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Description
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to and
the benefit of the U.S. Nonprovisional Patent Application
No. 15/847,214, filed December 19, 2017, and of U.S.
Provisional Patent Application No. 62/491,013, filed April
27, 2017.

TECHNICAL FIELD

[0002] The technology discussed in this disclosure re-
lates generally to wireless communication systems, and
more particularly to allowing a radio access network
(RAN) to use an additional component carrier for uplink
(UL) communications. Embodiments enable and provide
solutions and techniques for improving resource utiliza-
tion efficiency and UL coverage.

INTRODUCTION

[0003] Wireless communications systems are widely
deployed to provide various types of communication con-
tentsuch as voice, video, packetdata, messaging, broad-
cast, and so on. These systems may be capable of sup-
porting communication with multiple users by sharing the
available system resources (e.g., time, frequency, and
power). Examples of such multiple-access systems in-
clude code division multiple access (CDMA) systems,
time division multiple access (TDMA) systems, frequen-
cy division multiple access (FDMA) systems, and orthog-
onal frequency division multiple access (OFDMA) sys-
tems, (e.g.,aLong Term Evolution (LTE) system). Awire-
less multiple-access communications system may in-
clude a number of base stations (BSs), each simultane-
ously supporting communication for multiple communi-
cation devices, which may be otherwise known as user
equipment (UE).

[0004] To meet the growing demands for expanded
connectivity, wireless communication technologies or ra-
dio access technologies are advancing from the LTE
technology to a next generation new radio (NR) technol-
ogy. One technique for expanding connectivity may be
to extend the frequency operation range to higher fre-
quencies since the lower frequencies are becoming over-
crowded. For example, LTE may operate between a low-
frequency range (e.g., below 1 gigahertz (GHz)) to a mid-
frequency range (e.g., between about 1 GHz to about 3
GHz) and the next generation NR may operate in a high-
frequency range (e.g., between about 3 GHz to about 30
GHz).

[0005] While LTE deployments continue to grow and
expand and in transition to the next generation NR, the
support for coexistence between LTE and NR may be
important. One approach to providing coexistence is to
continue to operate LTE devices over LTE component
carriers and additionally operate NR devices over NR
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component carriers separate from the LTE component
carriers. Another approach is to allow dual connectivity
over LTE and NR, where a device supporting both LTE
and NR connectivity can gain initial access to an LTE
network via an LTE primary cell (PCell) (e.g., on LTE
component carriers) and subsequently be configured to
add a secondary cell (SCell) (e.g., on an NR component
carrier) for NR operations. As such, dual-connectivity de-
vices can take advantage of both LTE and NR component
carriers, whereas NR devices are limited to operate over
NR component carriers.

[0006] US 2010/260136 A1 discloses methods, com-
puter program instructions and apparatus for performing
random access procedure in a wireless communication
system. Amethod includes receiving at a network access
node, in different time and frequency resources that are
allocated for preamble transmission, and in differentones
of a plurality of component carriers, a plurality of random
access requests from individual ones of a plurality of user
equipments; and transmitting a corresponding plurality
of random access responses in a time and frequency
resource of a single component carrier.

BRIEF SUMMARY OF SOME EXAMPLES

[0007] The invention is defined by the subject-matter
of the independent claims. Preferred embodiments are
defined in the dependent claims.

[0008] Inanaspectofthe disclosure, a method of wire-
less communication comprises: receiving, by a user
equipment, UE, in a second frequency band, system in-
formation associated with a first network indicating a ran-
dom access resource allocation in one or more frequency
bands including a first frequency band and the second
frequency band from a base station of the first network,
wherein the one or more frequency bands are shared by
a first network and a second network different from the
first network, wherein the first network is a new radio,
NR, network and the second network is a long-term ev-
olution, LTE, network, wherein the first frequency band
is an uplink frequency band allocated to the second net-
work and the second frequency band is allocated to the
first network for time-division duplexing, TDD communi-
cations; transmitting, by the LTE in the first frequency
band allocated to the second network, a random access
request to the first network based on the random access
resource allocation; and receiving, by the LTE in re-
sponse to the random access request, a random access
response from the base station of the first network,
wherein the random access response is received in the
second frequency band, the second frequency band be-
ing higher frequency than the first frequency band.
[0009] Inanadditional aspectofthe disclosure, a meth-
od of wireless communication comprises: transmitting,
from a base station in a second frequency band, system
information associated with a first network indicating a
random access resource allocation in one or more fre-
quency bands including a first frequency band and the
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second frequency band from a base station of the first
network, wherein the one or more frequency bands are
shared by a first network and a second network different
from the first network, wherein the first network is a new
radio, NR, network and the second network is a long-
term evolution, LTE, network, wherein the first frequency
band is an uplink frequency band allocated to the second
network and the second frequency band is allocated to
the first network for time-division duplexing, TDD com-
munications; receiving, from the base station in the first
frequency band, a random access request to the first
network based on the random access resource alloca-
tion; and transmitting, from the base station, in response
to the random access request, a random access re-
sponse from the base station of the first network, wherein
the random access response is received in the second
frequency band, the second frequency band being higher
frequency than the first frequency band.

[0010] In an additional aspect of the disclosure, a user
equipment, UE, comprises: means for receiving in a sec-
ond frequency band, system information associated with
a first network indicating a random access resource al-
location in one or more frequency bands including a first
frequency band and the second frequency band from a
base station of the first network, wherein the one or more
frequency bands are shared by a first network and a sec-
ond network different from the first network, wherein the
first network is a new radio, NR, network and the second
network is a long-term evolution, LTE, network, wherein
the first frequency band is an uplink frequency band al-
located to the second network and the second frequency
band is allocated to the first network for time-division du-
plexing, TDD communications; means for transmitting,
in the first frequency band, a random access request to
the first network based on the random access resource
allocation; and means for receiving, in response to the
random access request, arandom access response from
the base station of the first network, wherein the random
access response is received in the second frequency
band, the second frequency band being higher frequency
than the first frequency band.

[0011] Inan additional aspect of the disclosure, a base
station, comprises: means for transmitting, from a base
station in a second frequency band, system information
associated with a first network indicating a random ac-
cess resource allocation in one or more frequency bands
including a first frequency band and the second frequen-
cy band from a base station of the first network, wherein
the one or more frequency bands are shared by the first
network and the second network different from the first
network, wherein the first network is a new radio, NR,
network and the second network is a long-term evolution,
LTE, network, wherein the first frequency band is an up-
link frequency band allocated to the second network and
the second frequency band is allocated to the first net-
work for time-division duplexing, TDD communications;
means for receiving, from the base station in the first
frequency band, a random access request to the first
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network based on the random access resource alloca-
tion; and means for transmitting, from the base station,
in response to the random access request, a random
access response from the base station of the first net-
work, wherein the randomaccessresponseisinasecond
frequency band allocated to the first network for time-
division duplexing, TDD, communications, the second
frequency band being higher frequency than the first fre-
quency band.

[0012] Other aspects, features, and embodiments of
the present invention will become apparent to those of
ordinary skill in the art, upon reviewing the following de-
scription of specific, exemplary embodiments of the
present invention in conjunction with the accompanying
figures. While features of the present invention may be
discussed relative to certain embodiments and figures
below, all embodiments of the present invention can in-
clude one or more of the advantageous features dis-
cussed herein. In other words, while one or more em-
bodiments may be discussed as having certain advan-
tageous features, one or more of such features may also
be used in accordance with the various embodiments of
the invention discussed herein. In similar fashion, while
exemplary embodiments may be discussed below as de-
vice, system, or method embodiments it should be un-
derstood that such exemplary embodiments can be im-
plemented in various devices, systems, and methods.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013]

FIG. 1 illustrates a wireless communication network
according to embodiments of the present disclosure.
FIG. 2 illustrates a frequency band usage scenario
for operating long-term evolution (LTE) devices and
new radio (NR) devices according to embodiments
of the present disclosure.

FIG. 3 illustrates a frequency band usage scenario
for operating dual-connectivity devices according to
embodiments of the present disclosure.

FIG. 4 illustrates an initial NR network access meth-
od that shares an LTE uplink (UL) frequency spec-
trum according to embodiments of the present dis-
closure.

FIG. 5 illustrates an initial NR network access meth-
od that shares an LTE UL frequency spectrum ac-
cording to embodiments of the present disclosure.
FIG. 6 is a block diagram of an exemplary user equip-
ment (UE) according to embodiments of the present
disclosure.

FIG. 7 is a block diagram of an exemplary base sta-
tion (BS) according to embodiments of the present
disclosure.

FIG. 8 illustrates a signaling diagram of a method for
performing an initial access to an NR network using
an LTE UL frequency band according to embodi-
ments of the present disclosure.
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FIG. 9 is a flow diagram of a method of performing
aninitial network access to an NR network according
to embodiments of the present disclosure.
FIG. 10 is a flow diagram of a method of performing
aninitial network access to an NR network according
to embodiments of the present disclosure.

DETAILED DESCRIPTION

[0014] The detailed description set forth below, in con-
nection with the appended drawings, is intended as a
description of various configurations and is not intended
to representthe only configurations in which the concepts
described herein may be practiced. The detailed descrip-
tion includes specific details for the purpose of providing
a thorough understanding of the various concepts. How-
ever, it will be apparent to those skilled in the art that
these concepts may be practiced without these specific
details. In some instances, well-known structures and
components are shown in block diagram form in order to
avoid obscuring such concepts. Wording such as "may"
and "example" used in conjunction with features of the
independent claims does not imply that any features of
the independent claims are optional.

[0015] Techniques described herein may be used for
various wireless communication networks such as code-
division multiple access (CDMA), time-division multiple
access (TDMA), frequency-division multiple access (FD-
MA), orthogonal frequency-division multiple access
(OFDMA), single-carrier FDMA (SC-FDMA) and other
networks. The terms "network" and "system" are often
used interchangeably. A CDMA network may implement
a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wide-
band CDMA (WCDMA) and other variants of CDMA.
cdma2000 covers 1S-2000, IS-95 and 1S-856 standards.
A TDMA network may implement a radio technology such
as Global System for Mobile Communications (GSM).
An OFDMA network may implement a radio technology
such as Evolved UTRA (E-UTRA), Ultra Mobile Broad-
band (UMB), IEEE 802.11 (Wi-Fi), IEEE 802.16
(WIMAX), IEEE 802.20, Flash-OFDMA, etc. UTRA and
E-UTRA are part of Universal Mobile Telecommunication
System (UMTS). 3GPP Long Term Evolution (LTE) and
LTE-Advanced (LTE-A) are new releases of UMTS that
use E-UTRA. UTRA, E-UTRA, UMTS, LTE, LTE-A and
GSM are described in documents from an organization
named "3rd Generation Partnership Project" (3GPP).
CDMA2000 and UMB are described in documents from
an organization named "3rd Generation Partnership
Project 2" (3GPP2). The techniques described herein
may be used for the wireless networks and radio tech-
nologies mentioned above as well as other wireless net-
works and radio technologies, such as a next generation
(e.g., 5t Generation (5G) operating in mmWave bands)
network.

