate to the user-side electronic device one or more second activated beams to be used by one or more subsequent
transmissions in the physical data channel; using the first activated beam to perform the transmission in the physical
data channel with the user-side electronic device; and after using the first activated beam to perform the transmission
in the physical data channel with the user-side electronic device, using the one or more second activated beams to
perform the one or more subsequent transmissions in the physical data channel with the user-side electronic device.
[0015] Yet another aspect of the present disclosure relates to a computer-readable storage medium having a computer
program stored thereon, and is characterized in that, the computer program, when loaded and executed by a processor,
is used to implement communication methods as described above.
[0016] According to various aspects of the present disclosure, with additional beam indication information for the
physical control channel or the physical data channel included in the DCI, the control-side electronic device and the
user-side electronic device are able to use the DCI to dynamically indicate activated beams to be used, such that they
no longer rely on updates of the RRC signaling and/or the MAC CE signaling, thereby reducing the latency of beam
indication.
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BRIEF DESCRIPTION OF DRAWINGS

[0017] The above and other objectives and advantages of the present disclosure will be further described below in
conjunction with specific embodiments and with reference to accompany drawings. In the drawings, the same or corre-
sponding technical features or components will be indicated by the same or corresponding reference numerals.
[0018] Figure 1 illustrates a schematic block diagram of a 5G NR system according to an embodiment of the present
disclosure.
[0019] Figure 2 illustrates a block diagram of a user-side electronic device that has a reduced latency of beam indication
for a physical control channel according to an embodiment of the present disclosure.
[0020] Figure 3A illustrates a schematic block diagram of an exemplary TCI state.
[0021] Figure 3B illustrates a schematic block diagram of an exemplary beam activation information in a MAC CE
signaling.
[0022] Figure 3C illustrates a schematic diagram of a latency of beam indication for the PDCCH.
[0023] Figure 3D illustrates a schematic diagram of an exemplary field structure of a DCI according to an embodiment
of the present disclosure.
[0024] Figure 3E illustrates a schematic diagram of an exemplary field structure of another DCI according to an
embodiment of the present disclosure.
[0025] Figure 3F illustrates a schematic diagram of a dynamic beam indication process for the PDCCH according to
an embodiment of the present disclosure.
[0026] Figure 4A illustrates a schematic block diagram of an exemplary beam activation information for the PUCCH
in a MAC CE signaling.
[0027] Figure 4B illustrates a schematic diagram of a latency of beam indication for the PUCCH.
[0028] Figure 4C illustrates a schematic diagram of an exemplary field structure of a DCI according to an embodiment
of the present disclosure.
[0029] Figure 4D illustrates a schematic diagram of a dynamic beam indication process for the PUCCH according to
an embodiment of the present disclosure.
[0030] Figure 5 illustrates a block diagram of a control-side electronic device that has a reduced latency of beam
indication for a physical control channel according to an embodiment of the present disclosure.
[0031] Figure 6 illustrates a flowchart of a user-side communication method that has a reduced latency of beam
indication for a physical control channel according to an embodiment of the present disclosure.
[0032] Figure 7 illustrates a flowchart of a control-side communication method that has a reduced latency of beam
indication for a physical control channel according to an embodiment of the present disclosure.
[0033] Figure 8 illustrates a signaling diagram of a beam indication process that has a reduced latency of beam
indication for a physical control channel according to an embodiment of the present disclosure.
[0034] Figure 9 illustrates a block diagram of a user-side electronic device that has a reduced latency of beam indication
for a physical data channel according to an embodiment of the present disclosure.
[0035] Figure 10A illustrates a schematic block diagram of an exemplary beam activation information for the PDSCH
in a MAC CE signaling.
[0036] Figure 10B illustrates a schematic diagram of latency and performance degradation caused by a beam indication
process for the PDSCH.
[0037] Figure 10C illustrates a schematic diagram of an exemplary field structure of a DCI according to an embodiment
of the present disclosure.
[0038] Figure 10D illustrates a schematic diagram of a dynamic beam indication process for the PDSCH according to
an embodiment of the present disclosure.
[0039] Figure 11A illustrates a schematic diagram of a latency caused by a beam indication process for the PUSCH.
[0040] Figure 11B illustrates a schematic diagram of an exemplary field structure of a DCI according to an embodiment
of the present disclosure.
[0041] Figure 11C illustrates a schematic diagram of a dynamic beam indication process for the PUSCH according to
an embodiment of the present disclosure.
[0042] Figure 12 illustrates a block diagram of a control-side electronic device that has a reduced latency of beam
indication for a physical data channel according to an embodiment of the present disclosure.
[0043] Figure 13 illustrates a flowchart of a user-side communication method that has a reduced latency of beam
indication for a physical data channel according to an embodiment of the present disclosure.
[0044] Figure 14 illustrates a flowchart of a control-side communication method that has a reduced latency of beam
indication for a physical data channel according to an embodiment of the present disclosure.
[0045] Figure 15 illustrates a signaling diagram of a beam indication process that has a reduced latency of beam
indication for a physical data channel according to an embodiment of the present disclosure.
[0046] Figure 16 is a block diagram of a first example of a schematic configuration of an electronic device on control
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device-side according to an embodiment of the present disclosure.
[0047] Figure 17 is a block diagram of a second example of the schematic configuration of an electronic device on
control device-side according to an embodiment of the present disclosure.
[0048] Figure 18 is a block diagram of an exemplary of a schematic configuration of a smart phone according to an
embodiment of the present disclosure.
[0049] Figure 19 is a block diagram of an exemplary of a schematic configuration of a car navigation device according
to an embodiment of the present disclosure.

DETAILED DESCRIPTION

[0050] Hereinafter, exemplary embodiments of the present disclosure will be described with reference to the drawings.
For the purpose of clarity and conciseness, not all features of the embodiments are described in the specification.
However, it should be understood that many implementation-specific settings must be made during the implementation
of the embodiments in order to achieve the specific goals of the developer, for example, to meet those restrictions related
to devices and businesses, and these restrictions may vary from implementation to implementation. In addition, it should
also be understood that, although development work may be very complicated and time-consuming, for those skilled in
the art who benefit from the present disclosure, such development work is merely a routine task.
[0051] Here, it should also be noted that, in order to avoid obscuring the disclosure with unnecessary details, only the
processing steps and/or device structures closely related to at least the solution according to the disclosure are illustrated
in the drawings, and other details not so relevant to the present disclosure are omitted.
[0052] Next, the description will be made in the following order.

1. 5G NR system

[0053] Figure 1 illustrates a schematic block diagram of a 5G NR system 100 according to an embodiment of the
present disclosure. The 5G NR system 100 includes a user-side electronic device 110 and a control-side electronic
device 120. A link from the control-side electronic device 120 to the user-side electronic device 110 is referred to as a
downlink, and a link from the user-side electronic device 110 to the control-side electronic device 120 is referred to as
an uplink. In the 5G NR system 100 illustrated in Figure 1, the channels used for the downlink include a physical downlink
control channel (PDCCH) 131 and a physical downlink shared channel (PDSCH) 132. The channels used for the uplink
include a physical uplink control channel (PUCCH) 141 and a physical uplink shared channel (PUSCH) 142. PDCCH
131 and PUCCH 141 may be collectively referred to as physical control channels. The PDCCH 131 may be used to
carry a Downlink Control Information (DCI), the content of which includes but is not limited to scheduling and control
information for other channels, for example, information about transmission format, resource allocation, scheduling
permission, power control, and so on. The PUCCH 141 may be used to carry control information to be uploaded to the
control-side electronic device 120, for example, ACK/NACK, CQI, PMI, and so on. The PDSCH 132 and the PUSCH
142 may be collectively referred to as physical data channels. The PDSCH 132 may be used to carry data from the
control-side electronic device 120 to the user-side electronic device 110, while the PUSCH 142 may be used to carry
data from the user-side electronic device 110 to the control-side electronic device 120. In the 5G NR system 100, an
activated receive beam and an activated transmit beam to be used by the user-side electronic device 110 and the control-
side electronic device 120 may be specified for one or more channels among the PDCCH 131, the PDSCH 132, the
PUCCH 141, and the PUSCH 142. For example, a pair of activated receive beam and activated transmit beam for the
one or more channels may be indicated by the control-side electronic device 120 to the user-side electronic device 110
through a beam indication process. The control-side electronic device 120 and the user-side electronic device 110 then
use the indicated activated transmit/receive beams, respectively, to perform a transmission in a respective channel.
[0054] However, existing systems often need to perform a beam indication process by means of an RRC signaling
and/or a MAC CE signaling, and the beam indication process is only used for a current transmission. Therefore, existing
systems often have a large latency of beam indication, and their beam indication processes have limited dynamics. This
is undesirable for realizing a system with highly efficiency and highly dynamics, as described in detail in the following
embodiments.

2. A user-side electronic device with a reduced latency of beam indication for a physical control channel ac-
cording to an embodiment of the present disclosure

[0055] Figure 2 illustrates a block diagram of a user-side electronic device 210 that has a reduced latency of beam
indication for a physical control channel according to an embodiment of the present disclosure. The electronic device
210 may reside in a user-side communication device (such as a smart phone). According to an embodiment of the
present disclosure, the electronic device 210 may include, for example, a communication unit 211, a memory 212, and
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a processing circuit 213.
[0056] The communication unit 211 may be used to receive radio signals transmitted by the control-side electronic
device through one or more of the PDCCH or the PDSCH, and may further perform processing such as down-conversion
and analog-digital conversion on the received radio signals, and may provide the information obtained from the radio
signals to other parts of the electronic device 210 (for example, the processing circuit 213 or the memory 212). The
communication unit 211 may also be used to transmit radio signals from the user-side electronic device 210 to the
control-side electronic device through the PUCCH or the PUSCH, and may perform processing such as digital-to-analog
conversion and up-conversion on the radio signals before transmitting. The information transmitted by the communication
unit 211 may come from other parts of the electronic device 210 (for example, the processing circuit 213 or the memory
212). The radio signals received or transmitted by the communication unit 211 may include control information or data
(e.g., RRC signaling, MAC CE signaling, DCI or ACK/NACK, CQI, PMI, etc.). In an embodiment of the present disclosure,
the communication unit 211 may be implemented as a communication interface component like an antenna device, a
radio frequency circuit, and part of a baseband processing circuit etc., for example. The communication unit 211 is drawn
with a dashed line, as it may also reside within the processing circuit 213 or outside of the electronic device 210.
[0057] The memory 212 of the electronic device 210 may store information generated by the processing circuit 213,
information received from other devices through the communication unit 211, programs, machine codes, and data used
for operations of the electronic device 210, and the like. The memory 212 is drawn with a dashed line, as it may also
reside within the processing circuit 213 or outside of the electronic device 210. The memory 212 may be a volatile
memory and/or a non-volatile memory. For example, the memory 212 may include, but is not limited to, a random access
memory (RAM), a dynamic random access memory (DRAM), a static random access memory (SRAM), a read only
memory (ROM), and a flash memory.
[0058] The processing circuit 213 may provide various functions of the electronic device 210. According to an embod-
iment of the present disclosure, the processing circuit 213 may be configured to receive (for example, through the
communication unit 211) an RRC signaling and/or a MAC CE signaling from a control-side electronic device; determine,
based on a first beam indication information of control channel in the RRC signaling and/or the MAC CE signaling, an
activated beam for performing a transmission in the physical control channel with the control-side electronic device;
rewrite the activated beam based on a second beam indication information of control channel included in a DCI that is
carried by a physical downlink control channel (PDCCH); and use the rewritten activated beam to perform the transmission
in the physical control channel with the control-side electronic device.
[0059] According to an embodiment of the present disclosure, the processing circuit 213 may include various units,
e.g., an RRC signaling processing unit 214, a MAC CE signaling processing unit 215, a DCI processing unit 216, and
a beam activation unit 217, for implementing the functions described above. These processing units included in the
processing circuit 213 may be communicatively coupled to each other (not shown) and/or coupled to one or more of the
communication unit 211 or the memory 212 (not shown). It should be noted that, although each unit is illustrated as a
separate unit in Figure 2, one or more of these units may be combined into one unit as well or split into multiple units.
[0060] According to an embodiment of the present disclosure, the RRC signaling processing unit 214 may be configured
to process the RRC signaling from the control-side electronic device, so as to extract at least a beam configuration
information in the RRC signaling. The beam configuration information may be used by the beam activation unit 217 as
a part of the first beam indication information of control channel.
[0061] According to an embodiment of the present disclosure, the MAC CE signaling processing unit 215 may be
configured to process the MAC CE signaling from the control-side electronic device, so as to extract at least a beam
activation information in the MAC CE signaling. The beam activation information may be used by the beam activation
unit 217 as an additional part of the first beam indication information of control channel. According to one embodiment
of the present disclosure, the beam activation unit 217 may determine the activated beam based on a combination of
the beam activation information from the MAC CE signaling and the beam configuration information from the RRC
signaling.
[0062] According to an embodiment of the present disclosure, the DCI processing unit 216 may be configured to
process the DCI from the control-side electronic device to extract the second beam indication information of control
channel included in the DCI. The beam activation unit 217 may rewrite the activated beam (for example, rewrite an
activated beam previously determined based on the MAC CE signaling and the RRC signaling) based on the second
beam indication information of control channel. The rewritten activated beam may be used to perform the transmission
in the physical control channel with the control-side electronic device.
[0063] As already described above, the beam activation unit 217 may be configured to determine the activated beam
to be used for performing the transmission in the physical control channel with the control-side electronic device, based
on the first beam indication information of control channel from the RRC signaling processing unit 214 and/or the MAC
CE signaling processing unit 215, or based on the second beam indication information of control channel from the DCI
processing unit 216.
[0064] According to an embodiment of the present disclosure, in the beam indication process for the physical control
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channel, the electronic device 210 may not always rely on the first beam indication information of control channel from
the RRC signaling and/or the MAC CE signaling to determine the activated beam. Advantageously, the electronic device
210 may determine the activated beam further based on the second beam indication information of control channel
included in the DCI. Since the DCI is carried by the PDCCH, it is at a lower layer than the RRC signaling and the MAC
CE signaling. Therefore, using the DCI for beam indication will have a significantly reduced latency as compared with
using the RRC signaling and/or the MAC CE signaling for beam indication.
[0065] According to an embodiment of the present disclosure, the processing circuit 213 of the electronic device 210
may further include an optional error control unit 218. The error control unit 218 may be configured to indicate, based
on whether the second beam indication information of control channel is correctly extracted, whether to rewrite the
activated beam in accordance with the information extracted from the DCI. Specifically, when the second beam indication
information of control channel is correctly extracted, the error control unit 218 may allow the activated beam to be rewritten
based on the second beam indication information of control channel. Otherwise, the error control unit 218 may prohibit
such rewriting. The electronic device 210 may, for example, keep using a current activated beam. Such an error control
mechanism may avoid incorrectly rewriting the activated beam.
[0066] According to an embodiment of the present disclosure, the error control unit 218 may further be configured to
send a feedback information to the control-side electronic device (for example, through the communication unit 211).
The feedback information indicates whether the second beam indication information of control channel has been correctly
extracted. The control-side electronic device may determine whether to adjust a corresponding activated beam used by
the control-side electronic device based on the feedback information, so as to ensure that the control-side electronic
device and the user-side electronic device always use matching activated transmit/receive beams. According to an
embodiment of the present disclosure, for systems that support the HARQ mechanism for the PDCCH, the HARQ
mechanism for the PDCCH may be used to feed back to the control-side electronic device. For systems that do not
support the HARQ mechanism for the PDCCH, the HARQ mechanism for the PUSCH may be used to feed back to the
control-side electronic device indirectly. For example, when the second beam indication information of control channel
has been correctly extracted, a HARQ-ACK message may be sent to the control-side electronic device; otherwise, a
HARQ-NACK message may be sent.
[0067] In addition, it should be noted that, using the second beam indication information of control channel that is
included in DCI does not mean that the electronic device 210 will no longer be able to configure an activated beam
based on the RRC signaling and/or the MAC CE signaling. In other words, the second beam indication information of
control channel included in DCI is another approach for beam indication, which is compatible with configuring the activated
beam based on the RRC signaling and/or the MAC CE signaling, and is not intended to exclude performing the beam
indication process through the RRC signaling and/or the MAC CE signaling. According to an embodiment of the present
disclosure, if the electronic device 210 subsequently receives a new RRC signaling and/or a new MAC CE signaling
from the control-side electronic device, the electronic device 210 may rewrite the activated beam (for example, rewrite
the activated beam that has been previously rewritten based on the second control channel beam activation information)
based on the first beam indication information of control channel in the new RRC signaling and/or the new MAC CE
signaling. According to an embodiment of the present disclosure, the electronic device 210 may rewrite the activated
beam based on a more recent one of the first control channel beam instruction information and the second control
channel beam instruction information.
[0068] Next, description will be made for the physical downlink control channel (PDCCH) and the physical uplink
control channel (PUCCH) respectively.

