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RANDOM ACCESS PROCEDURE

TECHNICAL FIELD

[0001] Embodiments of the present disclosure generally relate to the field of
telecommunication, and in particular, to methods, devices and computer readable storage

media for random access procedure.

BACKGROUND

[0002] The 5G New Radio (NR) is provided with a multi-beam operation. Support for
the multi-beam operation in NR includes beam quality measurement, beam quality
reporting, beam assignment, and recovery mechanism in case the assigned beam quality is
not good enough. NR provides support for multi-beam operation at every stage of the
radio operation: initial/random access, paging, data/control transmission/reception, and

mobility handling.

[0003] In the case of the multi-beam operation in NR, user equipments (UEs) may switch
between the beams allocated with Contention Free Random Access (CFRA) resources and
the beams allocated with Contention Based Random Access (CBRA) resources. However,
in LTE, the communication network allocates CFRA resources in the whole cell for the UEs.
In other words, there is no switching between CFRA and CBRA. Thus, when the beam
switching procedure occurs in NR, a size of Medium Access Control (MAC) Protocol Data
Unit (PDU) allowed in an uplink grant allocated during a Random Access (RA) procedure,
which is transmitted from a network device (for example, gNB), may be different from a

size of MAC PDU obtained from the Msg3 Buffer of an UE.

SUMMARY

[0004] In general, example embodiments of the present disclosure provide methods,

devices and computer readable storage media for random access procedure.

[0005] In a first aspect, there is provided method implemented at a terminal device. The
method comprises transmitting, at a terminal device, a random access request in a random
access procedure to a network device; in response to receiving, in the random access
procedure, from the network device an uplink grant for the terminal device, determining

whether a first size of a first data unit indicated by the uplink grant matches a second size of
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a second data unit stored in a buffer of the terminal device; in response to determining that
the first size mismatches the second size, determining a first part of the second data unit for

subsequent transmissions.

[0006] In a second aspect, there is provided method implemented at a network device.
The method comprises receiving, from a terminal device, a random access request in a
random access procedure; in response to receiving the random access request, transmitting,
to the terminal device, an uplink grant of the terminal device, the uplink grant indicating a
first size of a first data unit, so that the terminal device determines whether the first size of
the first data matches a second size of a second data unit stored in a buffer of the terminal

device.

[0007] In an third aspect, there is provided a terminal device. The device comprises at
least one processor; and at least one memory including computer program codes. The at
least one memory and the computer program codes are configured to, with the at least one

processor, cause the device at least to perform the method according to the first aspect.

[0008] In a fourth aspect, there is provided a network device. The device comprises at
least one processor; and at least one memory including computer program codes. The at
least one memory and the computer program codes are configured to, with the at least one

processor, cause the device at least to perform the method according to the second aspect.

[0009] In an fifth aspect, there is provided an apparatus comprising means to perform the

steps of the method according to the first aspect.

[0010] In a sixth aspect, there is provided an apparatus comprising means to perform the

|
steps of the method according to the second aspect.

[0011] In a seventh aspect, there is provided a computer readable medium having a
computer program stored thereon which, when executed by at least one processor of a

device, causes the device to carry out the method according to the first aspect.

[0012] In an eighth aspect, there is provided a computer readable medium having a
computer program stored thereon which, when executed by at least one processor of a

device, causes the device to carry out the method according to the second aspect.

[0013] It is to be understood that the summary section is not intended to identify key or
essential features of embodiments of the present disclosure, nor is it intended to be used to

limit the scope of the present disclosure. Other features of the present disclosure will
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become easily comprehensible through the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] Through the more detailed description of some example embodiments of the
present disclosure in the accompanying drawings, the above and other objects, features and

advantages of the present disclosure will become more apparent, wherein:

[0015] FIG. 1 shows an example communication system 100 in which example

embodiments of the present disclosure can be implemented;

[0016] FIG. 2 shows a diagram of an example process 200 for a random access procedure

according to some example embodiments of the present disclosure;

[0017] FIG. 3 shows a flowchart of an example method 300 for a random access

procedure according to some example embodiments of the present disclosure;

[0018] FIG. 4 shows a flowchart of an example method 400 for a random access

procedure according to some example embodiments of the present disclosure;

[0019] FIG. 5 is a simplified block diagram of a device that is suitable for implementing

example embodiments of the present disclosure.

[0020] Throughout the drawings, the same or similar reference numerals represent the

same or similar element.

DETAILED DESCRIPTION

[0021] Principle of the present disclosure will now be described with reference to some
example embodiments. It is to be understood that these embodiments are described only
for the purpose of illustration and help those skilled in the art to understand and implement
the present disclosure, without suggesting any limitation as to the scope of the disclosure.
The disclosure described herein can be implemented in various manners other than the ones

described below.

[0022] In the following description and claims, unless defined otherwise, all technical and
scientific terms used herein have the same meaning as commonly understood by one of

ordinary skills in the art to which this disclosure belongs.

[0023] As used herein, the term “communication network” refers to a network that

follows any suitable communication standards or protocols such as long term evolution
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(LTE), LTE-Advanced (LTE-A) and 5G NR, and employs any suitable communication
technologies, including, for example, Multiple-Input Multiple-Output (MIMO), OFDM,
time division multiplexing (TDM), frequency division multiplexing (FDM), code division
multiplexing (CDM), Bluetooth, ZigBee, machine type communication (MTC), eMBB,
mMTC and uRLLC technologies. For the purpose of discussion, in some embodiments,
the LTE network, the LTE-A network, the 5G NR network or any combination thereof is

taken as an example of the communication network.

[0024] As used herein, the term “network device” refers to any suitable device at a
network side of a communication network. The network device may include any suitable
device in an access network of the communication network, for example, including a base
station (BS), a relay, an access point (AP), a node B (NodeB or NB), an evolved NodeB
(eNodeB or eNB), a gigabit NodeB (gNB), a Remote Radio Module (RRU), a radio header
(RH), a remote radio head (RRH), a low power node such as a femto, a pico, and the like.
For the purpose of discussion, in some embodiments, the eNB is taken as an example of the

network device.