[0016] While aspects and embodiments are described
in this application by illustration to some examples, those
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skilled in the art will understand that additional implemen-
tations and use cases may come about in many different
arrangements and scenarios. Innovations described
herein may be implemented across many differing plat-
form types, devices, systems, shapes, sizes, packaging
arrangements. For example, embodiments and/or uses
may come about via integrated chip embodiments and
other non-module-component based devices (e.g., end-
user devices, vehicles, communication devices, comput-
ing devices, industrial equipment, retail/purchasing de-
vices, medical devices, Al-enabled devices, etc.). While
some examples may or may not be specifically directed
to use cases or applications, a wide assortment of appli-
cability of described innovations may occur. Implemen-
tations may range a spectrum from chip-level or modular
components to non-modular, non-chip-level implemen-
tations and further to aggregate, distributed, or OEM de-
vices or systems incorporating one or more aspects of
the described innovations. In some practical settings, de-
vices incorporating described aspects and features may
also necessarily include additional components and fea-
tures for implementation and practice of claimed and de-
scribed embodiments. Forexample, transmission andre-
ception of wireless signals necessarily includes anumber
of components for analog and digital purposes (e.g.,
hardware components including antenna, RF-chains,
power amplifiers, modulators, buffer, processor(s), inter-
leaver, adders/summers, etc.). Itis intended that innova-
tions described herein may be practiced in a wide variety
of devices, chip-level components, systems, distributed
arrangements, end-user devices, etc. of varying sizes,
shapes, and constitution.

[0017] The present disclosure describes mechanisms
foran NR network to use an additional component carrier
or frequency band for UL communications. In some dis-
closed embodiments, an NR network may operate over
an NR frequency band paired with one or more additional
UL frequency bands (e.g., LTE UL frequency bands). The
NR network may operate in a TDD mode. The NR fre-
quency band may be located at higher frequencies than
the additional UL frequency bands. The NR frequency
band may include frequencies higher than a frequency
threshold (e.g., at about 3 GHz). The additional UL fre-
quency bands may include frequencies lower than the
frequency threshold. A BS of the NR network may broad-
cast system information including a random access con-
figuration. The random access configuration may indi-
cate resources for performing a random access proce-
dureto gaininitial access to the NR network. The random
access resources may be in one of the additional UL
frequency bands.

[0018] To gain initial access to the NR network, a UE
may transmit a random access request (e.g., a random
access preamble signal), The random access request
may be in the additional UL frequency band and the BS
may respond by transmitting a random access response
in the NR frequency band. Subsequently, the UE may
transmit a connection request in the additional UL fre-
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quency band to establish a connection with the BS. The
BS may respond by transmitting a connection response
in the NR frequency band. After establishing a connec-
tion, the BS may reconfigure the UE to use the NR fre-
quency band for UL communications or configure the UE
to continue to use the additional UL frequency band for
UL communications. In some embodiments, when the
one or more UL frequency bands are shared with another
network (e.g., as an LTE network), the NR BS may ne-
gotiate or coordinate with the other network to gain ac-
cess to the additional frequency bands.

[0019] Aspects of the present disclosure can provide
several benefits. Forexample, sharing LTE UL frequency
bands can allow an NR network to use available resourc-
es in LTE UL frequency bands that may otherwise be
underutilized. In addition, NR frequency bands may have
high path loss and may be less stable than the LTE UL
frequency bands due to high frequencies. Thus, the use
of the lower frequency LTE UL frequency band or addi-
tional lower frequency UL frequency bands for UL com-
munications during the initial network access procedure
can improve NR network UL coverage. The disclosed
embodiments allow for coexistence between NR net-
works and LTE networks. The disclosed embodiments
can minimize changes in the NR physical layer for sup-
porting coexistence. The disclosed embodiments may
not have significant impact to legacy LTE devices oper-
ating over LTE component carriers. The disclosed em-
bodiments can also support dual-connectivity devices
that support simultaneous LTE and NR connections.
[0020] While the disclosed embodiments are de-
scribed in the context of an NR network sharing LTE UL
resources, implementations may occur in other scenar-
ios too. For example, some disclosed embodiments may
be applied to enable a TDD network to utilize an addi-
tional UL frequency band, which may or may not be
shared with another network, to improve UL coverage.
Thus, in some instances, the LTE UL frequency bands
may refer to UL frequency bands without the deployment
of an LTE network.

[0021] FIG. 1illustrates a wireless communication net-
work 100 according to embodiments of the present dis-
closure. The network 100 includes BSs 105, UEs 115,
and a core network 130. The network 100 may be a cel-
lular network or a non-cellular wireless network. For ex-
ample, the network 100 may be a LTE network, a LTE-
A network, a millimeter wave (mmW) network, a new ra-
dio (NR) network, a 5G network, P2P network, mesh net-
work, D2D where devices communication with each oth-
er, or any other successor network to LTE. Alternatively,
the network 100 may be a unified network supporting
multiple radio access technologies (RATSs), such as both
LTE and NR A BS 105 may be a station that communi-
cates with the UEs 115 and may also be referred to as
a base transceiver station, a node B, an Evolved Node
B (eNodeB) or a next Generation Node B (gNB), an ac-
cess point, and the like.

[0022] The BSs 105 may wirelessly communicate with
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the UEs 115 via one or more BS antennas. Each BS 105
may provide communication coverage for a respective
geographic coverage area 110. In 3GPP, the term "cell"
can refer to this particular geographic coverage area of
a BS and/or a BS subsystem serving the coverage area,
depending on the context in which the term is used. In
this regard, a BS 105 may provide communication cov-
erage for a macro cell, a pico cell, a femto cell, and/or
other types of cell. A macro cell generally covers a rela-
tively large geographic area (e.g., several kilometers in
radius) and may allow unrestricted access by UEs with
service subscriptions with the network provider. A pico
cell may generally cover a relatively smaller geographic
areaand may allow unrestricted access by UEs with serv-
ice subscriptions with the network provider. A femto cell
may also generally cover a relatively small geographic
area (e.g., a home) and, in addition to unrestricted ac-
cess, may also provide restricted access by UEs having
an association with the femto cell (e.g., UEs in a closed
subscriber group (CSG), UEs for users in the home, and
the like). A BS for a macro cell may be referred to as a
macro BS. A BS for a pico cell may be referred to as a
pico BS. A BS for a femto cell may be referred to as a
femto BS or a home BS. In the example shown in FIG.
1, the BSs 105a, 105b and 105c are examples of macro
BSs for the coverage areas 110a, 110b and 110c, re-
spectively. The BSs 105d is an example of a pico BS or
a femto BS for the coverage area 110d. As will be rec-
ognized, a BS 105 may support one or multiple (e.g., two,
three, four, and the like) cells.

[0023] Communication links 125 shown in the network
100 may include uplink (UL) transmissions from a UE
115 to a BS 105, or downlink (DL) transmissions, from a
BS 105 to aUE 115. The UEs 115 may be dispersed
throughout the network 100, and each UE 115 may be
stationary or mobile. A UE 115 may also be referred to
as a mobile station, a subscriber station, a mobile unit,
a subscriber unit, a wireless unit, a remote unit, a mobile
device, a wireless device, awireless communications de-
vice, a remote device, a mobile subscriber station, an
access terminal, a mobile terminal, a wireless terminal,
a remote terminal, a handset, a user agent, a mobile cli-
ent, a client, or some other suitable terminology. A UE
115 may also be a cellular phone, a personal digital as-
sistant (PDA), a wireless modem, a wireless communi-
cation device, a handheld device, a tablet computer, a
laptop computer, a cordless phone, a personal electronic
device, a handheld device, a personal computer, a wire-
less local loop (WLL) station, an Internet of things (IoT)
device, an Internet of Everything (loE) device, a machine
type communication (MTC) device, an appliance, an au-
tomobile, an entertainment device, medical device, wear-
able device, industrial equipment, or the like.

[0024] The BSs 105 may communicate with the core
network 130 and with one another. The core network 130
may provide user authentication, access authorization,
tracking, Internet Protocol (IP) connectivity, and other ac-
cess, routing, or mobility functions. At least some of the
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BSs 105 (e.g., which may be an example of an evolved
NodeB (eNB) or an access node controller (ANC)) may
interface with the core network 130 through backhaul
links 132 (e.g., S1, S2, etc.) and may perform radio con-
figuration and scheduling for communication with the
UEs 115. In various examples, the BSs 105 may com-
municate, either directly or indirectly (e.g., through core
network 130), with each other over backhaul links 134
(e.g., X1, X2, etc.), which may be wired or wireless com-
munication links.

[0025] Each BS 105 may also communicate with a
number of UEs 115 through a number of other BSs 105,
where the as 105 may be an example of a smart radio
head. In alternative configurations, various functions of
each BS 105 may be distributed across various BSs 105
(e.g.,radioheads and access network controllers) or con-
solidated into a single BS 105.

[0026] In some implementations, the network 100 uti-
lizes orthogonal frequency division multiplexing (OFDM)
on the downlink and single-carrier frequency division
multiplexing (SC-FDM) on the UL. OFDM and SC-FDM
partition the system bandwidth into multiple (K) orthog-
onal subcarriers, which are also commonly referred to
as tones, bins, or the like. Each subcarrier may be mod-
ulated with data. In general, modulation symbols are sent
in the frequency domain with OFDM and in the time do-
main with SC-FDM. The spacing between adjacent sub-
carriers may be fixed, and the total number of subcarriers
(K) may be dependent on the system bandwidth. The
system bandwidth may also be partitioned into subbands.
[0027] In an embodiment, the BSs 105 can assign or
schedule transmission resources (e.g., in the form of
time-frequency resource blocks) for DL and UL transmis-
sions in the network 100. DL refers to the transmission
direction from a BS 105 to a UE 115, whereas UL refers
to the transmission direction from a UE 115 to a BS 105.
The communication can be in the form of radio frames.
Aradio frame may be divided into a plurality of subframes,
for example, about 10. Each subframe can be divided
into slots, for example, about 2. In a frequency-division
duplexing (FDD) mode, simultaneous UL and DL trans-
missions may occur in different frequency bands. For ex-
ample, each subframe includes a UL subframe in a UL
frequency band and a DL subframe in a DL frequency
band. In a time-division duplexing (TDD) mode, UL and
DL transmissions occur at different time periods using
the same frequency band. For example, a subset of the
subframes (e.g., DL subframes) in a radio frame may be
used for DL transmissions and another subset of the sub-
frames (e.g., UL subframes) in the radio frame may be
used for UL transmissions.

[0028] The DL subframes and the UL subframes can
be further divided into several regions. Forexample, each
DL or UL subframe may have pre-defined regions for
transmissions of reference signals, control information,
and data. Reference signals are predetermined signals
that facilitate the communications between the BSs 105
and the UEs 115. For example, a reference signal can
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have a particular pilot pattern or structure, where pilot
tones may span across an operational bandwidth or fre-
quency band, each positioned at a pre-defined time and
a pre-defined frequency. For example, a as 105 may
transmit cell-specific reference signals (CRSs) and/or
channel state information -reference signals (CSI-RSs)
to enable a UE 115 to estimate a DL channel. Similarly,
a UE 115 may transmit sounding reference signals
(SRSs) to enable a BS 105 to estimate a UL channel.
Control information may include resource assignments
and protocol controls. Data may include protocol data
and/or operational data. In some embodiments, the BSs
105 and the UEs 115 may communicate using self-con-
tained subframes. A self-contained subframe may in-
clude a portion for DL communication and a portion for
UL communication. A self-contained subframe can be
DL-centric or UL-centric. A DL-centric subframe may in-
clude a longer duration for DL communication tha UL
communication. A UL-centric subframe may include a
longer duration for UL communication tha UL communi-
cation.

