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(54) METHOD AND DEVICE FOR UPLINK TRANSMISSION IN RANDOM ACCESS PROCESS

(57) The present invention relates to the field of com-
munications technologies, and in particular, to an uplink
transmission method and apparatus in random access,
so as to increase a success rate of contention-based
random access procedures. The uplink transmission
method in random access provided in embodiments of
the present invention includes: selecting, by user equip-
ment UE after receiving a random access response mes-
sage sent by a network-side device, a pilot signal from a
plurality of pilot signals indicated by pilot signal parameter
information sent by the network-side device; and send-
ing, by the UE, uplink user data and the selected pilot
signal to the network-side device on a time-frequency
resource indicated by the random access response mes-
sage. By using the embodiments of the present invention,
when a plurality of UEs send a same random access
preamble to a base station on a same random access
resource, a probability that the plurality of UEs use dif-
ferent pilot signals when sending uplink user data can be
increased, so as to increase a success rate of conten-
tion-based random access procedures.
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Description

TECHNICAL FIELD

[0001] The present invention relates to the field of communications technologies, and in particular, to an uplink trans-
mission method and apparatus in random access.

BACKGROUND

[0002] In a Long Term Evolution (Long Term Evolution, LTE) system, when user equipment (User Equipment, UE) in
a radio resource control (Radio Resource Control, RRC) idle state needs to send uplink data, the UE first needs to
implement uplink synchronization and establish an RRC connection. This procedure is a random access procedure
(Random Access Procedure). When the UE needs to be handed over to another cell, reestablish an RRC connection,
re-obtain uplink synchronization, request an uplink resource for sending uplink user data, or the like, a random access
procedure may also need to be executed.
[0003] The random access procedure executed in the foregoing several cases is generally a contention-based random
access procedure. As shown in FIG. 1, a contention-based random access procedure mainly includes a process of
sending four messages. These four messages are, respectively, a random access preamble (Random Access Preamble)
message (msg1 for short) sent by UE to a base station, a random access response message (Random Access-Response)
(msg2 for short) sent by the base station to the UE, a scheduled message (Scheduled Transmission) (msg3 for short)
that is used to carry uplink user data and is sent by the UE to the base station, and a contention resolution (Contention
Resolution) message (msg4 for short) sent by the base station to the UE. The following details the process of sending
these four messages.
[0004] When preparing to access a wireless network, the UE obtains 64 available random access preambles from a
cell broadcast message that is broadcast by the base station. These 64 random access preambles are divided into two
groups based on a size of the msg3. The UE randomly selects a random access preamble from one of the two groups
according to an amount of data that is to be sent by the UE, and sends the random access preamble to the base station
by adding the random access preamble to the msg1.
[0005] After the UE sends the random access preamble by using the msg1, the base station calculates a timing
advance (Timing Advance, TA), and sends the msg2 to the UE. The msg2 includes a detected preamble index of the
random access preamble, the TA, and uplink grant (UL-Grant) information for transmission of the msg3. After receiving
the msg2, the UE sends the msg3 on a time-frequency resource indicated by the UL-grant. The msg3 includes the uplink
user data.
[0006] The UE may be UE in an idle state or in a connected state. If the UE is in the idle state, in the msg2, the msg2
sent by the base station further includes a temporary cell radio network temporary identifier (Temporary Cell-Radio
Network Temporary Identity, Temporary C-RNTI) of the UE; and in the msg3, the uplink user data sent by the UE includes
a common control channel-service data unit (Common Control Channel-Service Data Unit, CCCH-SDU) and a preset
pilot signal. If the UE is in the connected state, in the msg3, the uplink user data sent by the UE includes a C-RNTI and
a preset pilot signal.
[0007] After detecting the msg3, for the UE in the idle state, the base station sends, to the UE, the CCCH-SDU carried
in the msg3. After successfully detecting the msg4, the UE determines that the CCCH-SDU is data previously sent by
the UE, and uses, as an actually used C-RNTI, the temporary C-RNTI received in the msg2. For the UE in the connected
state, the base station uses a prior C-RNTI of the UE, and uses a physical downlink control channel (Physical Downlink
Control Channel, PDCCH) to implement contention resolution.
[0008] In the foregoing process, if a plurality of UEs select a same random access preamble, and send the same
random access preamble to a base station on a same random access resource, after detecting the random access
preamble, the base station cannot determine that the random access preamble is sent by a plurality of UEs. In this case,
the base station calculates a TA according to a maximum multipath location at which signal energy is detected, and
sends the msg2. Afterwards, all the plurality of UEs detect the preamble index carried in the msg2, and send the msg3
according to the TA sent by the base station and the time-frequency resource indicated by the UL-grant. Pilot signals
used in the msg3 by the plurality of UEs are also the same. After the base station receives, on the time-frequency
resource indicated by the UL-grant, the msg3 sent by the plurality of UEs within a maximum delay extension range,
because the pilot signals used by the plurality of UEs are the same, the base station cannot correctly demodulate uplink
user data sent by each UE. As a result, random access procedures of the plurality of UEs may all fail.

SUMMARY

[0009] Embodiments of the present invention provide an uplink transmission method and apparatus in random access,
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so as to resolve a problem of a relatively low success rate of contention-based random access procedures.
[0010] According to a first aspect, an uplink transmission method in random access is provided, including:

selecting, by user equipment UE after receiving a random access response message sent by a network-side device,
a pilot signal from a plurality of pilot signals indicated by pilot signal parameter information sent by the network-side
device; and
sending, by the UE, uplink user data and the selected pilot signal to the network-side device on a time-frequency
resource indicated by the random access response message.

[0011] With reference to the first aspect, in a first possible implementation, before the sending, by the UE, uplink user
data and the selected pilot signal to the network-side device, the method further includes:

selecting, by the UE, a codebook from a plurality of candidate codebooks indicated by sparse code multiple access
SCMA parameter information sent by the network-side device, and mapping the uplink user data to a codeword of
the selected codebook; and
the sending, by the UE, uplink user data and the selected pilot signal to the network-side device includes:
sending, by the UE to the network-side device, the selected pilot signal and the uplink user data mapped to the
codeword.

[0012] With reference to the first possible implementation of the first aspect, in a second possible implementation, the
selecting, by UE, a pilot signal from a plurality of pilot signals indicated by pilot signal parameter information sent by the
network-side device includes:
selecting, by the UE from the plurality of pilot signals, a pilot signal corresponding to the selected codebook.
[0013] With reference to the first or the second possible implementation of the first aspect, in a third possible imple-
mentation, the selecting, by the UE, a codebook from a plurality of candidate codebooks indicated by SCMA parameter
information sent by the network-side device includes:

determining, by the UE according to a used random access preamble and from the plurality of candidate codebooks
indicated by the SCMA parameter information, at least one codebook corresponding to the random access preamble,
where a codebook quantity of the at least one codebook is less than a quantity of the plurality of codebooks indicated
by the SCMA parameter information; and
selecting, by the UE, a codebook from the determined at least one codebook.

[0014] With reference to any one of the first to the third possible implementations of the first aspect, in a fourth possible
implementation, determining, by the UE, the plurality of candidate codebooks indicated by the SCMA parameter infor-
mation sent by the network-side device includes:
determining, by the UE as the plurality of candidate codebooks indicated by the SCMA parameter information, a plurality
of codebooks that match a codeword length and a quantity of non-zero elements in a codeword that are indicated by
the SCMA parameter information.
[0015] With reference to any one of the first to the fourth possible implementations of the first aspect, in a fifth possible
implementation, the mapping, by the UE, the uplink user data to a codeword of the selected codebook includes:

selecting, by the UE based on a size of the uplink user data, a codeword quantity from a plurality of codeword
quantities supported by each candidate codebook indicated by the SCMA parameter information; and
mapping, by the UE, the uplink user data to the codeword of the selected codebook based on the selected codebook
and the selected codeword quantity.

[0016] With reference to any one of the first to the fifth possible implementations of the first aspect, in a sixth possible
implementation, after the sending, by the UE, uplink user data and the selected pilot signal to the network-side device,
the method further includes:

detecting, by the UE, a feedback message of the network-side device on a physical hybrid automatic repeat request
indicator channel PHICH resource corresponding to the selected pilot signal, where the feedback message is used
to feed back an ACK message indicating that the uplink user data of the UE is correctly received or a NACK message
indicating that the uplink user data of the UE is not correctly received; and
retransmitting, by the UE, the uplink user data after detecting the non-acknowledgement NACK message.

[0017] With reference to the sixth possible implementation of the first aspect, in a seventh possible implementation,
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the selected codebook is a first codebook, and the retransmitting, by the UE, the uplink user data includes:

reselecting, by the UE, a second codebook different from the first codebook, mapping the uplink user data to a
codeword of the second codebook, and reselecting, from the plurality of pilot signals indicated by the pilot signal
parameter information, a pilot signal corresponding to the second codebook; and
sending, to the network-side device on the time-frequency resource indicated by the random access response
message, the uplink user data mapped to the codeword of the second codebook and the pilot signal corresponding
to the second codebook.

[0018] With reference to the seventh possible implementation of the first aspect, in an eighth possible implementation,
the reselecting, by the UE, a second codebook different from the first codebook includes:

reselecting, by the UE from a plurality of codebooks that match a codeword length and a quantity of non-zero
elements in a codeword that are corresponding to the first codebook, the second codebook different from the first
codebook; or
adjusting, by the UE, a codeword length and/or a quantity of non-zero elements in a codeword that are/is corre-
sponding to the first codebook, and reselecting the second codebook from a plurality of codebooks that match an
adjusted codeword length and/or an adjusted quantity of non-zero elements in a codeword.

[0019] According to a second aspect, an uplink transmission method in random access is provided, including:

sending, by a network-side device, pilot signal parameter information to UE within a coverage area, where the pilot
signal parameter information is used to indicate a plurality of candidate pilot signals to the UE;
detecting, by the network-side device, a plurality of pilot signals on a time-frequency resource indicated by a sent
random access response message; and
decoding, by the network-side device after detecting the plurality of pilot signals and based on the plurality of detected
pilot signals, uplink user data sent by a plurality of user equipments UEs on the time-frequency resource.

[0020] With reference to the second aspect, in a first possible implementation, the decoding, by the network-side
device based on the plurality of detected pilot signals, uplink user data sent by a plurality of UEs on the time-frequency
resource includes:

performing, by the network-side device, uplink channel estimation based on each detected pilot signal, and deter-
mining a codebook corresponding to the pilot signal; and
decoding, by the network-side device based on an uplink channel estimation result and the determined codebook,
uplink user data corresponding to the pilot signal.

[0021] With reference to the first possible implementation of the second aspect, in second possible implementation,
before the detecting, by the network-side device, a plurality of pilot signals, the method further includes:
sending, by the network-side device, sparse code multiple access SCMA parameter information to the UE within the
coverage area, where the SCMA parameter information is used to indicate a plurality of candidate codebooks to the UE.
[0022] With reference to the second possible implementation of the second aspect, in a third possible implementation,
the SCMA parameter information includes parameter information used to indicate one or more of the following information:

a codeword length of each candidate codebook;
a quantity of non-zero elements in a codeword of each candidate codebook; or
a plurality of codeword quantities supported by each candidate codebook.

