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RADIO LINK CONTROL UNACKNOWLEDGED MODE RECEIVE TECHNIQUES
CROSS REFERENCES

HEEDY The present Application for Patent claims prionty to International Patent
Application No. PCT/CN2017/097233 to Zheng et. al, tithed "RADIO LINK CONTROL
UNACKNOWLEDGED MODE RECEIVE TECHNIQUES,” filed August 11, 2017,

assigned to the assignee hereof, which is hereby incorporated by reference 1n 1ts entirety.
BACKGROUND

{0002} The following relates generally to wireless communication, and more specifically

to radio link control (R1.C) unacknowledged mode receive technigues.

{6003] Wireless communications systems are widely deploved to provide varicus types of
communication content such as voice, video, packet data, messaging, broadcast, and so on.
These systems may be capable of supporting commumnication with multiple users by sharing
the available system resources {e.g., time, frequency, and power). Examples of such multiple-
access systems include fourth generation (4G} systems such as a Long Term Evolution (LTE)
systems or LTE-Advanced (L'TE-A) systems, and fifth generation (5G) systems which may
be referred to as New Radio (NR) systems. These systeras may emplov technologies such as
code division multiple access {CBMA), tme division multiple access (TBMA), frequency
division multiple access (FDMA), orthogonal frequency division mauliiplc access (OFDMA),
or discrete Fourier transform-spread-OFDM (DFT-S-0FDM}. A wireless multiple-access
communications system may include a number of base stations or network access nodes, cach
simultancously supporting commaunication for multiple comumunication devices, which may

be otherwise known as user equipment (UE).

[6004] In some examples, a wircless system may utilize multiple protocol layers to
process wireless transmissions. For example, a communications systern may be based on
functions divided into a packet data convergence protocol (PDCP) laver {e.g., for header
compression and sequencing), an RLC layer (e.g., for error correction and
segmentation/concatenation of packets), a medium access control (MAC) layer (e g., for
multiplexing and error correction), etc. In some cases, packets or information passed between

layers {e.g., packets or information passed to the RLC laver) may be associated with
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unnecessary overhead (e.g., such as unnecessary header information, etc.) dunng certam

modes of operation. Improved technigues for RLC operation may thus be desired.

SUMMARY

HEETRY The descnbed techmigues relate to improved methods, systems, devices, or
apparatuses that support radio hink control (RLC) unacknowledged mode receive techmgues.
Generally, the described techniques provide for RLC service data unit (SDU) segment
reassembly. A wireless device may receive an RLC protocol data unit {(PDU) from a lower
tayer (e.g., from a media access control {(MAC) laver) when processing communications {¢.g.,
packets) recerved from another wireless device. The receiving wireless device may wdentify
that the PDU is an RLL SDU segment based at least in part on an indication corresponding to
a sequence number associated with the RLC SDU segment (e.g., the PDU may be identified
as an RLC SDU segment based on the presence of a sequence number 1n the PDU). The
receiving wireless device may then determine that the RLC SBU segment is received out of
order based on previously received PDUs or previously received RLC SDU segments, and
mitiate a reassembly timer based on the determination that the RLC SDU segments were
recetved out of order (2.g., based on the sequence numbers associated with the RLC SDU
segment and sequence numbers associated with the previcusly received PDUs or previously
recctved RLC SDU scgments). If the remaining RLC SDU segments {¢.g., the remaining
RLC SDU segments that complete the REC SDU} are received before expiration of the
reassembly timer, the wireless device may reassemble the REC SBU {(¢.g., the complate RLC
SDU) to be passed to a higher laver {e.g., a packet data convergence protocol (PDCP) laver

or a radio resource conirol (KRC) laver).

{0006] For example, the receiving wireless device may maintain or start a reasscrobly
timer when a PDU with a new sequence number i1s identified, when a gap in received PDU
sequence numbering s detected, etc., as described in further detail below. The receiving
wircless device may thus use one or more reassembly timers to determine whether received
PDBUs are buffered for reassembly (o.g.. if the timer has not vet expired) or discarded {(c.g., if
the timer expires prior to gap resolution, if the timer expires prior to reception of remaining

PDUs assoctated with a certain sequence number, gtc.).