[0029] In an embodiment, the BSs 105 can transmit
synchronization signals (e.g., including a primary syn-
chronization signal (PSS) and a secondary synchroniza-
tion signal (SSS)) in the network 100 to facilitate synchro-
nization. The BSs 105 can broadcast system information
associated with the network 100 (e.g., including a master
information block (MIB), remaining minimum system in-
formation (RMSI), and other system information (OSl))
to facilitate initial network access.

[0030] In an embodiment, a UE 115 attempting to ac-
cess the network 100 may perform an initial cell search
by detecting a PSS from a BS 105. The PSS may enable
synchronization of period timing and may indicate a phys-
ical layer identity value. The UE 115 may then receive a
SSS. The SSS may enable radio frame synchronization,
and may provide a cell identity value, which may be com-
bined with the physical layer identity value to identify the
cell. The SSS may also enable detection of a duplexing
mode and a cyclic prefix length. Some systems, such as
TDD systems, may transmitan SSS but not a PSS. Both
the PSS and the SSS may be located in a central portion
of a carrier, respectively. After receiving the PSS and
SSS, the UE 115 may receive a MIB, which may be trans-
mitted in the physical broadcast channel (PBCH). The
MIB may include system information for initial network
access and scheduling information for RMSI and/or OSI.
After decoding the MIB, the UE 105 may receive RMSI
and/or OSI. The RMSI and/or OSI may include radio re-
source configuration (RRC) configuration information re-
lated to random access channel (RACH) procedures,
paging, physical uplink control channel (PUCCH), phys-
ical uplink shared channel (PUSCH), power control, SRS,
and cell barring. After obtaining the MIB and/or the SIBs,
the UE 115 can perform random access procedures to
establish a connection with the BS 105. After establishing
the connection, the UE 115 and the BS 105 can enter a
normal operation stage, where operational data may be
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exchanged.

[0031] Insome embodiments, the network 100 may be
a unified network supporting both LTE and NR. In such
embodiments, the network 100 may operate overan LTE
spectrum or LTE component carriers and an NR spec-
trum or NR component carriers. The LTE spectrum may
include low-frequency bands that are below 1 GHz and
mid-frequency bands that are between about 1 GHz to
about 3 GHz. The NR spectrum may include sub-6 GHz
frequency bands and millimeter wave bands. The BSs
105 may include LTE BSs and NR BSs. In some embod-
iments, LTE BSs and NR BSs may be co-located. For
example, the BSs 105 may employ the same hardware
to implement both LTE and NR by executing different
software components or stacks for LTE and NR. In ad-
dition, the UEs 115 may include standalone LTE devices
and standalone NR devices. Standalone LTE devices
support LTE connectivity, but not NR. Conversely, stan-
dalone NR devices support NR connectivity, but not LTE.
Alternatively, some UEs 115 may support dual LTE-NR
connectivity. The communication mechanisms and fre-
quency band plans for the various combinations of con-
nectivity are described in greater detail herein.

[0032] FIGS. 2 and 3 illustrate frequency band plans
that may be employed by the network 100 to support
LTE-NR coexistence in an area In FIGS. 2 and 3, the x-
axes represent frequencies in some constant units.
[0033] FIG. 2 illustrates a frequency band usage sce-
nario 200 for operating LTE devices and NR devices ac-
cording to embodiments of the present disclosure. The
standalone or legacy LTE devices and the standalone
NR devices may correspond to the UEs 115. The stan-
dalone LTE devices may communicate with LTE BSs
similar to the BSs 105 based on the LTE communication
protocol for initial network access and subsequent nor-
mal operations. The standalone NR devices may com-
municate with NR BSs similar to the BSs 105 based on
the NR communication protocol for initial network access
and subsequent normal operations.

[0034] The scenario 200 includes an LTE UL compo-
nent carrier or frequency band 202, an LTE DL compo-
nentcarrier or frequency band 204 and an NR component
carrier or frequency band 206. The LTE frequency bands
202 and 204 are in a frequency range 208, which may
be between about 700 megahertz (MHz) to about 3 GHz.
The LTE UL frequency band 202 is typically located at
lower frequencies than the LTE DL frequency band 204.
The NR frequency band 206 is in a frequency range 209,
which may be in a sub-6 GHz band or a millimeter wave
band. In some embodiments, the LTE UL frequency band
202 may be located below 1 GHz, the LTE DL frequency
band 204 may be located around 2 GHz, and the NR
frequency band 206 may be located around 3.5 GHz.
While FIG. 2 illustrate one LTE UL frequency band 202,
one LTE DL frequency band 204, and one NR frequency
band 206 for purposes of simplicity of discussion, though
it will be recognized that embodiments of the present
disclosure may scale to many more LTE UL frequency
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bands 202 and/or LTE DL frequency bands 204 in the
frequency range 208 and/or many more NR frequency
bands 206 in the frequency range 209.

[0035] The LTE UL frequency band 202 and the LTE
DL frequency band 204 may be used by an LTE network
for LTE communications in a frequency-division duplex-
ing (FDD) mode. For example, the LTE UL frequency
band is used for LTE UL communications 210. The LTE
DL frequency band 204 is used for LTE DL communica-
tions 212. A standalone LTE device may initiate an ac-
cess to the LTE network by transmitting arandom access
request in the frequency band 202 and an LTE BS of the
network may respond by transmitting a random access
response in the frequency band 204. Subsequently, the
LTE device may transmit a connection request in the fre-
quency band 202 and the LTE BS may respond with a
connection response in the frequency band 204. After
establishing a connection, the LTE BS and the LTE de-
vice may communicate over the frequency bands 202
and 204.

[0036] The NR frequency band 206 may be used by
an NR network for NR communications 220 in a time-
division duplexing (TDD) mode. A standalone NR device
may initiate an access to the NR network by transmitting
a random access request in the frequency band 206 in
a UL period or subframe and an NR BS of the network
may respond by transmitting a random access response
in the frequency band 206 during a DL period or sub-
frame. Subsequently, the NR device may transmit a con-
nection request in the frequency band 206 during a UL
period and the NR BS may respond with a connection
response in the frequency band 206 during a DL period.
After establishing a connection, the NR BS and the NR
device may communicate over the frequency bands 206
according to a TDD subframe configuration.

[0037] FIG. 3 illustrates a frequency band usage sce-
nario 300 for operating dual-connectivity devices accord-
ing to embodiments of the present disclosure. The sce-
nario 300 includes a similar frequency band configuration
as the scenario 200, but illustrates the use of the LTE
frequency bands 202 and 204 and the NR frequency
band 206 to support dual LTE-NR connectivity. While
FIG. 3 illustrate one LTE UL frequency band 202, one
LTE DL frequency band 204, and one NR frequency band
206 for purposes of simplicity of discussion, though it will
be recognized that embodiments of the present disclo-
sure may scale to many more LTE UL frequency bands
202 and/or LTE DL frequency bands 204 in the frequency
range 208 and/or many more NR frequency bands 206
in the frequency range 209.

[0038] In the scenario 300, the LTE frequency bands
202 and 204 may be designated for use by an LTE pri-
mary cell (PCell) and the NR frequency band 206 may
be designated for use by a secondary cell (SCell). A dual
LTE-NR device similar to the UEs 115 may initiate an
initial network access over the LTE PCell. For example,
the dual LTE-NR may employ similar mechanisms as the
standalone LTE device described above, where random
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access and connection requests (e.g., LTE UL commu-
nications 310) and responses (e.g., LTE DL communi-
cations 312) may be exchanged over the frequency
bands 202 and 204, respectively. After gaining access
to the network in the PCell, the network can configure
the dual LTE-NR device to add an SCell for DL commu-
nications 314 over the NR frequency band 206.

[0039] Some studies show thatLTE UL spectrums may
be underutilized. Thus, allowing NR networks to share
the LTE UL spectrums may improve spectrum or re-
source utilization efficiency. In addition, NR networks typ-
ically operate over high-frequency bands or millimeter
wave bands with significantly higher path loss than the
LTE mid-frequency bands or LTE low-frequency bands.
The high path loss may cause difficulties for UEs such
as the UEs 115 to gain initial access or establish con-
nections with BSs such as the BSs 105 in NR networks.
Thus, allowing NR devices or UEs to initiate a network
access over the LTE UL spectrums may improve UL cov-
erage. FIGS. 4 and 5 illustrate various mechanisms for
standalone NR devices to access an NR network using
a shared LTE UL frequency spectrum In FIGS. 4 and 5,
the x-axes represent frequencies in some constant units.
[0040] FIG. 4 illustrates an initial NR network access
method 400 that shares an LTE UL frequency spectrum
according to embodiments of the presentdisclosure. The
method 400 is described in the context of a similar fre-
quency band configuration as the scenarios 200 and 300.
However, in the method 400, the LTE UL frequency band
202 is shared between an LTE network and an NR net-
work. While FIG. 4 illustrate one LTE UL frequency band
202, one LTE DL frequency band 204, and one NR fre-
quency band 206 for purposes of simplicity of discussion,
though it will be recognized that embodiments of the
present disclosure may scale to many more LTE UL fre-
quency bands 202 and/or LTE DL frequency bands 204
in the frequency range 208 and/or many more NR fre-
quency bands 206 in the frequency range 209.

[0041] Forexample, the LTE frequency bands 202 and
204 are designated to or licensed by the LTE network
and the NR frequency band 206 is designated to or li-
censed by the NR network. In some embodiments, the
NR network operator may have an agreement with the
LTE network operator to share the LTE UL frequency
band 202 for NR UL communications. In some other em-
bodiments, the same operator may operate both the NR
network and the LTE network. The NR BSs and LTE BSs
may coordinate with each other to share the LTE UL sub-
frames in the LTE UL frequency band 202. The coordi-
nation may be performed via a backhaul connection or
via a central authority. The NR network may communi-
cate UL communications 410 in the LTE UL frequency
band 202 based on the coordination and communicate
DL communications 412 the NR frequency band 206.
The LTE network may communicate UL communications
similar to the UL communications 210 (not shown) in the
LTE UL frequency band 202 based on the coordination
and communicates DL communications 212 in the LTE
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DL frequency band 204.