[0023] With reference to the second or the third possible implementation of the second aspect, in a fourth possible
implementation, the detecting, by the network-side device, a plurality of pilot signals on a time-frequency resource
indicated by a sent random access response message includes:

determining, by the network-side device according to a random access preamble used by the UE and from the
plurality of candidate codebooks indicated by the SCMA parameter information, at least one codebook corresponding
to the random access preamble, where a codebook quantity of the at least one codebook is less than a quantity of
the plurality of codebooks indicated by the SCMA parameter information; and
detecting, by the network-side device based on a pilot signal corresponding to each of the determined at least one
codebook, the plurality of pilot signals on the time-frequency resource indicated by the sent random access response
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message.

[0024] With reference to the second aspect, in a fifth possible implementation, the decoding, by the network-side
device based on the plurality of detected pilot signals, uplink user data sent by a plurality of UEs on the time-frequency
resource includes:
decoding, by the network-side device based on the plurality of detected pilot signals and in a multi-UE multiple-input
multiple-output MU-MIMO mode, the uplink user data sent by the plurality of UEs on the time-frequency resource.
[0025] With reference to any one of the second aspect, or the first to the fifth possible implementations of the second
aspect, in a sixth possible implementation, after the decoding, by the network-side device, uplink user data, the method
further includes:
sending, by the network-side device, feedback messages to the UEs on physical hybrid automatic repeat request indicator
channel PHICH resources corresponding to the plurality of detected pilot signals, where the feedback message is used
to feed back an ACK message indicating that the uplink user data of the UE is correctly received or a NACK message
indicating that the uplink user data of the UE is not correctly received.
[0026] With reference to any one of the second aspect, or the first to the sixth possible implementations of the second
aspect, in a seventh possible implementation, the plurality of UEs are in an idle state; and after the network-side device
successfully decodes the uplink user data sent by the plurality of UEs on the time-frequency resource, the method further
includes:
sending, by the network-side device, a contention resolution message to the plurality of UEs in the idle state, where the
contention resolution message includes indication information indicating that the uplink user data sent by the plurality
of UEs in the idle state is decoded successfully and a cell radio network temporary identifier C-RNTI allocated to each
UE in the idle state.
[0027] According to a third aspect, an uplink transmission apparatus in random access is provided, including:

a selection module, configured to: after a random access response message sent by a network-side device is
received, select a pilot signal from a plurality of pilot signals indicated by pilot signal parameter information sent by
the network-side device, and transmit the selected pilot signal to a sending module; and
the sending module, configured to send uplink user data and the selected pilot signal to the network-side device on
a time-frequency resource indicated by the random access response message.

[0028] With reference to the third aspect, in a first possible implementation, the selection module is further configured to:

before the sending module sends the uplink user data and the selected pilot signal to the network-side device, select
a codebook from a plurality of candidate codebooks indicated by sparse code multiple access SCMA parameter
information sent by the network-side device, and map the uplink user data to a codeword of the selected codebook;
and
the sending module is specifically configured to:
send, to the network-side device, the selected pilot signal and the uplink user data mapped to the codeword.

[0029] With reference to the first possible implementation of the third aspect, in a second possible implementation,
the selection module is specifically configured to:
select, from the plurality of pilot signals, a pilot signal corresponding to the selected codebook.
[0030] With reference to the first or the second possible implementation of the third aspect, in a third possible imple-
mentation, the selection module is specifically configured to:
determine, according to a random access preamble used by user equipment UE and from the plurality of candidate
codebooks indicated by the SCMA parameter information, at least one codebook corresponding to the random access
preamble, where a codebook quantity of the at least one codebook is less than a quantity of the plurality of codebooks
indicated by the SCMA parameter information; and select a codebook from the determined at least one codebook.
[0031] With reference to any one of the first to the third possible implementations of the third aspect, in a fourth possible
implementation, the selection module is specifically configured to:
determine, as the plurality of candidate codebooks indicated by the SCMA parameter information, a plurality of codebooks
that match a codeword length and a quantity of non-zero elements in a codeword that are indicated by the SCMA
parameter information.
[0032] With reference to any one of the first to the fourth possible implementations of the third aspect, in a fifth possible
implementation, the selection module is specifically configured to:
select, based on a size of the uplink user data, a codeword quantity from a plurality of codeword quantities supported
by each candidate codebook indicated by the SCMA parameter information; and map the uplink user data to the codeword
of the selected codebook based on the selected codebook and the selected codeword quantity.
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[0033] With reference to any one of the first to the fifth possible implementations of the third aspect, in a sixth possible
implementation, the apparatus further includes:

a detection module, configured to: after the sending module sends the uplink user data and the selected pilot signal
to the network-side device, detect a feedback message of the network-side device on a physical hybrid automatic
repeat request indicator channel PHICH resource corresponding to the selected pilot signal, where the feedback
message is used to feed back an ACK message indicating that the uplink user data of the UE is correctly received
or a NACK message indicating that the uplink user data of the UE is not correctly received; and
the sending module is further configured to:
retransmit the uplink user data after the detection module detects the non-acknowledgement NACK message.

[0034] With reference to the sixth possible implementation of the third aspect, in a seventh possible implementation,
the selected codebook is a first codebook, and the sending module is specifically configured to retransmit the uplink
user data in the following steps:
reselecting a second codebook different from the first codebook, mapping the uplink user data to a codeword of the
second codebook, and reselecting, from the plurality of pilot signals indicated by the pilot signal parameter information,
a pilot signal corresponding to the second codebook; and sending, to the network-side device on the time-frequency
resource indicated by the random access response message, the uplink user data mapped to the codeword of the
second codebook and the pilot signal corresponding to the second codebook.
[0035] With reference to the seventh possible implementation of the third aspect, in an eighth possible implementation,
the sending module is specifically configured to:

reselect, from a plurality of codebooks that match a codeword length and a quantity of non-zero elements in a
codeword that are corresponding to the first codebook, the second codebook different from the first codebook; or
adjust a codeword length and/or a quantity of non-zero elements in a codeword that are/is corresponding to the first
codebook, and reselect the second codebook from a plurality of codebooks that match an adjusted codeword length
and/or an adjusted quantity of non-zero elements in a codeword.

[0036] According to a fourth aspect, an uplink transmission apparatus in random access is provided, including:

a sending module, configured to send pilot signal parameter information to UE within a coverage area, where the
pilot signal parameter information is used to indicate a plurality of candidate pilot signals to the UE;
a detection module, configured to: detect a plurality of pilot signals on a time-frequency resource indicated by a sent
random access response message, and transmit a detection result to a decoding module; and
the decoding module, configured to: after the detection module detects the plurality of pilot signals, decode, based
on the plurality of detected pilot signals, uplink user data sent by a plurality of user equipments UEs on the time-
frequency resource.

[0037] With reference to the fourth aspect, in a first possible implementation, the decoding module is specifically
configured to:
perform uplink channel estimation based on each detected pilot signal, and determine a codebook corresponding to the
pilot signal; and decode, based on an uplink channel estimation result and the determined codebook, uplink user data
corresponding to the pilot signal.
[0038] With reference to the first possible implementation of the fourth aspect, in a second possible implementation,
the sending module is further configured to:
before the detection module detects the plurality of pilot signals, send sparse code multiple access SCMA parameter
information to the UE within the coverage area, where the SCMA parameter information is used to indicate a plurality
of candidate codebooks to the UE.
[0039] With reference to the second possible implementation of the fourth aspect, in a third possible implementation,
the SCMA parameter information includes parameter information used to indicate one or more of the following information:

a codeword length of each candidate codebook;
a quantity of non-zero elements in a codeword of each candidate codebook; or
a plurality of codeword quantities supported by each candidate codebook.

[0040] With reference to the second or the third possible implementation of the fourth aspect, in a fourth possible
implementation, the detection module is specifically configured to:
determine, according to a random access preamble used by the UE and from the plurality of candidate codebooks
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indicated by the SCMA parameter information, at least one codebook corresponding to the random access preamble,
where a codebook quantity of the at least one codebook is less than a quantity of the plurality of codebooks indicated
by the SCMA parameter information; and detect, based on a pilot signal corresponding to each of the determined at
least one codebook, the plurality of pilot signals on the time-frequency resource indicated by the sent random access
response message.
[0041] With reference to the fourth aspect, in a fifth possible implementation, the decoding module is specifically
configured to:
decode, based on the plurality of detected pilot signals and in a multi-UE multiple-input multiple-output MU-MIMO mode,
the uplink user data sent by the plurality of UEs on the time-frequency resource.
[0042] With reference to any one of the fourth aspect, or the first to the fifth possible implementations of the fourth
aspect, in a sixth possible implementation, the sending module is further configured to:
after the uplink user data is decoded, send feedback messages to the UEs on physical hybrid automatic repeat request
indicator channel PHICH resources corresponding to the plurality of detected pilot signals, where the feedback message
is used to feed back an ACK message indicating that the uplink user data of the UE is correctly received or a NACK
message indicating that the uplink user data of the UE is not correctly received.
[0043] With reference to any one of the fourth aspect, or the first to the sixth possible implementations of the fourth
aspect, in a seventh possible implementation, the plurality of UEs are in an idle state; and the sending module is further
configured to:
after the decoding module successfully decodes the uplink user data sent by the plurality of UEs on the time-frequency
resource, send a contention resolution message to the plurality of UEs in the idle state, where the contention resolution
message includes indication information indicating that the uplink user data sent by the plurality of UEs in the idle state
is decoded successfully and a cell radio network temporary identifier C-RNTI allocated to each UE in the idle state.
[0044] According to a fifth aspect, an uplink transmission device in random access is provided, including:

a processor, configured to: select, after determining that a random access response message sent by a network-
side device is received, a pilot signal from a plurality of pilot signals indicated by pilot signal parameter information
sent by a network-side device, and transmit the selected pilot signal and to-be-sent uplink user data to a transmitter;
and
the transmitter, configured to send, to the network-side device on a time-frequency resource indicated by the random
access response message, the uplink user data and the selected pilot signal that are transmitted by the processor.

[0045] With reference to the fifth aspect, in a first possible implementation, the processor is further configured to:

before the transmitter sends the uplink user data and the selected pilot signal to the network-side device, select a
codebook from a plurality of candidate codebooks indicated by sparse code multiple access SCMA parameter
information sent by the network-side device, and map the uplink user data to a codeword of the selected codebook;
and
the transmitter is specifically configured to:
send, to the network-side device, the uplink user data mapped by the processor to the codeword and the selected
pilot signal.