2-1. Beam indication process for the PDCCH

[0069] The beam indication process for the PDCCH is used to indicate to the user-side electronic device an activated
receive beam for the PDCCH. Existing 5G NR systems perform the beam indication process through a RRC signaling
and a MAC CE signaling. The user-side electronic device relies on a first beam indication information of control channel
provided by both the RRC signaling and the MAC CE signaling to determine an activated receive beam for the PDCCH.
The first beam indication information of control channel may include a beam configuration information in the RRC signaling
and a beam activation information in the MAC CE signaling.
[0070] According to the 5G NR standard Release 15, the beam configuration information for the PDCCH in the RRC
signaling that is received by the user-side electronic device from the control-side electronic device may at least include
a Transmission Configuration Indication (TCI) state. Figure 3A illustrates a schematic block diagram of an exemplary
TCI state 350. As illustrated in Figure 3A, the TCI state 350 includes a TCI state ID (TCI state identifier) 351 for identifying
that TCI state, and further includes a Quasi Co-Location (QCL) type 1 field 352 and an optional QCL type 2 field 353.
Each of the QCL type 1 field 352 and the QCL type 2 field 353 may each include subfields that indicate, for example, a
serving cell index, a bandwidth part identifier (BWP-ID), and a reference signal (NZP-CSI resource ID or SSB index).
Each of the QCL type 1 field 352 and the QCL type 2 field 353 belongs to one of QCL-type A, QCL-type B, QCL-type
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C, and QCL-type D. Different QCL types indicate different meanings. For example, QCL-type A indicates {Doppler
frequency shift, Doppler spread, average delay, delay spread}, QCL-type B indicates {Doppler frequency shift, Doppler
spread}, QCL-type C indicates {Doppler shift, average delay}, and QCL-type D indicates {spatial reception parameters}.
[0071] When processing the RRC signaling, a RRC signaling processing unit (for example, 214) of the user-side
electronic device may find a QCL field belonging to QCL-type D from one or more QCL (for example, QCL type 1 or
QCL type 2) fields that are included in the TCI state 350. In Figure 3A, the QCL type 2 field 353 is schematically illustrated
as QCL-type D with a dashed ellipse. To avoid ambiguity, the TCI state 350 may be limited to include only one QCL
field that is of QCL-type D. Then, the RRC signaling processing unit associates a reference signal indicated in that QCL
field (in this example, the QCL type 2 field 353) with the TCI state 350. Since each reference signal has been associated
with an optimal transmit/activated receive beam through a beam measurement process and a beam reporting process
prior to the beam indication process, the user-side electronic device may associate the TCI state 350 with that trans-
mit/activated receive beam.
[0072] Although Figure 3A illustrates only one TCI state 350, it should be understood that the user-side electronic
device may obtain M TCI states (M is greater than or equal to 1) through the RRC signaling, wherein each TCI state
has a unique TCI state ID, and each TCI state corresponds to a transmit/activated receive beam. The user-side electronic
device may store the association between the TCI state acquired from the beam configuration information in the RRC
signaling and the activated transmit/receive beams for subsequent use.
[0073] Then, the user-side electronic device may extract the beam activation information from the MAC CE signaling
from the control-side electronic device through the MAC CE signaling processing unit (for example, 215). The beam
activation information may include an index of the TCI state (for example, a TCI state ID) to indicate to the user-side
electronic device to use an activated receive beam that is associated with the TCI state. As one example, Figure 3B
illustrates a schematic block diagram of an exemplary beam activation information in the MAC CE signaling. As illustrated
in the figure, the field 360 in the MAC CE signaling may not only include subfields for indicating a serving cell index and
a BWP-ID, but also include a beam activation information. The beam activation information may include a CORESET
ID subfield 361 for identifying an associated Control-Resource Set (CORESET) and a TCI state ID subfield 362 for
identifying a TCI state that is to be activated. It should be noted that the field arrangement illustrated in Figure 3B is
merely an example, and other arrangements than this one may be used as well.
[0074] The beam activation unit (for example, the beam activation unit 216) of the user-side electronic device may
determine the activated receive beam for receiving the PDCCH on a respective CORESET, based on the TCI state ID
subfield 362 in the MAC CE signaling and a previous association between the TCI state and the transmit/activated
receive beam that is determined and stored based on the RRC signaling. Then, the determined activated receive beam
may be used for reception in the PDCCH.
[0075] It is described above that the user-side electronic device determines the activated receive beam for the PDCCH
based on the first beam indication information of control channel provided by both the RRC signaling and the MAC CE
signaling. This approach has a large latency. Figure 3C illustrates a schematic diagram of the latency of beam indication
for the PDCCH. As illustrated in Figure 3C, an initial configuration and one reconfiguration are performed for the PDCCH
transmit/activated receive beam using the RRC signaling and the MAC CE signaling, wherein, the initial configuration
caused a latency of T1, and the reconfiguration caused a latency of T2. It should also be noted that, both the RRC
signaling and the MAC CE signaling are high layer signaling, which have long latencies. For scenarios that require
frequent reconfiguration of activated transmit/receive beams through beam indication processes, performing frequent
beam indication processes through the RRC signaling and/or the MAC CE signaling will cause significant latency. This
is not desired for achieving a beam indication process with high dynamics and high efficiency. Therefore, there is a need
to perform a beam indication process for the PDCCH with a latency that is smaller than that of the RRC signaling and
the MAC CE signaling.
[0076] According to an embodiment of the present disclosure, a DCI for downlink scheduling may be used to implement
a dynamic beam indication process for the PDCCH. For example, a second beam indication information of control
channel may be included in the DCI. A DCI processing unit (for example, 216) of the user-side electronic device may
be configured to extract the second beam indication information of control channel from the DCI, and transmit it to the
beam activation unit (for example, 217). The beam activation unit may rewrite the activated beam based on the second
beam indication information of control channel, without relying on an update of the high layer signaling (for example, the
MAC CE signaling). Because the DCI is a physical layer information carried by the PDCCH, the DCI has a reduced
latency and improved dynamics as compared with the high layer MAC signaling.
[0077] Figure 3D illustrates a schematic diagram of an exemplary field structure of a DCI according to an embodiment
of the present disclosure. The standard Release 15 has specified an original DCI format 381 for downlink scheduling,
which may include subfields of: a carrier indicator (0 or 3 bits), a DCI format indicator (1 bit), a BWP-ID (0, 1, or 2 bits),
a TCI index for the PDSCH (3 bits), and a DMRS sequence initialization (1 bit), and the like. According to an embodiment
of the present disclosure, a DCI format 382 with an extended TCI state ID for the PDCCH may be adopted. The DCI
format 382 may be an extension of the original DCI format 381. For example, an activated TCI state ID subfield 383 for
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the PDCCH may be added after the TCI index for the PDSCH, as the second beam indication information of control
channel. Similar to the TCI state ID subfield 362 in the MAC CE signaling, the subfield 383 in the DCI may indicate to
the user-side electronic device the TCI state to be activated. When a total of M TCI states are configured, the length of
the subfield 383 may be any integer no less than Log2M. The TCI state to be activated as indicated by the subfield 383
may be associated with a currently used CORESET by default without any special indication. In this case, the subfield
383 indicates information related to only one activated beam, and that activated beam corresponds to the currently used
CORESET.
[0078] It should be noted that although the subfield 383 is added after the TCI index for the PDSCH in Figure 3D, this
is merely one preferred embodiment. The TCI index for the PDSCH is also used to indicate the TCI state to be activated.
It is advantageous to put together fields with similar functions. According to an embodiment of the present disclosure,
the subfield 383 may be placed at any position in the DCI format 382.
[0079] Figure 3E illustrates a schematic diagram of another exemplary field structure of another DCI according to an
embodiment of the present disclosure. Figure 3E illustrates the same original DCI format 381 as in Figure 3D for com-
parison. The DCI format 392 with the extended TCI state ID for the PDCCH as illustrated in Figure 3E is different from
the DCI format 382 in Figure 3D. Specifically, the second beam indication information of control channel in the DCI
format 392 includes not only the activated TCI state ID subfield 393 for the PDCCH, but also a CORESET ID subfield
394 indicating a CORESET associated with that activated TCI state. Although only one subfield 393 and one subfield
394 are illustrated in Figure 3E, the DCI format 392 may include one or more CORESET ID subfields 394 to indicate
one or more of the CORESETs that may be used by the user-side electronic device. The DCI format 392 may also
include one or more TCI state ID subfields 393, each subfield 393 being associated with one CORESET ID subfield 394,
thereby indicating the TCI state to be activated that is associated with a respective CORESET. The one or more subfields
393 and subfields 394 may be used together as the second beam indication information of control channel included in
the DCI. In other words, the second beam indication information of control channel may include information related to
multiple activated beams, and the multiple activated beams correspond to one or more of the multiple CORESETs that
may be used by the user-side electronic device. This further increases the dynamics of the beam indication process, so
that the user-side electronic device, when receiving PDCCH transmissions, may use a respective receive beam on
different CORESETs to obtain a spatial diversity performance gain and increase the decoding success rate.
[0080] It should be noted that, although the subfields 393 and 394 are added after the TCI index for the PDSCH in
Figure 3E, this is merely one preferred embodiment. According to an embodiment of the present disclosure, one or more
subfields 393 and 394 may be placed in any position in the DCI format 392.
[0081] One or more extraction parameters are also illustrated in Figure 3E, for example, a TCI_PresentInDCI parameter
395 and the PDCCH_TCI_PresentInDCI parameter 396. According to an embodiment of the present disclosure, these
parameters may indicate how the user-side electronic device (specifically, the DCI processing unit) extracts respective
subfields from the DCI. For example, the TCI_PresentInDCI parameter 395 may be used to instruct whether there is a
subfield indicating the TCI index for the PDSCH in the DCI format 392, while the PDCCH_TCI_PresentInDCI parameter
396 may be used to instruct whether there is a second beam indication information of control channel (for example, one
or more of the activated TCI state ID subfield 393 and CORESET ID subfield 394 for the PDCCH) in the DCI format 392.
These extraction parameters may be included in the RRC signaling. According to an embodiment of the present disclo-
sure, the RRC signaling may not only include parameters (such as parameters 395 and 396) that identify whether the
DCI includes the second beam indication information of control channel, but also include a parameter that identifies the
quantity of activated beams associated with the second beam indication information of control channel (for example,
the quantity of CORESET ID subfields 394 in the DCI 392). In addition, although one or more extraction parameters are
illustrated and described in Figure 3E, one or more of these extraction parameters are also applicable to the embodiment
illustrated in Figure 3D. According to an embodiment of the present disclosure, the RRC signaling processing unit may
read one or more extraction parameters (for example, parameters 395 and 396) from the RRC signaling. The one or
more extraction parameters may be stored locally in the user-side electronic device, for example, and remain unchanged
until they are updated by a next RRC signaling. The DCI processing unit may extract the second beam indication
information of control channel from the DCI based on the one or more extraction parameters.
[0082] In this way, the user-side electronic device may determine the activated beam for the PDCCH based on the
DCI. This process does not need to rely on updates of the high layer signaling. Figure 3F illustrates a schematic diagram
of a dynamic beam indication process for the PDCCH according to an embodiment of the present disclosure. Figure 3F
illustrates one or more control signaling transmissions 301-303 that are carried by the PDCCH, one or more of which
may include a DCI for downlink scheduling. Figure 3F also illustrates one or more data transmissions 304-306 that are
carried by the PDSCH, which correspond to the control signaling transmissions 301-303. The solid arrow in Figure 3F
illustrates a scheduling according to the standard Release 15. Specifically, the solid arrow 307 illustrates that the activated
beam for the PDCCH is indicated through the MAC CE signaling. The solid arrows 308 and 309 illustrate that the PDSCH
corresponding to the PDCCH is scheduled by the DCI that is carried by that PDCCH. Figure 3F also illustrates that the
DCI that is carried by the PDCCH is used to indicate the activated beam for a subsequent PDCCH according to an
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embodiment of the present disclosure, as illustrated by the dashed arrow 310. The dashed arrow 310 shows that the
DCI in the control signaling transmission 302 carried by the PDCCH indicates an activated beam to be used for the
subsequent control signaling transmission 303 as carried by the PDCCH, and this avoids performing a beam indication
process by means of a MAC CE signaling carried by the PDSCH (like that illustrated by the solid arrow 307), thereby
providing a reduced latency and improved dynamics.

2-2. Beam indication process for the PUCCH

[0083] The beam indication process for the PUCCH is used to indicate to the user-side electronic device an activated
transmit beam for the PUCCH. Existing 5G NR systems perform this beam indication process through the RRC signaling
and the MAC CE signaling. The user-side electronic device relies on a first beam indication information of control channel
that is provided by the RRC signaling and the MAC CE signaling to determine the activated transmit beam for the PUCCH.
The first beam indication information of control channel may include a beam configuration information in the RRC
signaling, and a beam activation information in the MAC CE signaling.
[0084] The beam configuration information included in the RRC signaling may include at least a spatial relationship
information for the PUCCH (PUCCH-SpatialRelationInfo, PUCCH-SRI). The RRC signaling processing unit (for example,
214) of the user-side electronic device may extract one or more PUCCH-SRIs from the received RRC signaling.
[0085] Then, the MAC CE signaling processing unit (for example, 215) of the user-side electronic device may extract
a beam activation information from the MAC CE signaling from the control-side electronic device. The beam activation
information may indicate an activated transmit beam for the PUCCH. As one example, Figure 4A illustrates a schematic
block diagram of an exemplary beam activation information for the PUCCH in the MAC CE signaling. As illustrated in
the figure, the field 460 in the MAC CE signaling includes a serving cell index, a BWP-ID, and an activated beam indication
information. The activated beam indication information may include the PUCCH resource ID subfield 461 and a subfield
462 (S0-S7). The PUCCH resource ID subfield 461 may be used to identify the PUCCH resource for which the beam
is to be activated. The subfield 462 may be used to indicate an activated beam. For example, one of S0-S7 may be set
to 1 (the rest are set to 0) to indicate one corresponding activated beam. It should be noted that although the subfield
462 is illustrated here as including 8 bits, S0-S7, the subfield 462 may also include any suitable number of bits, and its
length depends on the quantity of beams available for one PUCCH resource. Similarly, the length of the PUCCH resource
ID subfield 461 may also be any suitable length, which depends on the quantity of PUCCH resources available to the
user-side electronic device. It should be noted that the field arrangement illustrated in Figure 4A is merely one example,
and other arrangements may also be used as well.
[0086] The beam activation unit (for example, 217) of the user-side electronic device may determine an activated
transmit beam for the PUCCH based on the beam activation information in the MAC CE signaling and the PUCCH-SRI
previously obtained from the RRC signaling. Then, the determined activated transmit beam may be used for a transmission
in the PUCCH.
[0087] It is described above that the user-side electronic device determines an activated transmit beam for the PUCCH
based on the first beam indication information of control channel provided by both the RRC signaling and the MAC CE
signaling. As discussed earlier, this approach has a large latency. Figure 4B illustrates a schematic diagram of the
latency of beam indication for the PUCCH. For some user-side electronic devices, processing the MAC CE signaling
has an inherent MAC CE latency 471 (for example, 3 ms). Moreover, since both the RRC signaling and the MAC CE
signaling are higher layer signaling, these signalings have large latencies. Therefore, there is a need to perform the
beam indication process for the PUCCH with a latency that is smaller than a combination of the RRC signaling and the
MAC CE signaling.
[0088] According to an embodiment of the present disclosure, a DCI for uplink scheduling may be used to implement
a dynamic beam indication process for the PUCCH. For example, a second beam indication information of control
channel may be included in the DCI. The DCI processing unit (for example, 216) of the user-side electronic device may
be configured to extract the second beam indication information of control channel from the DCI, and transmit it to the
beam activation unit (for example, 217). The beam activation unit may rewrite the activated beam based on the second
beam indication information of control channel without using a combination of the RRC signaling and the MAC CE
signaling. Because DCI is a physical layer control information that is carried by the PDCCH, it has a reduced latency
and improved dynamics.
[0089] Figure 4C illustrates a schematic diagram of an exemplary field structure of the DCI according to an embodiment
of the present disclosure. The standard Release 15 has specified an original DCI format 481 (for example, DCI format
0_1) for uplink scheduling, which may include subfields of: a DCI format indicator (1 bit), a carrier indicator (0 or 3 bits),
a BWP-ID (0, 1, or 2 bits), a SRI for the PUSCH (3 bits), and a UL-SCH indication (1 bit), and the like. According to an
embodiment of the present disclosure, a DCI format 482 with an extended SRI for the PUCCH may be adopted. The
DCI format 482 may be an extension of the original DCI format 481. For example, a SRI subfield 483 for the PUCCH
and a corresponding PUCCH ID subfield 484 may be added after the SRI for the PUSCH. The subfields 483 and 484
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in the DCI format 482 may be used as the second beam indication information of control channel included in the DCI.
Similar to the aforementioned subfields 461 and 462 in the MAC CE signaling, the subfields 484 and 483 may indicate
to the user-side electronic device an activated transmit beam for the PUCCH. The lengths of the subfields 484 and 483
may depend on the quantity of available PUCCH resources and the quantity of beams available for each PUCCH
resource, respectively.
[0090] It should be noted that although only one subfield 483 and one subfield 484 are illustrated in Figure 4C, the
DCI format 482 may include one or more PUCCH resource ID subfields 484 so as to indicate one or more of all PUCCH
resources that may be used by the user-side electronic device. The DCI format 482 may also include a subfield 483 that
is associated with each PUCCH resource indicated, thereby indicating an activated transmit beam associated with that
PUCCH resource. This allows the DCI format 482 to indicate the activated beam associated with each PUCCH resource
of one or more different PUCCH resources. In other words, the second beam indication information of control channel
may include information related to one or more activated beams, and the one or more activated beams correspond to
one or more PUCCH resources that may be used by the user-side electronic device. This further increases the dynamics
of the beam indication process.
[0091] It should be noted that although the subfields 483 and 484 are illustrated as being placed after the SRI for the
PUSCH in Figure 4C, this is merely one preferred embodiment. According to an embodiment of the present disclosure,
one or more subfields 483 and 484 may be placed in any position in the DCI format 482.
[0092] According to an embodiment of the present disclosure, the DCI format 482 may not include the PUCCH resource
ID subfield 484 for indicating PUCCH resources as well. In this case, it may be considered that the activated beam
indicated by the subfield 483 is associated with the PUCCH resource that is currently used.
[0093] According to an embodiment of the present disclosure, one or more extraction parameters for the second beam
indication information of control channel may be included in the RRC signaling to instruct the user-side electronic device
(specifically, the DCI processing unit) how to extract the second beam indication information of control channel from the
received DCI. For example, the PUCCH_SRI_PresentInDCI parameter may be included in the RRC signaling to indicate
whether there is a second beam indication information of control channel in the DCI; in addition, when multiple PUCCH
resources are involved in the DCI, another parameter K_PUCCH_SRI_PresentInDCI may further be used to indicate
the quantity of PUCCH resources (i.e., the quantity of subfields 484). When the PUCCH resource ID subfield 484 is not
included in the DCI format, the parameter K_PUCCH_SRI_PresentInDCI may not be included in the RRC signaling.
According to an embodiment of the present disclosure, the RRC signaling processing unit of the user-side electronic
device may read the one or more extraction parameters from the RRC signaling, and store them locally in the user-side
electronic device. When the DCI for uplink scheduling is received through the PDCCH, the DCI processing unit of the
user-side electronic device may extract the second beam indication information of control channel from the DCI based
on these extraction parameters.
[0094] In this way, the user-side electronic device may determine the activated transmit beam for the PUCCH based
on the DCI. This process bypasses the RRC signaling and the MAC CE signaling. Figure 4D illustrates a schematic
diagram of a dynamic beam indication process for the PUCCH according to an embodiment of the present disclosure.
Figure 4D illustrates one or more control signaling transmissions 401-402 carried by the PDCCH, one or more of which
may include a DCI for uplink scheduling. Figure 4D also illustrates one or more data transmissions 403-404 carried by
the PDSCH corresponding to the control signaling transmissions 401-402, and one or more control signaling transmis-
sions 405-406 carried by the PUCCH. The solid arrow in Figure 4D illustrates the scheduling according to the standard
Release 15. Specifically, the solid arrow 408 illustrates that the activated beam for the PUCCH is indicated through the
MAC CE signaling. Figure 4D also illustrates that the DCI that is carried by the PDCCH is used to indicate the activated
transmit beam for the PUCCH according to an embodiment of the present disclosure, as illustrated by the dashed arrow
409. The dashed arrow 409 donates that the DCI in the control signaling transmission 402 carried by the PDCCH indicates
an activated transmit beam for the control signaling transmission 406 carried by the PUCCH, which may avoid performing
the beam indication process by means of the MAC CE signal carried by the PDSCH (as illustrated by the solid arrow
408), thereby having a reduced latency and improved dynamics.