[0042] Inanembodiment, astandalone NR device sim-
ilar to the UEs 115 may perform a random access pro-
cedure to establish a connection with an NR BS of the
NR network using the LTE UL frequency band 202 and
the NR frequency band 206. The NR network may broad-
cast random access configuration information indicating
the NR frequency band 206 and certain resources in the
LTE UL frequency band 202. A standalone NR device
listens to the random access configuration information
and transmits a random access request in the LTE UL
frequency band 202 accordingly. Inresponse, the NR BS
transmits arandom accessresponse in the NR frequency
band 206. Subsequently, the NR device may transmit a
connection request in the LTE UL frequency band 202
and the NR BS may respond with a connection response
in the NR frequency band 206. After establishing a con-
nection, the NR BS may configure the NR device to com-
municate over the LTE UL frequency bands 202 and/or
the NR frequency band 206 for UL communications. The
use of the LTE UL frequency band 202 for initial NR net-
work access is described in greater detail herein.
[0043] FIG. 5 illustrates an initial NR network access
method 500 that shares an LTE UL frequency spectrum
according to embodiments of the present disclosure. The
method 500 is similar to the method 400. However, in
the method 500, an NR network may pair multiple LTE
UL frequency bands 202 of one or more LTE networks
with the NR frequency band 206. As shown, the LTE
frequency range 208 includes a plurality of LTE UL fre-
quency bands 202 (e.g., shown as 202u4 to 202uy) that
may be paired with the NR frequency band 206. The LTE
frequency range 208 may include additional LTE UL fre-
quency bands and/or LTE DL frequency bands similar to
the LTE DL frequency bands 204. Similarly, the NR fre-
quency range 209 may include additional NR frequency
bands similar to the NR frequency bands 206.

[0044] Inanembodiment,an NR BS of the NR network
may broadcast random access configuration information
indicating the NR frequency band 206 and resources in
multiple LTE UL frequency bands 202. A standalone NR
device capable of operating in the LTE UL frequency
bands 202 may select a resource from one of the LTE
UL frequency bands 202 for an initial network access.
As an example, the standalone NR device may select a
resource fromthe LTE UL frequency band 202u, to trans-
mit a random access request (e.g., the UL communica-
tions 410). Similar to the method 400, the NR BS may
respond by transmitting arandom access response (e.g.,
the DL communications 412) in the NR frequency band
206. The random access response may indicate a trans-
mission resource in one of the LTE UL frequency bands
202 allocated for the NR device. For example, the trans-
mission resource may be in the same LTE UL frequency
band 202u, or a different LTE UL frequency band (e.g.,
the LTE UL frequency band 202uy). The NR device may
transmit a connection request (e.g., the UL communica-
tions 410) using the allocated transmission resource. The
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NR BS may respond with a connection response (e.g.,
the DL communications 412) in the NR frequency band
206.

[0045] FIG. 6 is a block diagram of an exemplary UE
600 according to embodiments of the present disclosure.
The UE 600 may be a UE 115 as discussed above. As
shown, the UE 600 may include a processor 602, a mem-
ory 604, a spectrum sharing module 608, a transceiver
610 including a modem subsystem 612 and a radio fre-
quency (RF) unit 614, and an antenna 616. These ele-
ments may be in direct or indirect communication with
each other, for example via one or more buses.

[0046] The processor 602 may include a central
processing unit (CPU), a digital signal processor (DSP),
an application-specific integrated circuit (ASIC), a con-
troller, a field programmable gate array (FPGA) device,
another hardware device, a firmware device, or any com-
bination thereof configured to perform the operations de-
scribed herein. The processor 602 may also be imple-
mented as a combination of computing devices, e.g., a
combination of a DSP and a microprocessor, a plurality
of microprocessors, one or more microprocessors in con-
junction with a DSP core, or any other such configuration.
[0047] The memory 604 may include a cache memory
(e.g., a cache memory of the processor 602), random
access memory (RAM), magnetoresistive RAM (MRAM),
read-only memory (ROM), programmable read-only
memory (PROM), erasable programmable read only
memory (EPROM), electrically erasable programmable
read only memory (EEPROM), flash memory, solid state
memory device, hard disk drives, other forms of volatile
and non-volatile memory, or a combination of different
types of memory. In an embodiment, the memory 604
includes a non-transitory computer-readable medium.
The memory 604 may store instructions 606. The instruc-
tions 606 may include instructions that, when executed
by the processor 602, cause the processor 602 to perform
the operations described herein with reference to the UEs
115 in connection with embodiments of the present dis-
closure. Instructions 606 may also be referred to as code.
The terms "instructions" and "code" should be interpreted
broadly to include any type of computer-readable state-
ment(s). Forexample, the terms "instructions" and "code"
may refer to one or more programs, routines, subrou-
tines, functions, procedures, etc. "Instructions" and
"code" may include a single computer-readable state-
ment or many computer-readable statements.

[0048] The spectrum sharing module 608 may be im-
plemented via hardware, software, or combinations
thereof. For example, the spectrum sharing module 608
may be implemented as a processor, circuit, and/or in-
structions 606 stored in the memory 604 and executed
by the processor 602. The spectrum sharing module 608
may be used for various aspects of the present disclo-
sure. For example, the spectrum sharing module 608 is
configured to listen to the network for system information
broadcast. The system information may indicate random
access resources in shared LTE UL frequency bands
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such as the LTE UL frequency bands 202. The spectrum
sharing module 608 is further configured to perform initial
network access by transmitting random access requests
and connection requests in the LTE UL frequency bands
and receiving random access responses and connection
responses from an NR frequency band such as the NR
frequency band 206 as described above with respect to
the methods 400 and 500 and as described in greater
detail herein. The spectrum sharing module 608 is further
configured to receive UL data transmission configura-
tions and perform UL data transmissions according to
the received UL data transmission configurations.
[0049] As shown, the transceiver 610 may include the
modem subsystem 612 and the RF unit 614. The trans-
ceiver 610 can be configured to communicate bi-direc-
tionally with other devices, such as the BSs 105. The
modem subsystem 612 may be configured to modulate
and/or encode the data from the memory 604 and/or the
spectrum sharing module 608 according to a modulation
and coding scheme (MCS), e.g., a low-density parity
check (LDPC) coding scheme, a turbo coding scheme,
a convolutional coding scheme, a digital beamforming
scheme, etc. The RF unit 614 may be configured to proc-
ess (e.g., perform analog to digital conversion or digital
to analog conversion, etc.) modulated/encoded data
from the modem subsystem 612 (on outbound transmis-
sions) or of transmissions originating from another
source such as a UE 115. The RF unit 614 may be further
configured to perform analog beamforming in conjunc-
tion with the digital beamforming. Although shown as in-
tegrated togetherin transceiver 610, the modem subsys-
tem 612 and the RF unit 614 may be separate devices
that are coupled together at the LTE 115 to enable the
UE 115 to communicate with other devices.

[0050] The RF unit 614 may provide the modulated
and/or processed data, e.g. data packets (or, more gen-
erally, data messages that may contain one or more data
packets and other information), to the antenna 616 for
transmission to one or more other devices. This may in-
clude, for example, transmission of channel reservation
signals according to embodiments of the present disclo-
sure. The antenna 616 may further receive data messag-
es transmitted from other devices. This may include, for
example, reception of channel reservation signals ac-
cording to embodiments of the present disclosure. The
antenna 616 may provide the received data messages
for processing and/or demodulation at the transceiver
610. Although FIG. 6 illustrates antenna 616 as a single
antenna, antenna 616 may include multiple antennas of
similar or different designs in order to sustain multiple
transmission links. The RF unit 614 may configure the
antenna 616.

[0051] FIG. 7 is a block diagram of an exemplary BS
700 according to embodiments of the present disclosure.
The BS 700 may be a BS 105 as discussed above. A
shown, the BS 700 may include a processor 702, a mem-
ory 704, a spectrum sharing module 708, a transceiver
710 including a modem subsystem 712 and a RF unit
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714, and an antenna 716. These elements may be in
direct or indirect communication with each other, for ex-
ample via one or more buses.

[0052] The processor 702 may have various features
as a specific-type processor. For example, these may
include a CPU, a DSP, an ASIC, a controller, a FPGA
device, another hardware device, a firmware device, or
any combination thereof configured to perform the oper-
ations described herein. The processor 702 may also be
implemented as a combination of computing devices,
e.g., a combination of a DSP and a microprocessor, a
plurality of microprocessors, one or more microproces-
sors in conjunction with a DSP core, or any other such
configuration.

[0053] The memory 704 may include a cache memory
(e.g., a cache memory of the processor 702), RAM,
MRAM, ROM, PROM, EPROM, EEPROM, flash memo-
ry, a solid state memory device, one or more hard disk
drives, memristor-based arrays, other forms of volatile
and non-volatile memory, or a combination of different
types of memory. In some embodiments, the memory
704 may include a non-transitory computer-readable me-
dium. The memory 704 may store instructions 706. The
instructions 706 may include instructions that, when ex-
ecuted by the processor 702, cause the processor 702
to perform operations described herein. Instructions 706
may also be referred to as code, which may be interpreted
broadly to include any type of computer-readable state-
ment(s) as discussed above with respect to FIG. 7.
[0054] The spectrum sharing module 708 may be im-
plemented via hardware, software, or combinations
thereof. For example, the spectrum sharing module 708
may be implemented as a processor, circuit, and/or in-
structions 706 stored in the memory 704 and executed
by the processor 702. The spectrum sharing module 708
may be used for various aspects of the present disclo-
sure. For example, the spectrum sharing module 708 is
configured to coordinate with LTE BSs such as the BSs
105 for access to an LTE UL spectrum or one more LTE
UL frequency bands such asthe LTE UL frequency bands
202 and/or receive rules and/or protocols for sharing an
LTE UL spectrum. The spectrum sharing module 708 is
further configured to configure resources in LTE UL fre-
quency bands and broadcast system information indicat-
ing the configured resources. The system information
may include random access configuration information,
such as random access resources, random access pre-
amble configurations, and/or random access rules. The
spectrum sharing module 708 is further configured to
monitor for random access requests or random access
preambles in the configured random access resources,
for example, in LTE UL frequency bands, respond to ran-
dom access requests in an NR frequency band such as
the NR frequency band 206, configure resources for con-
nection requests, and respond to connection requests in
the NR frequency band, as described in greater detail
herein.

[0055] As shown, the transceiver 710 may include the
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modem subsystem 712 and the RF unit 714. The trans-
ceiver 710 can be configured to communicate bi-direc-
tionally with other devices, such as the UEs 115 and/or
another core network element. The modem subsystem
712 may be configured to modulate and/or encode data
accordingtoa MCS, e.g.,a LDPC coding scheme, a turbo
coding scheme, a convolutional coding scheme, a digital
beamforming scheme, etc. The RF unit 714 may be con-
figured to process (e.g., perform analog to digital conver-
sion or digital to analog conversion, etc.) modulated/en-
coded data from the modem subsystem 712 (on out-
bound transmissions) or of transmissions originating
from another source such as a UE 115. The RF unit 714
may be further configured to perform analog beamform-
ing in conjunction with the digital beamforming. Although
shown as integrated together in transceiver 710, the mo-
dem subsystem 712 and the RF unit 714 may be separate
devices that are coupled together at the BS 105 to enable
the BS 105 to communicate with other devices.