{8667} A method of wireless communication is described. The method may include
receiving, at an RLC layer, a PDU from lower layer, and identifying that the PDU is an RLC

SBU segment based at least in part on an indication corresponding to a sequenac number
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associated with the RLC SDU segment. The method may further include determining that the
RLC SDU segment 15 received out of order based at least in part on previously received
PDUs or previously received RLC SBU segments, and initiating a rcassembly timer based at

least in part on the deternunation that the RLC $DU segment is received out of order.

[6008] A apparatus for wirgless communication is described. The apparatus may inchude
means for receiving, at an RLC layer, a PDU from lower layer, and means for identifying that
the PDU is an RLC SDU scgment based at least in part on an indication corresponding to a
sequence number associated with the RLC 5DU segment. The apparatus may further mclade
means for determining that the RLC SPU segment is received out of order based at least in
part on previously received PDUs or previously received RLC SDU segments, and means for
mitiating a reassembly timer based at least in part on the determination that the RLC §DU

segment is received out of order.

HEEDH Another apparatus for wireless communication is described. The apparatus may
imchide a processor, memory m electronic comnprunication with the processor, and
mstructions stored in the memorv. The instructions may be operable o cause the processor to
receive, at an RLC layer, a PDU from lower laver, and identify that the PDU is an RLC SDU
segment based at least in part on an indication corresponding to a sequence number
associated with the RLC SDU segment. The mstructions may be further operable to cause the
processor to determine that the RLC SDU segment 1s recetved out of order based at least in
part on previouosly recetved PDUs or previousty received RLC SBU segments, and initiate a
reassembly timer based at least in part on the detenmination that the RLC SDU segment is

recetved out of order.

{010] A non-transitory compudier readable medium for wireless communication is
desenbed. The non-transitory computer-readable medivm may mchide instructions operable
to cause a processor to receive, at an RLC layer, a PDU from lower layer, and identify that
the PDU is an RLC §DU scgment based at least in part on an indication corresponding to a
sequence number associated with the RLC 5DU segment. The non-transitory computer-
readable medium may include instructions further operable to cause a processor to determine
that the RLL SDU segment 1s recetved out of order based at least in part on previously
received PDUs or previously reccived RLC SDU segments, and inttiate a reassernbly timer
based at feast in part on the determination that the RLC SDU scgment is received out of

order.
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{6611} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
determining that ong or more RLC SDU segments stored in a receive buffer may be notin
sequence, wherein the reassembly timer may be 1nitiated based at least in part on the
determination that one or more SDU segments stored in the receive buffer may be not in
sequense. In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, determining that the RLC SDU segment may be received out of
order comprises identifving a missing RLC SDU segment of an RLC SDU based at least in
part on the received RLC SBU segment and the previously received PDUs or previcusly

received RLL SDU segments.

6012} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, identifving the missing RLC SBU segment of the RLC SDU
comprises identifving a gap between the previously received PDUs or previously received
RLC SPU segments. In some examples of the method, apparatus, and non-transitory
computer-readable medium described above, the missing RLC SDU segment comprises a
first byte of the RLC SDU and the received RLC SDU segment comprises a second byte
following the first byvte. In some examples of the method, apparatus, and non-transitory
computer-readable medium described above, the missing RLC SPU segment comprises a last
bvte of the RLC SDU and the received RLC SDU segment excludes a corresponding
sequence number. In some cxamples of the method, apparatus, and non-transitory computer-
readable medium described above, the missing RLC §DU segment may be associated with a
first sequence number, and the sequence number associated with the received RLC SDU

segment may be greater than the first sequence number.

[6013] Some examples of the method, apparatos, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
determining that the sequence number associated with the RLC SDU segment may be greater
than a highest sequence number associated with the previously received PDUs or previously
received RLE SDU segments. In some examples of the method, apparatus, and non-transitory
corputer-readable medium described above, determining that the sequence number
associated with the RLC SDU segment may be greater than the highest sequence number
comprises determining that the sequence number associated with the PDU may be greater

than zero.