[0046] With reference to the first possible implementation of the fifth aspect, in a second possible implementation, the
processor is specifically configured to:
select, from the plurality of pilot signals, a pilot signal corresponding to the selected codebook.
[0047] With reference to the first or the second possible implementation of the fifth aspect, in a third possible imple-
mentation, the processor is specifically configured to:
determine, according to a random access preamble used by user equipment UE and from the plurality of candidate
codebooks indicated by the SCMA parameter information, at least one codebook corresponding to the random access
preamble, where a codebook quantity of the at least one codebook is less than a quantity of the plurality of codebooks
indicated by the SCMA parameter information; and select a codebook from the determined at least one codebook.
[0048] With reference to any one of the first to the third possible implementations of the fifth aspect, in a fourth possible
implementation, the processor is specifically configured to:
determine, as the plurality of candidate codebooks indicated by the SCMA parameter information, a plurality of codebooks
that match a codeword length and a quantity of non-zero elements in a codeword that are indicated by the SCMA
parameter information.
[0049] With reference to any one of the first to the fourth possible implementations of the fifth aspect, in a fifth possible
implementation, the processor is specifically configured to:
select, based on a size of the uplink user data, a codeword quantity from a plurality of codeword quantities supported
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by each candidate codebook indicated by the SCMA parameter information; and map the uplink user data to the codeword
of the selected codebook based on the selected codebook and the selected codeword quantity.
[0050] With reference to any one of the first to the fifth possible implementations of the fifth aspect, in a sixth possible
implementation, the device further includes:

a receiver, configured to: after the transmitter sends the uplink user data and the selected pilot signal to the network-
side device, detect a feedback message of the network-side device on a physical hybrid automatic repeat request
indicator channel PHICH resource corresponding to the selected pilot signal, where the feedback message is used
to feed back an ACK message indicating that the uplink user data of the UE is correctly received or a NACK message
indicating that the uplink user data of the UE is not correctly received; and
the transmitter is further configured to:
retransmit the uplink user data after the receiver detects the non-acknowledgement NACK message.

[0051] With reference to the sixth possible implementation of the fifth aspect, in a seventh possible implementation,
the selected codebook is a first codebook, and the transmitter is specifically configured to retransmit the uplink user data
in the following steps:
reselecting a second codebook different from the first codebook, mapping the uplink user data to a codeword of the
second codebook, and reselecting, from the plurality of pilot signals indicated by the pilot signal parameter information,
a pilot signal corresponding to the second codebook; and sending, to the network-side device on the time-frequency
resource indicated by the random access response message, the uplink user data mapped to the codeword of the
second codebook and the pilot signal corresponding to the second codebook.
[0052] With reference to the seventh possible implementation of the fifth aspect, in an eighth possible implementation,
the transmitter is specifically configured to:

reselect, from a plurality of codebooks that match a codeword length and a quantity of non-zero elements in a
codeword that are corresponding to the first codebook, the second codebook different from the first codebook; or
adjust a codeword length and/or a quantity of non-zero elements in a codeword that are/is corresponding to the first
codebook, and reselect the second codebook from a plurality of codebooks that match an adjusted codeword length
and/or an adjusted quantity of non-zero elements in a codeword.

[0053] According to a sixth aspect, an uplink transmission device in random access is provided, including:

a transmitter, configured to send pilot signal parameter information to UE within a coverage area, where the pilot
signal parameter information is used to indicate a plurality of candidate pilot signals to the UE;
a receiver, configured to: detect a plurality of pilot signals on a time-frequency resource indicated by a sent random
access response message, and transmit a detection result to a processor; and
the processor, configured to: after the receiver detects the plurality of pilot signals, decode, based on the plurality
of detected pilot signals, uplink user data sent by a plurality of user equipments UEs on the time-frequency resource.

[0054] With reference to the sixth aspect, in a first possible implementation, the processor is specifically configured to:
perform uplink channel estimation based on each detected pilot signal, and determine a codebook corresponding to the
pilot signal; and decode, based on an uplink channel estimation result and the determined codebook, uplink user data
corresponding to the pilot signal.
[0055] With reference to the first possible implementation of the sixth aspect, in a second possible implementation,
the transmitter is further configured to:
before the processor detects the plurality of pilot signals, send sparse code multiple access SCMA parameter information
to the UE within the coverage area, where the SCMA parameter information is used to indicate a plurality of candidate
codebooks to the UE.
[0056] With reference to the second possible implementation of the sixth aspect, in a third possible implementation,
the SCMA parameter information includes parameter information used to indicate one or more of the following information:

a codeword length of each candidate codebook;
a quantity of non-zero elements in a codeword of each candidate codebook; or
a plurality of codeword quantities supported by each candidate codebook.

[0057] With reference to the first or the third possible implementation of the sixth aspect, in a fourth possible imple-
mentation, the processor is specifically configured to:
determine, according to a random access preamble used by the UE and from the plurality of candidate codebooks
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indicated by the SCMA parameter information, at least one codebook corresponding to the random access preamble,
where a codebook quantity of the at least one codebook is less than a quantity of the plurality of codebooks indicated
by the SCMA parameter information; and detect, based on a pilot signal corresponding to each of the determined at
least one codebook, the plurality of pilot signals on the time-frequency resource indicated by the sent random access
response message.
[0058] With reference to the sixth aspect, in a fifth possible implementation, the processor is specifically configured to:
decode, based on the plurality of detected pilot signals and in a multi-UE multiple-input multiple-output MU-MIMO mode,
the uplink user data sent by the plurality of UEs on the time-frequency resource.
[0059] With reference to any one of the sixth aspect, or the first to the fifth possible implementations of the sixth aspect,
in a sixth possible implementation, the transmitter is further configured to:
after the uplink user data is decoded, send feedback messages to the UEs on physical hybrid automatic repeat request
indicator channel PHICH resources corresponding to the plurality of detected pilot signals, where the feedback message
is used to feed back an ACK message indicating that the uplink user data of the UE is correctly received or a NACK
message indicating that the uplink user data of the UE is not correctly received.
[0060] With reference to any one of the sixth aspect, or the first to the sixth possible implementations of the sixth
aspect, in a seventh possible implementation, the plurality of UEs are in an idle state; and the transmitter is further
configured to:
after the processor successfully decodes the uplink user data sent by the plurality of UEs on the time-frequency resource,
send a contention resolution message to the plurality of UEs in the idle state, where the contention resolution message
includes indication information indicating that the uplink user data sent by the plurality of UEs in the idle state is decoded
successfully and a cell radio network temporary identifier C-RNTI allocated to each UE in the idle state.
[0061] According to the method, the apparatus, or the device provided in any one of the foregoing aspects, the network-
side device can indicate the plurality of pilot signals to the UE in advance; and after receiving the random access response
message sent by the network-side device, the UE can select the pilot signal from the plurality of pilot signals, and send
the uplink user data and the selected pilot signal to the network-side device on the time-frequency resource indicated
by the random access response message. In this way, when a plurality of UEs send a same random access preamble
to a base station on a same random access resource, a probability that the plurality of UEs use different pilot signals in
msg3-s can be increased, so as to increase a success rate of contention-based random access procedures.

BRIEF DESCRIPTION OF DRAWINGS

[0062]

FIG. 1 is a schematic structural diagram of an uplink transmission system 10 in random access according to an
embodiment of the present invention;
FIG. 2 is a flowchart of an uplink transmission method in random access according to Embodiment 1 of the present
invention;
FIG. 3 is a flowchart of an uplink transmission method in random access according to Embodiment 2 of the present
invention;
FIG. 4 is a schematic diagram in which a plurality of UEs map, to codewords by using different codebooks, uplink
user data that is to be sent by the plurality of UEs, and send the codewords to a network-side device on a same
time-frequency resource;
FIG. 5(a) is a schematic diagram of a message format of a MAC message header in a prior msg4;
FIG. 5(b) is a schematic diagram of a message format of a MAC message body in a prior msg4;
FIG. 6(a) is a schematic diagram of a message format of the msg4 according to an embodiment of the present
invention;
FIG. 6(b) is a schematic diagram of a message body that is in the msg4 and corresponding to individual UE according
to an embodiment of the present invention;
FIG. 7 is a flowchart of an uplink transmission method in random access according to Embodiment 3 of the present
invention;
FIG. 8 is a schematic structural diagram of an uplink transmission apparatus in random access according to Em-
bodiment 4 of the present invention;
FIG. 9 is a schematic structural diagram of an uplink transmission apparatus in random access according to Em-
bodiment 5 of the present invention;
FIG. 10 is a schematic structural diagram of an uplink transmission device in random access according to Embodiment
6 of the present invention; and
FIG. 11 is a schematic structural diagram of an uplink transmission device in random access according to Embodiment
7 of the present invention.
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DESCRIPTION OF EMBODIMENTS

[0063] As shown in FIG. 1, FIG. 1 is a schematic structural diagram of an uplink transmission system 10 in random
access according to an embodiment of the present invention. The system 10 includes:

user equipment UE 11, configured to: after receiving a random access response message sent by a network-side
device 12, select a pilot signal from a plurality of pilot signals indicated by pilot signal parameter information sent
by the network-side device, and send uplink user data and the selected pilot signal to the network-side device on
a time-frequency resource indicated by the random access response message; and
the network-side device 12, configured to: send pilot signal parameter information to UE within a coverage area,
where the pilot signal parameter information is used to indicate a plurality of candidate pilot signals to the UE; detect
the plurality of pilot signals on the time-frequency resource indicated by the sent random access response message;
and decode, after detecting the plurality of pilot signals and based on the plurality of detected pilot signals, uplink
user data sent by a plurality of user equipments UEs on the time-frequency resource.

[0064] The following further details the embodiments of the present invention with reference to the accompanying
drawings in this specification.