[0025] The network device may also include any suitable device in a core network, for
example, including multi-standard radio (MSR) radio equipment such as MSR BSs,
network controllers such as radio network controllers (RNCs) or base station controllers
(BSCs), Multi-cell/multicast Coordination Entities (MCEs), Mobile Switching Centers
(MSCs) and MMEs, Operation and Management (O&M) nodes, Operation Support System
(OSS) nodes, Self-Organization Network (SON) nodes, positioning nodes, such as
Enhanced Serving Mobile Location Centers (E-SMLCs), and/or Mobile Data Terminals
(MDTs).

[0026] As used herein, the term “terminal device” refers to a device capable of,
configured for, arranged for, and/or operable for communications with a network device or
a further terminal device in a communication network. The communications may involve
transmitting and/or receiving wireless signals using electromagnetic signals, radio waves,
infrared signals, and/or other types of signals suitable for conveying information over air.
In some embodiments, the terminal device may be configured to transmit and/or receive
information without direct human interaction. For example, the terminal device may
transmit information to the network device on predetermined schedules, when triggered by

an internal or external event, or in response to requests from the network side.
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[0027] Examples of the terminal device include, but are not limited to, user equipment
(UE) such as smart phones, wireless-enabled tablet computers, laptop-embedded equipment
(LEE), laptop-mounted equipment (LME), and/or wireless customer-premises equipment
(CPE). For the purpose of discussion, in the following, some embodiments will be
described with reference to UEs as examples of the terminal devices, and the terms
“terminal device” and “user equipment” (UE) may be used interchangeably in the context

of the present disclosure.

[0028] As used herein, the term “cell” refers to an area covered by radio signals
transmitted by a network device. The terminal device within the cell may be served by the

network device and access the communication network via the network device.

[0029] As used herein, the term “circuitry” may refer to one or more or all of the

following:

(a) hardware-only circuit implementations (such as implementations in only analog and/or

digital circuitry) and

(b) combinations of hardware circuits and software, such as (as applicable): (i) a
combination of analog and/or digital hardware circuit(s) with software/firmware and (ii)
any portions of hardware processor(s) with software (including digital signal processor(s)),
software, and memory(ies) that work together to cause an apparatus, such as a mobile

phone or server, to perform various functions) and

(c) hardware circuit(s) and or processor(s), such as a microprocessor(s) or a portion of a
microprocessor(s), that requires software (e.g., firmware) for operation, but the software

may not be present when it is not needed for operation.

[0030] This definition of circuitry applies to all uses of this term in this application,
including in any claims. As a further example, as used in this application, the term
circuitry also covers an implementation of merely a hardware circuit or processor (or
multiple processors) or portion of a hardware circuit or processor and its (or their)
accompanying software and/or firmware. The term circuitry also covers, for example and
if applicable to the particular claim element, a baseband integrated circuit or processor
integrated circuit for a mobile device or a similar integrated circuit in server, a cellular

network device, or other computing or network device.

[0031] As used herein, the singular forms “a”, “an”, and “the” are intended to include the

plural forms as well, unless the context clearly indicates otherwise. The term “includes”
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and its variants are to be read as open terms that mean “includes, but is not limited to”.
The term “based on” is to be read as “based at least in part on”. The term “one
embodiment” and “an embodiment” are to be read as “at least one embodiment”. The
term “another embodiment” is to be read as “at least one other embodiment”. Other

definitions, explicit and implicit, may be included below.

[0032] FIG. 1 illustrates a communication network 100 in which embodiments of the
present disclosure can be implemented. The communication network 100 may comply
with any suitable protocol or standard that already exists or will be developed in the future.
In some embodiments, the communication network 100 may be the LTE (or LTE-A)

network, the NR network or combination thereof.

[0033] The communication network 100 comprises a network device 110. The network
device 110 serves a terminal device 120 in a cell 111. It is to be understood that the
numbers of network devices and terminal devices are shown only for the purpose of
illustration without suggesting any limitation. The communication network 100 may
include any suitable numbers of network devices and terminal devices. The
communication between the network device 110 and the terminal device 120 may utilize

any suitable technology that already exists or will be developed in the future.

[0034] The issue of different sizes of grants provided by the communication network for
MESSAGE 3 (Msg3) transmission was discussed in LTE. The Msg3 may convey Layer 2
and Layer 3 messages, such as a radio resource control connection request for initial access
or C-RNTI Medium Access Control (MAC) Control Element (CE) for random access in
connected mode, from the terminal device 120 to the network device 110. If an uplink
grant provided in the Random Access Response (RAR) for a same group of Random Access
Preambles (RAP) has a different size than a previous uplink grant (for example, the first
uplink grant) allocated during that Random Access procedure, the behaviour of the terminal
device 120 was not defined within a Random Access procedure as this is considered as a
very rare case. In LTE, the communication network allocates CFRA resources in the
whole cell for the terminal device 120. In other words, there is no switching between

CFRA and CBRA within one Random Access procedure.

[0035] The 5G New Radio (NR) is provided with a multi-beam operation. Thus, unlike
in LTE where CFRA resources could be allocated for one cell (for example, the cell 111 as

shown in FIG. 1), in NR, the communication network may not allocate CFRA resources to
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all the beams but only to a subset of the beams in the cell 111, because it may be too
expensive to allocate CFRA resources to all the beams for all the UEs and the purpose of

beam forming may be defeated thereby.

[0036] Thus, in the case of the multi-beam operation in NR, user equipments (UEs), for
example, the terminal device 120 as shown in FIG. 1, may move within a cell and change
the beam. The terminal device 120 may switch between beams with one type of RA
resources to some other beams with another type of RA resources, for example, the terminal
device may switch between the beams allocated with Contention Free Random Access
(CFRA) resources and the beams allocated with Contention Based Random Access (CBRA)

resources in the cell 111.

[0037] If the terminal device 120 switches from CFRA to CBRA, there is no problem
caused by the Msg3 that may only be generated during the first CBRA attempt. In the
case of CFRA, the RA procedure is already successful by receiving the Msg2 from the gNB

(for example, the network device 110 as shown in FIG. 1).

[0038] However, if the terminal device 120 switches from CBRA to CFRA, according to
the TS 38.321, the Msg3 has been generated and shall also be transmitted with CFRA,
because the Hybrid automatic repeat request (hybrid ARQ or HARQ) buffer shall be
flushed upon completion of the RA procedure, but the Msg3 buffer shall not be flushed.
Furthermore, in the HARQ entity, in case the uplink grant is received in a RAR and there is
a Medium Access Control (MAC) Protocol Data Unit (PDU) in the Msg3 buffer, the MAC
PDU may be obtained from the Msg3 buffer.