3. A control-side electronic device that has a reduced latency of beam indication for the physical control channel

[0095] Figure 5 illustrates a block diagram of a control-side electronic device 520 that has a reduced latency of beam
indication for the physical control channel according to an embodiment of the present disclosure. According to an
embodiment of the present disclosure, the electronic device 520 may reside in various control devices or transmitting
apparatus. The control devices mentioned here are, for example, base stations such as eNBs or gNBs of 3GPP’s 5G
communication standard, remote radio heads, wireless access points, etc. The transmitting apparatus include, for ex-
ample, large on-board transmitting apparatus or fixed transmitting apparatus (for example, Unmanned Aerial Vehicle
management towers) and transmitters in satellite communication systems.
[0096] The communication unit 521 may be used to receive radio signals transmitted by the user-side electronic device
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through one or more of the PUCCH or the PUSCH, and may also perform processing such as down-conversion and
analog-digital conversion on the received radio signals, and may provide the information obtained from the radio signals
to other parts of the electronic device 520 (for example, the processing circuit 523 or the memory 522). The communication
unit 521 may also be used to transmit radio signals from the user-side electronic device 520 to the user-side electronic
device through the PDCCH or the PDSCH, and may perform processing such as digital-to-analog conversion and up-
conversion on the radio signals before transmitting. The information transmitted by the communication unit 521 may
come from other parts of the electronic device 520 (for example, the processing circuit 523 or the memory 522). The
radio signal received or transmitted by the communication unit 521 may include control information or data (for example,
the RRC signaling, the MAC CE signaling, the DCI or ACK/NACK, CQI, PMI, etc.). In an embodiment of the present
disclosure, the communication unit 521 may be implemented as a communication interface component like an antenna
device, a radio frequency circuit, and a part of a baseband processing circuit etc., for example. The communication unit
521 is drawn with a dashed line as it may also reside within the processing circuit 523 or outside of the electronic device 520.
[0097] The memory 522 of the electronic device 520 may store information generated by the processing circuit 523,
information received from other devices through the communication unit 521, programs, machine codes, and data used
for operations of the electronic device 520, and the like. The memory 522 is drawn with a dashed line as it may also
reside within the processing circuit 523 or outside of the electronic device 520. The memory 522 may be a volatile
memory and/or a non-volatile memory. For example, the memory 522 may include, but is not limited to, a random access
memory (RAM), a dynamic random access memory (DRAM), a static random access memory (SRAM), a read only
memory (ROM), and a flash memory.
[0098] The processing circuit 523 may provide various functions of the electronic device 520. According to an embod-
iment of the present disclosure, the processing circuit 523 may be configured to send an RRC signaling and/or a MAC
CE signaling to the user-side electronic device (for example, through the communication unit 521), the RRC signaling
and/or MAC CE signaling including a first beam indication information of control channel, wherein the first beam indication
information of control channel indicates to the user-side electronic device an activated beam for a transmission in the
physical control channel; send a downlink control information (DCI) to the user-side electronic device through the PDCCH,
the DCI including a second beam indication information of control channel, wherein the second beam indication infor-
mation of control channel indicates to the user-side electronic device an activated beam for the transmission in the
physical control channel; and use the activated beam indicated by the second beam indication information of control
channel to perform the transmission in the physical control channel with the user-side electronic device.
[0099] According to an embodiment of the present disclosure, the processing circuit 523 may include various units,
e.g., an RRC signaling configuration unit 524, a MAC CE signaling configuration unit 525, a DCI configuration unit 526,
and a beam activation unit 527, for implementing the functions described above. These processing units included in the
processing circuit 523 may be communicatively coupled to each other (not shown) and/or coupled to one or more of the
communication unit 521 or the memory 522 (not shown). It should be noted that, although each unit is illustrated as a
separate unit in Figure 5, one or more of these units may be combined into one unit as well or split into multiple units.
[0100] According to an embodiment of the present disclosure, the RRC signaling to be sent to the user-side electronic
device may be configured by the RRC signaling configuration unit 524, so that the RRC signaling includes at least a
beam configuration information. One or more TCI states for each CORESET may be configured by the RRC signaling
configuration unit 524. As one example, in the standard Release 15, one or more TCI states may be configured for each
CORESET through the following functions, where the total number of TCI states may be 64 at maximum. The beam
configuration information in the RRC signaling may be sent to the user-side electronic device as a part of the first beam
indication information of control channel.

[0101] According to an embodiment of the present disclosure, the MAC CE signaling configuration unit 525 may be
used to configure the MAC CE signaling to be sent to the user-side electronic device, so that the MAC CE signaling
includes at least a beam activation information. The beam activation information may be sent to the user-side electronic
device as an additional part of the first beam indication information of control channel, so as to indicate to the user-side
electronic device an activated beam for the transmission in the physical control channel.
[0102] According to an embodiment of the present disclosure, the DCI configuration unit 526 may be configured to
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configure the DCI to be sent to the user-side electronic device, so that the DCI includes the second beam indication
information of control channel. The second beam indication information of control channel may also indicate to the user-
side electronic device an activated beam for a transmission in the physical control channel.
[0103] The beam activation unit 527 may be configured to activate the activated beam as indicated by the first beam
indication information of control channel configured by the RRC signaling configuration unit 524 and/or the MAC CE
signaling configuration unit 525, or activate the activated beam as indicated by the second beam indication information
of control channel configured by the DCI configuration unit 526, thereby ensuring that the receive/activated transmit
beam used by the control-side electronic device 520 matches the transmit/activated receive beam used by the user-
side electronic device.
[0104] According to an embodiment of the present disclosure, in the beam indication process for the physical control
channel, the electronic device 520 may not always rely on the RRC signaling and/or the MAC CE signaling to provide
beam indication to the user-side electronic device. Advantageously, the electronic device 520 may also use a DCI to
perform the beam indication process, that is, to include additionally the second beam indication information of control
channel in the DCI. Because a DCI is a physical layer information carried by the PDCCH, use of the DCI for beam
indication has a reduced latency and improved dynamics.
[0105] According to an embodiment of the present disclosure, the processing circuit 523 may also optionally include
an error control unit 528. The error control unit 528 may be configured to receive a feedback information from the user-
side electronic device (for example, through the communication unit 521), and determine whether to use the activated
beam as indicated by the second beam indication information of control channel based on the feedback information.
According to an embodiment of the present disclosure, the feedback information from the user-side electronic device
may be HARQ-ACK/HARQ-NACK for the PDCCH, or HARQ-ACK/HARQ-NACK for the PDSCH. For example, in re-
sponse to the DCI (which may include second beam indication information of control channel) being sent by the control-
side electronic device to the user-side electronic device, the user-side electronic device may send to the control-side
electronic device a feedback information on whether the DCI is correctly decoded. If the feedback information from the
user-side electronic device is HARQ-ACK, the control-side electronic device 520 may consider that the user-side elec-
tronic device has correctly extracted the second beam indication information of control channel, and therefore use the
transmit/activated receive beam indicated by the second control channel beam indicator information in subsequent
transmission in the physical control channel. If the feedback information from the user-side electronic device is HARQ-
NACK, the control-side electronic device 520 may not use the transmit/activated receive beam indicated by the second
beam indication information of control channel, but instead may use the old activated beam. Such an error control
mechanism may ensure that the control-side electronic device and the user-side electronic device always use matching
activated transmit/receive beams.
[0106] In addition, it should be noted that the use of DCI for beam indication does not mean that the electronic device
520 will no longer be able to use the RRC signaling and/or the MAC CE signaling to perform beam indication. In other
words, on the basis that the beam configuration information has been initially provided through the RRC signaling, the
DCI is another approach for beam indication, which is compatible with configuring the activated beam based on the RRC
signaling and/or the MAC CE signaling, and it is not intended to exclude performing beam indication through the RRC
signaling and/or the MAC CE signaling. According to an embodiment of the present disclosure, the electronic device
520 may choose to enable or not enable the second beam indication information of control channel in the DCI. For
example, the control-side electronic device 520 may configure one or more extraction parameters related to the second
beam indication information of control channel in the RRC signaling to instruct the user-side electronic device how to
extract the second beam indication information of control channel in the DCI.
[0107] Next, description will be made for the physical downlink control channel (PDCCH) and the physical uplink
control channel (PUCCH) respectively.

3-1. Beam indication process for the PDCCH

[0108] As already described in Section 2-1 about the user-side electronic device, both the RRC signaling and the MAC
CE signaling may be used to perform the beam indication process for the PDCCH. The control-side electronic device
520 may be used to configure the RRC signaling and the MAC CE signaling to make them include the first beam indication
information of control channel, so as to indicate to the user-side electronic device an activated beam for a transmission
in the PDCCH.
[0109] For example, the RRC signaling configuration unit 524 of the control-side electronic device 520 may configure
the RRC signaling to make it include a beam configuration information. The RRC signaling may be sent to the user-side
electronic device through the communication unit 521. As discussed above, the beam configuration information in the
RRC signaling may include one or more TCI states (for example, the TCI state 350 described in respect to Figure 3A),
and the one or more TCI states may indicate to the user-side electronic device the association between the TCI states
and the transmit/activated receive beam pairs.



EP 3 826 404 A1

14

5

10

15

20

25

30

35

40

45

50

55

[0110] The MAC CE signaling configuration unit 525 of the control-side electronic device 520 may configure the MAC
CE signaling to make it include a beam activation information. The MAC CE signaling may be sent to the user-side
electronic device through the communication unit 521. As one example, the beam activation information in the MAC CE
signaling may be included in the field 360 described in respect to Figure 3B. For example, the MAC CE signaling
configuration unit 525 may configure the CORESET ID subfield 361 and the TCI state ID subfield 362 in the field 360
to identify the associated CORESET and the TCI state to be activated, respectively.
[0111] As already discussed in respect to Figure 3C, the approach described above has a large latency of beam
indication. In order to reduce the latency of beam indication, a DCI for downlink scheduling may be used to implement
a dynamic beam indication process for the PDCCH. According to an embodiment of the present disclosure, the DCI
configuration unit 526 of the control-side electronic device 520 may configure the DCI for downlink scheduling so that it
includes the second beam indication information of control channel. According to an embodiment of the present disclosure,
that DCI may have the field structure described in respect to Figure 3D or Figure 3E. The beneficial effects of using DCI
for the dynamic beam indication process for the PDCCH have been discussed above in respect to Figure 3F.

3-2. Beam indication process for the PUCCH

[0112] As already described in Section 2-2 about the user-side electronic device, both the RRC signaling and the MAC
CE signaling may be used to perform the beam indication process for the PUCCH. The control-side electronic device
520 may configure the RRC signaling and the MAC CE signaling to make them include the first beam indication information
of control channel to indicate to the user-side electronic device an activated beam for a transmission in the PUCCH.
[0113] For example, the RRC signaling configuration unit 524 of the control-side electronic device 520 may configure
the RRC signaling to make it include a beam configuration information. As previously discussed, the beam configuration
information in the RRC signaling may include one or more PUCCH-SRIs. The RRC signaling may be sent to the user-
side electronic device through the communication unit 521.
[0114] The MAC CE signaling configuration unit 525 of the control-side electronic device 520 may configure the MAC
CE signaling to make it include a beam activation information. The beam activation information may be included in the
field 460 described in respect to Figure 4A. For example, the MAC CE signaling configuration unit 525 may configure
the PUCCH resource ID subfield 461 and the subfield 462 in the field 460 to identify the associated PUCCH resource
and the activated beam to be used, respectively. The configured MAC CE signaling may be sent to the user-side electronic
device through the communication unit 521.
[0115] In addition, the beam activation unit 526 of the control-side electronic device may activate an activated receive
beam corresponding to the activated transmit beam to be used by the user-side electronic device, thereby ensuring the
matching of the activated transmit beam and the activated receive beam.
[0116] As discussed above in respect to Figure 4B, the above approach has a large latency of beam indication. In
order to reduce the latency of beam indication, a DCI for uplink scheduling may be used to implement a dynamic beam
indication for the PUCCH. According to an embodiment of the present disclosure, the DCI configuration unit 526 of the
control-side electronic device 520 may configure the DCI for uplink scheduling so that it includes the second beam
indication information of control channel. The DCI may have the field structure described in respect to Figure 4C. The
beneficial effects of this dynamic beam indication process for the PUCCH have been discussed above in respect to
Figure 4D.

4. A user-side communication method that has a reduced latency of beam indication for a physical control 
channel according to an embodiment of the present disclosure

[0117] Figure 6 illustrates a flowchart of a user-side communication method 600 that has a reduced latency of beam
indication for a physical control channel according to an embodiment of the present disclosure. The communication
method 600 may be executed by, for example, the user-side electronic device 210 described in respect to Figure 2.
[0118] As illustrated in Figure 6, at step S601, a RRC signaling and/or a MAC CE signaling from the control-side
electronic device may be received. The control-side electronic device is, for example, the control-side electronic device
520 described in respect to Figure 5.
[0119] At step S602, based on the first beam indication information of control channel in the RRC signaling and/or the
MAC CE signaling, an activated beam may be determined to be used for a transmission in the physical control channel
with the control-side electronic device. Specifically, the first beam indication information of control channel may be
extracted from the RRC signaling and/or the MAC CE signaling through an RRC signaling processing unit (for example,
214) and a MAC CE signaling processing unit (for example, 215). The first beam indication information of control channel
may be transmitted to a beam activation unit (for example, 217). The beam activation unit may determine the activated
beam based on the first beam indication information of control channel. The activated beam may be used to perform
the transmission in the physical control channel with the control-side electronic device. Additionally or alternatively, the
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RRC signaling processing unit may also extract one or more extraction parameters from the RRC signaling, which may
be used to instruct the user-side electronic device how to extract the second beam indication information of control
channel from a received DCI.
[0120] At step S603, based on a second beam indication information of control channel included in the DCI that is
carried in the PDCCH, the activated beam is rewritten. Specifically, the second beam indication information of control
channel may be extracted from the DCI through a DCI processing unit (for example, 216). According to an embodiment
of the present disclosure, the second beam indication information of control channel may be extracted based on the one
or more extraction parameters as obtained at step S602. The second beam indication information of control channel
may be transmitted to the beam activation unit (for example, 217). The beam activation unit may rewrite the activated
beam based on the second beam indication information of control channel.
[0121] At step S604, the rewritten activated beam is used to perform the transmission in the physical control channel
with the control-side electronic device.
[0122] According to an embodiment of the present disclosure, the communication method 600 may optionally further
include step S605 as represented by the dashed box. Step S605 may reside between step S603 and step S604, and it
may be executed by, for example, an error control unit (for example, 218). At step S604, it may be determined whether
the second beam indication information of control channel is correctly extracted. If it is determined that the second beam
indication information of control channel has been correctly extracted, the communication method 600 may proceed to
step S604 described above. Otherwise, the communication method 600 may skip step S604, that is, the old activated
beam may be used for the transmission in the physical control channel, without rewriting the activated beam. Additionally,
at step S605, the result of determining whether the second beam indication information of control channel is correctly
extracted may be fed back to the control-side electronic device, and the feedback may be provided to the control-side
electronic device through a HARQ mechanism for the PDCCH or the PDSCH, for example.
[0123] The communication method 600 enables an electronic device not only to determine an activated beam for the
physical control channel based on the RRC signaling/MAC CE signaling, but also to dynamically determine the activated
beam for the physical control channel based on the DCI, thereby reducing a latency of beam indication and improving
dynamics of beam indication.