Embodiment 1

[0065] As shown in FIG. 2, FIG. 2 is a flowchart of an uplink transmission method in random access according to
Embodiment 1 of the present invention. The method includes the following steps.
[0066] S201. After receiving a random access response message sent by a network-side device, UE selects a pilot
signal from a plurality of pilot signals indicated by pilot signal parameter information sent by the network-side device.
[0067] During specific implementation, when initiating random access, the UE sends a random access preamble to
the network-side device (which may be specifically a base station); after detecting the random access preamble, the
network-side device feeds back the random access response message; and after receiving the random access response
message, the UE sends uplink user data and a pilot signal (that is, a msg3). To reduce collisions and increase a random
access success rate, in this embodiment of the present invention, a plurality of pilot signals are allocated for the msg3,
and UE can select one of the plurality of pilot signals, as a pilot signal for the msg3.
[0068] Herein, the network-side device may send the pilot signal parameter information to the UE by using a broadcast
message or dedicated signaling. The pilot signal parameter information may include pilot signal configuration information
(including a cyclic shift, a time-domain extension code, and the like of each pilot signal) of the plurality of pilot signals
or pilot index numbers of the plurality of pilot signals. Each pilot index number is corresponding to one pilot signal. The
pilot signal parameter information may be a pilot index group number, and one pilot index group number is corresponding
to one group of pilot signals (for details, refer to descriptions of Embodiment 2).
[0069] S202. The UE sends uplink user data and the selected pilot signal to the network-side device on a time-frequency
resource indicated by the random access response message.
[0070] Herein, the UE sends, by adding the selected pilot signal and the uplink user data to the msg3, the selected
pilot signal and the uplink user data to the network-side device on a time-frequency resource indicated by a UL-grant in
the random access response message.
[0071] S203. The network-side device detects a plurality of pilot signals on the time-frequency resource indicated by
the sent random access response message.
[0072] S204. After detecting the plurality of pilot signals, the network-side device decodes, based on the plurality of
detected pilot signals, uplink user data sent by a plurality of user equipments UEs on the time-frequency resource.
[0073] During specific implementation, the network-side device performs blind pilot signal detection on the time-fre-
quency resource indicated by the random access response message to the UE; and if detecting only one pilot signal,
the network-side device may directly perform channel estimation based on the pilot signal, and decode, based on a
channel estimation result, the uplink user data received on the time-frequency resource. If a plurality of pilot signals are
detected, it indicates that the plurality of UEs have all sent uplink user data on the time-frequency resource, and the
network-side device may decode, by using a channel multiplexing technology, the uplink user data sent by the plurality
of UEs on the time-frequency resource. Herein, the channel multiplexing technology used by the network-side device
may be a sparse code multiple access (Sparse Code Multiple access, SCMA) technology or a multi-user multiple-input
multiple-output technology (Multi-User Multiple-input multiple-output, MU-MIMO). The following describes SCMA-based
uplink user data transmission in a random access procedure by using Embodiment 2 and describes MU-MIMO-based
uplink user data transmission in a random access procedure by using Embodiment 3.
[0074] Based on the foregoing description, it can be learned that sending the msg3 in a random access procedure is
improved in this embodiment of the present invention. The network-side device can indicate the plurality of pilot signals
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to the UE in advance, and when the UE needs to send the msg3, the UE can select, from the plurality of pilot signals,
a pilot signal to be carried in the msg3. In this way, even when a plurality of UEs send a same random access preamble
in msg1-s to a base station on a same random access resource, a probability that the plurality of UEs use different pilot
signals in msg3-s can still be increased, so as to increase a success rate of contention-based random access procedures.

Embodiment 2

[0075] As shown in FIG. 3, FIG. 3 is a flowchart of an uplink transmission method in random access according to
Embodiment 2 of the present invention. The method includes the following steps.
[0076] S301. After receiving a random access response message sent by a network-side device, UE selects a codebook
from a plurality of candidate codebooks indicated by SCMA parameter information sent by the network-side device, and
maps to-be-sent uplink user data to a codeword of the selected codebook; and selects, from a plurality of pilot signals
indicated by pilot signal parameter information sent by the network-side device, a pilot signal corresponding to the
selected codebook.
[0077] Herein, each codebook is corresponding to one or more pilot signals, and each pilot signal is corresponding to
one codebook.
[0078] In a specific implementation process, the network-side device may send, to the UE by using a broadcast
message or dedicated signaling, the SCMA parameter information indicating the plurality of candidate codebooks and
the pilot signal parameter information. The broadcast message may be specifically a master information block (Master
Information Block, MIB) message or a system information block (System Information Block, SIB) message. When the
SCMA parameter information and the pilot signal parameter information are sent in an MIB, 10 bits that are currently
idle in the MIB may be occupied. When the SCMA parameter information and the pilot signal parameter information are
sent in an SIB, a corresponding field may be added to the current SIB.
[0079] The following describes the SCMA parameter information and the pilot signal parameter information separately.

1. SCMA parameter information:

[0080] The SCMA parameter information may be an SCMA configuration index number, and each SCMA configuration
index number is corresponding to a known SCMA configuration. Alternatively, the SCMA parameter information may
include specific configuration information, for example, a codeword length K of each candidate codebook, a quantity N
of non-zero elements in a codeword of each candidate codebook, different codeword quantities supported by each
candidate codebook (for example, two codeword quantities M1 and M2 that are supported), as listed in Table 1.

[0081] For example, the SCMA parameter information sent by the network-side device indicates an SCMA configuration
index number of 0. In this case, an available SCMA configuration that can be obtained by UE receiving the SCMA
parameter information is as follows: A code length is 4, a quantity of non-zero elements in a codeword is 2, a quantity

of available codebooks is  and each codebook supports two codeword quantities: 4 and 8.

[0082] During specific implementation, the UE may determine, as the plurality of codebooks indicated by the SCMA
parameter information, a plurality of codebooks that mach the codeword length K and the quantity N of non-zero elements
in a codeword that are indicated by the SCMA parameter information (N<K). For example, a codeword length is 4, a
quantity of non-zero elements in a codeword is 2, and two element positions from four element positions are selected
as non-zero element positions. In this way, there are six selection manners in total, and each selection manner is
corresponding to one codebook.
[0083] Because each codeword is corresponding to one type of data bit combination, a codeword quantity of a codebook
is equal to types of data bit combinations, that is, different codeword quantities are corresponding to different data sizes.

Table 1

SCMA 
configuration 
index number

Codeword 
length K

Quantity N of non-zero 
elements in a 
codeword

Codebook 
quantity

Codeword 
quantity M1

Codeword 
quantity M2

0 4 2 6 4 8

1 6 2 15 4 8

2 6 3 20 4 8

3 8 2 28 8 16
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For example, for 2 bits of data, there are four data bit combinations, which are (1,0), (1,1), (0,0), and (1,1). To map the
2 bits of data to a codeword, a codebook needs to support a codeword quantity 4.
[0084] Based on the foregoing description, when mapping the to-be-sent uplink user data to the codeword of the
selected codebook, the UE may select, based on a size of the uplink user data, a codeword quantity from a plurality of
codeword quantities supported by each candidate codebook indicated by the SCMA parameter information, and map
the uplink user data to the codeword of the selected codebook based on the selected codebook and the selected
codeword quantity. As shown in FIG. 4, FIG. 4 is a schematic diagram in which a plurality of UEs map, to codewords
by using different codebooks, uplink user data that is to be sent by the plurality of UEs, and send the codewords to the
network-side device on a same time-frequency resource.
[0085] In such a manner in which each codebook supports different codeword quantities, based on the size of the to-
be-sent uplink user data, an actually required codeword quantity may be selected for mapping. In this way, uplink user
data of different sizes can be transmitted by using the different codeword quantities. The time-frequency resource
indicated by the random access response message by the network-side device may be a preset resource block (Resource
Block, RB) quantity. Therefore, there is no need to indicate different RB quantities to satisfy a transmission requirement
of the uplink user data of different sizes, and signaling overhead is reduced.
[0086] In an implementation, to reduce complexity of blind pilot signal detection by the network-side device in S203,
the random access preamble sent by the UE in the msg1 may be associated with an available codebook.
[0087] Specifically, the UE determines, according to the used random access preamble and from the plurality of
candidate codebooks indicated by the SCMA parameter information, at least one codebook corresponding to the random
access preamble, where a codebook quantity of the at least one codebook is less than a quantity of the plurality of
codebooks indicated by the SCMA parameter information; and select a codebook from the determined at least one
codebook.
[0088] In a specific implementation process, at least one codebook corresponding to each random access preamble
may be preconfigured in each SCMA configuration. After the network-side device sends an SCMA configuration index
number to the UE, the UE can determine, from a plurality of codebooks indicated by the SCMA configuration index
number, the at least one codebook corresponding to the random access preamble used by the UE.

2. Pilot signal parameter information:

[0089] Because the network-side device needs to perform uplink channel estimation before decoding the uplink user
data sent by the UE, in addition to the uplink user data, the msg3 sent by the UE to the network-side device needs to
carry a pilot signal. In Embodiment 2 of the present invention, the UE maps the uplink user data to the codeword of the
selected codebook based on the selected codebook. To enable the network-side device to decode the uplink user data
of the plurality of UEs correctly, each codebook needs to have a corresponding pilot signal. Each codebook may be
corresponding to one or more pilot signals, but each pilot signal is corresponding to only one codebook.
[0090] As listed in Table 2, to ensure channel estimation performance, during specific implementation, available pilot
signals may be divided into three groups according to a cyclic shift and a time-domain extension code of a pilot signal.
Each group has eight pilot signals, different groups of pilot signals use different cyclic shifts, and pilot signals in a same
group are corresponding to different cyclic shifts and/or time-domain extension codes. When an available pilot signal is
indicated to the UE, one of the three groups of pilot signals are indicated to the UE. In Table 2, pilot index numbers 0 to
7 are corresponding to a first group of pilot signals, pilot index numbers 8 to 15 are corresponding to a second group of
pilot signals, and pilot index number 16 to 23 are corresponding to a third group of pilot signals. During specific imple-
mentation, each pilot signal may have a pilot index group number, and the UE may be notified of only the pilot index
group number, to indicate to the UE that a group of pilot signals corresponding to the pilot index group number are
available pilot signals.
[0091] During specific implementation, a correspondence between a pilot signal and a codebook may be preconfigured
for each SCMA configuration. When a quantity of available codebooks is less than a quantity of available pilot signals
(for example, the quantity of available codebooks is 6, and the quantity of available pilot signals is 8) in any SCMA
configuration, different pilot signals may be corresponding to one codebook.

Table 2

Pilot index number Cyclic shift   Time-domain extension code ω (λ )(0) ω (λ )(1)

0 0 [1,1]

1 6 [1,1]

2 3 [1,1]
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[0092] S302. The UE sends, to the network-side device on a time-frequency resource indicated by the random access
response message, the selected pilot signal and the uplink user data mapped to the codeword.
[0093] Herein, the UE sends the msg3 on a time-frequency resource indicated by a UL-grant in the random access
response message. The msg3 carries the uplink user data mapped to the codeword and a pilot signal used to decode
the uplink user data.
[0094] S303. The network-side device detects a plurality of pilot signals on the time-frequency resource indicated by
the sent random access response message.
[0095] In a specific implementation process, the network-side device may perform, according to pilot signals corre-
sponding to the plurality of candidate codebooks indicated by the SCMA parameter information to the UE, blind pilot
signal detection on the time-frequency resource indicated by the random access response message.
[0096] It has been described in S301 that, to reduce the complexity of blind pilot signal detection, the random access
preamble used by the UE may be associated with a codebook. In each SCMA configuration, each random access
preamble is corresponding to a group of codebooks, and a codebook quantity of the group of codebooks is less than a
total codebook quantity in this SCMA configuration. The network-side device determines, according to the random access
preamble used by the UE and from the plurality of candidate codebooks indicated by the SCMA parameter information,
at least one codebook corresponding to the random access preamble, and detects, based on a pilot signal corresponding
to each of the determined at least one codebook, the pilot signals on the time-frequency resource indicated by the sent
random access response message.
[0097] S304. After detecting the plurality of pilot signals, the network-side device performs uplink channel estimation
based on each detected pilot signal, and determines a codebook corresponding to the pilot signal; and decodes, based
on an uplink channel estimation result and the determined codebook, uplink user data that is corresponding to the pilot
signal and that is received on the time-frequency resource.