[0039] In the above case, if the grant provided in RAR to the CFRA preamble
transmission having a size equal to the size indicated in the grant provided earlier in
response to CBRA preamble transmission, the MAC PDU in Msg3 buffer could be
transmitted in the provided grant. However, two different preamble groups, i.e. preamble
Group-A and Group-B, are defined for CBRA. In general, the terminal device 120 selects
the sequence from these two groups based on size of uplink packet and radio conditions.
This helps the network device 110 to calculate Physical Uplink Shared Channel (PUSCH)
resources needed for the uplink transfer of the terminal device 120. Preambles in Group-A
are used for smaller size packets or larger size packets in poor radio conditions.
Preambles in Group-B are used for larger size packets in good radio conditions. In this

case, the network device 110 would not know if the terminal device 120 has been attempted
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CBRA before CFRA or which group of the preamble has been applied when CBRA
preamble was transmitted. Hence, it will be expected that the issue caused by different

Msg3 grant sizes will occur in NR frequently.

[0040] Furthermore, given the fact that the MAC PDU in the Msg3 buffer could multiplex,
eg, at least a segment of the handover (HO) complete command
(RRCReconfigurationComplete), it is not desirable to lose such data and delay the
completion of the HO procedure (as RLC level re-transmission would be required). In a
case that the CFRA is selected for a preamble attempt, the terminal device 120 will use
Msg3 buffer for transmission of first uplink data in the RA procedure. In a case that the
CFRA is selected for a preamble attempt, the RA procedure is successfully completed by
RAR reception.

[0041] Thus, regarding to the fact that a size of MAC PDU indicated in an uplink grant
allocated during a RA procedure, which is transmitted from a network device 110, may be
different from a size of MAC PDU obtained from the Msg3 Buffer of the terminal device

120, some approaches have been considered to solve this issue.

[0042] One approach proposed that during the resource selection of random access for
handover, the terminal device 120 shall not select random access preamble among the
CFRA Preamble, if Msg3 has been transmitted in the current random access procedure.
However, this approach may waste the dedicated resources for CFRA and increase the load

unnecessarily among the contention-based preambles.

[0043] A further approach proposed that the Multiplexing and assembly entity may
include a plurality of MAC sub-PDUs from the obtained MAC PDU in the subsequent
uplink transmissions. In a case that the size of the uplink grant does not match the earlier
uplink grant provided in response to CBRA preamble, the Msg3 buffer may be flushed and
a new MAC PDU may be obtained from the Multiplexing and assembly entity. However,

this approach may lead to lose of data.

[0044] As an option for flushing Msg3, MAC may indicate the data which was
multiplexed in the MAC PDU and in which case the RLC PDU could be regenerated and
multiplexed again. This approach may be good for handling data but may not work for

MAC Control Elements (CEs).

[0045] Principle and implementations of the present disclosure will be described in detail

below with reference to FIG.2, which shows process 200 according to example
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embodiments of the present disclosure. For the purpose of discussion, the process 200
will be described with reference to FIG. 1. The process 200 may involve a random access

procedure.

[0046] FIG. 2 shows a diagram of an example process 200 for a random access procedure

in accordance with some example embodiments of the present disclosure.

[0047] As shown in FIG. 2, when the terminal device 120 performs random access, the
terminal device 120 sends 210 a random access request, that is, a random access preamble
(RAP) to the network device 110. The RAP is also referred as “MESSAGE 17 or “Msgl”
in the context of the present disclosure. The RAP is a signature code sequence which acts
as an identifier for the terminal device 120. Depending on whether the RAP is
UE-specific, the random access procedure breaks down into a contention-free random
access (CFRA) procedure and a contention-based random access (CBRA) procedure.
Consequently, the terminal device 120 may send different random access preamble to the
network device 110, namely a CFRA preamble or a CBRA preamble. As described above,
for the CBRA procedure, the terminal device 120 may select the CBRA preamble from
Group-A and Group-B. The terminal device 120 may select the sequence from these two

groups based on size of uplink packet and radio conditions.

[0048] Upon detection of the RAP preamble from the terminal device 120, the network
device 110 may respond 220 to the random access request by transmitting a random access
response (RAR) (also referred as “MESSAGE 2” or “Msg2” in the context of the present
disclosure) to the terminal device 120 based on the received RAP preamble. The RAR
may be scheduled via a physical downlink control channel (PDCCH) and the actual
message on a physical downlink shared channel (PDSCH). The RAR may include, for
instance, Timing Advance Command (TAC) for UL timing alignment, uplink grant, and

Temporary Cell Radio Network Identifier for the terminal device 120.

[0049] In the contention-free random access procedure, i.e., in a non-contention based
random access procedure, the terminal device 120 sends a dedicated RAP to the network
device 110; and, if the terminal device 120 receives a RAR sent by the network device 110,

the terminal device 120 determines success of the random access procedure.

[0050] In the contention-based random access procedure, after the terminal device 120
receives the RAR, the terminal device 120 may transmit a message (also referred to as

“MESSAGE 3” or “Msg3”) on the physical uplink shared channel (PUSCH) to the network
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device 110. As mentioned above, the Msg3 may convey Layer 2 and Layer 3 messages,
such as a radio resource control connection request for initial access or C-RNTI MAC CE
for random access in connected mode, from the terminal device 120 to the network device
110. If the terminal device 120 receives the RAR from the network device 110, the
terminal device may obtain the uplink grant contained in the RAR indicating an available

uplink grant to the terminal device 120 for transmitting its Msg3.

[0051] As mention above, the terminal device 120 may send the preamble from different
groups based on size of uplink packet and radio conditions and the network device 110 may
allocate a corresponding uplink grant to the terminal device 120 for transmitting the Msg3.
In this case, for transmitting the Msg3, the uplink grant contained in the RAR may match
the uplink grant in the Msg3 buffer of the terminal device 120.

[0052] As shown in FIG. 2, the terminal device 120 determines 230 whether a first size of
a first data unit indicated by the uplink grant matches a second size of a second data unit
stored in the buffer of the terminal device 120. The first and the second data unit may
refer to as the MAC PDU. The buffer may refer to as the Msg3 buffer of the terminal
device 120.