[0056] The RF unit 714 may provide the modulated
and/or processed data, e.g. data packets (or, more gen-
erally, data messages that may contain one or more data
packets and other information), to the antenna 716 for
transmission to one or more other devices. This may in-
clude, for example, transmission of information to com-
plete attachment to a network and communication with
a camped UE 115 according to embodiments of the
present disclosure. The antenna 716 may further receive
data messages transmitted from other devices and pro-
vide the received data messages for processing and/or
demodulation at the transceiver 710. Although FIG. 7 il-
lustrates antenna 716 as a single antenna, antenna 716
may include multiple antennas of similar or different de-
signs in order to sustain multiple transmission links.
[0057] FIG. 8 illustrates a signaling diagram of a meth-
od 800 for performing an initial access to an NR network
using an LTE UL frequency band according to embodi-
ments of the present disclosure. Steps of the method 800
can be executed by computing devices (e.g., a proces-
sor, processing circuit, and/or other suitable component)
of wireless communication devices, such as the BSs 105
and 700 and the UEs 115 and 600. The method 800 can
be better understood with reference to FIGS. 4 and 5. As
illustrated, the method 800 includes a number of enu-
merated steps, but embodiments of the method 800 may
include additional steps before, after, and in between the
enumerated steps. In some embodiments, one or more
of the enumerated steps may be omitted or performed in
a different order. The method 800 illustrates one NR BS
and one standalone NR UE for purposes of simplicity of
discussion, though it will be recognized that embodi-
ments of the present disclosure may scale to many more
UEs and/or BSs.

[0058] At step 805, a BS of an NR network (e.g., the
network 100) broadcasts system information associated
with the NR network in an NR frequency band (e.g., the
NR frequency band 206). The NR network may employ
a similar frequency band plan as in the methods 400 and
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500 described above with respect to FIGS. 4 and 5, re-
spectively. The system information may include cell ac-
cess related information, channel configuration informa-
tion (e.g., bandwidth and frequency bands of LTE UL
and/or NR frequency bands), physical random access
(PRACH) configuration information, and/or neighboring
cell information. The PRACH configuration information
may indicate sequences, formats, resources, and/or oth-
er information for random access preamble transmis-
sions. The random access resources may be located in
one or more LTE UL frequency bands (e.g., the LTE UL
frequency bands 202) of one or more LTE networks. For
example, the NR BS may negotiate with the LTE net-
works for sharing the LTE UL frequency bands. The NR
BS may coordinate with the LTE networks to determine
the random access resources in the LTE UL frequency
bands. In some embodiments, the random access re-
sources may also include resource in the NR frequency
band to enable NR devices that cannot operate over LTE
UL frequency bands to continue to operate over the NR
frequency band. In other words, the BS may provide NR
devices the option to select from random access resourc-
es the NR frequency band or the LTE UL frequency
bands.

[0059] Atstep 810, aLTE attempting to access the NR
network listens to the network for system information. In
some embodiments, the UE may not be connected to
any of the LTE networks. In some embodiments, the UE
may be a standalone NR UE that does not support LTE
connectivity.

[0060] Atstep 815, the UE transmits a random access
request in an LTE UL frequency band according to the
system information. When the system information indi-
cates random access resources in multiple LTE frequen-
cy bands, the UE may select a random access resource
from one of the LTE frequency bands. The LTE may gen-
eratearandom access preamble according to the system
information (e.g., the sequence and format information
in the PRACH configuration). The UE may transmit the
random access request in the form of a signal carrying
the random access preamble.

[0061] At step 820, after transmitting the random ac-
cess request, the UE monitors for a random access re-
sponse from the BS in the NR frequency band, for ex-
ample, during a random access response window.
[0062] Atstep 825, upon detecting the random access
request, the BS determines the UL transmission timing
associated with the UE and assigns aresource inan LTE
UL frequency band to the UE.

[0063] Atstep 830, the BS transmits a random access
response to the UE in the NR frequency band. The ran-
dom access response may include UL timing adjustment
information, the allocation of the resource in the LTE UL
frequency band, and any other information (e.g., a tem-
porary identifier for the UE) for subsequent connection
establishment.

[0064] At step 835, upon receiving the random access
response, the UE transmits a connection request accord-
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ing to the random access response, for example, using
the assigned resource in the LTE UL frequency band.
[0065] At step 840, upon receiving the connection re-
quest, the BS may respond by transmitting a connection
response in the NR frequency band. The connection re-
sponse may provide configuration information specific to
the UE. The configuration information may configure the
UE to continue to use the same LTE UL frequency band
for UL communications. Alternatively, the configuration
information may reconfigure the UE to use another LTE
UL frequency band or the NR frequency band for UL com-
munications.

[0066] In some embodiments, the PRACH configura-
tion may additionally include a specific NR frequency
band for random access response monitoring. In some
embodiments, an NR network may pair multiple LTE UL
frequency bands with an NR frequency band. In some
embodiments, the BS may allocate a resource for con-
nection request transmission in an LTE UL frequency
band different from the LTE UL frequency band in which
the random access request is received. In some embod-
iments, the random access request, the random access
response, the connection request, and the connection
response may be referred to as message 1, message 2,
message 3, and message 4, respectively. While the
method 800 is described in the context of an NR network
configured with random access resources in an LTE UL
frequency band, the method 800 may be applied by an
NR network using random access resources in an addi-
tional UL frequency band, which may or may not be
shared by another network.

[0067] FIG. 9 is a flow diagram of a method 900 of
performing an initial network access to an NR network
according to embodiments of the present disclosure.
Steps of the method 900 can be executed by a computing
device (e.g., a processor, processing circuit, and/or other
suitable component) of a wireless communication de-
vice, such as the UEs 115 and 600. The method 900 may
employ similar mechanisms in the methods 400, 500,
and 800 described with respect to FIGS. 4, 5, and 8,
respectively. As illustrated, the method 900 includes a
number of enumerated steps, but embodiments of the
method 900 may include additional steps before, after,
and in between the enumerated steps. In some embod-
iments, one or more of the enumerated steps may be
omitted or performed in a different order.

[0068] At step 910, the method 900 includes transmit-
ting, in a first frequency band, a random access request
to afirstnetwork, where thefirstfrequency band is shared
by the first network and a second network. The wireless
communication device may be a standalone NR UE. The
first network may be an NR network. The second network
may be an LTE network. The first frequency band may
be an LTE UL frequency band (e.g., the LTE UL frequen-
cy bands 202) of the LTE network.

[0069] Atstep 920, the method 900 includes receiving,
in response to the random access request, a random
access response. The random access response is in a
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second frequency band allocated to the first network. The
second frequency band is being different than the first
frequency band. The second frequency band may be at
substantially higher frequencies than the first frequency
band. The second frequency band may be in the sub-6
GHz range or millimeter wave frequency range similar to
the NR frequency band 206.

[0070] While the method 900 is described in the con-
text of the first network using the first frequency band
shared by the first network and the second network, the
method 900 may be applied by a TDD network to use an
additional UL frequency band. For example, the first net-
work may operate in a TDD mode with UL and DL com-
munications sent over the second frequency band (e.g.,
a primary operating frequency band) and additional UL
communications sent over the first frequency band (e.g.,
a secondary operating frequency band). The first fre-
quency band is shared with another network in some
instances. In other instances, the first frequency band is
not shared with another network.

[0071] FIG. 10 is a flow diagram of a method 1000 of
performing an initial network access to an NR network
according to embodiments of the present disclosure.
Steps of the method 1000 can be executed by a comput-
ing device (e.g., a processor, processing circuit, and/or
other suitable component) of a wireless communication
device, such as the BSs 105 and 700. The method 1000
may employ similar mechanisms in the methods 400,
500, and 800 described with respect to FIGS. 4, 5, and
8, respectively. As illustrated, the method 1000 includes
a number of enumerated steps, but embodiments of the
method 1000 may include additional steps before, after,
and in between the enumerated steps. In some embod-
iments, one or more of the enumerated steps may be
omitted or performed in a different order.

[0072] Atstep 1010, the method 1000 includes receiv-
ing, from afirstfrequency band, arandom access request
to afirstnetwork, where the firstfrequency bandis shared
by the first network and a second network. The first net-
work may be an NR network. The wireless communica-
tion device may be an NR BS of the NR network. The
second network may be an LTE network. The first fre-
quency band may be an LTE UL frequency band (e.g.,
the LTE UL frequency bands 202) of the LTE network.
[0073] At step 1020, the method 1000 includes trans-
mitting, in response to the random access request, a ran-
dom access response. The random access response is
in a second frequency band allocated to the first network.
The second frequency band is being different than the
first frequency band. The second frequency band may
be at substantially higher frequencies than the first fre-
quency band. The second frequency band may be in the
sub-6 GHz range or millimeter wave frequency range
similar to the NR frequency band 206.

[0074] While the method 1000 is described in the con-
text of the first network using the first frequency band
shared by the first network and the second network, the
method 1000 may be applied by a TDD network to use
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an additional UL frequency band. For example, the first
network may operate in a TDD mode with UL and DL
communications sent over the second frequency band
(e.g., a primary operating frequency band) and additional
UL communications sent over the first frequency band
(e.g., a secondary operating frequency band). The first
frequency band is shared with another network in some
instances. In other instances, the first frequency band is
not shared with another network.

[0075] In an embodiment of an NR UE initial access
based on a RACH configuration for a supplementary up-
link (SUL) carrier, a RACH configuration for the SUL car-
rier is broadcasted in RMSI. The configuration informa-
tion for the SUL carrier is sufficient for UEs to complete
a RACH procedure via the SUL carrier. In particular, the
configuration information includes necessary power con-
trol parameters. The configuration information for the
SUL carrier includes a threshold. The UE selects that
SUL carrier for an initial access if the reference signal
received power (RSRP) measured by the UE on the DL
carrier where the UE receives RMSI is lower than the
threshold. If the LTE starts a RACH procedure on the
SUL carrier, then the RACH procedure is completed with
all uplink transmission taking place on that carrier. It is
expected that the network may be able to request a con-
nected-mode UE to initiate a RACH procedure towards
any uplink carrier for path-loss and timing-advance ac-
quisition.

[0076] Information and signals may be represented us-
ing any of a variety of different technologies and tech-
niques. For example, data, instructions, commands, in-
formation, signals, bits, symbols, and chips that may be
referenced throughout the above description may be rep-
resented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or
any combination thereof.

[0077] The various illustrative blocks and modules de-
scribed in connection with the disclosure herein may be
implemented or performed with a general-purpose proc-
essor, a DSP, an ASIC, an FPGA or other programmable
logic device, discrete gate or transistor logic, discrete
hardware components, or any combination thereof de-
signed to perform the functions described herein. A gen-
eral-purpose processor may be a microprocessor, but in
the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine.
A processor may also be implemented as a combination
of computing devices (e.g., a combination of a DSP and
amicroprocessor, multiple microprocessors, one or more
microprocessors in conjunction with a DSP core, or any
other such configuration).

[0078] The functions described herein may be imple-
mented in hardware, software executed by a processor,
firmware, or any combination thereof. If implemented in
software executed by a processor, the functions may be
stored on or transmitted over as one or more instructions
or code on a computer-readable medium. Other exam-
ples and implementations are within the scope of the dis-
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closure and appended claims. For example, due to the
nature of software, functions described above can be im-
plemented using software executed by a processor,
hardware, firmware, hardwiring, or combinations of any
of these. Features implementing functions may also be
physically located at various positions, including being
distributed such that portions of functions are implement-
ed at different physical locations. Also, as used herein,
including in the claims, "or" as used in a list of items (for
example, a list of items prefaced by a phrase such as "at
least one of" or "one or more of") indicates an inclusive
list such that, for example, a list of [at least one of A, B,
or C] means A or B or C or AB or AC or BC or ABC (i.e.,
A and B and C).