(continued)

Pilot index number Cyclic shift   Time-domain extension code ω (λ )(0) ω (λ )(1)

3 9 [1,1]

4 0 [1,-1]

5 6 [1,-1]

6 3 [1,-1]

7 9 [1,-1]

8 2 [1,1]

9 8 [1,1]

10 5 [1,1]

11 11 [1,1]

12 2 [1,-1]

13 8 [1,-1]

14 5 [1,-1]

15 11 [1,-1]

16 4 [1,1]

17 10 [1,1]

18 7 [1,1]

19 1 [1,1]

20 4 [1,-1]

21 10 [1,-1]

22 7 [1,-1]

23 1 [1,-1]
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[0098] Herein, after detecting the plurality of pilot signals, the network-side device performs uplink channel estimation
on each pilot signal, and decodes, based on an uplink channel estimation result, uplink user data corresponding to the
pilot signal (uplink user data transmitted together with the pilot signal in the msg3), that is, detects, in the uplink user
data, a codeword of a codebook corresponding to the pilot signal.
[0099] During specific implementation, if the network-side device detects a plurality of pilot signals on a same time-
frequency resource indicated by a random access response message (that is, a msg2) to the UE, it indicates that a
plurality of UEs have sent uplink user data on the time-frequency resource. After successfully decoding the uplink user
data sent by the plurality of UEs, the network-side device may send a contention resolution message (a msg4) to the
plurality of UEs. When the plurality of UEs are UEs in an RRC connected state, a message structure of the msg4 does
not change. When the plurality of UEs include a plurality of UEs in an idle state, for the plurality of UEs in the idle state,
the msg4 needs to include indication information indicating that uplink user data sent by the plurality of UEs in the idle
state is decoded successfully. The indication information may be the uplink user data sent by the plurality of UEs in the
idle state. The msg4 further includes a cell radio network temporary identity (Cell-Radio Network Temporary Identity, C-
RNTI) allocated to each of the plurality of UEs in the idle state. Herein, the C-RNTIs allocated to the plurality of UEs in
the idle state are usually different from a temporary C-RNTI allocated in the msg2. Optionally, a C-RNTI that is the same
as the temporary C-RNTI indicated by the msg2 may be allocated to specific UE in the plurality of UEs in the idle state.
In this case, the C-RNTI of the UE may be indicated, in the msg4, to be the prior temporary C-RNTI. Alternatively, the
C-RNTI of the UE is not indicated by the msg4. In this case, the network-side device considers that the C-RNTI of the
UE is the prior temporary C-RNTI by default.
[0100] As shown in FIG. 5(a) and FIG. 5(b), FIG. 5(a) and FIG. 5(b) are schematic diagrams of message formats of
a Medium Access Control (Medium Access Control, MAC) message header and message body in a prior msg4, respec-
tively. The MAC message header of the msg4 includes a reserved bit (R), a message header end flag bit (E), and a
logical channel identifier that occupies one octet (Oct 1). The MAC message body of the msg4 is a CCCH-SDU, that is,
uplink user data added to the msg3 by UE: UE contention resolution identity (Contention Resolution Identity) is 48 bits
in total and occupies six octets (which are Oct 1 to Oct 6, respectively).
[0101] As shown in FIG. 6(a) and FIG. 6(b), FIG. 6(a) and FIG. 6(b) are, respectively, a schematic diagram of a
message format of a msg4 according to an embodiment of the present invention and a schematic diagram of a message
format of a message body that is in a msg4 and corresponding to individual UE. In the embodiments of the present
invention, the msg4 carries contention resolution messages of a plurality of UEs in an RRC idle state. This is equivalent
that contention resolution messages of individual UEs are combined together. An element setting of the MAC message
header is the same as an element setting of a MAC message header corresponding to individual UE. The MAC message
body (that is, a MAC payload) includes a MAC control element (Control element) for each UE, that is, includes message
body information for each UE. As shown in FIG. 6(b), in the message body information for each UE, compared with a
prior element setting, C-RNTI indication information needs to be added, adding 2 octets (Oct 7 and Oct 8).
[0102] A hybrid automatic repeat request (Hybrid Automatic Repeat request, HARQ) mechanism is enabled as follows:
[0103] In this embodiment of the present invention, a HARQ procedure may be supported for transmission of the
msg3. Specifically, the network-side device sends a feedback message to the UE on a physical hybrid automatic repeat
request indicator channel (Physical HARQ Indicator Channel, PHICH) resource corresponding to the detected pilot
signal. The feedback message is used to feed back an acknowledgement (ACK) message indicating that the uplink user
data of the UE is correctly received or a non-acknowledgement (NACK) message indicating that the uplink user data of
the UE is not correctly received. Correspondingly, after sending the uplink user data and the selected pilot signal to the
network-side device, the UE detects the feedback message of the network-side device on the PHICH resource corre-
sponding to the selected pilot signal. After detecting the ACK message, the UE may determine that the msg3 is sent
successfully, and prepare to receive the msg4; or after detecting the NACK message, retransmit the uplink user data.
[0104] Optionally, the selected codebook is a first codebook, and the retransmitting, by the UE, the uplink user data
includes:

reselecting, by the UE, a second codebook different from the first codebook, mapping the uplink user data to a
codeword of the second codebook, and reselecting, from the plurality of pilot signals indicated by the pilot signal
parameter information, a pilot signal corresponding to the second codebook; and
sending, to the network-side device on the time-frequency resource indicated by the random access response
message, the uplink user data mapped to the codeword of the second codebook and the pilot signal corresponding
to the second codebook.

[0105] Herein, there may be two manners for selecting the second codebook by the UE.
[0106] Manner 1: The codeword length K and the quantity N of non-zero elements in a codeword are not changed,
and only the codebook is changed.
[0107] In this manner, the UE reselects, from a plurality of codebooks that match a codeword length and a quantity
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of non-zero elements in a codeword that are corresponding to the first codebook, the second codebook different from
the first codebook.
[0108] In the manner 1, the UE does not change magnitudes of the used K and N, and selects the second codebook
in an SCMA configuration indicated by a prior SCMA configuration index number, as listed in Table 1. In this way, a
frequency-domain diversity effect can be obtained.
[0109] Manner 2: The codeword length K and/or the quantity N of non-zero elements in a codeword are/is changed.
[0110] In this manner, the UE adjusts a codeword length and/or a quantity of non-zero elements in a codeword that
are/is corresponding to the first codebook, and reselects the second codebook from a plurality of codebooks that match
an adjusted codeword length and/or an adjusted quantity of non-zero elements in a codeword.
[0111] In the manner 2, the UE may increase a value of K, a value of N, or values of K and N. An increase in the value
of K can obtain greater data sparsity and reduce a collision probability, whereas an increase in the value of N can obtain
a higher multidimensional codeword gain (also referred to as a spread spectrum gain).
[0112] In a specific implementation process, the network-side device may send HARQ parameter information to the
UE, to indicate a retransmission mode used by the UE. Specifically, the HARQ parameter information may be sent
together with the SCMA parameter information and the pilot parameter information. For example, 1 bit may be used as
a retransmission mode flag ReModeFlag. ReModeFlag=0 may indicate that the UE is to use the manner 1, that is, to
change only the used codebook but not the values of K and N. ReModeFlag=1 may indicate that the UE is to use the
manner 2, that is, to adjust the values of K and N. A specific rule of changing the values of K and N may be preset. For
example, the values of K and N may be changed based on descending order of SCMA configuration index numbers.
For example, an SCMA configuration index number corresponding to an SCMA configuration used for transmission that
last fails is 0. In this case, an SCMA configuration corresponding to an SCMA configuration index number of 1 is used
for this retransmission, as listed in Table 1.
[0113] By using Embodiment 2 of the present invention, each UE randomly selects a codebook from available code-
books and maps the to-be-sent uplink user data to a codeword, selects a pilot signal corresponding to the selected
codebook, and sends the uplink user data mapped to the codeword and the pilot signal together to the network-side
device by adding the uplink user data and the pilot signal to a msg3. After detecting a plurality of pilot signals, the network-
side device decodes, based on a codebook corresponding to each pilot signal, uplink user data corresponding to the
pilot signal. This improves a capability of detecting msg3-s sent by a plurality of UEs on a same time-frequency resource,
and further improves a random access success rate.
[0114] In addition, in Embodiment 2 of the present invention, each codebook may support different codeword quantities,
and the UE may select a codeword quantity according to a size of uplink user data that needs to be transmitted in the
msg3. In this way, an indication of an RB quantity in a UL-grant in the msg2 by the network-side device can be reduced,
and signaling overhead is reduced.
[0115] In addition, the HARQ mechanism may be supported in Embodiment 2 of the present invention. During retrans-
mission, the UE may not change the codeword length K and the quantity N of non-zero elements, and change only the
used codebook. In this way, a frequency-domain diversity gain can be obtained. Alternatively, the UE may increase a
magnitude/magnitudes of the codeword length K and/or the quantity N of non-zero elements, to achieve a smaller
collision probability and/or a higher multidimensional codeword gain and improve system transmission performance.