[0053] In some example embodiments, for determining whether the first size matches the
second size, the terminal device 120 may determine the second size based on the Msg3 that
has been transmitted from the Msg3 buffer of the terminal device 120. The terminal
device may further determine the first size from the uplink grant transmitted from the
network device 110. The terminal device 120 may compare the first size with the second

size and determine whether the first size mismatches the second size.

[0054] In some example embodiments, the Msg3 may indicate at least one Medium
Access Control Control Element (MAC CE). In some example embodiments, the MAC
CE may comprise at least one of a C-RNTI MAC CE, a Buffer Status Report, BSR and a
Power Headroom Report, PHR.

[0055] In general, BSR is a kind of MAC CE from UE (for example, the terminal device
120) to gNB (for example, the network device 110) carrying the information on how much

data is in the buffer of UE to be sent out.

[0056] The BSR may refer to different types of BSR. For example, the BSR may
comprise Regular BSR, Periodic BSR and Padding BSR. A regular BSR is sent when a

new data arrives in the buffer and the new data has higher priority than the one already

10
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waiting in the buffer. A periodic BSR is sent with the predefined periodicity. The gNB
may pre-configure the periodicity to the UE by RRC message (for example,
RRCConnectionReconfiguration). Furthermore, a padding BSR is sent when the number
of padding bits in a data message is larger than the size of padding BSR, so that the padding
bit space can be used to send the BSR. Padding BSR may comprise of a truncated BSR in
case the full BSR does not fit to the available padding bits. In this case, the BSR is
truncated and only the data with highest priority is reported to the network device 110 by

the terminal device 120.
[0057] In general, PHR may indicate how much transmission power is left in the UE.

[0058] As shown in FIG. 2, if the terminal device 120 determines that the first size
mismatches the second size, the terminal device 120 determines 240 a first part of the

second data unit for subsequent transmissions.

[0059] In some example embodiments, the subsequent transmissions may comprise at
least one of the following: a transmission associated with the uplink grant provided in a
Random Access Response (RAR) and a transmission associated with a further uplink grant

which is different from the uplink grant.

[0060] In some example embodiments, the terminal device 120 may determine whether
the second size matches the first size. If the terminal device determines the second size
mismatches the first size, the terminal device 120 may discard some parts from the second

data unit or may not consider them for subsequent transmissions.

[0061] In some example embodiments, the terminal device 120 may discard the truncated

BSR from the second data unit.

[0062] Alternatively or additionally, the terminal device 120 may discard a padding BSR

from the second data unit.

[0063] Alternatively or additionally, the terminal device 120 may discard a PHR from the

second data unit.

[0064] Alternatively or additionally, the terminal device 120 may adjust a size of the
truncated BSR. For example, the truncated BSR is adjusted to fit the available size, i.e.
the number of Logical Channel Group (LCG) reported is changed. Naturally, the bitmap
may reflect the addition/removal of reported LCG). Adjusting the size of the truncated
BSR could be limited to cases where the size shrinks. It should be understood that

11
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removing information might be easier for the UE implementation than creating an

additional one. In this way, the newest BSR information could be provided.

[0065] Alternatively or additionally, the terminal device 120 may discard a
regular/periodic BSR and/or a PHR . Additionally, the regular/periodic BSR and/or the
PHR may not be cancelled until the regular/periodic BSR and PHR have been included in a
grant scheduled by C-RNTI or CS-RNTI. This approach intends to provide the newest
available information about the buffer status and power headroom of the terminal device

120, because the BSR/PHR would be newly generated for the subsequent transmissions.

[0066] In some example embodiments, if the terminal device determines the second size
mismatches the first size, the terminal device 120 may determine whether the random
access procedure is successfully completed by receiving the uplink grant. If the terminal
device 120 determines that the random access procedure is considered successfully
completed, the terminal device may discard a C-RNTI Medium Access Control MAC
Control Element MAC CE from the second data unit.

[0067] In some example embodiments, if the terminal device 120 determines the second
size mismatches the first size, the terminal device 120 may determine whether the
contention free random access preamble was transmitted. If the terminal device 120
determines that the contention free random access preamble was transmitted, the terminal
device may discard a C-RNTI Medium Access Control MAC Control Element MAC CE

from the second data unit.

[0068] In some example embodiments, the terminal device 120 determines whether the
random access procedure is successfully completed may comprises determining that the
uplink grant and/or the RAR is addressed to at least one of the following: Cell Radio
Network Temporary Identifier C-RNTT and a Random Access Radio Network Temporary
Identifier RA-RNTL

[0069] The case described here may relate to a random access procedure during a
switching of the terminal device 120 from CBRA procedure to CFRA procedure, because in
the CFRA procedure, the terminal device 120 sends a dedicated RAP to the network device
110; and, if the terminal device 120 receives a RAR sent by the network device 110, the
terminal device 120 determines success of the random access. That is, it is not necessary

to transmit the C-RNTI MAC CE to the network device 110.

[0070] According to this solution, since the terminal device 120 has been identified
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already from the transmitted CFRA preamble, the unnecessary overhead for transmission
could be avoided. Furthermore, this solution avoids any other types of MAC PDU to be
transmitted by the terminal device 120, since the network device 110 does not expect to

recetve the C-RNTI MAC CE in response to CFRA preamble transmission.

[0071] In some example embodiments, other MAC CE multiplexed in the obtained MAC
PDU may be indicated to the Multiplexing and assembly entity, to be included to the
subsequent uplink transmissions. In this way, the loss of control information may be
avoided during the Msg3 rebuilding, because other MAC CE to be multiplexed could be

included in the subsequent transmissions.

[0072] As shown in FIG. 2, the terminal device 120 transmits 250 at least portion of the
first part of second data unit in the first data unit to the network device. The remaining

part of the first part may be transmitted in subsequent transmissions.