[0079] Embodiments of the present disclosure include
a method of wireless communication, comprising trans-
mitting, by a first wireless communication device in a first
frequency band, a random access request to a first net-
work, wherein the first frequency band is shared by the
first network and a second network; and receiving, by the
first wireless communication device in response to the
random access request, arandom access response from
a second wireless communication device of the first net-
work, wherein the random accessresponseisin asecond
frequency band allocated to the first network, the second
frequency band being different than the first frequency
band.

[0080] The method further comprises receiving, by the
first wireless communication device, system information
indicating a random access resource allocation in one or
more frequency bands shared by the first network and
the second network, wherein the one or more frequency
bands include the first frequency band, and wherein the
transmitting the random access request includes trans-
mitting the random access request based on the random
access resource allocation. The method further includes
wherein the one or more frequency bands are uplink fre-
quency bands of the second network. The method further
includes wherein the receiving the system information
includes receiving the system information in the second
frequency band. The method further comprises transmit-
ting, by the first wireless communication device to the
second wireless communication device in the first fre-
quency band, a connection request. The method further
comprises receiving, by the first wireless communication
device from the second wireless communication device,
a configuration indicating an uplink allocation for the first
wireless communication device in the second frequency
band. The method further includes wherein the second
frequency band is at a higher frequency than the first
frequency band. The method further includes wherein
the second network is a long-term evolution (LTE) net-
work.

[0081] Embodiments of the present disclosure further
include a method of wireless communication, comprising
receiving, by a first wireless communication device from
a second wireless communication device in a first fre-
quency band, a random access request to a first network
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associated with the first wireless communication device,
wherein the first frequency band is shared by the first
network and a second network; and transmitting, by the
first wireless communication device to the second wire-
less communication device in response to the random
access request, a random access response, wherein the
random access response is in a second frequency band
allocated to the first network, the second frequency band
being different than the first frequency band.

[0082] The method further comprises transmitting, by
the first wireless communication device, system informa-
tion indicating a random access resource allocation in
one or more frequency bands shared by the first network
and the second network, wherein the one or more fre-
quency bands include the first frequency band, and
wherein the receiving the random access request in-
cludes receiving the random access request based on
the random access resource allocation. The method fur-
ther includes wherein the one or more frequency bands
are uplink frequency bands of the second network. The
method further includes wherein the transmitting the sys-
tem information includes transmitting the system infor-
mation in the second frequency band. The method further
comprises receiving, by the first wireless communication
device from the second wireless communication device
in the first frequency band, a connection request. The
method further comprises transmitting, by the first wire-
less communication device from the second wireless
communication device, a configuration indicating an up-
link allocation for the first wireless communication device
in the second frequency band. The method further in-
cludes wherein the second frequency band is at a higher
frequency than the first frequency band. The method fur-
ther includes wherein the second network is a long-term
evolution (LTE) network.

[0083] Embodiments of the present disclosure further
include an apparatus comprising a transceiver config-
ured to transmit, in a first frequency band, a random ac-
cessrequestto afirst network, wherein the first frequency
band is shared by the first network and a second network;
and receive, in response to the random access request,
arandom access response from a second wireless com-
munication device of the first network, wherein the ran-
dom access response is in a second frequency band al-
located to the first network, the second frequency band
being different than the first frequency band.

[0084] The apparatus further includes wherein the
transceiver is further configured to receive system infor-
mation indicating a random access resource allocation
in one or more frequency bands shared by the first net-
work and the second network, wherein the one or more
frequency bands include the first frequency band; and
transmit the random access request based on the ran-
dom access resource allocation. The apparatus further
includes wherein the one or more frequency bands are
uplink frequency bands of the second network. The ap-
paratus further includes wherein the transceiveris further
configured to receive the system information in the sec-
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ond frequency band. The apparatus further includes
wherein the transceiver is further configured to transmit-
ting, to the second wireless communication device in the
first frequency band, a connection request. The appara-
tus further includes wherein the transceiver is further con-
figured to receive, from the second wireless communi-
cation device, a configuration indicating an uplink alloca-
tion for the apparatus in the second frequency band. The
apparatus further includes wherein the second frequency
band is at a higher frequency than the first frequency
band. The apparatus further includes wherein the second
network is a long-term evolution (LTE) network.

[0085] Embodiments of the present disclosure further
include an apparatus comprising a transceiver config-
ured to receive, from a second wireless communication
device inafirstfrequency band, arandom access request
to a first network associated with the apparatus, wherein
the first frequency band is shared by the first network and
a second network; and transmit, to the second wireless
communication device in response to the random access
request, arandom accessresponse, wherein the random
accessresponse is in a second frequency band allocated
to the first network, the second frequency band being
different than the first frequency band.

[0086] The apparatus further includes wherein the
transceiver is further configured to transmit system infor-
mation indicating a random access resource allocation
in one or more frequency bands shared by the first net-
work and the second network, wherein the one or more
frequency bands include the first frequency band; and
receive the random access requestbased on the random
access resource allocation. The apparatus further in-
cludes wherein the one or more frequency bands are
uplink frequency bands of the second network. The ap-
paratus further includes wherein the transceiver is further
configured to transmit the system information in the sec-
ond frequency band. The apparatus further includes
wherein the transceiver is further configured to receive,
from the second wireless communication device in the
first frequency band, a connection request. The appara-
tus further includes wherein the transceiver is further con-
figured to transmit, from the second wireless communi-
cation device, a configuration indicating an uplink alloca-
tion for the apparatus in the second frequency band. The
apparatus further includes wherein the second frequency
band is at a higher frequency than the first frequency
band. The apparatus further includes wherein the second
network is a long-term evolution (LTE) network.

[0087] Embodiments of the present disclosure further
include a computer-readable medium having program
code recorded thereon, the program code comprising
code for causing a first wireless communication device
to transmit, in a first frequency band, a random access
request to a first network, wherein the first frequency
band is shared by the first network and a second network;
and code for causing the first wireless communication
device to receive, in response to the random access re-
quest,arandom access response from a second wireless
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communication device of the first network, wherein the
random access response is in a second frequency band
allocated to the first network, the second frequency band
being different than the first frequency band.

[0088] The computer-readable medium further com-
prises code for causing the first wireless communication
device to receive system information indicating a random
access resource allocation in one or more frequency
bands shared by the first network and the second net-
work, wherein the one or more frequency bands include
the first frequency band, and wherein the code for caus-
ing the first wireless communication device to transmit
the random access request is further configured to trans-
mit the random access request based on the random
access resource allocation. The computer-readable me-
dium further includes wherein the one or more frequency
bands are uplink frequency bands of the second network.
The computer-readable medium furtherincludes wherein
the code for causing the first wireless communication de-
vice to receive the system information is further config-
ured to receive the system information in the second fre-
quency band. The computer-readable medium further
comprises code for causing the first wireless communi-
cation device to transmit, to the second wireless commu-
nication device in the first frequency band, a connection
request. The computer-readable medium further com-
prises code for causing the first wireless communication
device to receive, from the second wireless communica-
tion device, a configuration indicating an uplink allocation
for the first wireless communication device in the second
frequency band. The computer-readable medium further
includes wherein the second frequency band is at a high-
er frequency than the first frequency band. The compu-
ter-readable medium further includes wherein the sec-
ond network is a long-term evolution (LTE) network.
[0089] Embodiments of the present disclosure further
include a computer-readable medium having program
code recorded thereon, the program code comprising
code for causing a first wireless communication device
toreceive, from a second wireless communication device
in a first frequency band, a random access request to a
first network associated with the first wireless communi-
cation device, wherein the first frequency band is shared
by the first network and a second network; and code for
causing the first wireless communication device to trans-
mit, to the second wireless communication device in re-
sponse to the random access request, arandom access
response, wherein the random access response is in a
second frequency band allocated to the first network, the
second frequency band being different than the first fre-
quency band.

[0090] The computer-readable medium further com-
prises code for causing the first wireless communication
device to transmit system information indicating a ran-
dom access resource allocation in one or more frequency
bands shared by the first network and the second net-
work, wherein the one or more frequency bands include
the first frequency band, and wherein the code for caus-
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ing the first wireless communication device to receive the
random access request is further configured to receive
the random access request based on the random access
resource allocation. The computer-readable medium fur-
ther includes wherein the one or more frequency bands
are uplink frequency bands of the second network. The
computer-readable medium further includes wherein the
code for causing the first wireless communication device
to transmit the system information is further configured
to transmit the system information in the second frequen-
cy band. The computer-readable medium further com-
prises code for causing the first wireless communication
device to receive, from the second wireless communica-
tion device in the first frequency band, a connection re-
quest. The computer-readable medium further compris-
es code for causing the first wireless communication de-
vice to transmit, from the second wireless communication
device, a configuration indicating an uplink allocation for
the first wireless communication device in the second
frequency band. The computer-readable medium further
includes wherein the second frequency band is at a high-
er frequency than the first frequency band. The compu-
ter-readable medium further includes wherein the sec-
ond network is a long-term evolution (LTE) network.
[0091] Embodiments of the present disclosure further
include an apparatus comprising means (e.g., the trans-
ceiver 610 and the antennas 616) for transmitting, in a
first frequency band, a random access request to a first
network, wherein the first frequency band is shared by
the first network and a second network; and means (e.g.,
the transceiver 610 and the antennas 616) for receiving,
in response to the random access request, a random
access response from a second wireless communication
device of the first network, wherein the random access
response is in a second frequency band allocated to the
first network, the second frequency band being different
than the first frequency band.

[0092] The apparatus further comprises means (e.g.,
the transceiver 610 and the antennas 616) for receiving
system information indicating a random access resource
allocation in one or more frequency bands shared by the
first network and the second network, wherein the one
or more frequency bands include the first frequency
band, and wherein the means for transmitting the random
access request is further configured to transmit the ran-
dom access request based on the random access re-
source allocation. The apparatus further includes where-
in the one or more frequency bands are uplink frequency
bands of the second network. The apparatus further in-
cludes wherein the means for receiving the system infor-
mation is further configured to receive the system infor-
mation in the second frequency band. The apparatus fur-
ther comprises means (e.g., the transceiver 610 and the
antennas 616) for transmitting, to the second wireless
communication device in the first frequency band, a con-
nection request. The apparatus further comprises means
(e.g., the transceiver 610 and the antennas 616) for re-
ceiving, from the second wireless communication device,
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a configuration indicating an uplink allocation for the ap-
paratus in the second frequency band. The apparatus
further includes wherein the second frequency band is
at a higher frequency than the first frequency band. The
apparatus further includes wherein the second network
is a long-term evolution (LTE) network.

[0093] Embodiments of the present disclosure further
include an apparatus comprising means (e.g., the trans-
ceiver 710 and the antennas 716) for receiving, from a
second wireless communication device in a first frequen-
cy band, a random access request to a first network as-
sociated with the apparatus, wherein the first frequency
band is shared by the first network and a second network;
and means (e.g., the transceiver 710 and the antennas
716) for transmitting, to the second wireless communi-
cation device in response to the random access request,
arandom access response, wherein the random access
response is in a second frequency band allocated to the
first network, the second frequency band being different
than the first frequency band.