Embodiment 3

[0116] As shown in FIG. 7, FIG. 7 is a flowchart of an uplink transmission method in random access according to
Embodiment 3 of the present invention. In this embodiment, msg3-s sent by a plurality of UEs on a same time-frequency
resource are detected by using an MU-MIMO technology. The method includes the following steps.
[0117] S701. After receiving a random access response message sent by a network-side device, UE selects a pilot
signal from a plurality of pilot signals indicated by pilot signal parameter information sent by the network-side device.
[0118] During specific implementation, the network-side device may send the pilot signal parameter information to UE
within a coverage area by using a broadcast message or dedicated signaling. For an implementation form of the pilot
signal parameter information, refer to the descriptions of Embodiment 2. For example, a pilot index group number is
used to indicate that the UE is capable of using a group of pilot signals. Details are not described herein again. After
receiving the msg2, the UE randomly selects, from the plurality of pilot signals indicated by the network-side device, a
pilot signal as a pilot signal carried in the msg3.
[0119] S702. The UE sends uplink user data and the selected pilot signal to the network-side device on a time-frequency
resource indicated by the random access response message.
[0120] Herein, the UE sends the msg3 to the network-side device. The msg3 carries the uplink user data and a pilot
signal used for the network-side device to perform uplink channel estimation.
[0121] S703. The network-side device detects a plurality of pilot signals on the time-frequency resource indicated by
the sent random access response message.
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[0122] In this step, the network-side device performs blind pilot signal detection on the time-frequency resource indi-
cated by the random access response message. Specifically, the network-side device may sequentially detect, based
on a group of pilot signals sent to the UE, whether a pilot signal in the group of pilot signals exists in the msg3.
[0123] Optionally, a random access preamble used by the UE may be associated with a pilot signal that may be used
by the UE. In this way, only a pilot signal associated with a previously received random access preamble needs to be
detected when blind pilot signal detection is performed. For example, a correspondence between each random access
preamble and a pilot signal set may be specified. A quantity of pilot signals in the pilot signal set is less than a quantity
of pilot signals indicated by the sent pilot signal parameter information. During specific implementation, the correspond-
ence between each random access preamble and a pilot signal set (including some pilot signals in the group of pilot
signals) may be specified for each group of pilot signals listed in Table 2.
[0124] S704. After detecting the plurality of pilot signals, the network-side device decodes, based on the plurality of
detected pilot signals and in an MU-MIMO mode, uplink user data sent by a plurality of UEs on the time-frequency resource.
[0125] In a specific implementation process, the network-side device may detect one or more pilot signals. If detecting
only one pilot signal, the network-side device may directly perform uplink channel estimation based on the pilot signal,
and decode, based on an uplink channel estimation result, uplink user data corresponding to the pilot signal. If detecting
a plurality of pilot signals, the network-side device performs decoding in the MU-MIMO mode.
[0126] In Embodiment 3, a HARQ procedure may also be supported. Specifically, the network-side device sends a
feedback message to the UE on a PHICH resource corresponding to a detected pilot signal. The feedback message is
used to indicate whether the uplink user data is transmitted successfully. Correspondingly, after sending the uplink user
data and the selected pilot signal to the network-side device, the UE detects the feedback message of the network-side
device on a PHICH resource corresponding to the selected pilot signal; and retransmits the uplink user data after detecting
a NACK message. In this case, the UE may reselect a pilot signal from available pilot signals and initiate retransmission.
[0127] Optionally, the plurality of UEs are in an idle state; and after the network-side device successfully decodes the
uplink user data sent by the plurality of UEs on the time-frequency resource, the method further includes:
sending, by the network-side device, a contention resolution message to the plurality of UEs in the idle state, where the
contention resolution message includes indication information indicating that the uplink user data sent by the plurality
of UEs in the idle state is decoded successfully and a cell radio network temporary identifier C-RNTI allocated to each
UE in the idle state.
[0128] During specific implementation, when the network-side device detects, in the msg3, data of the plurality of UEs
in an RRC idle state, the network-side device needs to add, to the msg4 sent to the plurality of UEs in the idle state, the
indication information indicating that the uplink user data sent by the plurality of UEs in the idle state is decoded suc-
cessfully and the C-RNTI allocated to each UE in the idle state. The indication information may be a CCCH SDU of the
plurality of UEs in the idle state. That is, in this embodiment of the present invention, a MAC message format of the
msg4 is changed, and the msg4 no longer includes only data of individual UE. This design manner is not limited to the
foregoing SCMA or MU-MIMO multiplexing manner. After msg3 data of the plurality of UEs in the idle state is detected
by using another multiplexing manner, this msg4 message format may also be used.
[0129] By using Embodiment 3 of the present invention, a probability that the plurality of UEs use different pilot signals
in msg3-s is increased. After detecting the plurality of pilot signals, the network-side device may decode, based on the
plurality of detected pilot signals and in the MU-MIMO mode, the uplink user data sent by the plurality of UEs on the
same time-frequency resource. Therefore, a success rate of random access procedures can be increased.
[0130] Based on the same inventive concept, an embodiment of the present invention further provides an uplink
transmission apparatus in random access corresponding to the uplink transmission method in random access. Because
a principle of resolving a problem by the apparatus is similar to that of the uplink transmission method in random access
in the embodiments of the present invention, for implementation of the apparatus, refer to the implementation of the
method. Repeated information is omitted herein.

Embodiment 4

[0131] As shown in FIG. 8, FIG. 8 is a schematic structural diagram of an uplink transmission apparatus in random
access according to Embodiment 4 of the present invention. The apparatus includes:

a selection module 81, configured to: after a random access response message sent by a network-side device is
received, select a pilot signal from a plurality of pilot signals indicated by pilot signal parameter information sent by
the network-side device, and transmit the selected pilot signal to a sending module 82; and
the sending module 82, configured to send uplink user data and the selected pilot signal to the network-side device
on a time-frequency resource indicated by the random access response message.

[0132] Optionally, the selection module 81 is further configured to:
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before the sending module 82 sends the uplink user data and the selected pilot signal to the network-side device,
select a codebook from a plurality of candidate codebooks indicated by sparse code multiple access SCMA parameter
information sent by the network-side device, and map the uplink user data to a codeword of the selected codebook;
and
the sending module 82 is specifically configured to:
send, to the network-side device, the selected pilot signal and the uplink user data mapped to the codeword.

[0133] Optionally, the selection module 81 is specifically configured to:
select, from the plurality of pilot signals, a pilot signal corresponding to the selected codebook.
[0134] Optionally, the selection module 81 is specifically configured to:
determine, according to a random access preamble used by user equipment UE and from the plurality of candidate
codebooks indicated by the SCMA parameter information, at least one codebook corresponding to the random access
preamble, where a codebook quantity of the at least one codebook is less than a quantity of the plurality of codebooks
indicated by the SCMA parameter information; and select a codebook from the determined at least one codebook.
[0135] Optionally, the selection module 81 is specifically configured to:
determine, as the plurality of candidate codebooks indicated by the SCMA parameter information, a plurality of codebooks
that match a codeword length and a quantity of non-zero elements in a codeword that are indicated by the SCMA
parameter information.
[0136] Optionally, the selection module 81 is specifically configured to:
select, based on a size of the uplink user data, a codeword quantity from a plurality of codeword quantities supported
by each candidate codebook indicated by the SCMA parameter information; and map the uplink user data to the codeword
of the selected codebook based on the selected codebook and the selected codeword quantity.
[0137] Optionally, the apparatus further includes:

a detection module 83, configured to: after the sending module 82 sends the uplink user data and the selected pilot
signal to the network-side device, detect a feedback message of the network-side device on a physical hybrid
automatic repeat request indicator channel PHICH resource corresponding to the selected pilot signal, where the
feedback message is used to feed back an ACK message indicating that the uplink user data of the UE is correctly
received or a NACK message indicating that the uplink user data of the UE is not correctly received; and
the sending module 82 is further configured to:
retransmit the uplink user data after the detection module 83 detects the non-acknowledgement NACK message.

[0138] Optionally, the selected codebook is a first codebook, and the sending module 82 is specifically configured to
retransmit the uplink user data in the following steps:
reselecting a second codebook different from the first codebook, mapping the uplink user data to a codeword of the
second codebook, and reselecting, from the plurality of pilot signals indicated by the pilot signal parameter information,
a pilot signal corresponding to the second codebook; and sending, to the network-side device on the time-frequency
resource indicated by the random access response message, the uplink user data mapped to the codeword of the
second codebook and the pilot signal corresponding to the second codebook.
[0139] Optionally, the sending module 82 is specifically configured to:

reselect, from a plurality of codebooks that match a codeword length and a quantity of non-zero elements in a
codeword that are corresponding to the first codebook, the second codebook different from the first codebook; or
adjust a codeword length and/or a quantity of non-zero elements in a codeword that are/is corresponding to the first
codebook, and reselect the second codebook from a plurality of codebooks that match an adjusted codeword length
and/or an adjusted quantity of non-zero elements in a codeword.

Embodiment 5

[0140] As shown in FIG. 9, FIG. 9 is a schematic structural diagram of an uplink transmission apparatus in random
access according to Embodiment 5 of the present invention. The apparatus includes:

a sending module 91, configured to send pilot signal parameter information to UE within a coverage area, where
the pilot signal parameter information is used to indicate a plurality of candidate pilot signals to the UE;
a detection module 92, configured to: detect a plurality of pilot signals on a time-frequency resource indicated by a
sent random access response message, and transmit a detection result to a decoding module 93; and
the decoding module 93, configured to: after the detection module 92 detects the plurality of pilot signals, decode,
based on the plurality of detected pilot signals, uplink user data sent by a plurality of user equipments UEs on the
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time-frequency resource.

[0141] Optionally, the decoding module 93 is specifically configured to:
perform uplink channel estimation based on each detected pilot signal, and determine a codebook corresponding to the
pilot signal; and decode, based on an uplink channel estimation result and the determined codebook, uplink user data
corresponding to the pilot signal.
[0142] Optionally, the sending module 91 is further configured to:
before the detection module 92 detects the plurality of pilot signals, send sparse code multiple access SCMA parameter
information to the UE within the coverage area, where the SCMA parameter information is used to indicate a plurality
of candidate codebooks to the UE.
[0143] Optionally, the SCMA parameter information includes parameter information used to indicate one or more of
the following information:

a codeword length of each candidate codebook;
a quantity of non-zero elements in a codeword of each candidate codebook; or
a plurality of codeword quantities supported by each candidate codebook.

[0144] Optionally, the detection module 92 is specifically configured to:
determine, according to a random access preamble used by the UE and from the plurality of candidate codebooks
indicated by the SCMA parameter information, at least one codebook corresponding to the random access preamble,
where a codebook quantity of the at least one codebook is less than a quantity of the plurality of codebooks indicated
by the SCMA parameter information; and detect, based on a pilot signal corresponding to each of the determined at
least one codebook, the plurality of pilot signals on the time-frequency resource indicated by the sent random access
response message.
[0145] Optionally, the decoding module 93 is specifically configured to:
decode, based on the plurality of detected pilot signals and in a multi-UE multiple-input multiple-output MU-MIMO mode,
the uplink user data sent by the plurality of UEs on the time-frequency resource.
[0146] Optionally, the sending module 91 is further configured to:
after the uplink user data is decoded, send feedback messages to the UEs on physical hybrid automatic repeat request
indicator channel PHICH resources corresponding to the plurality of detected pilot signals, where the feedback message
is used to feed back an ACK message indicating that the uplink user data of the UE is correctly received or a NACK
message indicating that the uplink user data of the UE is not correctly received.
[0147] Optionally, the plurality of UEs are in an idle state; and the sending module 91 is further configured to:
after the decoding module 93 successfully decodes the uplink user data sent by the plurality of UEs on the time-frequency
resource, send a contention resolution message to the plurality of UEs in the idle state, where the contention resolution
message includes indication information indicating that the uplink user data sent by the plurality of UEs in the idle state
is decoded successfully and a cell radio network temporary identifier C-RNTI allocated to each UE in the idle state.

Embodiment 6

[0148] As shown in FIG. 10, FIG. 10 is a schematic structural diagram of an uplink transmission device in random
access according to Embodiment 6 of the present invention. The device includes:

a processor 101, configured to: select, after determining that a random access response message sent by a network-
side device is received, a pilot signal from a plurality of pilot signals indicated by pilot signal parameter information
sent by a network-side device, and transmit the selected pilot signal and to-be-sent uplink user data to a transmitter
102; and
the transmitter 102, configured to send, to the network-side device on a time-frequency resource indicated by the
random access response message, the uplink user data and the selected pilot signal that are transmitted by the
processor.

[0149] Optionally, the processor 101 is further configured to:

before the transmitter 102 sends the uplink user data and the selected pilot signal to the network-side device, select
a codebook from a plurality of candidate codebooks indicated by sparse code multiple access SCMA parameter
information sent by the network-side device, and map the uplink user data to a codeword of the selected codebook;
and
the transmitter 102 is specifically configured to:
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send, to the network-side device, the uplink user data mapped by the processor 101 to the codeword and the selected
pilot signal.