[0073] Through the above embodiments, for each uplink grant, the HARQ entity of the
terminal device 120 shall identify the HARQ process associated with this grant. For each
identified HARQ process:

[0074] if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and
the New Data Indicator (NDI) provided in the associated HARQ information has been
toggled compared to the value in the previous transmission of this Transfer Block (TB) of
this HARQ process; or

[0075] if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer

of the identified process is empty; or
[0076] if the uplink grant was received in a Random Access Response; or

[0077] if the uplink grant is part of a bundle of the configured grant, and may be used for
initial transmission according to subclause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU
has been obtained for this bundle:

[0078] if there is a MAC PDU in the Msg3 buffer and the uplink grant was received

in a Random Access Response:

[0079] if the uplink grant size does not match to the size of the MAC PDU in the
Msg3 buffer:
[0080] indicate to Multiplexing and assembly entity to include MAC

subPDUs except MAC subPDU containing Truncated BSR MAC CE from the MAC PDU

13
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in the Msg3 buffer in the subsequent uplink transmission(s), if any;

[0081] obtain the MAC PDU to transmit from the Multiplexing and
assembly entity and store it in the Msg3 buffer;

[0082] if the uplink grant size is equal to the size of the MAC PDU in the Msg3
buffer:
[0083] obtain the MAC PDU to transmit from the Msg3 buffer.

[0084] if there is no MAC PDU in the Msg3 buffer and the uplink grant was received

in a Random Access Response:
[0085] obtain the MAC PDU to transmit from the Multiplexing and assembly
entity, if any.

[0086] Alternatively or additionally, through the above embodiments, for each uplink
grant, the HARQ entity of the terminal device 120 shall identify the HARQ process
associated with this grant. For each identified HARQ process:

[0087] if the received grant was not addressed to a Temporary C-RNTI on PDCCH, and
the New Data Indicator (NDI) provided in the associated HARQ information has been
toggled compared to the value in the previous transmission of this Transfer Block (TB) of

this HARQ process; or

[0088] if the uplink grant was received on PDCCH for the C-RNTI and the HARQ buffer

of the identified process is empty; or
[0089] if the uplink grant was received in a Random Access Response; or

[0090] if the uplink grant is part of a bundle of the configured grant, and may be used for
initial transmission according to subclause 6.1.2.3 of TS 38.214 [7], and if no MAC PDU

has been obtained for this bundle:

[0091] if there is a MAC PDU in the Msg3 buffer and the uplink grant was received
in a Random Access Response scheduled by PDCCH addressed to RA-RNTI or C-RNTT:

[0092] if the uplink grant size does not match to the size of the MAC PDU in the
Msg3 buffer, and

[0093] if by this Random Access Response, the Random Access procedure is

successfully completed:

[0094] indicate to Multiplexing and assembly entity to include MAC
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subPDUs except MAC subPDU containing Truncated BSR MAC CE or C-RNTI MAC
CE from the MAC PDU in the Msg3 buffer in the subsequent uplink transmission(s), if
any;

[0095] obtain the MAC PDU to transmit from the Multiplexing and
assembly entity and store it in the Msg3 buffer;

[0096] if the uplink grant size is equal to the size of the MAC PDU in the Msg3
buffer:
[0097] obtain the MAC PDU to transmit from the Msg3 buffer.

[0098] if there is no MAC PDU in the Msg3 buffer and the uplink grant was received

in a Random Access Response:

[0099] obtain the MAC PDU to transmit from the Multiplexing and assembly
entity, if any.

[00100] In this way, the issue cause by the mismatching of the uplink grant indicated in
RAR with the MAC PDU in the Msg3 buffer could be solved by means of rebuilding the
MAC CE of MAC PDU according to the embodiments of the present invention.

[00101] More details of the example embodiments in accordance with the present

disclosure will be described with reference to FIGs. 3-4.

[00102] FIG. 3 shows a flowchart of an example method 300 for random access procedure
according to some example embodiments of the present disclosure.  The method 300 can
be implemented at the terminal device 120 as shown in FIG. 2. For the purpose of

discussion, the method 300 will be described with reference to FIG. 2.

[00103] At 310, the terminal device 120 transmits a random access request in a random

access procedure to a network device.

[00104] In some example embodiments, the terminal device 120 may transmit one of the
following: a contention-free random access preamble and a contention-based random

access preamble.

[00105] At 320, if the terminal device 120 receives, in the random access procedure, from
the network device 110 an uplink grant for the terminal device 120, the terminal device 120
determines whether a first size of a first data unit indicated by the uplink grant matches a

second size of a second data unit stored in a buffer of the terminal device.
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[00106] In some example embodiments, the second data unit may comprise at least one of

the following MAC CEs: a C-RNTI, a BSR, and a PHR.

[00107] In some example embodiments, the BSR may comprise at least one of the

following: a truncated BSR, a padding BSR, a regular BSR; and a periodic BSR.

[00108] At 330, if the terminal device 120 determines that the first size mismatches the
second size, if the terminal device 120 determines a first part of the second data unit for

subsequent transmissions at least based on the first size.

[00109] In some example embodiments, the terminal device 120 may determine whether
the second size matches the first size. If the second size mismatches the first size, the
terminal device may performing at least one of the following: discarding a truncated Buffer
Status Report BSR from the second data unit; discarding a padding Buffer Status Report
BSR from the second data unit; discarding a regular BSR from the second data unit;
discarding a periodic BSR from the second data unit; and discarding a Power Headroom

Report PHR from the second data unit; and adjusting a size of the truncated BSR.

[00110] In some example embodiments, the terminal device 120 may determine whether
the second size matches the first size. If the second size mismatches the first size, the
terminal device 120 may determine whether the random access procedure is successfully
completed by receiving the uplink grant. If the terminal device 120 determines that the
random access procedure is considered successfully completed, the terminal device 120
may discard a C-RNTI Medium Access Control MAC Control Element MAC CE from the

second data unit.

[00111] In some example embodiments, if the terminal device 120 may determine whether
the second size mismatches the first size. If the second size mismatches the first size, the
terminal device 120 may determine whether the contention free random access preamble
was transmitted. If the terminal device 120 determines that the contention free random
access preamble was transmitted, the terminal device may discard a C-RNTI Medium

Access Control MAC Control Element MAC CE from the second data unit.

[00112] In some example embodiments, the terminal device 120 determines whether the
random access procedure is successfully completed may comprises determining that the
uplink grant is addressed to at least one of the following: Cell Radio Network Temporary
Identifier C-RNTI and a Random Access Radio Network Temporary Identifier RA-RNTL

[00113] In some example embodiments, the subsequent transmissions may comprise at
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least one of the following: a transmission associated with the uplink grant and a

transmission associated with a further uplink grant which is different from the uplink grant.

[00114] In some example embodiments, the terminal device 120 may further transmits at

least portion of the first part of second data unit in the first data unit to the network device..