[0094] Embodiments of the present disclosure further
include an apparatus comprising means (e.g., the trans-
ceiver 710 and the antennas 716) for receiving, from a
second wireless communication device in a first frequen-
cy band, a random access request to a first network as-
sociated with the apparatus, wherein the first frequency
band is shared by the first network and a second network;
and means (e.g., the transceiver 710 and the antennas
716) for transmitting, to the second wireless communi-
cation device in response to the random access request,
arandom access response, wherein the random access
response is in a second frequency band allocated to the
first network, the second frequency band being different
than the first frequency band. [0103] The apparatus fur-
ther comprises means for transmitting (e.g., the trans-
ceiver 710 and the antennas 716) system information
indicating a random access resource allocation in one or
more frequency bands shared by the first network and
the second network, wherein the one or more frequency
bands include the first frequency band, and wherein the
means for receiving the random access requestis further
configured to receive the random access request based
on the random access resource allocation. The appara-
tus further includes wherein the one or more frequency
bands are uplink frequency bands of the second network.
The apparatus further includes wherein the means for
transmitting the system information is further configured
to transmit the system information in the second frequen-
cy band. The apparatus further comprises means (e.g.,
the transceiver 710 and the antennas 716) for receiving,
from the second wireless communication device in the
first frequency band, a connection request. The appara-
tus further comprises means (e.g., the transceiver 710
and the antennas 716) for transmitting, from the second
wireless communication device, a configuration indicat-
ing an uplink allocation for the apparatus in the second
frequency band. The apparatus further includes wherein
the second frequency band is at a higher frequency than
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the first frequency band. The apparatus further includes
wherein the second network is a long-term evolution
(LTE) network.

Claims

1.

A method of wireless communication comprising:

receiving (805), by a user equipment, UE (600),
in a second frequency band, system information
associated with a first network indicating a ran-
dom access resource allocation in one or more
frequency bands including a first frequency
band and the second frequency band from a
base station of the first network, wherein the one
or more frequency bands are shared by a first
network and a second network different from the
first network, wherein the first network is a new
radio, NR, network and the second network is a
long-term evolution, LTE, network, wherein the
firstfrequency band is an uplink frequency band
allocated to the second network and the second
frequency band is allocated to the first network
for time-division duplexing, TDD communica-
tions;

transmitting (815), by the UE (600) in the first
frequency band allocated to the second net-
work, a random access request to the first net-
work based on the random access resource al-
location; and

receiving (830), by the UE (600) in response to
the random access request, a random access
response from the base station (700) of the first
network, wherein the random access response
is received in the second frequency band, the
second frequency band being higher frequency
than the first frequency band.

2. The method of claim 1, further comprising transmit-

ting (835), by the UE (600) to the base station in the
first frequency band, a connection request.

The method of claim 1, further comprising receiving,
by the UE from the base station, a configuration in-
dicating an uplink allocation for the UE in the second
higher frequency band.

4. A method of wireless communication comprising:

transmitting (805), by

abase station (700) in a second frequency band,
system information associated with a first net-
work indicating a random access resource allo-
cation in one or more frequency bands including
afirst frequency band and the second frequency
band from a base station of the first network,
wherein the one or more frequency bands are

10

15

20

25

30

35

40

45

50

55

16

shared by a first network and a second network
different from the first network, wherein the first
network is a new radio, NR, network and the
second network is a long-term evolution, LTE,
network, wherein the first frequency band is an
uplink frequency band allocated to the second
network and the second frequency band is allo-
cated to the first network for time-division du-
plexing, TDD communications;

receiving (815), by

the base station in the first frequency band, a
random access request to the first network
based on the random access resource alloca-
tion; and

transmitting (830), by the base station, in re-
sponse to the random access request, arandom
access response from the base station of the
first network, wherein the random access re-
sponse is received in the second frequency
band, the second frequency band being higher
frequency than the first frequency band.

5. The method of claim 4, further comprising receiving,

by the base station from the user equipment in the
first frequency band, a connection request.

The method of claim 4, further comprising transmit-
ting, by base station from the user equipment, a con-
figuration indicating an uplink allocation for the user
equipment in the second frequency band.

7. A user equipment, UE (600), comprising:

means forreceiving in a second frequency band,
system information associated with a first net-
work indicating a random access resource allo-
cation in one or more frequency bands including
afirst frequency band and the second frequency
band from a base station of the first network,
wherein the one or more frequency bands are
shared by the first network and

asecond network differentfrom the first network,
wherein the first network is a new radio, NR,
network and the second network is a long-term
evolution, LTE, network, wherein the first fre-
quency band is an uplink frequency band allo-
cated to the second network and the second fre-
quency band is allocated to the first network for
time-division duplexing, TDD communications;
means for transmitting, in the first frequency
band, a random access request to the first net-
work based on the random access resource al-
location; and

means for receiving, in response to the random
access request, a random access response
from the base station of the first network, where-
in the random access response is received in
the second frequency band, the second fre-
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quency band being higher frequency than the
first frequency band.

8. A base station (700), comprising:

means for transmitting, by

abase station (700) in a second frequency band,
system information associated with a first net-
work indicating a random access resource allo-
cation in one or more frequency bands including
afirst frequency band and the second frequency
band from a base station of the first network,
wherein the one or more frequency bands are
shared by the first network and the second net-
work different from the first network, wherein the
first network is a new radio, NR, network and
the second network is a long-term evolution,
LTE, network, wherein the first frequency band
is an uplink frequency band allocated to the sec-
ond network and the second frequency band is
allocated to the first network for time-division du-
plexing, TDD communications;

means for receiving, by the base station in the
first frequency band, a random access request
to the first network based on the random access
resource allocation; and

means for transmitting, by the base station, in
response to the random access request, a ran-
dom access response from the base station of
the first network, wherein the random access
response is in a second frequency band allocat-
ed to the first network for time-division duplex-
ing, TDD, communications, the second frequen-
cy band being higher frequency than the first
frequency band.

9. A computer readable storage medium carrying a

computer program stored thereon, which when ex-
ecuted by a user equipment, causes the user equip-
ment to execute the method according to any of
claims 1 to 3.

10. A computer readable storage medium carrying a

computer program stored thereon, which when ex-
ecuted by a base station, causes the base station to
execute the method according to any of claims 4 t0 6.

11. A communication system comprising a user equip-

ment, UE (600), and a base station (700), the UE
comprising the features according to claim 7 and the
base station comprising the features according to
claim 8.

Patentanspriiche

1.

Ein Verfahren fir eine drahtlose Kommunikation,
aufweisend:
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Empfangen (805), durch ein Benutzergerat
(User Equipment bzw. UE) (600) in einem zwei-
ten Frequenzband, von Systeminformationen,
die mit einem ersten Netz assoziiert sind und
eine Direktzugriffsressourcenzuweisung in ei-
nem oder mehreren Frequenzbandern ein-
schlieBlich eines ersten Frequenzbands und
des zweiten Frequenzbands von einer Basissta-
tion des ersten Netzes angeben, wobei das eine
oder die mehreren Frequenzbander gemein-
samdurch ein erstes Netz und ein zweites Netz,
das von dem ersten Netz verschieden ist, ver-
wendet werden, wobei das erste Netz ein NR
(New Radio)-Netz ist und das zweite Netz ein
LTE (Long Term Evolution)-Netz ist, wobei das
erste Frequenzband ein Aufwartsstrecke-Fre-
quenzband ist, das dem zweiten Netz zugewie-
sen ist, und das zweite Frequenzband dem ers-
ten Netz fur Zeitduplex (TDD)-Kommunikatio-
nen zugewiesen ist,

Senden (815), durch das UE (600) und in dem
ersten Frequenzband, das dem zweiten Netz,
zugewiesen ist, einer Direktzugriffsanfrage an
das erste Netz basierend auf der Direktzugriffs-
ressourcenzuweisung, und

Empfangen (830), durch das UE (600) und in
Antwort auf die Direktzugriffsanfrage, einer Di-
rektzugriffsantwort von der Basisstation (700)
des ersten Netzes, wobei die Direktzu-
grifisantwort in dem zweiten Frequenzband
empfangen wird, wobei das zweite Frequenz-
band eine hohere Frequenz als das erste Fre-
quenzband aufweist.

Verfahren nach Anspruch 1, das weiterhin das Sen-
den (835), durch das UE (600) und an die Basissta-
tion in dem ersten Frequenzband, einer Verbin-
dungsanfrage aufweist.

Verfahren nach Anspruch 1, das weiterhin das Emp-
fangen, durch das UE und von der Basisstation, ei-
ner Konfiguration, die eine Aufwartsstreckenzuwei-
sung fur das UE in dem zweiten héheren Frequenz-
band angibt, aufweist.

Ein Verfahren fir eine drahtlose Kommunikation,
aufweisend:

Senden (805), durch eine Basisstation (700) in
einem zweiten Frequenzband, von Systeminfor-
mationen, die mit einem ersten Netz assoziiert
sind und eine Direktzugriffsressourcenzuwei-
sung in einem oder mehreren Frequenzbandern
einschlieBlich eines ersten Frequenzbands und
des zweiten Frequenzbands von einer Basissta-
tion des ersten Netzes angeben, wobei das eine
oder die mehreren Frequenzbander gemein-
sam durch ein erstes Netz und ein zweites Netz,
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das von dem ersten Netz verschieden ist, ver-
wendet werden, wobei das erste Netz ein NR
(New Radio)-Netz ist und das zweite Netz ein
LTE (Long Term Evolution)-Netz ist, wobei das
erste Frequenzband ein Aufwartsstrecke-Fre-
quenzband ist, das dem zweiten Netz zugewie-
sen ist, und das zweite Frequenzband dem ers-
ten Netz fir Zeitduplex (TDD)-Kommunikatio-
nen zugewiesen ist,

Empfangen (815), durch die Basisstationin dem
ersten Frequenzband, einer Direktzugriffsanfra-
ge an das erste Netz, basierend auf der Direkt-
zugriffsressourcenzuweisung, und

Senden (830), durch die Basisstation und in Ant-
wort auf die Direktzugriffsanfrage, einer Direkt-
zugriffsantwort von der Basisstation des ersten
Netzes, wobei die Direktzugriffsantwort in dem
zweiten Frequenzband empfangen wird, wobei
das zweite Frequenzband eine hohere Fre-
quenz als das erste Frequenzband aufweist.

Verfahren nach Anspruch 4, das weiterhin das Emp-
fangen, durch die Basisstation und von dem ersten
Benutzergerat in dem ersten Frequenzband, einer
Verbindungsanfrage aufweist.

Verfahren nach Anspruch 4, das weiterhin das Sen-
den, durch die Basisstation und von dem Benutzer-
gerat, einer Konfiguration, die eine Aufwartsstre-
ckenzuweisung fiir das Benutzergerat in dem zwei-
ten Frequenzband angibt, aufweist.