5. A control-side communication method that has a reduced latency of beam indication for a physical control 
channel according to an embodiment of the present disclosure

[0124] Figure 7 illustrates a flowchart of a control-side communication method 700 that has a reduced latency of beam
indication for a physical control channel according to an embodiment of the present disclosure. The communication
method 700 may be executed by, for example, the control-side electronic device 520 described in respect to Figure 5.
[0125] As illustrated in Figure 7, at step S701, an RRC signaling and/or MAC CE signaling may be sent to the user-
side electronic device. The RRC signaling and/or the MAC CE signaling includes a first beam indication information of
control channel, and the first beam indication information of control channel indicates to the user-side electronic device
an activated beam for a transmission in the physical control channel. Specifically, the RRC signaling may be configured
through an RRC signaling configuration unit (for example, 524) so that it includes the beam configuration information
as described above in Section 2. The MAC CE signaling may be configured through a MAC CE signaling configuration
unit (for example, 525) so that it includes the beam activation information as described above in Section 2. The beam
configuration information and the beam activation information may be used together as the first beam indication infor-
mation of control channel to indicate to the user-side electronic device the activated beam for the transmission in the
physical control channel. Additionally or alternatively, the RRC signaling may also be configured to include one or more
extraction parameters, which may be used to instruct the user-side electronic device how to extract the second beam
indication information of control channel from a received DCI.
[0126] At step S702, a DCI may be sent to the user-side electronic device through the PDCCH. The DCI may be
configured to include a second beam indication information of control channel, where the second beam indication
information of control channel indicates to the user-side electronic device an activated beam for the transmission in the
physical control channel. According to an embodiment of the present disclosure, the second beam indication information
of control channel may be configured through a DCI configuration unit (for example, 526).
[0127] At step S703, the activated beam indicated by the second beam indication information of control channel may
be used to perform the transmission in the physical control channel with the user-side electronic device. This may ensure
that the control-side electronic device and the user-side electronic device use matching transmit/activated receive beam
pairs to perform transmissions in the physical control channel.
[0128] According to an embodiment of the present disclosure, the communication method 700 may optionally further
include step S704 represented by the dashed box. Step S704 may reside between step S702 and step S703, and it
may be executed by, for example, an error control unit (for example, 528). At step S704, a feedback information from
the user-side electronic device may be received, and it is determined, based on the feedback information, whether to
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use the activated beam indicated by the second beam indication information of control channel. As discussed above,
the feedback information may be HARQ-ACK/HARQ-NACK for the PDCCH or HARQ-ACK/HARQ-NACK for the PDSCH.
According to an embodiment of the present disclosure, if the feedback information is HARQ-ACK, the communication
method may proceed to step S703; if the feedback information is HARQ-NACK, the communication method 700 may
skip step S703, that is, the transmit/activated receive beam indicated by the second beam indication information of
control channel may not be used, but instead the old activated beam may be used.
[0129] The communication method 700 enables the control-side electronic device to use the DCI for a dynamic beam
indication process, in addition to using the RRC signaling/MAC CE signaling for beam indication for the physical control
channel, thereby reducing a latency of beam indication and improving dynamics of beam indication.

6. A beam indication process that has a reduced latency of beam indication for a physical control channel 
according to an embodiment of the present disclosure

[0130] Figure 8 illustrates a signaling diagram 8000 of a beam indication with a reduced latency of beam indication
for a physical control channel according to an embodiment of the present disclosure.
[0131] As illustrated in Figure 8, at step S8001, the control-side electronic device 8020 sends an RRC signaling and
a MAC CE signaling to the user-side electronic device 8010.
[0132] At step S8002, the user-side electronic device 8010 determines an activated beam to be used for a transmission
in the physical control channel communication with the control-side electronic device according to a first beam indication
information of control channel in the received RRC signaling and MAC CE signaling.
[0133] At step S8003, the control-side electronic device 8020 sends a DCI to the user-side electronic device 8010
through the PDCCH.
[0134] At step S8004, the user-side electronic device 8010 rewrites the activated beam according to a second beam
indication information of control channel in the received DCI.
[0135] At step S8005, the user-side electronic device 8010 uses the rewritten activated beam, and the control-side
electronic device 8020 uses a corresponding transmit/receive beam, to perform the transmission in the physical control
channel.
[0136] Additionally or alternatively, there may be an optional step S8006 between steps S8003 and S8004. In S8006,
an error control mechanism between the user-side electronic device 8010 and the control-side electronic device 8020
determines whether to use the transmit/activated receive beam as indicated by the second beam indication information
of control channel in the DCI, as described above in respect to step S605 in Figure 6 and step S704 in Figure 7.
[0137] Further, as illustrated in Figure 8, if after step S8005, the control-side electronic device 8020 has further sent
a new RRC signaling and a new MAC CE signaling to the user-side electronic device 8010 at step S8007, the user-side
electronic device 8010 may rewrite the activated beam, which has been rewritten in S8004, again at step S8008 based
on a first beam indication information of control channel in the new RRC signaling and the new MAC CE signaling. That
is, the user-side electronic device 8010 may rewrite the activated beam based on a more recent one of the first beam
indication information of control channel and the second beam indication information of control channel.
[0138] The electronic device and the communication method with a reduced latency of beam indication for the physical
control channel according to an embodiment of the present disclosure have been described above in conjunction with
Figures 2-8. In the following, an electronic device and a communication method with a reduced latency of beam indication
for the physical data channel according to an embodiment of the present disclosure will be described.

7. A user-side electronic device that has a reduced latency of beam indication for a physical data channel 
according to an embodiment of the present disclosure

[0139] Figure 9 illustrates a block diagram of a user-side electronic device that has a reduced latency of beam indication
for a physical data channel according to an embodiment of the present disclosure. The electronic device 9010 may
reside in a user-side communication device (such as a smart phone). According to an embodiment of the present
disclosure, the electronic device 9010 may include, for example, a communication unit 9011, a memory 9012, and a
processing circuit 9013.
[0140] The communication unit 9011 may be used to receive radio signals transmitted by the control-side electronic
device through one or more of the PDCCH or the PDSCH, and may further perform processing such as down-conversion
and analog-digital conversion on the received radio signals, and may provide the information obtained from the radio
signals to other parts of the electronic device 9010 (for example, the processing circuit 9013 or the memory 9012). The
communication unit 9011 may also be used to transmit radio signals from the user-side electronic device 9010 to the
control-side electronic device through the PUCCH or the PUSCH, and may perform processing such as digital-to-analog
conversion and up-conversion on the radio signals before transmitting. The information transmitted by the communication
unit 9011 may come from other parts of the electronic device 9010 (for example, the processing circuit 9013 or the
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memory 9012). The radio signals received or transmitted by the communication unit 9011 may include control information
or data (e.g., a RRC signaling, a MAC CE signaling, a DCI or ACK/NACK, CQI, PMI, etc.). In an embodiment of the
present disclosure, the communication unit 9011 may be implemented as a communication interface component like an
antenna device, a radio frequency circuit, and part of a baseband processing circuit etc., for example. The communication
unit 9011 is drawn with a dashed line, as it may also reside within the processing circuit 9013 or outside of the electronic
device 9010.
[0141] The memory 9012 of the electronic device 9010 may store information generated by the processing circuit
9013, information received from other devices through the communication unit 9011, programs, machine codes, and
data used for operations of the electronic device 9010, and the like. The memory 9012 is drawn with a dashed line, as
it may also reside within the processing circuit 9013 or outside of the electronic device 9010. The memory 9012 may be
a volatile memory and/or a non-volatile memory. For example, the memory 9012 may include, but is not limited to, a
random access memory (RAM), a dynamic random access memory (DRAM), a static random access memory (SRAM),
a read only memory (ROM), and a flash memory.
[0142] The processing circuit 9013 may provide various functions of the electronic device 9010. According to an
embodiment of the present disclosure, the processing circuit 9013 may be configured to receive a DCI from the control-
side electronic device through the PDCCH; determine, based on a first beam indication information of data channel in
the DCI, an first activated beam for the physical data channel that is scheduled by the DCI; determine, based on a
second beam indication information of data channel in the DCI, one or more second activated beams to be used by one
or more subsequent transmissions in the physical data channel; use the first activated beam to perform a transmission
in the physical data channel with the control-side electronic device; after using the first beam to perform the transmission
in the physical data channel with the control-side electronic device, use the one or more second activated beams to
perform the one or more subsequent transmissions in the physical data channel with the control-side electronic device.
[0143] According to an embodiment of the present disclosure, the processing circuit 9013 may include various units,
e.g., a DCI processing unit 9016 and a beam activation unit 9017, for implementing the functions described above. The
processing units included in the processing circuit 9013 may be communicatively coupled to each other (not shown)
and/or coupled to one or more of the communication unit 9011 or the memory 9012 (not shown). It should be noted that,
although each unit is illustrated as a separate unit in Figure 9, one or more of these units may be combined into one
unit as well or split into multiple units.
[0144] According to an embodiment of the present disclosure, the DCI processing unit 9016 may be configured to
process the DCI from the control-side electronic device to extract the first beam indication information of data channel
and the second beam indication information of data channel in the DCI. The DCI processing unit 9016 may also send
the first beam indication information of data channel and the second beam indication information of data channel to the
beam activation unit 9017.
[0145] According to an embodiment of the present disclosure, the beam activation unit 9017 may be configured to
determine the first activated beam for the physical data channel that is scheduled by the DCI based on the first beam
indication information of data channel in the DCI, and determine the one or more second activated beams to be used
by the one or more subsequent transmissions in the physical data channel based on the second beam indication
information of data channel.
[0146] In this way, the activated beam used for a current transmission in the physical data channel may be indicated
by the first beam indication information of data channel in the DCI, and the one or more second activated beams used
by the one or more subsequent transmissions in the physical data channel may be further indicated by the second beam
indication information of data channel in the DCI. The user-side electronic device 9010 may use the first activated beam
to perform a transmission in the physical data channel with the control-side electronic device, and after using the first
activated beam to perform the transmission in the physical data channel with the control-side electronic device, use the
one or more second activated beams to perform the one or more subsequent transmissions in the physical data channel
with the control-side electronic device. In the process of indicating the activated beam to be used for that one or more
subsequent transmissions in the physical data channel, use of an RRC signaling and a MAC CE signaling is avoided.
Moreover, indicating in advance the activated beam to be used for subsequent transmissions may avoid being unready
for the indicated activated beam due to limitation of the user-side electronic device itself, which may further reduce the
possible latency caused by the beam indication process.
[0147] According to an embodiment of the present disclosure, the processing circuit 9013 of the electronic device
9010 may also optionally include one or more of the RRC signaling processing unit 9014 and the MAC CE signaling
processing unit 9015. In Figure 9, the optional RRC signaling processing unit 9014 and the MAC CE signaling processing
unit 9015 are illustrated with dashed boxes. The RRC signaling processing unit 9014 and the MAC CE signaling processing
unit 9015 may process an RRC signaling and a MAC CE signaling from the control-side electronic device, respectively.
The RRC signaling and the MAC CE signaling may be received from the control-side electronic device before receiving
the DCI that includes the first beam indication information of data channel and the second beam indication information
of data channel, for example. The RRC signaling processing unit 9014 and the MAC CE signaling processing unit 9015
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may extract configuration information related to beam indication of the data channel from the RRC signaling and the
MAC CE signaling.
[0148] According to one embodiment of the present disclosure, the configuration information received from the RRC
signaling and the MAC CE signaling may a include beam configuration information and a beam activation information.
This will be described in detail in Sections 7-1 and 7-2 below.
[0149] According to an embodiment of the present disclosure, the configuration information received from the RRC
signaling may further include one or more extraction parameters. The DCI processing unit 9016 may extract the second
beam indication information of data channel from the DCI based on one or more of these extraction parameters. For
example, the extraction parameters may include a parameter identifying whether the DCI includes the second beam
indication information of data channel, and/or a parameter identifying the quantity of second activated beams indicated
by the second beam indication information of data channel. This will also be described in detail in Sections 7-1 and 7-2
below.
[0150] In addition, it should be noted that determining the beams to be used for the one or more subsequent trans-
missions in the physical data channel based on the second beam indication information of data channel included in the
DCI does not mean that the electronic device 9010 cannot indicate the beams used for that one or more subsequent
transmissions based on other approaches. For example, if, after receiving the second beam indication information of
data channel from the control-side electronic device, a RRC signaling or a MAC CE signaling including information for
indicating the activated beam is received as well, the electronic device 9010 may determine the activated beam based
on that new RRC signaling or that new MAC CE signaling. In other words, the second beam indication information of
control channel included in the DCI is an approach for beam indication that is compatible with beam indication through
the RRC signaling and/or the MAC CE signaling, and is not intended to exclude the beam indication approach through
the RRC signaling and/or the MAC CE signaling.
[0151] Next, description will be made for the physical downlink shared channel (PDSCH) and the physical uplink
shared channel (PUSCH) respectively.