[0150] Optionally, the processor 101 is specifically configured to:
select, from the plurality of pilot signals, a pilot signal corresponding to the selected codebook.
[0151] Optionally, the processor 101 is specifically configured to:
determine, according to a random access preamble used by user equipment UE and from the plurality of candidate
codebooks indicated by the SCMA parameter information, at least one codebook corresponding to the random access
preamble, where a codebook quantity of the at least one codebook is less than a quantity of the plurality of codebooks
indicated by the SCMA parameter information; and select a codebook from the determined at least one codebook.
[0152] Optionally, the processor 101 is specifically configured to:
determine, as the plurality of candidate codebooks indicated by the SCMA parameter information, a plurality of codebooks
that match a codeword length and a quantity of non-zero elements in a codeword that are indicated by the SCMA
parameter information.
[0153] Optionally, the processor 101 is specifically configured to:
select, based on a size of the uplink user data, a codeword quantity from a plurality of codeword quantities supported
by each candidate codebook indicated by the SCMA parameter information; and map the uplink user data to the codeword
of the selected codebook based on the selected codebook and the selected codeword quantity.
[0154] Optionally, the device further includes:

a receiver 103, configured to: after the transmitter 102 sends the uplink user data and the selected pilot signal to
the network-side device, detect a feedback message of the network-side device on a physical hybrid automatic
repeat request indicator channel PHICH resource corresponding to the selected pilot signal, where the feedback
message is used to feed back an ACK message indicating that the uplink user data of the UE is correctly received
or a NACK message indicating that the uplink user data of the UE is not correctly received; and
the transmitter 102 is further configured to:
retransmit the uplink user data after the receiver 103 detects the non-acknowledgement NACK message.

[0155] Optionally, the selected codebook is a first codebook, and the transmitter 102 is specifically configured to
retransmit the uplink user data in the following steps:
reselecting a second codebook different from the first codebook, mapping the uplink user data to a codeword of the
second codebook, and reselecting, from the plurality of pilot signals indicated by the pilot signal parameter information,
a pilot signal corresponding to the second codebook; and sending, to the network-side device on the time-frequency
resource indicated by the random access response message, the uplink user data mapped to the codeword of the
second codebook and the pilot signal corresponding to the second codebook.
[0156] Optionally, the transmitter 102 is specifically configured to:

reselect, from a plurality of codebooks that match a codeword length and a quantity of non-zero elements in a
codeword that are corresponding to the first codebook, the second codebook different from the first codebook; or
adjust a codeword length and/or a quantity of non-zero elements in a codeword that are/is corresponding to the first
codebook, and reselect the second codebook from a plurality of codebooks that match an adjusted codeword length
and/or an adjusted quantity of non-zero elements in a codeword.

Embodiment 7

[0157] As shown in FIG. 11, FIG. 11 is a schematic structural diagram of an uplink transmission device in random
access according to Embodiment 7 of the present invention. The device includes:

a transmitter 111, configured to send pilot signal parameter information to UE within a coverage area, where the
pilot signal parameter information is used to indicate a plurality of candidate pilot signals to the UE;
a receiver 112, configured to: detect a plurality of pilot signals on a time-frequency resource indicated by a random
access response message sent by the transmitter 111, and transmit a detection result to a processor 113; and
the processor 113, configured to: after the receiver 112 detects the plurality of pilot signals, decode, based on the
plurality of detected pilot signals, uplink user data sent by a plurality of user equipments UEs on the time-frequency
resource.

[0158] Optionally, the processor 113 is specifically configured to:
perform uplink channel estimation based on each detected pilot signal, and determine a codebook corresponding to the
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pilot signal; and decode, based on an uplink channel estimation result and the determined codebook, uplink user data
corresponding to the pilot signal.
[0159] Optionally, the transmitter 111 is further configured to:
before the processor 113 detects the plurality of pilot signals, send sparse code multiple access SCMA parameter
information to the UE within the coverage area, where the SCMA parameter information is used to indicate a plurality
of candidate codebooks to the UE.
[0160] Optionally, the SCMA parameter information includes parameter information used to indicate one or more of
the following information:

a codeword length of each candidate codebook;
a quantity of non-zero elements in a codeword of each candidate codebook; or
a plurality of codeword quantities supported by each candidate codebook.

[0161] Optionally, the processor 113 is specifically configured to:
determine, according to a random access preamble used by the UE and from the plurality of candidate codebooks
indicated by the SCMA parameter information, at least one codebook corresponding to the random access preamble,
where a codebook quantity of the at least one codebook is less than a quantity of the plurality of codebooks indicated
by the SCMA parameter information; and detect, based on a pilot signal corresponding to each of the determined at
least one codebook, the plurality of pilot signals on the time-frequency resource indicated by the sent random access
response message.
[0162] Optionally, the processor 113 is specifically configured to:
decode, based on the plurality of detected pilot signals and in a multi-UE multiple-input multiple-output MU-MIMO mode,
the uplink user data sent by the plurality of UEs on the time-frequency resource.
[0163] Optionally, the transmitter 111 is further configured to:
after the uplink user data is decoded, send feedback messages to the UEs on physical hybrid automatic repeat request
indicator channel PHICH resources corresponding to the plurality of detected pilot signals, where the feedback message
is used to feed back an ACK message indicating that the uplink user data of the UE is correctly received or a NACK
message indicating that the uplink user data of the UE is not correctly received.
[0164] Optionally, the plurality of UEs are in an idle state; and the transmitter 111 is further configured to:
after the processor 113 successfully decodes the uplink user data sent by the plurality of UEs on the time-frequency
resource, send a contention resolution message to the plurality of UEs in the idle state, where the contention resolution
message includes indication information indicating that the uplink user data sent by the plurality of UEs in the idle state
is decoded successfully and a cell radio network temporary identifier C-RNTI allocated to each UE in the idle state.
[0165] Persons skilled in the art should understand that the embodiments of the present invention may be provided
as a method, a system, or a computer program product. Therefore, the present invention may use a form of hardware
only embodiments, software only embodiments, or embodiments with a combination of software and hardware. Moreover,
the present invention may use a form of a computer program product that is implemented on one or more computer-
usable storage media (including but not limited to a disk memory, a CD-ROM, an optical memory, and the like) that
include computer-usable program code.
[0166] The present invention is described with reference to the flowcharts and/or block diagrams of the method, the
apparatus (system), and the computer program product according to the embodiments of the present invention. It should
be understood that computer program instructions may be used to implement each process and/or each block in the
flowcharts and/or the block diagrams and a combination of a process and/or a block in the flowcharts and/or the block
diagrams. These computer program instructions may be provided for a general-purpose computer, a dedicated computer,
an embedded processor, or a processor of any other programmable data processing device to generate a machine, so
that the instructions executed by a computer or a processor of any other programmable data processing device generate
an apparatus for implementing a specific function in one or more processes in the flowcharts and/or in one or more
blocks in the block diagrams.
[0167] These computer program instructions may be stored in a computer readable memory that can instruct the
computer or another programmable data processing device to work in a specific manner, so that the instructions stored
in the computer readable memory generate an artifact that includes an instruction apparatus. The instruction apparatus
implements a specific function in one or more processes in the flowcharts and/or in one or more blocks in the block
diagrams.
[0168] These computer program instructions may be loaded onto a computer or another programmable data processing
device, so that a series of operations and steps are performed on the computer or the another programmable device,
thereby generating computer-implemented processing. Therefore, the instructions executed on the computer or the
another programmable device provide steps for implementing a specific function in one or more processes in the flow-
charts and/or in one or more blocks in the block diagrams.
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[0169] Although some preferred embodiments of the present invention have been described, persons skilled in the
art can make changes and modifications to these embodiments once they learn the basic inventive concept. Therefore,
the following claims are intended to be construed as to cover the preferred embodiments and all changes and modifications
falling within the scope of the present invention.
[0170] Obviously, persons skilled in the art can make various modifications and variations to the present invention
without departing from the spirit and scope of the present invention. The present invention is intended to cover these
modifications and variations provided that they fall within the scope of protection defined by the following claims and
their equivalent technologies.

Claims

1. An uplink transmission method in random access, wherein the method comprises:

selecting, by user equipment UE after receiving a random access response message sent by a network-side
device, a pilot signal from a plurality of pilot signals indicated by pilot signal parameter information sent by the
network-side device; and
sending, by the UE, uplink user data and the selected pilot signal to the network-side device on a time-frequency
resource indicated by the random access response message.

2. The method according to claim 1, wherein before the sending, by the UE, uplink user data and the selected pilot
signal to the network-side device, the method further comprises:

selecting, by the UE, a codebook from a plurality of candidate codebooks indicated by sparse code multiple
access SCMA parameter information sent by the network-side device, and mapping the uplink user data to a
codeword of the selected codebook; and
the sending, by the UE, uplink user data and the selected pilot signal to the network-side device comprises:
sending, by the UE to the network-side device, the selected pilot signal and the uplink user data mapped to the
codeword.

3. The method according to claim 2, wherein the selecting, by UE, a pilot signal from a plurality of pilot signals indicated
by pilot signal parameter information sent by the network-side device comprises:
selecting, by the UE from the plurality of pilot signals, a pilot signal corresponding to the selected codebook.

4. The method according to claim 2 or 3, wherein the selecting, by the UE, a codebook from a plurality of candidate
codebooks indicated by SCMA parameter information sent by the network-side device comprises:

determining, by the UE according to a used random access preamble and from the plurality of candidate code-
books indicated by the SCMA parameter information, at least one codebook corresponding to the random
access preamble, wherein a codebook quantity of the at least one codebook is less than a quantity of the plurality
of codebooks indicated by the SCMA parameter information; and
selecting, by the UE, a codebook from the determined at least one codebook.

5. The method according to any one of claims 2 to 4, wherein determining, by the UE, the plurality of candidate
codebooks indicated by the SCMA parameter information sent by the network-side device comprises:
determining, by the UE as the plurality of candidate codebooks indicated by the SCMA parameter information, a
plurality of codebooks that match a codeword length and a quantity of non-zero elements in a codeword that are
indicated by the SCMA parameter information.

6. The method according to any one of claims 2 to 5, wherein the mapping, by the UE, the uplink user data to a
codeword of the selected codebook comprises:

selecting, by the UE based on a size of the uplink user data, a codeword quantity from a plurality of codeword
quantities supported by each candidate codebook indicated by the SCMA parameter information; and
mapping, by the UE, the uplink user data to the codeword of the selected codebook based on the selected
codebook and the selected codeword quantity.

7. The method according to any one of claims 2 to 6, wherein after the sending, by the UE, uplink user data and the



EP 3 328 149 A1

22

5

10

15

20

25

30

35

40

45

50

55

selected pilot signal to the network-side device, the method further comprises:

detecting, by the UE, a feedback message of the network-side device on a physical hybrid automatic repeat
request indicator channel PHICH resource corresponding to the selected pilot signal, wherein the feedback
message is used to feed back an ACK message indicating that the uplink user data of the UE is correctly
received or a NACK message indicating that the uplink user data of the UE is not correctly received; and
retransmitting, by the UE, the uplink user data after detecting the non-acknowledgement NACK message.

8. The method according to claim 7, wherein the selected codebook is a first codebook, and the retransmitting, by the
UE, the uplink user data comprises:

reselecting, by the UE, a second codebook different from the first codebook, mapping the uplink user data to
a codeword of the second codebook, and reselecting, from the plurality of pilot signals indicated by the pilot
signal parameter information, a pilot signal corresponding to the second codebook; and
sending, to the network-side device on the time-frequency resource indicated by the random access response
message, the uplink user data mapped to the codeword of the second codebook and the pilot signal corre-
sponding to the second codebook.