Ein Benutzergerat (User Equipment bzw. UE) (600),
aufweisend:

Mittel zum Empfangen, in einem zweiten Fre-
quenzband, von Systeminformationen, die mit
einem ersten Netz assoziiert sind und eine Di-
rektzugriffsressourcenzuweisung in einem oder
mehreren Frequenzbandern einschliellich ei-
nes ersten Frequenzbands und des zweiten
Frequenzbands von einer Basisstation des ers-
ten Netzes angeben, wobei das eine oder die
mehreren Frequenzbander gemeinsam durch
das erste Netz und ein zweites Netz, das von
dem ersten Netz verschieden ist, verwendet
werden, wobei das erste Netz ein NR (New Ra-
dio)-Netz ist und das zweite Netz ein LTE (Long
Term Evolution)-Netz ist, wobei das erste Fre-
quenzband ein Aufwartsstrecke-Frequenzband
ist, das dem zweiten Netz zugewiesen ist, und
das zweite Frequenzband dem ersten Netz fir
Zeitduplex (TDD)-Kommunikationen zugewie-
sen ist,

Mittel zum Senden, in dem ersten Frequenz-
band, einer Direktzugriffsanfrage an das erste
Netz basierend auf der Direktzugriffsressour-
cenzuweisung, und
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Mittel zum Empfangen, in Antwort auf die Direkt-
zugriffsanfrage, einer Direktzugriffsantwort von
der Basisstation des ersten Netzes, wobei die
Direktzugriffsantwort in dem zweiten Frequenz-
band empfangen wird, wobei das zweite Fre-
quenzband eine héhere Frequenz als das erste
Frequenzband aufweist.

Eine Basisstation (700), aufweisend:

Mittel zum Senden, durch die Basisstation (700)
in einem zweiten Frequenzband, von System-
informationen, die mit einem ersten Netz asso-
ziiert sind und eine Direktzugriffsressourcenzu-
weisung in einem oder mehreren Frequenzban-
dern einschliellich eines ersten Frequenz-
bands und des zweiten Frequenzbands von ei-
ner Basisstation des ersten Netzes angeben,
wobei das eine oder die mehreren Frequenz-
bander gemeinsam durch das erste Netz und
das zweite Netz, das von dem ersten Netz ver-
schieden ist, verwendet werden, wobei das ers-
te Netz ein NR (New Radio)-Netz ist und das
zweite Netzein LTE (Long Term Evolution)-Netz
ist, wobei das erste Frequenzband ein Aufwarts-
strecke-Frequenzband ist, das dem zweiten
Netz zugewiesen ist, und das zweite Frequenz-
band dem ersten Netz flir Zeitduplex
(TDD)-Kommunikationen zugewiesen ist,
Mittel zum Empfangen, durch die Basisstation
in dem ersten Frequenzband, einer Direktzu-
grifisanfrage an das erste Netz, basierend auf
der Direktzugriffsressourcenzuweisung, und
Mittel zum Senden, durch die Basisstation und
in Antwort auf die Direktzugriffsanfrage, einer
Direktzugriffsantwort von der Basisstation des
ersten Netzes, wobei die Direktzugriffsantwort
in einem zweiten Frequenzband erfolgt, das
dem ersten Netz fir Zeitduplex (TDD)-Kommu-
nikationen zugewiesen ist, wobei das zweite
Frequenzband eine hdhere Frequenz als das
erste Frequenzband aufweist.

Ein computerlesbares Speichermedium mit einem
darauf gespeicherten Computerprogramm, das bei
einer Ausfiuihrung durch ein Benutzergerat veran-
lasst, dass das Benutzergerat das Verfahren gemaf
den Anspriichen 1 bis 3 ausflihrt.

Ein computerlesbares Speichermedium mit einem
darauf gespeicherten Computerprogramm, das bei
einer Ausfiihrung durch eine Basisstation veran-
lasst, dass die Basisstation das Verfahren gemafi
den Anspriichen 4 bis 6 ausfiihrt.

Ein Kommunikationssystem, das ein Benutzergerat
(User Equipment bzw. UE) (600) und eine Basissta-
tion (700) aufweist, wobei das UE die Merkmale ge-



35 EP 3 879 918 B9 36

maf dem Anspruch 7 aufweist und die Basisstation
die Merkmale gemaR dem Anspruch 8 aufweist.

Revendications

Procédé de communication sans fil comprenant les
étapes consistant a:

recevoir (805), par un équipement utilisateur,
UE (600), dans une deuxieme bande de fré-
quence, des informations systéme associées a
un premier réseau indiquant une attribution de
ressource d’acces aléatoire dans une ou plu-
sieurs bandes de fréquence comprenant une
premiére bande de fréquence et la deuxieme
bande de fréquence a partir d’'une station de ba-
se du premier réseau, dans lequel la ou les ban-
des de fréquence sont partagées par un premier
réseau et un deuxieme réseau différent du pre-
mier réseau, dans lequel le premier réseau est
un réseau nouveau radio, NR, et le deuxiéme
réseau est un réseau d’évolution a long terme,
LTE, dans lequel la premiére bande de fréquen-
ce est une bande de fréquence de liaison mon-
tante attribuée au deuxiéme réseau et la deuxie-
me bande de fréquence est attribuée au premier
réseau pour le duplexage temporel, les commu-
nications TDD ;

transmettre (815), par I'UE (600) dans la pre-
miere bande de fréquence attribuée au deuxié-
me réseau, une demande d’acces aléatoire au
premier réseau sur la base de l'attribution de
ressource d’accés aléatoire ; et

recevoir (830), par 'UE (600) en réponse a la
demande d’acces aléatoire, une réponse d’'ac-
ces aléatoire de la station de base (700) du pre-
mier réseau, dans lequel la réponse d’accés
aléatoire est regue dans la deuxieme bande de
fréquence, la deuxiéme bande de fréquence
étantune fréquence plus élevée que la premiére
bande de fréquence.

Procédé selon la revendication 1, comprenant en
outre la transmission (835), par'UE (600) ala station
de base dansla premiére bande de fréquence, d'une
demande de connexion.

Procédé selon la revendication 1, comprenant en
outre la réception, par 'UE depuis la station de base,
d'une configuration indiquant une attribution de
liaison montante pour 'UE dans la deuxieme bande
de fréquence plus élevée.

Un procédé de communication sans fil comprenant
les étapes consistant a :

transmettre (805), par une station de base (700)
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dans une deuxieme bande de fréquence, des
informations systéme associées a un premier
réseau indiquant une attribution de ressource
d’acces aléatoire dans une ou plusieurs bandes
de fréquence comprenant une premiere bande
de fréquence et la deuxiéme bande de fréquen-
ce a partir d’'une station de base du premier ré-
seau, danslequel la ou les bandes de fréquence
sont partagées par un premier réseau et un
deuxiéme réseau différent du premier réseau,
dans lequel le premier réseau est un réseau
nouveau radio, NR, et le deuxiéme réseau est
un réseau d’évolution a long terme, LTE, dans
lequel la premiére bande de fréquence est une
bande de fréquence de liaison montante attri-
buée au deuxiéme réseau etla deuxiéme bande
de fréquence est attribuée au premier réseau
pour les communications en duplexage tempo-
rel, TDD ;

recevoir (815), par la station de base dans la
premiére bande de fréquence, une demande
d’acces aléatoire au premier réseau sur la base
de I'attribution de ressources d’acceés aléatoire ;
et

transmettre (830), par la station de base, en ré-
ponse a la demande d’accés aléatoire, une ré-
ponse d’acces aléatoire de la station de base
du premier réseau, dans lequel la réponse d’ac-
cés aléatoire est regue dans la deuxiéme bande
de fréquence, la deuxiéme bande de fréquence
ayant une fréquence plus élevée que la premie-
re bande de fréquence.

Procédé selon la revendication 4, comprenant en
outre la réception, par la station de base depuis
I'’équipement utilisateur dans la premiére bande de
fréquence, d’'une demande de connexion.

Procédé selon la revendication 4, comprenant en
outre la transmission, par station de base depuis
I’équipement utilisateur, d’'une configuration indi-
quant une attribution de liaison montante pour I'équi-
pement utilisateur dans la deuxiéme bande de fré-
quence.

Un équipement utilisateur, UE (600), comprenant :

des moyens pour recevoir dans une deuxieme
bande de fréquence, des informations systéme
associées a un premier réseau indiquant une
attribution de ressources d’acces aléatoire dans
une ou plusieurs bandes de fréquence compre-
nant une premiere bande de fréquence et la
deuxiéme bande de fréquence a partird’une sta-
tion de base du premier réseau, dans lequel
'une ou plusieurs bandes de fréquence sont
partagées par le premier réseau et un deuxiéme
réseau différent du premier réseau, le premier
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réseau étant un réseau nouveau radio, NR, et
le deuxieme réseau étant un réseau a évolution
alongterme, LTE, dans lequel la premiére ban-
de de fréquence est une bande de fréquence de
liaison montante attribuée au deuxiéme réseau
etla deuxiéme bande de fréquence est attribuée
au premier réseau pour les communications en
duplexage temporel, TDD ;

des moyens pour transmettre, dans la premiére
bande de fréquence, une demande d’accés
aléatoire au premier réseau sur la base de I'at-
tribution de ressource d’accés aléatoire ; et
des moyens pour recevoir, en réponse a la de-
mande d’accés aléatoire, une réponse d’acces
aléatoire de la station de base du premier ré-
seau, dans lequel la réponse d’accés aléatoire
est regue dans la deuxiéme bande de fréquen-
ce, la deuxiéme bande de fréquence étant une
fréquence plus élevée que la premiere bande
de fréquence.

8. Une station de base (700), comprenant :

des moyens pour transmettre, par une station
de base (700) dans une deuxiéme bande de fré-
quence, des informations systéme associées a
un premier réseau indiquant une attribution de
ressources d’accés aléatoire dans une ou plu-
sieurs bandes de fréquence comprenant une
premiére bande de fréquence et la deuxieme
bande de fréquence a partir d’'une station de ba-
se du premier réseau, dans lequel la ou les ban-
des de fréquence sont partagées par le premier
réseau et le deuxieme réseau différent du pre-
mier réseau, dans lequel le premier réseau est
un réseau nouveau radio, NR, et le deuxiéme
réseau est un réseau d’évolution a long terme,
LTE, dans lequel la premiére bande de fréquen-
ce est une bande de fréquence de liaison mon-
tante attribuée au deuxiéme réseau et la deuxie-
me bande de fréquence est attribuée au premier
réseau pour les communications en duplexage
temporel, TDD ;

des moyens pour recevoir, par la station de base
dans la premiére bande de fréquence, une de-
mande d’acces aléatoire au premier réseau sur
la base de l'attribution de ressources d’acces
aléatoire ; et

des moyens pour transmettre, par la station de
base, en réponse a la demande d’acces aléa-
toire, une réponse d’accés aléatoire de la station
de base du premier réseau, dans lequel la ré-
ponse d’acces aléatoire est dans une deuxieme
bande de fréquence attribuée au premierréseau
pour les communications en duplexage tempo-
rel, TDD, la deuxiéme bande de fréquence étant
de fréquence supérieure a celle de la premiére
bande de fréquence.
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Support de stockage lisible par ordinateur contenant
un programme informatique stocké la-dessus, qui,
lorsqu’il est exécuté par un équipement utilisateur,
amene I'équipement utilisateur a exécuter le procé-
dé selon I'une quelconque des revendications 1 a 3

Support de stockage lisible par ordinateur contenant
un programme informatique stocké la-dessus, qui,
lorsqu’il est exécuté par une station de base, améne
la station de base a exécuter le procédé selon I'une
quelconque des revendications 4 a 6.

Un systéme de communication comprenant un équi-
pement utilisateur, UE (600), et une station de base
(700), 'UE comprenant les caractéristiques selon la
revendication 7 et la station de base comprenant les
caractéristiques selon la revendication 8.
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