[00115] FIG. 4 shows a flowchart of an example method 400 for random access procedure
according to some example embodiments of the present disclosure.  The method 300 can
be implemented at the network device 110 as shown in FIG. 2. For the purpose of

discussion, the method 400 will be described with reference to FIG. 2.

[00116] At 410, the network device 110 receives, from a terminal device 120, a random

access request in a random access procedure.

[00117] In some example embodiments, the network device 110 may receive one of the
following: a contention-free random access preamble; and a contention-based random

access preamble.

[00118] At 420, the network device 110 transmits, to the terminal device 120, an uplink
grant of the terminal device, the uplink grant indicating a first size of a first data unit, so
that the terminal device determines whether the first size of the first data matches a second

size of a second data unit stored in a buffer of the terminal device.

[00119] In some example embodiments, the second data unit may comprise at least one of
the following MAC CEs: a C-RNTI, a BSR, and a PHR.

[00120] In some example embodiments, the BSR may comprise at least one of the

following: a truncated BSR and a padding BHR, a regular BSR; and a periodic BSR.

[00121] In some example embodiments, the network device 110 may further receive from

the terminal device, at least portion of the first part of second data unit in the first data unit.

[00122] In some example embodiments, an apparatus capable of performing the method
300 (for example, the terminal device 120) may comprise means for performing the
respective steps of the method 300. The means may be implemented in any suitable form.

For example, the means may be implemented in a circuitry or software module.

[00123] In some example embodiments, the apparatus comprises: means for transmitting,
at a terminal device, a random access request in a random access procedure to a network
device; means for in response to receiving, in the random access procedure, from the

network device an uplink grant for the terminal device, determining whether a first size of a
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first data unit indicated by the uplink grant matches a second size of a second data unit
stored in a buffer of the terminal device; means for in response to determining that the first
size mismatches the second size, determining a first part of the second data unit for

subsequent transmissions.

[00124] In some example embodiments, the means for transmitting the random access
request may comprise means for transmitting one of the following: a contention-free

random access preamble; and a contention-based random access preamble.

[00125] In some example embodiments, the second data unit may comprise at least one of

the following MAC CEs: a C-RNTI, a BSR, and a PHR.

[00126] In some example embodiments, the BSR may comprise at least one of the

following: a truncated BSR and a padding BHR, a regular BSR; and a periodic BSR.

[00127] In some example embodiments, the means for determining the first part comprises
may comprise means for in response to determining that the second size mismatches the
first size, preforming at least one of the following: discarding a truncated Buffer Status
Report BSR from the second data unit; discarding a padding Buffer Status Report BSR
from the second data unit; discarding a regular BSR from the second data unit; discarding a
periodic BSR from the second data unit; and discarding a Power Headroom Report PHR

from the second data unit; and adjusting a size of the truncated BSR..

[00128] In some example embodiments, the means for determining the first part comprises
may comprise means for in response to determining that the second size mismatches the
first size, determining whether determining whether the random access procedure is
successfully completed by receiving the uplink grant and means for in response to
determining that the random access procedure is considered successfully completed,
discarding a C-RNTI Medium Access Control MAC Control Element MAC CE from the

second data unit.

[00129] In some example embodiments, the means for determining whether the random
access procedure is successfully completed may comprise means for determining that the
uplink grant is addressed to at least one of the following: a Cell Radio Network Temporary
Identifier C-RNTI and a Random Access Radio Network Temporary Identifier RA-RNTI .

[00130] In some example embodiments, the subsequent transmissions may comprise at
least one of the following: a transmission associated with the uplink grant and a

transmission associated with a further uplink grant which is different from the uplink grant.
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[00131] In some example embodiments, the apparatus may further comprise means for
transmitting at least portion of the first part of second data unit in the first data unit to the

network device.

[00132] In some example embodiments, an apparatus capable of performing the method
400 (for example, the network device 110) may comprise means for performing the
respective steps of the method 400. The means may be implemented in any suitable form.

For example, the means may be implemented in a circuitry or software module.

[00133] In some example embodiments, the apparatus comprises: means for receiving,
from a terminal device, a random access request in a random access procedure; means for
in response to receiving the random access request, transmitting, to the terminal device, an
uplink grant of the terminal device, the uplink grant indicating a first size of a first data unit,
so that the terminal device determines whether the first size of the first data matches a

second size of a second data unit stored in a buffer of the terminal device.

[00134] In some example embodiments, the means for receiving the random access request
may comprise means for receiving one of the following: a contention-free random access

preamble; and a contention-based random access preamble.

[00135] In some example embodiments, the second data unit may comprise at least one of

the following MAC CEs: a C-RNTI, a BSR, and a PHR.

[00136] In some example embodiments, the BSR may comprise at least one of the

following: a truncated BSR and a padding BHR, a regular BSR; and a periodic BSR.

[00137] In some example embodiments, the apparatus further comprises: means for
receiving, from the terminal device, at least portion of the first part of second data unit in

the first data unit.

[00138] FIG. 5 is a simplified block diagram of a device 500 that is suitable for
implementing example embodiments of the present disclosure. The device 500 can be
considered as a further example implementation of a terminal device 120 as shown in FIG.
1. Accordingly, the device 500 can be implemented at or as at least a part of the terminal

device 110.

[00139] As shown, the device 500 includes a processor 510, a memory 520 coupled to the
processor 510, a suitable transmitter (TX) and receiver (RX) 540 coupled to the processor

510, and a communication interface coupled to the TX/RX 540. The memory 510 stores
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at least a part of a program 530. The TX/RX 540 is for bidirectional communications.
The TX/RX 540 has at least one antenna to facilitate communication, though in practice an
Access Node mentioned in this application may have several ones. The communication
interface may represent any interface that is necessary for communication with other
network elements, such as X2 interface for bidirectional communications between eNBs,
S1 interface for communication between a Mobility Management Entity (MME)/Serving
Gateway (S-GW) and the eNB, Un interface for communication between the eNB and a
relay node (RN), or Uu interface for communication between the eNB and a terminal

device.

[00140] The program 530 is assumed to include program instructions that, when executed
by the associated processor 510, enable the device 500 to operate in accordance with the
example embodiments of the present disclosure, as discussed herein with reference to Figs.
2 to 4. The example embodiments herein may be implemented by computer software
executable by the processor 510 of the device 500, or by hardware, or by a combination of
software and hardware. The processor 510 may be configured to implement various
example embodiments of the present disclosure. Furthermore, a combination of the
processor 510 and memory 510 may form processing means 550 adapted to implement

various example embodiments of the present disclosure.