9. The method according to claim 8, wherein the reselecting, by the UE, a second codebook different from the first
codebook comprises:

reselecting, by the UE from a plurality of codebooks that match a codeword length and a quantity of non-zero
elements in a codeword that are corresponding to the first codebook, the second codebook different from the
first codebook; or
adjusting, by the UE, a codeword length and/or a quantity of non-zero elements in a codeword that are/is
corresponding to the first codebook, and reselecting the second codebook from a plurality of codebooks that
match an adjusted codeword length and/or an adjusted quantity of non-zero elements in a codeword.

10. An uplink transmission method in random access, wherein the method comprises:

sending, by a network-side device, pilot signal parameter information to UE within a coverage area, wherein
the pilot signal parameter information is used to indicate a plurality of candidate pilot signals to the UE;
detecting, by the network-side device, a plurality of pilot signals on a time-frequency resource indicated by a
sent random access response message; and
decoding, by the network-side device after detecting the plurality of pilot signals and based on the plurality of
detected pilot signals, uplink user data sent by a plurality of user equipments UEs on the time-frequency resource.

11. The method according to claim 10, wherein the decoding, by the network-side device based on the plurality of
detected pilot signals, uplink user data sent by a plurality of UEs on the time-frequency resource comprises:

performing, by the network-side device, uplink channel estimation based on each detected pilot signal, and
determining a codebook corresponding to the pilot signal; and
decoding, by the network-side device based on an uplink channel estimation result and the determined codebook,
uplink user data corresponding to the pilot signal.

12. The method according to claim 11, wherein before the detecting, by the network-side device, a plurality of pilot
signals, the method further comprises:
sending, by the network-side device, sparse code multiple access SCMA parameter information to the UE within
the coverage area, wherein the SCMA parameter information is used to indicate a plurality of candidate codebooks
to the UE.

13. The method according to claim 12, wherein the SCMA parameter information comprises parameter information used
to indicate one or more of the following information:

a codeword length of each candidate codebook;
a quantity of non-zero elements in a codeword of each candidate codebook; or
a plurality of codeword quantities supported by each candidate codebook.
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14. The method according to claim 12 or 13, wherein the detecting, by the network-side device, a plurality of pilot signals
on a time-frequency resource indicated by a sent random access response message comprises:

determining, by the network-side device according to a random access preamble used by the UE and from the
plurality of candidate codebooks indicated by the SCMA parameter information, at least one codebook corre-
sponding to the random access preamble, wherein a codebook quantity of the at least one codebook is less
than a quantity of the plurality of codebooks indicated by the SCMA parameter information; and
detecting, by the network-side device based on a pilot signal corresponding to each of the determined at least
one codebook, the plurality of pilot signals on the time-frequency resource indicated by the sent random access
response message.

15. The method according to claim 10, wherein the decoding, by the network-side device based on the plurality of
detected pilot signals, uplink user data sent by a plurality of UEs on the time-frequency resource comprises:
decoding, by the network-side device based on the plurality of detected pilot signals and in a multi-UE multiple-input
multiple-output MU-MIMO mode, the uplink user data sent by the plurality of UEs on the time-frequency resource.

16. The method according to any one of claims 10 to 15, wherein after the decoding, by the network-side device, uplink
user data, the method further comprises:
sending, by the network-side device, feedback messages to the UEs on physical hybrid automatic repeat request
indicator channel PHICH resources corresponding to the plurality of detected pilot signals, wherein the feedback
message is used to feed back an ACK message indicating that the uplink user data of the UE is correctly received
or a NACK message indicating that the uplink user data of the UE is not correctly received.

17. The method according to any one of claims 10 to 16, wherein the plurality of UEs are in an idle state; and after the
network-side device successfully decodes the uplink user data sent by the plurality of UEs on the time-frequency
resource, the method further comprises:
sending, by the network-side device, a contention resolution message to the plurality of UEs in the idle state, wherein
the contention resolution message comprises indication information indicating that the uplink user data sent by the
plurality of UEs in the idle state is decoded successfully and a cell radio network temporary identifier C-RNTI allocated
to each UE in the idle state.

18. An uplink transmission apparatus in random access, wherein the apparatus comprises:

a selection module, configured to: after a random access response message sent by a network-side device is
received, select a pilot signal from a plurality of pilot signals indicated by pilot signal parameter information sent
by the network-side device, and transmit the selected pilot signal to a sending module; and
the sending module, configured to send uplink user data and the selected pilot signal to the network-side device
on a time-frequency resource indicated by the random access response message.

19. The apparatus according to claim 18, wherein the selection module is further configured to:

before the sending module sends the uplink user data and the selected pilot signal to the network-side device,
select a codebook from a plurality of candidate codebooks indicated by sparse code multiple access SCMA
parameter information sent by the network-side device, and map the uplink user data to a codeword of the
selected codebook; and
the sending module is specifically configured to:
send, to the network-side device, the selected pilot signal and the uplink user data mapped to the codeword.

20. The apparatus according to claim 19, wherein the selection module is specifically configured to:
select, from the plurality of pilot signals, a pilot signal corresponding to the selected codebook.

21. The apparatus according to claim 19 or 20, wherein the selection module is specifically configured to:
determine, according to a random access preamble used by user equipment UE and from the plurality of candidate
codebooks indicated by the SCMA parameter information, at least one codebook corresponding to the random
access preamble, wherein a codebook quantity of the at least one codebook is less than a quantity of the plurality
of codebooks indicated by the SCMA parameter information; and select a codebook from the determined at least
one codebook.
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22. The apparatus according to any one of claims 19 to 21, wherein the selection module is specifically configured to:
determine, as the plurality of candidate codebooks indicated by the SCMA parameter information, a plurality of
codebooks that match a codeword length and a quantity of non-zero elements in a codeword that are indicated by
the SCMA parameter information.

23. The apparatus according to any one of claims 19 to 22, wherein the selection module is specifically configured to:
select, based on a size of the uplink user data, a codeword quantity from a plurality of codeword quantities supported
by each candidate codebook indicated by the SCMA parameter information; and map the uplink user data to the
codeword of the selected codebook based on the selected codebook and the selected codeword quantity.

24. The apparatus according to any one of claims 19 to 23, wherein the apparatus further comprises:

a detection module, configured to: after the sending module sends the uplink user data and the selected pilot
signal to the network-side device, detect a feedback message of the network-side device on a physical hybrid
automatic repeat request indicator channel PHICH resource corresponding to the selected pilot signal, wherein
the feedback message is used to feed back an ACK message indicating that the uplink user data of the UE is
correctly received or a NACK message indicating that the uplink user data of the UE is not correctly received; and
the sending module is further configured to:
retransmit the uplink user data after the detection module detects the non-acknowledgement NACK message.

25. The apparatus according to claim 24, wherein the selected codebook is a first codebook, and the sending module
is specifically configured to retransmit the uplink user data in the following steps:
reselecting a second codebook different from the first codebook, mapping the uplink user data to a codeword of the
second codebook, and reselecting, from the plurality of pilot signals indicated by the pilot signal parameter information,
a pilot signal corresponding to the second codebook; and sending, to the network-side device on the time-frequency
resource indicated by the random access response message, the uplink user data mapped to the codeword of the
second codebook and the pilot signal corresponding to the second codebook.

26. The apparatus according to claim 25, wherein the sending module is specifically configured to:

reselect, from a plurality of codebooks that match a codeword length and a quantity of non-zero elements in a
codeword that are corresponding to the first codebook, the second codebook different from the first codebook; or
adjust a codeword length and/or a quantity of non-zero elements in a codeword that are/is corresponding to the
first codebook, and reselect the second codebook from a plurality of codebooks that match an adjusted codeword
length and/or an adjusted quantity of non-zero elements in a codeword.

27. An uplink transmission apparatus in random access, wherein the apparatus comprises:

a sending module, configured to send pilot signal parameter information to UE within a coverage area, wherein
the pilot signal parameter information is used to indicate a plurality of candidate pilot signals to the UE;
a detection module, configured to: detect a plurality of pilot signals on a time-frequency resource indicated by
a sent random access response message, and transmit a detection result to a decoding module; and
the decoding module, configured to: after the detection module detects the plurality of pilot signals, decode,
based on the plurality of detected pilot signals, uplink user data sent by a plurality of user equipments UEs on
the time-frequency resource.

28. The apparatus according to claim 27, wherein the decoding module is specifically configured to:
perform uplink channel estimation based on each detected pilot signal, and determine a codebook corresponding
to the pilot signal; and decode, based on an uplink channel estimation result and the determined codebook, uplink
user data corresponding to the pilot signal.

29. The apparatus according to claim 28, wherein the sending module is further configured to:
before the detection module detects the plurality of pilot signals, send sparse code multiple access SCMA parameter
information to the UE within the coverage area, wherein the SCMA parameter information is used to indicate a
plurality of candidate codebooks to the UE.

30. The apparatus according to claim 29, wherein the SCMA parameter information comprises parameter information
used to indicate one or more of the following information:
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a codeword length of each candidate codebook;
a quantity of non-zero elements in a codeword of each candidate codebook; or
a plurality of codeword quantities supported by each candidate codebook.

31. The apparatus according to claim 29 or 30, wherein the detection module is specifically configured to:
determine, according to a random access preamble used by the UE and from the plurality of candidate codebooks
indicated by the SCMA parameter information, at least one codebook corresponding to the random access preamble,
wherein a codebook quantity of the at least one codebook is less than a quantity of the plurality of codebooks
indicated by the SCMA parameter information; and detect, based on a pilot signal corresponding to each of the
determined at least one codebook, the plurality of pilot signals on the time-frequency resource indicated by the sent
random access response message.

32. The apparatus according to claim 27, wherein the decoding module is specifically configured to:
decode, based on the plurality of detected pilot signals and in a multi-UE multiple-input multiple-output MU-MIMO
mode, the uplink user data sent by the plurality of UEs on the time-frequency resource.

33. The apparatus according to any one of claims 27 to 32, wherein the sending module is further configured to:
after the uplink user data is decoded, send feedback messages to the UEs on physical hybrid automatic repeat
request indicator channel PHICH resources corresponding to the plurality of detected pilot signals, wherein the
feedback message is used to feed back an ACK message indicating that the uplink user data of the UE is correctly
received or a NACK message indicating that the uplink user data of the UE is not correctly received.

34. The apparatus according to any one of claims 27 to 33, wherein the plurality of UEs are in an idle state; and the
sending module is further configured to:
after the decoding module successfully decodes the uplink user data sent by the plurality of UEs on the time-
frequency resource, send a contention resolution message to the plurality of UEs in the idle state, wherein the
contention resolution message comprises indication information indicating that the uplink user data sent by the
plurality of UEs in the idle state is decoded successfully and a cell radio network temporary identifier C-RNTI allocated
to each UE in the idle state.
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