7-1. Beam indication process for the PDSCH

[0152] The beam indication for the PDSCH is used to indicate to the user-side electronic device an activated receive
beam for the PDSCH. In the standard Release 15, the beam indication process for the PDSCH may involve one or more
of an RRC signaling, a MAC CE signaling, and a DCI.
[0153] For example, during the beam indication process, the user-side electronic device (for example, 9010) may
extract (for example, through the RRC signaling processing unit 9014) a beam configuration information from the RRC
signaling from the control-side electronic device. The beam configuration information includes, for example, one or more
TCI states, for example the TCI state 350 described above in respect to Figure 3A. Similar to the processing for the
PDCCH, the user-side electronic device may establish an association between the TCI states and the transmit/activated
receive beam pairs based on the beam configuration information from the RRC signaling, and may store the association
locally in the user-side electronic device for subsequent use.
[0154] The user-side electronic device may then extract a beam activation information from the MAC CE signaling
from the control-side electronic device through an MAC CE signaling processing unit (for example, 9015). The beam
activation information may identify one or more TCI states to be activated among the one or more TCI states that have
been configured by the RRC signaling, thereby indicating a set of TCI states to be activated.
[0155] As one example, Figure 10A illustrates a schematic block diagram of an exemplary beam activation information
for the PDSCH in the MAC CE signaling. As illustrated in the figure, in addition to the subfields used to indicate a serving
cell index and a BWP-ID, the field 1060 in the MAC CE signaling may further include a subfield 1062 consisting of
multiple bits Ti (i=1,...,M, M is the maximum number of TCI states configured through the RRC signaling, for example,
M=64). The set of TCI states to be activated may be indicated by setting one or more bits in the subfield 1062 to 1. For
example, when To and Ti are set to 1, it may indicate that the two TCI states with TCI state IDs equal to 0 and 1 belong
to the set of TCI states to be activated. In the standard Release 15, the set of TCI states to be activated indicated by
the beam activation information in the MAC CE may include up to 8 elements. That is, at most 8 bits in the subfield 1062
may be set to 1, and the remaining bits are all set to 0.
[0156] The user-side electronic device may then extract (for example, through the DCI processing unit 1016) a first
beam indication information of data channel from the DCI. The first beam indication information of data channel is, for
example, a TCI index for the PDSCH. The TCI index for the PDSCH may indicate only one TCI state to be activated in
the determined set of TCI states to be activated. For example, in the standard Release 15, the TCI index information
may have a length of 3 bits, thereby indicating only one TCI state in the determined set (with maximum 8 elements) of
TCI state to be activated. It should be noted that, when the set of TCI states to be activated includes less than 8 elements,
the MAC CE signaling may be skipped, and one TCI state to be activated is indicated directly by the information of a 3-
bit TCI index. The activated receive beam associated with that TCI state is the indicated activated receive beam to be
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used for the PDSCH.
[0157] It is described above that the user-side electronic device determines the activated receive beam for the PDSCH
based on configuration information provided by both the RRC signaling and the MAC CE signaling (for example, beam
configuration information and optional beam activation information) and the first beam indication information of data
channel in the DCI. This approach may lead to a large latency and may reduce the performance of transmission. Figure
10B illustrates a schematic diagram of the latency and performance degradation caused by such beam indication for
the PDSCH. In particular, when the DCI including the first beam indication information of data channel is close enough
in time to the transmission of PDSCH that is scheduled by that DCI (that is, if a transmission of the PDSCH arrives within
a switching time threshold of activated receive beam (for example, the time difference between the two is less than a
threshold T3, Threshold-Sched-Offset, illustrated in Figure 10B)), the user-side electronic device may not properly
prepare the activated receive beam that is indicated by the first beam indication information of data channel to be used
for the PDSCH, due to the limitation of the radio frequency hardware of the user-side electronic device itself. In this case,
if the user-side electronic device still uses an old activated receive beam, the old activated receive beam would not
match the activated transmit beam of the control-side electronic device, which will reduce the performance of transmission
of PDSCH.
[0158] According to an embodiment of the present disclosure, in order to reduce the latency and avoid performance
degradation, a second beam indication information of data channel may be additionally included in the DCI. Unlike the
first beam indication information of data channel that only indicates the activated beam used for a currently scheduled
transmission in the PDSCH, the second beam indication information of data channel may indicate activated beams used
for one or more subsequent transmissions carried by the PDSCH. A DCI processing unit (for example, 9016) of the user-
side electronic device may be configured to extract the second beam indication information of data channel from the
DCI, in addition to the first beam indication information of data channel from the DCI. The first and second beam indication
information of data channel may be transmitted to a beam activation unit (for example, 9017). The beam activation unit
may determine a first activated receive beam used for the current transmission in the PDSCH based on the first beam
indication information of data channel, and may also determine one or more second activated receive beams used for
the one or more subsequent transmissions after the current transmission based on the second beam indication information
of data channel. In this way, the user-side electronic device may determine, in advance, the one or more activated
receive beams to be used for transmissions in the PDSCH. This ahead-of-time determination may occur at a far point
in time before the actual transmissions, so that the user-side electronic device may have enough time to prepare the
activated receive beams.
[0159] Figure 10C illustrates a schematic diagram of an exemplary field structure of the DCI according to an embodiment
of the present disclosure. The standard Release 15 has specified an original DCI format 1081 for downlink scheduling,
which may include subfields of: a carrier indicator (0 or 3 bits), a DCI format indicator (1 bit), a BWP-ID (0, 1, or 2 bits),
and a DMRS sequence initialization (1 bit) and the like. The DCI format 1081 may further include a TCI index 1085 for
the PDSCH (for example, 3 bits). The TCI index for the PDSCH may be used as the first beam indication information of
data channel. The user-side electronic device may determine, based on the first beam indication information of data
channel, one activated receive beam for the current transmission in the PDSCH.
[0160] According to an embodiment of the present disclosure, a DCI format 1082 with an extended TCI index may be
adopted. As illustrated in Figure 10C, in addition to the TCI index 1085 for the PDSCH, the DCI format 1082 further
includes a second beam indication information of data channel, which is composed of K (K greater than or equal to 1)
TCI indexes 1086-1 to 1086-K for the PDSCH. Each of the TCI indexes 1086-1 to 1086-K for the PDSCH may have a
same length and value range as the TCI index 1085. Each TCI index in the second beam indication information of data
channel may indicate an activated receive beam used for the PDSCH in one subsequent transmission, thereby in total
indicating activated receive beams used for the PDSCH in subsequent K transmissions. In this way, when the user-side
electronic device receives the DCI with the DCI format 1082, it may determine a first activated receive beam for the
current transmission in the PDSCH based on the TCI index 1085, and may also determine K second activated receive
beams for subsequent K transmissions in the PDSCH (where the K second activated receive beams may be same or
different). This allows the user-side electronic device to have enough time to prepare these second activated receive
beams, thereby avoiding effectively the latency or performance degradation as illustrated in Figure 10B.
[0161] It should be noted that although the TCI indexes 1086-1 to 1086-K are illustrated as being successively placed
after the TCI index 1085 for the PDSCH in Figure 10C, this is merely one preferred embodiment, as it is advantageous
to put fields with similar functions together. According to an embodiment of the present disclosure, the TCI indexes
1086-1 to 1086-K may be placed in any position in the DCI format 1082 in any manner.
[0162] According to an embodiment of the present disclosure, a DCI processing unit (for example, 9016) of the user-
side electronic device may extract the TCI indexes 1086-1 to 1086-K for the PDSCH in the DCI based on configuration
information in RRC signaling. The configuration information may include one or more extraction parameters. According
to an embodiment of the present disclosure, these extraction parameters may include a parameter (for example,
PDSCH_TCI_PresentInDCI) that identifies whether the DCI includes the second beam indication information of data
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channel, so as to identify whether there are one or more of TCI indexes 1086-1 to 1086-K for the PDSCH existing the
DCI. According to an embodiment of the present disclosure, these extraction parameters may further include a parameter
(for example, K_PDSCH_TCI_PresentInDCI) that identifies the quantity of second activated receive beams that are
indicated by the second beam indication information of data channel, thereby indicating the quantity (K) of TCI indexes
for the PDSCH that are included in the second beam indication information of data channel in the DCI.
[0163] In this way, the user-side electronic device may determine, in advance, activated receive beams for one or
more subsequent transmissions of PDSCH based on the second beam indication information of data channel in the
DCI, so that the user-side electronic device has enough time to prepare the indicated activated receive beams.
[0164] Figure 10D illustrates a schematic diagram of a dynamic beam indication for the PDSCH according to an
embodiment of the present disclosure. The figure illustrates one or more control signaling transmissions 1001-1003
carried by the PDCCH, one or more of which may include a DCI for downlink scheduling. The figure also illustrates one
or more data transmissions 1004-1006 carried by the PDSCH. The solid arrow 1007 illustrates that the activated receive
beam to be used for the PDSCH data transmission 1004 scheduled by the DCI is indicated based on the DCI in the
PDCCH control signaling transmission 1001. The solid arrow 1008 illustrates that the activated receive beam to be used
for the PDSCH data transmission 1005 scheduled by the DCI is indicated based on the DCI in the PDCCH control
signaling transmission 1002. The beam indications achieved by the solid arrows 1007 and 1008 are based on the first
beam indication information of data channel in the DCI. According to an embodiment of the present disclosure, the DCI
may further include the second beam indication information of data channel that indicates activated receive beams for
one or more subsequent transmissions. As illustrated by the dashed arrows 1009-1 and 1009-2, the DCI in the control
signaling transmission 1001 carried by the PDCCH may further indicate activated receive beams used for the data
transmission 1005 and 1006 in the PDSCH. It should be noted that although it is illustrated here that the second beam
indication information of data channel may indicate activated receive beams used for two subsequent data transmissions
in the PDSCH, it will be clear to those skilled in the art that the quantity of indicated subsequent transmissions may be
more or less.

7-2 Beam indication process for the PUSCH

[0165] The beam indication process for the PUSCH is used to indicate to the user-side electronic device an activated
transmit beam for the PUSCH. In the standard Release 15, the beam indication process for the PUSCH may involve
one or more of an RRC signaling, a MAC CE signaling, and a DCI.
[0166] For example, during the beam indication process, the user-side electronic device (for example, 9010) may
extract a beam configuration information from the RRC signaling from the control-side electronic device (for example,
through the RRC signaling processing unit 9014). The beam configuration information may include a SRI for each SRS
resource. Then, the user-side electronic device may extract (for example, by the DCI processing unit 9016) a first beam
indication information of data channel from the DCI used for uplink scheduling. The first beam indication information of
data channel may indicate a SRI to be activated for a currently scheduled PUSCH, thereby indicating to the user-side
electronic device an activated transmit beam for the PUSCH.
[0167] For systems using semi-static SRS (SP-SRS), the beam indication process for the PUSCH may further require
participation of the MAC CE signaling. As explained above, the participation of the RRC signaling and the MAC CE
signaling will result in a large latency. Figure 11A illustrates a schematic diagram of a latency caused by the beam
indication process for the PUSCH.
[0168] In addition, similar to the case of the PDSCH, after receiving the DCI for uplink scheduling, the user-side
electronic device also needs a certain amount of time to prepare the indicated activated transmit beam. If the arrival
time of the DCI is too close to the transmitting time for a transmission in the PUSCH (for example, less than a time
threshold for the user-side electronic device to prepare the beam), the user-side electronic device may not properly
prepare the activated transmit beam that is indicated by the DCI. This will degrade quality of the transmission in the
PUSCH.
[0169] According to an embodiment of the present disclosure, in order to reduce the latency and avoid performance
degradation, a second beam indication information of data channel may be additionally included in the DCI. Unlike the
first beam indication information of data channel that only indicates the activated beam used for a currently scheduled
transmission in the PUSCH, the second beam indication information of data channel may indicate activated beams used
for one or more subsequent transmissions carried by the PUSCH. A DCI processing unit (for example, 9016) of the user-
side electronic device may be configured to extract the second beam indication information of data channel from the
DCI, in addition to extracting the first beam indication information of data channel from the DCI. The first and second
beam indication information of data channel may be transmitted to a beam activation unit (for example, 9017). The beam
activation unit may determine a first activated receive beam used for a current transmission in the PUSCH based on the
first beam indication information of data channel, and may also determine one or more second activated receive beams
used for one or more subsequent transmissions after the current transmission based on the second beam indication
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information of data channel. In this way, the user-side electronic device may determine, in advance, one or more activated
receive beams used for transmissions in the PUSCH. This ahead-of-time determination may occur at a far point in time
before the actual transmissions, so that the user-side electronic device may have enough time to prepare the activated
transmit beams.
[0170] Figure 11B illustrates a schematic diagram of an exemplary field structure of the DCI according to an embodiment
of the present disclosure. The standard Release 15 has specified an original DCI format 1181 for downlink scheduling
(for example, the DCI format 0_1 in the standard Release 15), which may include subfields of: a carrier indicator (0 or
3 bits), a DCI format indicator (1 bit), a BWP-ID (0, 1, or 2 bits) and a UL-SCH indication (1 bit) and the like. The DCI
format 1181 may further include a TCI index 1183 for the PUSCH. The TCI index for the PUSCH may be used as the
first beam indication information of data channel. The user-side electronic device may determine, based on the first
beam indication information of data channel, one activated transmit beam for the current transmission in the PUSCH.
[0171] According to an embodiment of the present disclosure, a DCI format 1182 with an extended SRI indication for
the PUSCH may be adopted. As illustrated in Figure 11B, according to an embodiment of the present disclosure, in
addition to the SRI indication 1183 for the PUSCH, the DCI format 1182 may further include a second beam indication
information of data channel, which is composed of K (K greater than or equal to 1) SRI indications 1184-1 to 1184 for
the PUSCH. Each of the SRI indications 1184-1 to 1184-K for the PUSCH may have a same length and a same value
range as the SRI indication 1183. Each SRI indication in the second beam indication information of data channel may
indicate an activated transmit beam used for the PUSCH in one subsequent transmission, thereby in total indicating
activated transmit beams used for the PUSCH in subsequent K transmissions. In this way, when the user-side electronic
device receives the DCI with the DCI format 1182, it may determine a first activated transmit beam for the current
transmission in the PUSCH based on the SRI indication 1183, and may also determine K second activated transmit
beams for subsequent K transmissions in the PUSCH (where the K second activated transmit beams may be the same
or different). This allows the user-side electronic device to have enough time to prepare the second activated transmit
beams, thereby avoiding effectively the latency or performance degradation as illustrated in Figure 11A.
[0172] It should be noted that although the SRI indications 1184-1 to 1184-K are illustrated as being successively
placed after the SRI indication 1183 for the PUSCH in Figure 11B, this is merely one preferred embodiment, as it is
advantageous to put fields with similar functions together. According to an embodiment of the present disclosure, the
SRI indications 1184-1 to 1184-K may be placed in any position in the DCI format 1182 in any manner.
[0173] According to an embodiment of the present disclosure, a DCI processing unit (for example, 9016) of the user-
side electronic device may extract the SRI indications 1184-1 to 1184-K for the PUSCH in the DCI based on configuration
information in the RRC signaling. The configuration information may include one or more extraction parameters. According
to an embodiment of the present disclosure, these extraction parameters may include a parameter (for example,
PUSCH_SRI_PresentInDCI) that identifies whether the DCI includes the second beam indication information of data
channel, so as to identify whether there exist one or more of SRI indications 1184-1 to 1184-K for the PUSCH in the
DCI. According to an embodiment of the present disclosure, these extraction parameters may further include a parameter
(for example, K_PUSCH_SRI_PresentInDCI) that identifies the quantity of second activated transmit beams that are
indicated by the second beam indication information of data channel, thereby indicating the quantity (K) of SRI indications
for the PUSCH included in the second beam indication information of data channel in the DCI.
[0174] In this way, the user-side electronic device may determine, in advance, activated transmit beams for one or
more subsequent transmissions in the PUSCH based on the second beam indication information of data channel in the
DCI, thereby, on one hand, avoiding using the RRC signaling/MAC signaling to indicate these activated receive beams,
and, on the other hand, also allowing the user-side electronic device to have enough time to prepare the indicated
activated transmit beams.
[0175] Figure 11C illustrates a schematic diagram of a dynamic beam indication process for the PUSCH according to
an embodiment of the present disclosure. The figure illustrates one or more control signaling transmissions 1101-1102
carried by the PDCCH, one or more of which may include a DCI for uplink scheduling. The figure also illustrates one or
more data transmissions 1103-1105 carried by the PUSCH. The solid arrow 1106 illustrates that an activated transmit
beam to be used for the PUSCH data transmission 1103 as scheduled by the DCI is indicated based on the DCI in the
PDCCH control signaling transmission 1101. The solid arrow 1107 illustrates that an activated transmit beam to be used
for the PUSCH data transmission 1104 as scheduled by the DCI is indicated based on the DCI in the PDCCH control
signaling transmission 1102. The beam indications achieved by the solid arrows 1106 and 1107 are based on the first
beam indication information of data channel in the DCI. According to an embodiment of the present disclosure, the DCI
may further include the second beam indication information of data channel that indicates activated transmit beams for
one or more subsequent transmissions. As illustrated by the dashed arrows 1108-1 and 1108-2, the DCI in the control
signaling transmission 1101 carried by the PDCCH may further indicate activated transmit beams used for subsequent
data transmissions 1104 and 1105 in the PUSCH. It should be noted that although it is illustrated here that the second
beam indication information of data channel may indicate activated transmit beam used for two subsequent data trans-
missions of PUSCH, it will be clear to those skilled in the art that the quantity of indicated subsequent transmissions
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may be more or less.

8. A control-side electronic device that has a reduced latency of beam indication for a physical data channel

[0176] Figure 12 illustrates a block diagram of a control-side electronic device that has a reduced latency of beam
indication for a physical data channel according to an embodiment of the present disclosure. According to an embodiment
of the present disclosure, the electronic device 1220 may reside in various control devices or transmitting apparatus.
The control devices mentioned here are, for example, base stations such as eNBs or gNBs of 3GPP’s 5G communication
standard, remote radio heads, wireless access points, etc. The transmitting apparatus include, for example, large on-
board transmitting apparatus or fixed transmitting apparatus (for example, Unmanned Aerial Vehicle management towers)
and transmitters in satellite communication systems.
[0177] The communication unit 1221 may be used to receive radio signals transmitted by the user-side electronic
device through one or more of the PUCCH or the PUSCH, and may also perform processing such as down-conversion
and analog-digital conversion on the received radio signals, and may provide the information obtained from the radio
signals to other parts of the electronic device 1220 (for example, the processing circuit 1223 or the memory 1222). The
communication unit 1221 may also be used to transmit radio signals from the control-side electronic device 1220 to the
user-side electronic device through the PDCCH or PDSCH, and may perform processing such as digital-to-analog
conversion and up-conversion on the radio signals before transmitting. The information transmitted by the communication
unit 1221 may come from other parts of the electronic device 1220 (for example, the processing circuit 1223 or the
memory 1222). The radio signal received or transmitted by the communication unit 1221 may include control information
or data (for example, a RRC signaling, a MAC CE signaling, a DCI or ACK/NACK, CQI, PMI, etc.). In an embodiment
of the present disclosure, the communication unit 1221 may be implemented as a communication interface component
like an antenna device, a radio frequency circuit, and a part of a baseband processing circuit etc., for example. The
communication unit 1221 is drawn with a dashed line as it may also reside within the processing circuit 1223 or outside
of the electronic device 1220.
[0178] The memory 1222 of the electronic device 1220 may store information generated by the processing circuit
1223, information received from other devices through the communication unit 1221, programs, machine codes, and
data used for operations of the electronic device 1220, and the like. The memory 1222 is drawn with a dashed line as
it may also reside within the processing circuit 1223 or outside of the electronic device 1220. The memory 1222 may be
a volatile memory and/or a non-volatile memory. For example, the memory 1222 may include, but is not limited to, a
random access memory (RAM), a dynamic random access memory (DRAM), a static random access memory (SRAM),
a read only memory (ROM), and a flash memory.
[0179] The processing circuit 1223 may provide various functions of the electronic device 1220. According to an
embodiment of the present disclosure, the processing circuit 1223 may be configured to send (for example, using the
communication unit 1221) a downlink control information (DCI) to the user-side electronic device through the PDCCH,
the DCI including: a first beam indication information of data channel, which is used to indicate to the user-side electronic
device a first activated beam used for a transmission in the physical data channel that is scheduled by the DCI; a second
beam indication information of data channel, which is used to indicate to the user-side electronic device one or more
second activated beams to be used by one or more subsequent transmissions in the physical data channel. The process-
ing circuit 1223 may further be configured to use the first activated beam to perform the transmission in the physical
data channel with the user-side electronic device; and after using the first activated beam to perform the transmission
in the physical data channel with the user-side electronic device, use the one or more second activated beams to perform
the one or more subsequent transmissions in the physical data channel with the user-side electronic device.
[0180] According to an embodiment of the present disclosure, the processing circuit 1223 may include various units,
e.g., a DCI configuration unit 1226 and a beam activation unit 1227, for implementing the functions described above.
These processing units included in the processing circuit 1223 may be communicatively coupled to each other (not
shown) and/or coupled to one or more of the communication unit 1221 or the memory 1222 (not shown). It should be
noted that, although each unit is illustrated as a separate unit in Figure 12, one or more of these units may be combined
into one unit as well or split into multiple units.
[0181] According to an embodiment of the present disclosure, the DCI configuration unit 1226 may be configured to
configure the DCI to be sent to the user-side electronic device so that the DCI includes the first beam indication information
of data channel and the second beam indication information of data channel. The first beam indication information of
data channel is used to indicate to the user-side electronic device a first activated beam used for a transmission in the
physical data channel that is scheduled by the DCI, and the second beam indication information of data channel is used
to indicate to the user-side electronic device one or more second activated beams to be used by one or more subsequent
transmissions in the physical data channel.
[0182] The beam activation unit 1227 may be configured to determine the first activated beam to be used by the
control-side electronic device 1220 based on the first beam indication information of data channel to perform the trans-
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mission in the physical data channel with the user-side electronic device. The beam activation unit 1227 may also be
configured to determine one or more second activated beams to be used by the control-side electronic device 1220
based on the second beam indication information of data channel, and the one or more second activated beams may
be used in the one or more subsequent transmissions after the first activated beam is used to perform the transmission
in the physical data channel with the user-side electronic device.
[0183] According to an embodiment of the present disclosure, the processing circuit 1223 may also optionally include
an RRC signaling configuration unit 1224 and/or a MAC CE signaling configuration unit 1225. They are illustrated in
dashed lines in Figure 12. According to an embodiment of the present disclosure, the RRC signaling configuration unit
1224 may configure an RRC signaling to be sent to the user-side electronic device so that the RRC signaling includes
at least a beam configuration information. According to an embodiment of the present disclosure, the MAC CE signaling
configuration unit 1225 may be used to configure a MAC CE signaling to be sent to the user-side electronic device so
that the MAC CE signaling includes at least a beam activation information. The beam configuration information and
beam activation information in the RRC signaling and the MAC CE signaling have been described in detail in Sections
7-1 and 7-2.
[0184] According to an embodiment of the present disclosure, the RRC signaling configuration unit 1224 may also be
used to configure one or more extraction parameters in the RRC signaling. These extraction parameters may be used
to indicate to the user-side electronic device how to extract the first and second beam indication information of data
channel from the DCI. For example, the extraction parameters may include a parameter identifying whether the DCI
includes the second beam indication information of data channel, and/or a parameter identifying the quantity of second
activated beams that are indicated by the second beam indication information of data channel.
[0185] Next, description will be made for the physical downlink data channel (PDSCH) and the physical uplink data
channel (PUSCH) respectively.