[00141] The memory 510 may be of any type suitable to the local technical network and
may be implemented using any suitable data storage technology, such as a non-transitory
computer readable storage medium, semiconductor-based memory devices, magnetic
memory devices and systems, optical memory devices and systems, fixed memory and
removable memory, as non-limiting examples. While only one memory 510 is shown in
the device 500, there may be several physically distinct memory modules in the device 500.
The processor 510 may be of any type suitable to the local technical network, and may
include one or more of general purpose computers, special purpose computers,
microprocessors, digital signal processors (DSPs) and processors based on multicore
processor architecture, as non-limiting examples. The device 500 may have multiple
processors, such as an application specific integrated circuit chip that is slaved in time to a

clock which synchronizes the main processor.

[00142] Generally, various embodiments of the present disclosure may be implemented in
hardware or special purpose circuits, software, logic or any combination thereof. Some

aspects may be implemented in hardware, while other aspects may be implemented in
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firmware or software which may be executed by a controller, microprocessor or other
computing device. While various aspects of embodiments of the present disclosure are
illustrated and described as block diagrams, flowcharts, or using some other pictorial
representation, it will be appreciated that the blocks, apparatus, systems, techniques or
methods described herein may be implemented in, as non-limiting examples, hardware,
software, firmware, special purpose circuits or logic, general purpose hardware or

controller or other computing devices, or some combination thereof.

[00143] The present disclosure also provides at least one computer program product
tangibly stored on a non-transitory computer readable storage medium. The computer
program product includes computer-executable instructions, such as those included in
program modules, being executed in a device on a target real or virtual processor, to carry
out the process or method as described above with reference to any of Figs. 2 to 5.
Generally, program modules include routines, programs, libraries, objects, classes,
components, data structures, or the like that perform particular tasks or implement
particular abstract data types. The functionality of the program modules may be combined
or split between program modules as desired in various embodiments.
Machine-executable instructions for program modules may be executed within a local or
distributed device. In a distributed device, program modules may be located in both local

and remote storage media.

[00144] Program code for carrying out methods of the present disclosure may be written in
any combination of one or more programming languages. These program codes may be
provided to a processor or controller of a general purpose computer, special purpose
computer, or other programmable data processing apparatus, such that the program codes,
when executed by the processor or controller, cause the functions/operations specified in
the flowcharts and/or block diagrams to be implemented. The program code may execute
entirely on a machine, partly on the machine, as a stand-alone software package, partly on

the machine and partly on a remote machine or entirely on the remote machine or server.

[00145] In the context of the present disclosure, the computer program codes or related
data may be carried by any suitable carrier to enable the device, apparatus or processor to
perform various processes and operations as described above. Examples of the carrier

include a signal, computer readable media.

[00146] The computer readable medium may be a computer readable signal mediuvm or a
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computer readable storage medium. A computer readable medium may include but not
limited to an electronic, magnetic, optical, electromagnetic, infrared, or semiconductor
system, apparatus, or device, or any suitable combination of the foregoing. More specific
examples of the computer readable storage medium would include an electrical connection
having one or more wires, a portable computer diskette, a hard disk, a random access
memory (RAM), a read-only memory (ROM), an erasable programmable read-only
memory (EPROM or Flash memory), an optical fiber, a portable compact disc read-only
memory (CD-ROM), an optical storage device, a magnetic storage device, or any suitable

combination of the foregoing.

[00147] Further, while operations are depicted in a particular order, this should not be
understood as requiring that such operations be performed in the particular order shown or
in sequential order, or that all illustrated operations be performed, to achieve desirable
results. In certain circumstances, multitasking and parallel processing may be
advantageous. Likewise, while several specific implementation details are contained in
the above discussions, these should not be construed as limitations on the scope of the
present disclosure, but rather as descriptions of features that may be specific to particular
embodiments. Certain features that are described in the context of separate embodiments
may also be implemented in combination in a single embodiment. Conversely, various
features that are described in the context of a single embodiment may also be implemented

in multiple embodiments separately or in any suitable sub-combination.

[00148] Although the present disclosure has been described in language specific to
structural features and/or methodological acts, it is to be understood that the present
disclosure defined in the appended claims is not necessarily limited to the specific features
or acts described above. Rather, the specific features and acts described above are

disclosed as example forms of implementing the claims.
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WHAT IS CLAIMED IS:

1. A method implemented at a terminal device, comprising:

transmitting, at a terminal device, a random access request in a random access
procedure to a network device;

in response to receiving, in the random access procedure, from the network device
an uplink grant for the terminal device, determining whether a first size of a first data unit
indicated by the uplink grant matches a second size of a second data unit stored in a buffer
of the terminal device;

in response to determining that the first size mismatches the second size,

determining a first part of the second data unit for subsequent transmissions.

2. The method of claim 1, wherein transmitting the random access request
comprises transmitting one of the following:
a contention-free random access preamble; and

a contention-based random access preamble.

3. The method of claim 1, wherein the second data unit comprises at least one of
the following Medium Access Control MAC Control Elements MAC CEs:

a Cell Radio Network Temporary Identifier C-RNTT;

a Buffer Status Report BSR; and

a Power Headroom Report PHR.

4. The method of claim 3, wherein the BSR comprises at least one of the
following:

a truncated BSR;

a padding BSR;

a regular BSR; and

a periodic BSR.

5. The method of claim 1, wherein determining the first part comprises:
in response to determining that the second size mismatches the first size,
performing at least one of the following:

discarding a truncated BSR from the second data unit;
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discarding a padding BSR from the second data unit;
discarding a regular BSR from the second data unit;
discarding a periodic BSR from the second data unit;
discarding a PHR from the second data unit; and

adjusting a size of the truncated BSR.

6. The method of claim 1, wherein determining the first part comprises:
in response to determining that the second size mismatches the first size:
determining whether the random access procedure is successfully completed
by receiving the uplink grant; and
in response to determining that the random access procedure is considered
successfully completed, discarding a C-RNTI Medium Access Control MAC Control
Element MAC CE from the second data unit.