Attorney Docket No. PN464WO .01 (93519.1399) P20182662
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{06614} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
updating a value of a vanable corresponding to the highest sequence number with the
sequence number associated with the RLC SDU segment. Some examples of the method,
apparatus, and non-transitory compuier-readable medium described above may further
mclude processes, features, means, or instructions for updating a value of a variable based at
least i part on a largest unassembled sequence number after a largest reassembled sequence

number.

[6015] In some examples of the method, apparatus, and non-transitorv computer-readable
medium described above, the indication corresponding to the sequence number comprises a
value in a header of the RLC SDU segment that indicates the sequence mumber or a
segmentation identifier in the header of the RLC SDU segment. Some examples of the
method, apparatus, and non-transitory computer-readable medium described above may
further include processes, features, means, or mstructions for performing reassembly of one
or more SDUs that includes the RLC SDU segment and one or more previcusly received
SDU segments based at feast in part on the reassembly timer. fn some examples of the
method, apparatus, and non-transitory computer-readable medium described above, the

reassembly of the SDU may be performed prior to expiration of the reassembly timer.

{86616} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
performing reassembly of one or more SDUs corresponding to a sequence number associated
with the reassembly tuner, wherein the inttiated reassembly timer corresponds to the
sequence number. Some examples of the method, apparatus, and non-transifory computer-
readable mediim described above may further inchude processes, features, means, or
mstructions for discarding the RLC $DU segments associated with the sequence number

based at least in part on the reassembly timer exceeding a threshold.

{6617} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
discarding one or more unassembled RLC SDU segments stored in a receive buffer upon
expiration of the reassembly timer based at least in part on a value of a variable
corresponding to a highest sequence number of the RLC SDU segment sct when indtiating the

reassembly timer. Some examples of the method, apparatus, and non-transitory computer-

Attorney Docket No. PN464WO .01 (93519.1399) P20182662
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readable medium described above may further include processes, features, means, or
mstractions for discarding one or more unassembled RLC §DU scgments stored in a receive
buffer upon expiration of the reassembly timer based at least in part on a value of a vanable
corresponding to a largest unassembled sequence number after a largest reassembled

sequence mumber set when initiating the reassembly timer.

{0018] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
restarting the reassermbly timer based at least in part on the detersuination that one or morg

RLC SDU segments remaining 1 the receive buffer may be out of order.
pe: i R

6019} In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the reassembly timer comprises a t-reassembly timer or a t-

reordering fimer.

{6624} A method of wireless communication is described. The method may include
receiving, at an RLC layer, a PDU from a lower layer, and wdentifving that the PDU s a
complete RLC SDU. The method may further include determining that a previously received
RLC SBU segment is stored in a receive buffer at the RLC layer, and initiating a reassembly
timer based at Ieast in part on the determination that the previously received RLC SDU

segment 1s stored m a receive buffer at the RLC layer.

{6021} An apparatus for wireless communication 15 described. The apparatus may inchude
means for receiving, at an RLC layer, a PDU from a lower layer, and means for identifymg
that the PDU 1s a complete RLC SDU. The apparatus may farther include means for
determuning that a previously received RLL S5DU segment is stored in a receive buoffer at the
RLC layer, and means for mitiating a reassembly timer based at least in part on the
determunation that the previously received RLC SDU segment is stored in a receive buffer at

the RLC layer.

{022} Another apparatus for wircless communication is described. The apparatus may
mclade a processor, memory in electronic communication with the processor, and
mstructions stored in the memory. The instructions may be operable to cause the processor to
receive, at an RLC laver, a PDU from a lower laver, and identify that the PDU is a complete
RLC SDU. The mstructions may be further operable to cause the processor to determine that

a previously received RLC SDU segment is stored in a receive buffer at the RLC layer, and

Attorney Docket No. PN464WO .01 (93519.1399) P20182662
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mitiate a reassembly timer based at least n part on the determination that the previously

received RLC SDU segment 1s stored in a receive buffer at the RLC laver.

[6023] A non-transitory computer readable medium for wireless communication is
described. The non-transitory computer-readable mediom may inchude instructions operable
o cause a processor to receive, at an RLC layer, 3 PDU from a lower layer, and identify that
the PD3U 15 a complete RLC SDU. The non-transitory computer-readable medinm may
melhude instructions further operable to cause a processor to determine that a previously
received RLC SDU segment is stored in a roceive buffer at the RLC layer, and initiate a
recassembly timer based at least 1o part on the determination that the previousky received RLC

SDU segment is stored in a receive buffer at the RLC laver.