8-1. Beam indication process for the PDSCH

[0186] As already described in Section 7-1 about the user-side electronic device, the beam indication process for the
PDSCH may be performed through the DCI used for downlink scheduling. The control-side electronic device 1220 may
configure the DCI such that the DCI includes the first beam indication information of data channel to indicate to the user-
side electronic device a first activated receive beam for a transmission in the PDSCH.
[0187] As already discussed in respect to Figure 10B, the above approach may cause the user-side electronic device
to not have enough time to prepare the indicated activated receive beam. Therefore, according to the embodiment of
the present disclosure, a DCI configuration unit (for example, 1226) may make the DCI for downlink scheduling further
include the second beam indication information of data channel, so as to indicate to the user-side electronic device in
advance one or more second activated receive beams that may be used for subsequent transmissions. According to
an embodiment of the present disclosure, the DCI may have the field structure described in respect to Figure 10C. The
beneficial effects of using the DCI for a dynamic beam indication process for the PDSCH have been discussed above
in respect to Figure 10D.

8-2. Beam indication process for the PUSCH

[0188] As already described in Section 7-2 about the user-side electronic device, the DCI for uplink scheduling may
be used to perform the beam indication process for the PUSCH. The control-side electronic device 1220 may configure
the DCI for uplink scheduling to make it include the first beam indication information of data channel, so as to indicate
to the user-side electronic device a first activated transmit beam for a transmission in the PUSCH.
[0189] According to an embodiment of the present disclosure, a DCI configuration unit (for example, 1226) may make
the DCI for uplink scheduling further include the second beam indication information of data channel, thereby indicating
to the user-side electronic device in advance one or more second activated transmit beams that may be used for
subsequent transmissions. According to an embodiment of the present disclosure, the DCI may have the field structure
as described in respect to Figure 11B.

9. A user-side communication method that has a reduced latency of beam indication for a physical data channel 
according to an embodiment of the present disclosure.

[0190] Figure 13 illustrates a flowchart of a user-side communication method that has a reduced latency of beam
indication for a physical data channel according to an embodiment of the present disclosure. The communication method
1300 may be executed by, for example, the electronic device 9010 as described in respect to Figure 9.
[0191] As illustrated in Figure 13, at step S1301, a DCI from the control-side electronic device may be received through
the PDCCH.
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[0192] At step S1302, a first activated beam used for the physical data channel that is scheduled by the DCI may be
determined based on a first beam indication information of data channel in the DCI.
[0193] At step S1303, one or more second activated beams to be used by one or more subsequent transmissions in
the physical data channel are determined based on a second beam indication information of data channel in the DCI.
[0194] At step S1304, the first activated beam is used to perform a transmission in the physical data channel with the
control-side electronic device.
[0195] At step S1305, the one or more second activated beams are used to perform one or more subsequent trans-
missions in the physical data channel with the control-side electronic device.

10. A control-side communication method that has a reduced latency of beam indication for a physical data 
channel according to an embodiment of the present disclosure

[0196] Figure 14 illustrates a flowchart of a control-side communication method that has a reduced latency of beam
indication for a physical data channel according to an embodiment of the present disclosure. The communication method
1400 may be executed by, for example, the electronic device 1220 as described in respect to Figure 12.
[0197] As illustrated in Figure 14, at step S1401, a DCI may be sent to the user-side electronic device through the
PDCCH, where the DCI includes a first beam indication information of data channel and a second beam indication
information of data channel. The first beam indication information of data channel is used to indicate to the user-side
electronic device a first activated beam used for a transmission in the physical data channel that is scheduled by the
DCI, and the second beam indication information of data channel is used to indicate to the user-side electronic device
one or more second activated beams to be used for one or more subsequent transmissions in the physical data channel.
[0198] At step S1402, the first activated beam is used to perform a transmission in the physical data channel with the
user-side electronic device.
[0199] At step S1403, the one or more second activated beams are used to perform the one or more subsequent
transmissions in the physical data channel with the user-side electronic device.

11. A beam indication process that has a reduced latency of beam indication for a physical data channel according 
to an embodiment of the present disclosure

[0200] Figure 15 illustrates a signaling diagram 1500 of a beam indication process that has a reduced latency of beam
indication for a physical data channel according to an embodiment of the present disclosure.
[0201] As illustrated in Figure 15, at step S1501, the control-side electronic device 1520 sends a DCI to the user-side
electronic device 1510.
[0202] At step S1502, the user-side electronic device 1510 extracts a first beam indication information of data channel
from the DCI, and based on the first beam indication information of data channel, determines a first activated beam used
for the physical data channel that is scheduled by the DCI.
[0203] At step S1503, the user-side electronic device 1510 extracts a second beam indication information of data
channel from the DCI, and based on the second beam indication information of data channel, determines one or more
second activated beams to be used for one or more subsequent transmissions in the physical data channel.
[0204] At step S1504, the user-side electronic device 1510 uses the first activated beam, and the control-side electronic
device 1520 uses a corresponding transmit/activated receive beam, to perform a transmission on the physical data
channel.
[0205] At step S1505, the user-side electronic device 1510 uses the one or more second activated beams, and the
control-side electronic device 1520 uses corresponding activated transmit/receive beams, to perform the one or more
subsequent transmissions on the physical data channel.

12. Application scenarios of the present disclosure

[0206] One or more embodiments of the present disclosure are used in a wide range of scenarios. For example, for
the control-side electronic device indicating multiple transmit beams of PUSCH, it may be considered that the user-side
electronic device is located in a high-speed and predictable mobile environment (like a high-speed rail scenario). Since
the movement speed and position change of the user-side electronic device are predictable, the control-side electronic
device may configure different uplink activated transmit beams for the user-side electronic device in advance to reduce
the signaling overhead of multiple beam indications.

13. Application examples according to the present disclosure

[0207] The technology of the present disclosure may be applied to various products.
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[0208] For example, the user-side electronic device 210, 9010 may be implemented as a mobile terminal (such as a
smart phone, a tablet personal computer (PC), a notebook PC, a portable game terminal, a portable/dongle type mobile
router, and a digital camera) or an in-vehicle terminal (such as a car navigation device). The user-side electronic device
may also be implemented as a terminal (also referred to as a machine type communication (MTC) terminal) that performs
machine-to-machine (M2M) communication. In addition, the user-side electronic device may be a wireless communication
module (such as an integrated circuit module including a single chip) mounted on each of the above terminals.
[0209] The control-side electronic devices 520, 1220 may be implemented as, for example, any type of base station,
preferably, such as a macro gNB and a small gNB in the 3GPP’s 5G communication standard New Radio (NR) access
technology. The small gNB may be a gNB covering a cell smaller than a macro cell, such as a pico gNB, a micro gNB,
and a home (femto) gNB. Alternatively, the control device may be implemented as any other type of base station, such
as a NodeB and a base transceiver station (BTS). The control device may include: a main body (also referred to as a
base station device) configured to control wireless communication, and one or more remote radio heads (RRH) disposed
in a different place from the main body.

13-1. Application examples on the control-side electronic device

(First application example)

[0210] It should be understood that the term base station in the present disclosure has the full breadth of its ordinary
meaning, and includes at least a wireless communication station that is used as a portion of a wireless communication
system or a radio system to facilitate communication. Examples of the base station may be, for example, but not limited
to the following: the base station may be either or both of a base transceiver station (BTS) and a base station controller
(BSC) in a GSM system, and may be a either or both of a radio network controller (RNC) and NodeB in WCDMA systems,
may be eNBs in LTE and LTE-Advanced systems, or may be corresponding network nodes in future communication
systems (for example, a gNB that may appear in 5G communication systems, etc.). In D2D, M2M, and V2V communication
scenarios, a logical entity that has a control function for communication may also be called a base station. In a cognitive
radio communication scenario, a logical entity that plays a role of spectrum coordination may also be called a base station.
[0211] Figure 16 is a block diagram showing a first example of a schematic configuration of a control device-side
electronic device to which the technology of the present disclosure may be applied. The control-side electronic device
may be the electronic device 520 according to an embodiment of the present disclosure, or may be the electronic device
1220 according to an embodiment of the present disclosure. Wherein, the electronic device 520 or the electronic device
1220 is illustrated as gNB 800. Wherein, the gNB 800 includes multiple antennas 810 and base station device 820. The
base station device 820 and each antenna 810 may be connected to each other via an RF cable.
[0212] Each of the antennas 810 includes multiple antenna elements (such as multiple antenna elements included in
a multiple input multiple output (MIMO) antenna), and is used for the base station device 820 to send and receive wireless
signals. As illustrated in Figure 16, the gNB 800 may include multiple antennas 810. For example, the multiple antennas
810 may be compatible with multiple frequency bands used by the gNB 800. Figure 16 illustrates an exemplary in which
the gNB 800 includes multiple antennas 810 that may be used to implement the multi-carrier system described in the
embodiment of the present disclosure.
[0213] The base station device 820 includes a controller 821, a memory 822, a network interface 823, and a wireless
communication interface 825.
[0214] The controller 821 may be, for example, a CPU or a DSP, and operates various functions of higher layers of
the base station device 820. For example, the controller 821 may include the above processing circuit 523 or 1223. For
example, the controller 821 generates a data packet from data in signals processed by the wireless communication
interface 825, and transfers the generated packet via the network interface 823. The controller 821 may bundle data
from a plurality of baseband processors to generate a bundled packet, and transfer the generated bundled packet. The
controller 821 may have logic functions to perform control such as radio resource control, radio bearer control, mobility
management, admission control, and scheduling. This control may be performed in conjunction with nearby gNBs or
core network nodes. The memory 822 includes RAM and ROM, and stores programs executed by the controller 821
and various types of control data (such as a terminal list, transmission power data, and scheduling data).
[0215] The network interface 823 is a communication interface for connecting the base station device 820 to the core
network 824. The controller 821 may communicate with a core network node or another gNB via the network interface
823. In this case, the gNB 800 and the core network node or other gNB may be connected to each other through a
logical interface (such as an SI interface and an X2 interface). The network interface 823 may also be a wired commu-
nication interface or a wireless communication interface for radio backhaul. If the network interface 823 is a wireless
communication interface, the network interface 823 may use a higher frequency band for wireless communication than
the frequency band used by the wireless communication interface 825.
[0216] The wireless communication interface 825 supports any cellular communication scheme (such as Long Term
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Evolution (LTE) and LTE-Advanced), and provides wireless connection to a terminal located in a cell of the gNB 800 via
the antenna 810. The wireless communication interface 825 may generally include, for example, a baseband (BB)
processor 826 and an RF circuit 827. The BB processor 826 may perform, for example, encoding/decoding, modulat-
ing/demodulating, and multiplexing/demultiplexing, and perform various types of signal processing of layers (for example,
LI, Medium Access Control (MAC), Radio Link Control (RLC), and Packet Data Convergence Protocol (PDCP)). The
BB processor 826 may have a part or all of the above described logical functions instead of the controller 821. The BB
processor 826 may be a memory storing a communication control program, or a module including a processor and
related circuits configured to execute the program. Updating the program may change functions of the BB processor
826. The module may be a card or a blade inserted into a slot of the base station device 820. Alternatively, the module
may also be a chip mounted on a card or blade. Meanwhile, the RF circuit 827 may include, for example, a mixer, a
filter, and an amplifier, and transmit and receive wireless signals via the antenna 810.
[0217] As illustrated in Figure 16, the wireless communication interface 825 may include multiple BB processors 826.
For example, multiple BB processors 826 may be compatible with multiple frequency bands used by gNB 800. As
illustrated in Figure 16, the wireless communication interface 825 may include multiple RF circuits 827. For example,
the multiple RF circuits 827 may be compatible with multiple antenna elements. Although Figure 16 illustrates an exem-
plary in which the wireless communication interface 825 includes multiple BB processors 826 and multiple RF circuits
827, the wireless communication interface 825 may also include a single BB processor 826 or a single RF circuit 827.
[0218] In the gNB 800 illustrated in Figure 16, one or more components included in the processing circuit 523 described
with reference to Figure 5 or the processing circuit 1223 described with reference to Figure 12 may be implemented in
the wireless communication interface 825. Alternatively, at least a part of these components may be implemented in the
controller 821. For example, the gNB 800 includes a portion (for example, the BB processor 826) or the whole of the
wireless communication interface 825, and/or a module including the controller 821, and one or more components may
be implemented in the module. In this case, the module may store a program for allowing the processor to function as
one or more components (in other words, a program for allowing the processor to perform operations of one or more
components), and may execute the program. As another example, a program for allowing the processor to function as
one or more components may be installed in the gNB 800, and the wireless communication interface 825 (for example,
the BB processor 826) and/or the controller 821 may execute the program. As above, as an apparatus including one or
more components, a gNB 800, a base station device 820, or a module may be provided, and a program for allowing the
processor to function as one or more components may be provided. In addition, a readable medium in which the program
is recorded may be provided.
[0219] In addition, in the gNB 800 illustrated in Figure 16, the communication unit 521 described with reference to
Figure 5 or the communication unit 1221 described with reference to Figure 12 may be implemented in the wireless
communication interface 825 (for example, the RF circuit 827). In addition, the communication unit 521 or the commu-
nication unit 1221 may be implemented in the controller 821 and/or the network interface 823.

(Second application example)

[0220] Figure 17 is a block diagram showing a second example of a schematic configuration of a control device-side
electronic device to which the technology of the present disclosure may be applied. The control-side electronic device
may be the electronic device 520 according to an embodiment of the present disclosure, or may be the electronic device
1220 according to an embodiment of the present disclosure. The control device may include, for example, the electronic
device 520 or the electronic device 1220 for downlink transmission. Wherein, the electronic device 520 or 1220 is
illustrated as gNB 830. The gNB 830 includes one or more antennas 840, a base station device 850 and a RRH 860.
The RRH 860 and each antenna 840 may be connected to each other via an RF cable. The base station device 850
and the RRH 860 may be connected to each other via a high-speed line such as an optical fiber cable.
[0221] Each of the antennas 840 includes a single or multiple antenna elements (such as multiple antenna elements
included in a MIMO antenna) and is used for the RRH 860 to send and receive wireless signals. As illustrated in Figure
17, the gNB 830 may include multiple antennas 840. For example, the multiple antennas 840 may be compatible with
multiple frequency bands used by the gNB 830. Figure 17 illustrates an exemplary in which the gNB 830 includes multiple
antennas 840 that may be used to implement the multi-carrier system of the embodiments of the present disclosure.
[0222] The base station device 850 includes a controller 851, a memory 852, a network interface 853, a wireless
communication interface 855, and a connection interface 857. The controller 851, the memory 852, and the network
interface 853 are the same as the controller 821, the memory 822, and the network interface 823 described with reference
to Figure 16.
[0223] The wireless communication interface 855 supports any cellular communication scheme (such as LTE and
LTE-Advanced), and provides wireless communication to a terminal located in a sector corresponding to the RRH 860
via the RRH 860 and the antenna 840. The wireless communication interface 855 may generally include, for example,
a BB processor 856. The BB processor 856 is the same as the BB processor 826 described with reference to Figure 16
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except that the BB processor 856 is connected to the RF circuit 864 of the RRH 860 via the connection interface 857.
As illustrated in Figure 17, the wireless communication interface 855 may include multiple BB processors 856. For
example, the multiple BB processors 856 may be compatible with multiple frequency bands used by gNB 830. Although
Figure 17 illustrates an exemplary in which the wireless communication interface 855 includes multiple BB processors
856, the wireless communication interface 855 may also include a single BB processor 856.
[0224] The connection interface 857 is an interface for connecting the base station device 850 (wireless communication
interface 855) to the RRH 860. The connection interface 857 may also be a communication module for communication
in the above-described high-speed line that connects the base station device 850 (wireless communication interface
855) to the RRH 860.
[0225] The RRH 860 includes a connection interface 861 and a wireless communication interface 863.
[0226] The connection interface 861 is an interface for connecting the RRH 860 (wireless communication interface
863) to the base station device 850. The connection interface 861 may also be a communication module for communication
in the above-described high-speed line.
[0227] The wireless communication interface 863 transmits and receives wireless signals via the antenna 840. The
wireless communication interface 863 may generally include, for example, an RF circuit 864. The RF circuit 864 may
include, for example, a mixer, a filter, and an amplifier, and transmit and receive wireless signals via the antenna 840.
As illustrated in Figure 17, the wireless communication interface 863 may include multiple RF circuits 864. For example,
the multiple RF circuits 864 may support multiple antenna elements. Although Figure 17 illustrates an exemplary in
which the wireless communication interface 863 includes multiple RF circuits 864, the wireless communication interface
863 may also include a single RF circuit 864.
[0228] In the gNB 830 illustrated in Figure 17, one or more components included in the processing circuit 523 described
with reference to Figure 5 or the processing circuit 1223 described with reference to Figure 12 may be implemented in
the wireless communication interface 855. Alternatively, at least a part of these components may be implemented in the
controller 851. For example, the gNB 830 includes a portion (for example, the BB processor 856) or the whole of the
wireless communication interface 855, and/or a module including the controller 851, and one or more components may
be implemented in the module. In this case, the module may store a program for allowing the processor to function as
one or more components (in other words, a program for allowing the processor to perform operations of one or more
components), and may execute the program. As another example, a program for allowing the processor to function as
one or more components may be installed in the gNB 830, and the wireless communication interface 855 (for example,
the BB processor 856) and/or the controller 851 may execute the program. As above, as an apparatus including one or
more components, a gNB 830, a base station device 850, or a module may be provided, and a program for allowing the
processor to function as one or more components may be provided. In addition, a readable medium in which the program
is recorded may be provided.
[0229] In addition, in the gNB 830 illustrated in Figure 17, the communication unit 521 described with reference to
Figure 5 or the communication unit 1221 described with reference to Figure 12 may be implemented in the wireless
communication interface 855 (for example, the BB circuit 856). In addition, the communication unit 521 or the commu-
nication unit 1221 may be implemented in the controller 851 and/or the network interface 853.