7. The method of claim 6, wherein determining whether the random access
procedure is successfully completed comprises:
determining that the uplink grant is addressed to at least one of the following:
a Cell Radio Network Temporary Identifier C-RNTI; and
a Random Access Radio Network Temporary Identifier RA-RNTL

8. The method of claim 1, wherein the subsequent transmissions comprises at least
one of the following:

a transmission associated with the uplink grant; and

a transmission associated with a further uplink grant, a further uplink grant being
different with the uplink grant.

9. The method of claim 1, further comprising:
transmitting, to the network device, at least portion of the first part of second data

unit in the first data unit.

10. A method implemented at a network device, comprising:
receiving, from a terminal device, a random access request in a random access
procedure;

in response to receiving the random access request, transmitting, to the terminal
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device, an uplink grant of the terminal device, the uplink grant indicating a first size of a
first data unit, so that the terminal device determines whether the first size of the first data

matches a second size of a second data unit stored in a buffer of the terminal device.

11. The method of claim 10, wherein receiving the random access request
comprises receiving one of the following:
a contention-free random access preamble; and

a contention-based random access preamble.

12. The method of claim 10, wherein the second data unit comprises at least one of
the following Medium Access Control MAC Control Elements CEs:

a Cell Radio Network Temporary Identifier C-RNTT;

a Buffer Status Report BSR; and

a Power Headroom Report PHR.

13. The method of claim 12, wherein the BSR comprises at least one of the
following:

a truncated BSR;

a padding BSR;

aregular BSR; and

a periodic BSR.

14. The method of claim 10, further comprising:
receiving, from the terminal device, at least portion of the first part of second data

unit in the first data unit.

15. A terminal device, comprising:
at least one processor; and
at least one memory including computer program codes;
the at least one memory and the computer program codes are configured to, with
the at least one processor, cause the terminal device at least to:
transmit, at a terminal device, a random access request in a random access
procedure to a network device;

in response to receiving, in the random access procedure, from the network
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device an uplink grant for the terminal device, determine whether a first size of a first data
unit indicated by the uplink grant matches a second size of a second data unit stored in a
buffer of the terminal device;

in response to determining that the first size mismatches the second size,

determine a first part of the second data unit for subsequent transmissions.

16. The device of Claim 15, wherein the terminal device is caused to transmit the
random access request by transmitting one of the following:
a contention-free random access preamble; and

a contention-based random access preamble.

17. The device of Claim 15, wherein the second data unit comprises at least one of
the following Medium Access Control MAC Control Elements CEs:

a Cell Radio Network Temporary Identifier C-RNTI;

a Buffer Status Report BSR; and

a Power Headroom Report PHR.

18. The device of Claim 17, wherein the BSR comprises at least one of the
following:

a truncated BSR;

a padding BSR;

aregular BSR; and

a periodic BSR.

19. The device of Claim 15, wherein the terminal device is caused to determining
the first part by:
in response to determining that the second size mismatches the first size,
performing at least one of the following:
discarding a truncated BSR from the second data unit;
discarding a padding BSR from the second data unit;
discarding a regular BSR from the second data unit;
discarding a periodic BSR from the second data unit;
discarding a PHR from the second data unit; and

adjusting a size of the truncated BSR.
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20. The device of Claim 15, wherein the terminal device is caused to determining
the first part by:
in response to determining that the second size exceeds the first size:
determining whether the random access procedure is successtully completed
by receiving the uplink grant; and
in response to determining that the random access procedure is considered
successfully completed, discarding a C-RNTI Medium Access Control MAC Control

Element CE from the second data unit.

21. The device of Claim 15, wherein the terminal device is caused to determine
whether the random access procedure is successfully completed by:
determining that the uplink grant is addressed to at least one of the following:
a Cell Radio Network Temporary Identifier C-RNTI; and
a Random Access Radio Network Temporary Identifier RA-RNTI.

22. The device of Claim 15, wherein the subsequent transmissions comprises at
least one of the following:

a transmission associated with the uplink grant; and

a transmission associated with a further uplink grant, a further uplink grant being
different with the uplink grant.

23. The device of Claim 15, wherein the terminal device is further caused to:
transmitting, to the network device, at least portion of the first part of second data

unit in the first data unit.

24. A network device, comprising:
at least one processor; and
at least one memory including computer program codes;
the at least one memory and the computer program codes are configured to, with
the at least one processor, cause the network device at least to:
receive, from a terminal device, a random access request in a random access
procedure;

in response to receiving the random access request, transmit, to the terminal
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device, an uplink grant of the terminal device, the uplink grant indicating a first size of a
first data unit, so that the terminal device determines whether the first size of the first data

matches a second size of a second data unit stored in a buffer of the terminal device.

25. The device of Claim 24, wherein the network device is caused to receive the
random access request by receiving one of the following:
a contention-free random access preamble; and

a contention-based random access preamble.

26. The device of Claim 24, wherein the second data unit comprises at least one of
the following Medium Access Control MAC Control Elements CEs:

a Cell Radio Network Temporary Identifier C-RNTI;

a Buffer Status Report BSR; and

a Power Headroom Report PHR.

27. The device of Claim 24, wherein the BSR comprises at least one of the
following:

a truncated BSR;

a padding BSR;

aregular BSR; and

a periodic BSR.

28. The device of Claim 24, wherein the network device is further caused to:
receiving, from the terminal device, at least portion of the first part of second data

unit in the first data unit.

29. An apparatus for random access procedure, comprising:

means for transmitting, at a terminal device, a random access request in a random
access procedure to a network device;

means for in response to receiving, in the random access procedure, from the
network device an uplink grant for the terminal device, determining whether a first size of a
first data unit indicated by the uplink grant matches a second size of a second data unit
stored in a buffer of the terminal device;

means for in response to determining that the first size mismatches the second size,
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determining a first part of the second data unit for subsequent transmissions.

30. An apparatus for random access procedure, comprising:

means for receiving, from a terminal device, a random access request in a random
access procedure;

means for in response to receiving the random access request, transmitting, to the
terminal device, an uplink grant of the terminal device, the uplink grant indicating a first
size of a first data unit, so that the terminal device determines whether the first size of the
first data matches a second size of a second data unit stored in a buffer of the terminal

device.

31. A non-transitory computer readable medium comprising program instructions

for causing an apparatus to perform at least the method of any of claims 1-9.

32. A non-transitory computer readable medium comprising program instructions

for causing an apparatus to perform at least the method of any of claims 10-14.
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