{0024] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
wentifying a missing RLC SDU segment of an RLC SDU based at least m part on the

previousiy received RLC SDU segment stored in the receive buffer and the complete SDU.

[6025] Some examples of the method, apparatos, and non-transitory computer-readable
mediom described above may further include processes, features, means, or instructions for
wdentifving a gap between previously received PDUs or previousty received REC SDU

segments based at least in part on the complete SDU.

[06026] Some examples of the method, apparatus, and non-transitory computer-readable
medmum described above may further include processes, features, means, or instructions for
determining that a sequence number associated with the RLC SPU segment may be greater
than a highest sequence number associated with previously received PDUs or previously
recetved RLC SDU scgments. In some examples of the method, apparatus, and non-transitory
computer-readable medium described above, determining that the sequence number
associated with the RLC SDU segment may be greater than the highest sequence number
comprises determining that the sequence number associated with the PDU may be greater

than zero.

{0027] Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
gpdating a value of a variable corresponding to the highest sequence number with the
sequence number associated with the RLC 5DU segment. Some examples of the method,

apparatus, and non-transitory computer-readable medium described above may further

Attorney Docket No. PN464WO .01 (93519.1399) P20182662
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melude processes, features, means, or mstructions for updating a value of a vanable based at
least in part on a largest unassenbled sequence number after a largest reassembled sequence

number.

[6028] In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, an indication corresponding to the sequence number comprises a
value in a header of the RLC SDU segment that indicates the sequence number ora

segmentation identifier in the header of the RLC SDU segment.

{06029} Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
performing reassembly of one or more SPUs that inchides the RLC SDU segment and one or
more previously reccived SDU segments based at feast in part on the reassembly timer. Some
examples of the method, apparatus, and non-transitory computer-readable medivm described
above may further include processes, features, means, or mstroctions for performing
reassembly of one or more SDUs corresponding to a sequence number associated with the
reassembly tmer, wherein the initiated reassembly timer corresponds to the sequence
number. Some examples of the method, apparatus, and non-transitory computer-readable
medium described above may further include processes, features, means, or instructions for
discarding the RLC SDU segments associated with the sequence number based at least in part

on the reassembly timer exceeding a threshold.

LR In some examples of the method, apparatus, and non-transitory computer-readable
medium described above, the reassembly of the SDU may be performed prior to expiration of
the reassembly timer. Some examples of the method, apparatus, and non-transitory computer-
readable mediim described above may further inchide processes, features, means, or
mstructions for discarding one or more unassembled RLC SDU segments stored 1n a receive
buffer upon expiration of the reassembly timer based at Ieast in part on a value of a vanable
corresponding to a highest sequence namber of the RLC SDU segment set when initiating the

reassembly timer.

{6031} Some examples of the method, apparatos, and non-transitory computer-readable
mediom described above may further include processes, features, means, or instructions for
restarting the reassembly timer based at feast in part on the determination that onc or more
RLC 5BU segments rematning in the receive buffer may be out of order. Some examples of

the method, apparates, and non-transitory compuier-readable medium described above may

Attorney Docket No. PN464WO .01 (93519.1399) P20182662
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further inchude processes, features, means, or nstructions for discarding one or more
snassembled RLC SDU segments stored in a receive buffer upon expiration of the
reassembly timer based at least in part on a value of a variable corresponding to a largest
unassembled sequence number after a largest reassembled sequence number set when
initiating the reassembly timer. Some examples of the method, apparatus, and non-transitory
computer-readable medium deseribed above may further inclode processes, features, means,
or instructions for restarting the reassembly timer based at least in part on the determination

that one or more RLC SDU segments remaining in the receive buffer may be out of order.
BRIEF DESCRIPTION OF THE DRAWINGS

[6032] FIG. 1 illustrates an example of a system for wireless communication that
supports radio link control (RLC) unacknowledged mode recetve techniques in accordance

with aspects of the present disclosure.