13-2. Application examples on the user-side electronic device

(First application example)

[0230] Figure 18 is a block diagram showing an exemplary of a schematic configuration of a smart phone 900 to which
the technology of the present disclosure may be applied. The smart phone 900 may be an electronic device 210 according
to an embodiment of the present disclosure, or may be an electronic device 9010 according to an embodiment of the
present disclosure. The smart phone 900 includes a processor 901, a memory 902, a storage 903, an external connection
interface 904, a camera 906, a sensor 907, a microphone 908, an input device 909, a display device 910, a speaker
911, a wireless communication interface 912, one or more antenna switch 915, one or more antennas 916, a bus 917,
a battery 918, and an auxiliary controller 919.
[0231] The processor 901 may be, for example, a CPU or a system on a chip (SoC), and controls functions of an
application layer and other layers of the smart phone 900. The memory 902 includes RAM and ROM, and stores data
and programs executed by the processor 901. The storage 903 may include a storage medium such as a semiconductor
memory and a hard disk. The external connection interface 904 is an interface for connecting an external device such
as a memory card and a universal serial bus (USB) device to the smart phone 900.
[0232] The camera 906 includes an image sensor such as a charge coupled device (CCD) and a complementary
metal oxide semiconductor (CMOS), and generates a captured image. The sensor 907 may include a group of sensors,
such as a measurement sensor, an f-gyro sensor, a geomagnetic sensor, and an acceleration sensor. The microphone
908 converts sounds that are input to the smart phone 900 into audio signals. The input device 909 includes, for example,
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a touch sensor configured to detect touch on the screen of the display device 910, a keypad, a keyboard, a button, or
a switch, and receives an operation or information input from a user. The display device 910 includes a screen such as
a liquid crystal display (LCD) and an organic light emitting diode (OLED) display, and displays an output image of the
smart phone 900. The speaker 911 converts audio signals that are output from the smart phone 900 into sounds.
[0233] The wireless communication interface 912 supports any cellular communication scheme (such as LTE and
LTE-Advanced) and performs wireless communication. The wireless communication interface 912 may generally include,
for example, a BB processor 913 and an RF circuit 914. The BB processor 913 may perform, for example, encoding/de-
coding, modulating/demodulating, and multiplexing/demultiplexing, and perform various types of signal processing for
wireless communication. Meanwhile, the RF circuit 914 may include, for example, a mixer, a filter, and an amplifier, and
transmit and receive wireless signals via the antenna 916. The wireless communication interface 912 may be one chip
module on which the BB processor 913 and the RF circuit 914 are integrated. As illustrated in Figure 18, the wireless
communication interface 912 may include multiple BB processors 913 and multiple RF circuits 914. Although Figure 18
illustrates an exemplary in which the wireless communication interface 912 includes multiple BB processors 913 and
multiple RF circuits 914, the wireless communication interface 912 may also include a single BB processor 913 or a
single RF circuit 914.
[0234] Furthermore, in addition to the cellular communication scheme, the wireless communication interface 912 may
support another type of wireless communication scheme, such as a short-range wireless communication scheme, a
near field communication scheme, and a wireless local area network (LAN) scheme. In this case, the wireless commu-
nication interface 912 may include a BB processor 913 and an RF circuit 914 for each wireless communication scheme.
[0235] Each of the antenna switches 915 switches connection destinations of the antenna 916 among a plurality of
circuits (for example, circuits for different wireless communication schemes) included in the wireless communication
interface 912.
[0236] Each of the antennas 916 includes a single or multiple antenna elements (such as multiple antenna array
elements included in a MIMO antenna), and is used for the wireless communication interface 912 to transmit and receive
wireless signals. As illustrated in Figure 18, the smart phone 900 may include multiple antennas 916. Although Figure
18 illustrates an exemplary in which the smart phone 900 includes multiple antennas 916, the smart phone 900 may
also include a single antenna 916.
[0237] In addition, the smart phone 900 may include an antenna 916 for each wireless communication scheme. In
this case, the antenna switch 915 may be omitted from the configuration of the smart phone 900.
[0238] The bus 917 connects the processor 901, the memory 902, the storage 903, the external connection interface
904, the camera 906, the sensor 907, the microphone 908, the input device 909, the display device 910, the speaker
911, the wireless communication interface 912, and the auxiliary controller 919 to each other. The battery 918 supplies
power to each block of the smart phone 900 illustrated in Figure 18 via a feeder line, which is partially illustrated as a
dashed line in the figure. The auxiliary controller 919 operates the minimum necessary functions of the smart phone
900 in a sleep mode, for example.
[0239] In the smart phone 900 illustrated in Figure 18, one or more components included in the processing circuits
213 and 9013 described with reference to Figure 2 or Figure 9 may be implemented in the wireless communication
interface 912. Alternatively, at least a part of these components may be implemented in the processor 901 or the auxiliary
controller 919. As one example, the smart phone 900 includes a portion (for example, the BB processor 913) or the
whole of the wireless communication interface 912, and/or a module including the processor 901 and/or the auxiliary
controller 919, and one or more components may be implemented in the module. In this case, the module may store a
program that allows processing to function as one or more components (in other words, a program for allowing the
processor to perform operations of one or more components), and may execute the program. As another example, a
program for allowing the processor to function as one or more components may be installed in the smart phone 900,
and the wireless communication interface 912 (for example, the BB processor 913), the processor 901, and/or the
auxiliary controller 919 may execute the program. As above, as an apparatus including one or more components, a
smart phone 900 or a module may be provided, and a program for allowing the processor to function as one or more
components may be provided. In addition, a readable medium in which the program is recorded may be provided.
[0240] In addition, in the smart phone 900 illustrated in Figure 18, for example, the communication unit 211 or 9011
described with reference to Figure 2 or Figure 13 may be implemented in the wireless communication interface 912 (for
example, the RF circuit 914).

(Second application example)

[0241] Figure 19 is a block diagram showing an exemplary of a schematic configuration of a car navigation device
920 to which the technology of the present disclosure may be applied. The car navigation device 920 may be user-side
electronic devices 210, 9010 according to an embodiment of the present disclosure. The car navigation device 920
includes a processor 921, a memory 922, a global positioning system (GPS) module 924, a sensor 925, a data interface
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926, a content player 927, a storage medium interface 928, an input device 929, a display device 930, a speaker 931,
a wireless communication interface 933, one or more antenna switches 936, one or more antennas 937, and a battery 938.
[0242] The processor 921 may be, for example, a CPU or a SoC, and controls the navigation function and other
functions of the car navigation device 920. The memory 922 includes RAM and ROM, and stores data and programs
executed by the processor 921.
[0243] The GPS module 924 uses GPS signals received from GPS satellites to measure the position (such as latitude,
longitude, and altitude) of the car navigation device 920. The sensor 925 may include a group of sensors, such as a
gyro sensor, a geomagnetic sensor, and a barometric sensor. The data interface 926 is connected to, for example, an
in-vehicle network 941 via a terminal that is not shown, and acquires data (such as vehicle speed data) generated by
the vehicle.
[0244] The content player 927 reproduces content stored in a storage medium (such as CD and DVD) that is inserted
into the storage medium interface 928. The input device 929 includes, for example, a touch sensor configured to detect
touch on the screen of the display device 930, a button, or a switch, and receives an operation or information input from
a user. The display device 930 includes a screen such as an LCD or an OLED display, and displays images of navigation
functions or reproduced content. The speaker 931 outputs sounds of the navigation functions or the reproduced content.
[0245] The wireless communication interface 933 supports any cellular communication scheme (such as LTE and
LTE-Advanced) and performs wireless communication. The wireless communication interface 933 may generally include,
for example, a BB processor 934 and an RF circuit 935. The BB processor 934 may perform, for example, encoding/de-
coding, modulating/demodulating, and multiplexing/demultiplexing, and perform various types of signal processing for
wireless communication. Meanwhile, the RF circuit 935 may include, for example, a mixer, a filter, and an amplifier, and
transmit and receive wireless signals via the antenna 937. The wireless communication interface 933 may also be one
chip module on which the BB processor 934 and the RF circuit 935 are integrated. As illustrated in Figure 19, the wireless
communication interface 933 may include multiple BB processors 934 and multiple RF circuits 935. Although Figure 19
illustrates an exemplary in which the wireless communication interface 933 includes multiple BB processors 934 and
multiple RF circuits 935, the wireless communication interface 933 may also include a single BB processor 934 or a
single RF circuit 935.
[0246] Also, in addition to the cellular communication scheme, the wireless communication interface 933 may support
another type of wireless communication scheme, such as a short-range wireless communication scheme, a near field
communication scheme, and a wireless LAN scheme. In this case, the wireless communication interface 933 may include
a BB processor 934 and an RF circuit 935 for each wireless communication scheme.
[0247] Each of the antenna switches 936 switches connection destinations of the antenna 937 among a plurality of
circuits (such as circuits for different wireless communication schemes) included in the wireless communication interface
933.
[0248] Each of the antennas 937 includes a single or multiple antenna elements (such as multiple antenna array
elements included in a MIMO antenna), and is used for the wireless communication interface 933 to transmit and receive
wireless signals. As illustrated in Figure 19, the car navigation device 920 may include multiple antennas 937. Although
Figure 19 illustrates an exemplary in which the car navigation device 920 includes multiple antennas 937, the car
navigation device 920 may also include a single antenna 937.
[0249] In addition, the car navigation device 920 may include an antenna 937 for each wireless communication scheme.
In this case, the antenna switch 936 may be omitted from the configuration of the car navigation device 920.
[0250] The battery 938 supplies power to each block of the car navigation device 920 illustrated in Figure 19 via a
feeder line that is partially illustrated as a dashed line in the figure. The battery 938 accumulates electric power supplied
from the vehicle.
[0251] In the car navigation device 920 illustrated in Figure 19, one or more components included in the processing
circuits 213 and 9013 described with reference to Figures 2 and 9 may be implemented in the wireless communication
interface 933. Alternatively, at least a part of these components may be implemented in the processor 921. As one
example, the car navigation device 920 includes a portion (for example, the BB processor 934) or the whole of the
wireless communication interface 933, and/or a module including the processor 921, and one or more components may
be implemented in the module. In this case, the module may store a program that allows processing to function as one
or more components (in other words, a program for allowing the processor to perform operations of one or more com-
ponents), and may execute the program. As another example, a program for allowing the processor to function as one
or more components may be installed in the car navigation device 920, and the wireless communication interface 933
(for example, the BB processor 934) and/or the processor 921 may execute the program. As above, as an apparatus
including one or more components, a car navigation device 920 or a module may be provided, and a program for allowing
the processor to function as one or more components may be provided. In addition, a readable medium in which the
program is recorded may be provided.
[0252] In addition, in the car navigation device 920 illustrated in Figure 19, for example, the communication units 211,
9011 described with reference to Figures 2 and 9 may be implemented in the wireless communication interface 933 (for
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example, the RF circuit 935).
[0253] The technology of the present disclosure may also be implemented as an in-vehicle system (or vehicle) 940
including one or more blocks in the car navigation device 920, the in-vehicle network 941, and the vehicle module 942.
The vehicle module 942 generates vehicle data (such as vehicle speed, engine speed, and failure information), and
outputs the generated data to the in-vehicle network 941.
[0254] In addition, a readable medium in which the program is recorded may be provided. Therefore, the present
disclosure also relates to a computer-readable storage medium on which there is stored a program including instructions,
which are used to implement the aforementioned communication method when loaded and executed by a processor
such as a processing circuit or a controller.
[0255] The present disclosure also discloses the following solutions:

Solution 1. An electronic device comprising: a processing circuit configured to: receive an RRC signaling and/or a
MAC CE signaling from a control-side electronic device; determine, based on a first beam indication information of
control channel in the RRC signaling and/or the MAC CE signaling, an activated beam for performing a transmission
in the physical control channel with the control-side electronic device; rewrite the activated beam based on a second
beam indication information of control channel included in a downlink control information (DCI) carried by a physical
downlink control channel (PDCCH); and use the rewritten activated beam to perform the transmission in the physical
control channel with the control-side electronic device.

Solution 2. The electronic device according to solution 1, wherein: the physical control channel is a physical downlink
control channel; and the DCI is a DCI used for downlink scheduling.

Solution 3. The electronic device according to solution 2, wherein: the second beam indication information of control
channel includes information related to only one activated beam, and the one activated beam corresponds to a
current CORESET used by the PDCCH.

Solution 4. The electronic device according to solution 2, wherein: the second beam indication information of control
channel includes information related to a plurality of activated beams, and the plurality of activated beams correspond
to one or more CORESETs of a plurality of CORESETs the electronic device is capable of using; and the second
beam indication information of control channel further includes one or more CORESET identifiers corresponding to
the one or more CORESETs.

Solution 5. The electronic device according to solution 1, wherein: the physical control channel is a physical uplink
control channel (PUCCH); and the DCI is a DCI used for uplink scheduling.

Solution 6. The electronic device according to solution 5, wherein: the second beam indication information of control
channel includes information related to at least one activated beam, and the at least one activated beam corresponds
to at least one PUCCH resource that the electronic device is capable of using; and the second beam indication
information of control channel further includes at least one PUCCH resource identifier corresponding to the at least
one PUCCH resource.

Solution 7. The electronic device according to any of solutions 1-6, wherein: the processing circuit is further configured
to: extract, based on extraction parameters in the RRC signaling, the second beam indication information of control
channel from the DCI.

Solution 8. The electronic device according to solution 7, wherein: the extraction parameters include one or more
of the following: a parameter identifying whether the DCI includes the second beam indication information of control
channel; and a parameter identifying the quantity of activated beams associated with the second beam indication
information of control channel.

Solution 9. The electronic device according to solution 1, wherein: the processing circuit is further configured to:
when the second beam indication information of control channel is correctly extracted, rewrite the activated beam;
and when the second beam indication information of control channel is not correctly extracted, not rewrite the
activated beam.

Solution 10. The electronic device according to solution 9, wherein: the processing circuit is further configured to:
send feedback information to the control-side electronic device to indicate whether the second beam indication
information of control channel is correctly extracted.
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Solution 11. The electronic device according to solution 10, wherein: the feedback information is sent through a
HARQ mechanism used for the PDCCH or used for a physical downlink shared channel (PDSCH).

Solution 12. The electronic device according to solution 1, wherein: the processing circuit is further configured to:
when receiving a new RRC signaling and/or a new MAC CE signaling from the control-side electronic device, rewrite
the activated beam based on the first beam indication information of control channel in the new RRC signaling and/or
the new MAC CE signaling.

Solution 13. An electronic device, comprising: a processing circuit configured to: send an RRC signaling and/or
MAC CE signaling to a user-side electronic device, the RRC signaling and/or the MAC CE signaling including a first
beam indication information of control channel, wherein the first beam indication information of control channel
indicates to the user-side electronic device an activated beam for a transmission in the physical control channel;
send a downlink control information (DCI) to the user-side electronic device through a physical downlink control
channel (PDCCH), the DCI including a second beam indication information of control channel, and the second beam
indication information of control channel indicates to the user-side electronic device an activated beam for the
transmission in the physical control channel; and use the activated beam indicated by the second beam indication
information of control channel to perform the transmission in the physical control channel with the user-side electronic
device.

Solution 14. The electronic device according to solution 13, wherein: the physical control channel is a physical
downlink control channel; and the DCI is a DCI used for downlink scheduling.

Solution 15. The electronic device according to solution 13, wherein: the physical control channel is a physical uplink
control channel (PUCCH); and the DCI is a DCI used for uplink scheduling.

Solution 16. The electronic device according to any of solutions 13-15, wherein: the RRC signaling further includes
extraction parameters, the extraction parameters indicating the user-side electronic device to extract the second
beam indication information of control channel from the DCI, and the extraction parameters include one or more of
the following: a parameter identifying whether the DCI includes the second beam indication information of control
channel; and a parameter identifying the quantity of activated beams associated with the second control channel
beam indication.

Solution 17. The electronic device according to any of solutions 13-15, wherein: the circuit is further configured to:
receive feedback information from the user-side electronic device and determine whether to use the activated beam
indicated by the second beam indication information of control channel based on the feedback information.

Solution 18. The electronic device according to solution 17, wherein: the feedback information is one of the following:
a HARQ-ACK/HARQ-NACK used for a physical downlink control channel (PDCCH); or a HARQ-ACK/HARQ-NACK
used for a physical downlink shared channel (PDSCH).

Solution 19. An electronic device, comprising: a processing circuit configured to: receive, through a physical downlink
control channel (PDCCH), a downlink control information (DCI) from a control-side electronic device; determine,
based on a first beam indication information of data channel in the DCI, a first activated beam for a physical data
channel that is scheduled by the DCI; determine, based on a second beam indication information of data channel
in the DCI, one or more second activated beams to be used by one or more subsequent transmissions in the physical
data channel; use the first activated beam to perform a transmission in the physical data channel with the control-
side electronic device; after using the first activated beam to perform the transmission in the physical data channel
with the control-side electronic device, use the one or more second activated beams to perform the one or more
subsequent transmissions in the physical data channel with the control-side electronic device.

Solution 20. The electronic device according to solution 19, wherein: the physical data channel is a physical downlink
shared channel (PDSCH); and the DCI is a DCI used for downlink scheduling.

Solution 21. The electronic device according to solution 19, wherein: the physical data channel is a physical uplink
shared channel (PUSCH); and the DCI is a DCI used for uplink scheduling.

Solution 22. The electronic device according to any of solutions 19-21, wherein: the processing circuit is further
configured to: before receiving the DCI, receive an RRC signaling and/or a MAC CE signaling from the control-side
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electronic device, where at least one of the RRC signaling and the MAC CE signaling includes a configuration
information related to data channel beam indication.

Solution 23. The electronic device according to solution 22, wherein: the configuration information includes at least
extraction parameters used to extract the second beam indication information of data channel from the DCI, and
the extraction parameters include one or more of the following: a parameter identifying whether the DCI includes
the second beam indication information of data channel; and a parameter identifying the quantity of second beams
indicated by the second beam indication information of data channel.

Solution 24. An electronic device, comprising: a processing circuit configured to: send, through a physical downlink
control channel (PDCCH), a downlink control information (DCI) to a user-side electronic device, the DCI including:
a first beam indication information of data channel to indicate to the user-side electronic device a first activated
beam for a transmission in the physical data channel that is scheduled by the DCI; and a second beam indication
information of data channel to indicate to the user-side electronic device one or more second activated beams to
be used by one or more subsequent transmissions in the physical data channel; use the first activated beam to
perform the transmission in the physical data channel with the user-side electronic device; and after using the first
activated beam to perform the transmission in the physical data channel with the user-side electronic device, use
the one or more second activated beams to perform the one or more subsequent transmissions in the physical data
channel with the user-side electronic device.

Solution 25. The electronic device according to solution 24, wherein: the physical data channel is a physical downlink
shared channel (PDSCH); and the DCI is a DCI used for downlink scheduling.

Solution 26. The electronic device according to solution 24, wherein: the physical data channel is a physical uplink
shared channel (PUSCH); and the DCI is a DCI used for uplink scheduling.

Solution 27. The electronic device according to any of solutions 24-26, wherein: the processing circuit is further
configured to: before sending the DCI, send an RRC signaling and/or a MAC CE signaling to the user-side electronic
device, wherein at least one of the RRC signaling and the MAC CE signaling includes a configuration information
related to data channel beam indication.

Solution 28. The electronic device according to solution 27, wherein: the configuration information includes at least
extraction parameters, the extraction parameters indicating to extract the second beam indication information of
data channel from the DCI, and the extraction parameters include one or more of the following: a parameter identifying
whether the DCI includes the second beam indication information of data channel; and a parameter identifying the
quantity of second beams indicated by the second beam indication information of data channel.

Solution 29. A communication method, comprising: receiving an RRC signaling and/or a MAC CE signaling from a
control-side electronic device; determining, based on a first beam indication information of control channel in the
RRC signaling and/or the MAC CE signaling, an activated beam for performing a transmission in the physical control
channel with the control-side electronic device; rewriting the activated beam based on a second beam indication
information of control channel included in a downlink control information (DCI) carried by a physical downlink control
channel (PDCCH); and using the rewritten activated beam to perform the transmission in the physical control channel
with the control-side electronic device.

Solution 30. A communication method, comprising: sending an RRC signaling and/or a MAC CE signaling to a user-
side electronic device, the RRC signaling and/or the MAC CE signaling including a first beam indication information
of control channel, wherein the first beam indication information of control channel indicates to the user-side electronic
device an activated beam for a transmission in the physical control channel; sending, through a physical downlink
control channel (PDCCH), a downlink control information (DCI) to the user-side electronic device, the DCI including
a second beam indication information of control channel, wherein the second beam indication information of control
channel indicates to the user-side electronic device an activated beam for the transmission in the physical control
channel; and using the activated beam indicated by the second beam indication information of control channel to
perform the transmission in the physical control channel with the user-side electronic device.

Solution 31. A communication method, comprising: receiving, through a physical downlink control channel (PDCCH),
a downlink control information (DCI) from a control-side electronic device; determining, based on a first beam
indication information of data channel in the DCI, a first activated beam for the physical data channel that is scheduled
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by the DCI; determine, based on a second beam indication information of data channel in the DCI, one or more
second activated beams to be used by one or more subsequent transmissions in the physical data channel; using
the first activated beam to perform a transmission in the physical data channel with the control-side electronic device;
after using the first beam to perform the transmission in the physical data channel with the control-side electronic
device, using the one or more second activated beams to perform the one or more subsequent transmissions in the
physical data channel with the control-side electronic device.

Solution 32. A communication method, comprising: sending, through a physical downlink control channel (PDCCH),
a downlink control information (DCI) to a user-side electronic device, the DCI including: a first beam indication
information of data channel to indicate to the user-side electronic device a first activated beam for a transmission
in the physical data channel that is scheduled by the DCI; and a second beam indication information of data channel
to indicate to the user-side electronic device one or more second activated beam to be used by one or more
subsequent transmissions in the physical data channel; using the first activated beam to perform the transmission
in the physical data channel with the user-side electronic device; and after using the first activated beam to perform
the transmission in the physical data channel with the user-side electronic device, using the one or more second
activated beams to perform the one or more subsequent transmissions in the physical data channel with the user-
side electronic device.

Solution 33. A computer-readable storage medium having a computer program stored thereon, wherein the computer
program, when loaded and executed by a processor, is used to implement methods according to any of the solutions
30-32.

[0256] Although some specific embodiments of the present disclosure have been described in detail, those skilled in
the art should understand that the foregoing embodiments are only illustrative and do not limit the scope of the present
disclosure. Those skilled in the art should understand that the foregoing embodiments may be combined, modified or
replaced without departing from the scope and essence of the present disclosure. The scope of the present disclosure
is defined by the appended claims.

Claims

1. An electronic device characterized by comprising:

a processing circuit configured to:

receive an RRC signaling and/or a MAC CE signaling from a control-side electronic device;
determine, based on a first beam indication information of control channel in the RRC signaling and/or the
MAC CE signaling, an activated beam for performing a transmission in the physical control channel with
the control-side electronic device;
rewrite the activated beam based on a second beam indication information of control channel included in
a downlink control information (DCI) carried by a physical downlink control channel (PDCCH); and
use the rewritten activated beam to perform a transmission in the physical control channel with the control-
side electronic device.

2. The electronic device of claim 1, characterized in that:

the physical control channel is a physical downlink control channel; and
the DCI is a DCI used for downlink scheduling.

3. The electronic device of claim 2, characterized in that:

the second beam indication information of control channel includes information related to only one activated
beam, and the one activated beam corresponds to a current CORESET used by the PDCCH.

4. The electronic device of claim 2, characterized in that:

the second beam indication information of control channel includes information related to a plurality of activated
beams, and the plurality of activated beams correspond to one or more CORESETs of a plurality of CORESETs
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the electronic device is capable of using; and
the second beam indication information of control channel further includes one or more CORESET identifiers
corresponding to the one or more CORESETs.

5. The electronic device of claim 1, characterized in that:

the physical control channel is a physical uplink control channel (PUCCH); and
the DCI is a DCI used for uplink scheduling.

6. The electronic device of claim 5, characterized in that:

the second beam indication information of control channel includes information related to at least one activated
beam, and the at least one activated beam corresponds to at least one PUCCH resource that the electronic
device is capable of using; and
the second beam indication information of control channel further includes at least one PUCCH resource identifier
corresponding to the at least one PUCCH resource.

7. The electronic device of any one of claims 1-6, characterized in that:

the processing circuit is further configured to:

extract, based on extraction parameters in the RRC signaling, the second beam indication information of
control channel from the DCI.

8. The electronic device of claim 7, characterized in that:

the extraction parameters include one or more of the following:

a parameter identifying whether the DCI includes the second beam indication information of control channel;
and
a parameter identifying the quantity of activated beams associated with the second beam indication infor-
mation of control channel.

9. The electronic device of claim 1, characterized in that:

the processing circuit is further configured to:

when the second beam indication information of control channel is correctly extracted, rewrite the activated
beam; and
when the second beam indication information of control channel is not correctly extracted, not rewrite the
activated beam.

10. The electronic device of claim 9, characterized in that:

the processing circuit is further configured to:

send feedback information to the control-side electronic device to indicate whether the second beam indi-
cation information of control channel is correctly extracted.

11. The electronic device of claim 10, characterized in that:
the feedback information is sent through a HARQ mechanism used for the PDCCH or used for a physical downlink
shared channel (PDSCH).

12. The electronic device of claim 1, characterized in that:

the processing circuit is further configured to:

when receiving a new RRC signaling and/or a new MAC CE signaling from the control-side electronic
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device, rewrite the activated beam based on the first beam indication information of control channel in the
new RRC signaling and/or the new MAC CE signaling.

13. An electronic device, characterized in that, comprising:

a processing circuit configured to:

send an RRC signaling and/or MAC CE signaling to a user-side electronic device, the RRC signaling and/or
the MAC CE signaling including a first beam indication information of control channel, and the first beam
indication information of control channel indicates to the user-side electronic device an activated beam for
a transmission in the physical control channel;
send a downlink control information (DCI) to the user-side electronic device through a physical downlink
control channel (PDCCH), the DCI including a second beam indication information of control channel, and
the second beam indication information of control channel indicates to the user-side electronic device an
activated beam for the transmission in the physical control channel; and
use the activated beam indicated by the second beam indication information of control channel to perform
the transmission in the physical control channel with the user-side electronic device.

14. The electronic device of claim 13, characterized in that:

the physical control channel is a physical downlink control channel; and
the DCI is a DCI used for downlink scheduling.

15. The electronic device of claim 13, characterized in that:

the physical control channel is a physical uplink control channel (PUCCH);
and
the DCI is a DCI used for uplink scheduling.

16. The electronic device of any of claims 13-15, characterized in that:

the RRC signaling further includes extraction parameters, the extraction parameters indicating the user-side
electronic device to extract the second beam indication information of control channel from the DCI, and the
extraction parameters include one or more of the following:

a parameter identifying whether the DCI includes the second beam indication information of control channel;
and
a parameter identifying the quantity of activated beams associated with the second control channel beam
indication.

17. The electronic device of any of claims 13-15, characterized in that:

the circuit is further configured to:

receive feedback information from the user-side electronic device and determine whether to use the activated
beam indicated by the second beam indication information of control channel based on the feedback infor-
mation.

18. The electronic device of claim 17, characterized in that:

the feedback information is one of the following:

a HARQ-ACK/HARQ-NACK used for a physical downlink control channel (PDCCH); or
a HARQ-ACK/HARQ-NACK used for a physical downlink shared channel (PDSCH).

19. An electronic device, characterized in that, comprising:

a processing circuit configured to:
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receive, through a physical downlink control channel (PDCCH), a downlink control information (DCI) from
a control-side electronic device;
determine, based on a first beam indication information of data channel in the DCI, a first activated beam
for the physical data channel that is scheduled by the DCI;
determine, based on a second beam indication information of data channel in the DCI, one or more second
activated beams to be used by one or more subsequent transmissions in the physical data channel;
use the first activated beam to perform a transmission in the physical data channel with the control-side
electronic device;
after using the first activated beam to perform the transmission in the physical data channel with the control-
side electronic device, use the one or more second activated beams to perform one or more subsequent
transmissions in the physical data channel with the control-side electronic device.

20. The electronic device of claim 19, characterized in that:

the physical data channel is a physical downlink shared channel (PDSCH);
and
the DCI is a DCI used for downlink scheduling.

21. The electronic device of claim 19, characterized in that:

the physical data channel is a physical uplink shared channel (PUSCH); and
the DCI is a DCI used for uplink scheduling.

22. The electronic device of any of claims 19-21, characterized in that:

the processing circuit is further configured to:

before receiving the DCI, receive an RRC signaling and/or a MAC CE signaling from the control-side
electronic device, where at least one of the RRC signaling and the MAC CE signaling includes a configuration
information related to data channel beam indication.

23. The electronic device of claim 22, characterized in that:

the configuration information includes at least extraction parameters used to extract the second beam indication
information of data channel from the DCI, and the extraction parameters include one or more of the following:

a parameter identifying whether the DCI includes the second beam indication information of data channel;
and
a parameter identifying the quantity of second beams indicated by the second beam indication information
of data channel.

24. An electronic device, characterized in that, comprising:

a processing circuit configured to:

send, through a physical downlink control channel (PDCCH), a downlink control information (DCI) to a user-
side electronic device, the DCI including:

a first beam indication information of data channel to indicate to the user-side electronic device a first
activated beam for a transmission in the physical data channel that is scheduled by the DCI; and
a second beam indication information of data channel to indicate to the user-side electronic device one
or more second activated beams to be used by one or more subsequent transmissions in the physical
data channel;

use the first activated beam to perform a transmission in the physical data channel with the user-side
electronic device; and
after using the first activated beam to perform the transmission in the physical data channel with the user-
side electronic device, use the one or more second activated beams to perform the one or more subsequent
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transmissions in the physical data channel with the user-side electronic device.

25. The electronic device of claim 24, characterized in that:

the physical data channel is a physical downlink shared channel (PDSCH);
and
the DCI is a DCI used for downlink scheduling.

26. The electronic device of claim 24, characterized in that:

the physical data channel is a physical uplink shared channel (PUSCH); and
the DCI is a DCI used for uplink scheduling.

27. The electronic device of any of claims 24-26, characterized in that:

the processing circuit is further configured to:

before sending the DCI, send an RRC signaling and/or a MAC CE signaling to the user-side electronic
device, wherein at least one of the RRC signaling and the MAC CE signaling includes a configuration
information related to data channel beam indication.

28. The electronic device of claim 27, characterized in that:

the configuration information includes at least extraction parameters, the extraction parameters indicating to
extract the second beam indication information of data channel from the DCI, and the extraction parameters
include one or more of the following:

a parameter identifying whether the DCI includes the second beam indication information of data channel;
and
a parameter identifying the quantity of second beams indicated by the second beam indication information
of data channel.

29. A communication method, characterized in that, comprising:

receiving an RRC signaling and/or a MAC CE signaling from a control-side electronic device;
determining, based on a first beam indication information of control channel in the RRC signaling and/or the
MAC CE signaling, an activated beam for performing a transmission in the physical control channel with the
control-side electronic device;
rewriting the activated beam based on a second beam indication information of control channel included in a
downlink control information (DCI) carried by a physical downlink control channel (PDCCH); and
using the rewritten activated beam to perform the transmission in the physical control channel with the control-
side electronic device.

30. A communication method, characterized in that, comprising:

sending an RRC signaling and/or a MAC CE signaling to a user-side electronic device, the RRC signaling and/or
the MAC CE signaling including a first beam indication information of control channel, wherein the first beam
indication information of control channel indicates to the user-side electronic device an activated beam for a
transmission in the physical control channel;
sending, through a physical downlink control channel (PDCCH), a downlink control information (DCI) to the
user-side electronic device, the DCI including a second beam indication information of control channel, wherein
the second beam indication information of control channel indicates to the user-side electronic device an acti-
vated beam for a transmission in the physical control channel; and
using the activated beam indicated by the second beam indication information of control channel to perform the
transmission in the physical control channel with the user-side electronic device.

31. A communication method, characterized in that, comprising:
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receiving, through a physical downlink control channel (PDCCH), a downlink control information (DCI) from a
control-side electronic device;
determining, based on a first beam indication information of data channel in the DCI, a first activated beam for
the physical data channel that is scheduled by the DCI;
determine, based on a second beam indication information of data channel in the DCI, one or more second
activated beams to be used by one or more subsequent transmissions in the physical data channel;
using the first activated beam to perform the transmission in the physical data channel with the control-side
electronic device;
after using the first beam to perform the transmission in the physical data channel with the control-side electronic
device, using the one or more second activated beams to perform the one or more subsequent transmissions
in the physical data channel with the control-side electronic device.

32. A communication method, characterized in that, comprising:

sending, through a physical downlink control channel (PDCCH), a downlink control information (DCI) to a user-
side electronic device, the DCI including:

a first beam indication information of data channel to indicate to the user-side electronic device a first
activated beam for a transmission in the physical data channel that is scheduled by the DCI; and
a second beam indication information of data channel to indicate to the user-side electronic device one or
more second activated beam to be used by one or more subsequent transmissions in the physical data
channel;

using the first activated beam to perform the transmission in the physical data channel with the user-side
electronic device; and
after using the first activated beam to perform the transmission in the physical data channel with the user-side
electronic device, using the one or more second activated beams to perform the one or more subsequent
transmissions in the physical data channel with the user-side electronic device.

33. A computer-readable storage medium having a computer program stored thereon, wherein the computer program,
when loaded and executed by a processor, is used to
perform the method according to any of the claims 30-32.
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