{0033] FIG. 2 illustrates an exaraple of a wircless conumunications svstem that supports
RLC unacknowledged mode receive techniques in accordance with aspects of the present

disclosure.

{8634} FIG. 3 1llustrates an example of a process flow that supports RLC
unacknowledged mode receive techmigues m accordance with aspects of the present

disclosure.

[3035] FIG. 4 lustrates an example of a process flow that supports RLC
unacknowledged mode receive technigues in accordance with aspects of the present

disclosure.

{8636} FIGs. 5 through 7 show block diagrams of a device that supports RLC
unacknowledged mode receive techniques in accordance with aspects of the present

disclosure.

{6637} FIG. 8 illustrates a block diagram of a system including a wircless device that
supports RLC unacknowledged mode receive techniques in accordance with aspects of the

present disclosure.

[(038] FlIGs. 9 through 11 illustrate methods for RLC unacknowledged mode receive

techniques in accordance with aspects of the present disclosure.
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DETAILED DESCRIPTION

[B039] In some wircless communication systems, a radio link control (RLC) entity or
RLC layer in a base station or a user equipment (UE) may be associated with supporting
packet organization, for both packet transmission and packet reception, by monitoring
transport block size {e.g., corresponding to the media access control (MAC) laver transport
block size). If a base station or UE is receiving communications (¢.g., if a base station or UE
18 acting as a receiving wireless device), the RLT laver may receive RLC protocol data units
{PDUs) {e.g., MAL service data umits (SDUs)) and assemble the RLC PDUs into RLC SDUs
to be passed to upper lavers. For example, an RLC layer may receive an RLC PDU (c.g., a
MAC SDU) from a MAC layer, remove an RLC header from the RLC PDU, assembie an
RELC SPU {e.g., based on information contained 1n the RLC header), and pass the RLC SDU
to a packet data convergence protoco! (PDCP) layver or a radio resource condrol (RRC) layer.
Asscmbly of the RLC SDU from received RLC PDUs may include combining certain RLC
PDUs into larger chunks of information, organizing the received RLC PDUs according to

their sequence numbers {e.g., indicated by their respective RLC headers), ete.

(3040} In some cases, headers {¢.g., RLC headers which may include RLC PDU sequence
numbers) may be assoctated with RLC PDUs that have previously been segmented by a
transmitting device. For example, mformation that has been segmented (¢.g., broken uxto two
or more chunks) at an RLC layer of a transmitting device for transmission may need to be
reassembled or concatenated back together at the RLC layer of the receiving device.
Therefore, according to techniques described herein, an RLC PBU may be associated with a
sequence number if the RLC PDU 15 to be associated with a reassembly or concatenation
procedure {¢.g., if the RLC PDU 1s an RLC SDU segment to be reassembled or concatenated
with other RLC S§DU segments to result in a complete REC SDU). I a receving wireless
device receives or obtains an RLC PDU (c.g., from a MAC layer) that contains a sequence
number {¢.g., or an RLC header), the wireless device may buffer the RLC PDU for
reassembly {e.g., for reassembly with certain other RLC PDUs, performed based on
respective sequence numbers). I a receiving wireless device receives or obtains an RLC PDU
{c.g., from a MAC layer) that does not contain a sequence number or RLC header, the
wireless deviee may promptly pass or deliver the RLC SDU (e.g., derived from or obtained as

the RLC PDU) to an upper laver (e.g., the PDCP laver).

Attorney Docket No. PN464WO .01 (93519.1399) P20182662



CA 03069187 2020-01-07

WO 2019/029633 PCT/CN2018/099678

Qualcomm Ref No, 175806W0O2
i1

{6641} In some cases, the receiving wireless device may store a reassembly timer for
RLC operation relating to reassembly of RLC PDUs (e.g., reassembly of RLC SDU
segments). For example, the receiving wireless device may maintain or start a reassembly
timer when a PDU with a new sequence number is identified, when a gap in reccived PDU
sequence numbering is detected, etc., as desenbed in further detait below. The receiving
wireless device may thus use one or more reassembly timers to determine whether received
PDUs are buffered for reassembly (¢.g., if the timer has not vet expired) or discarded (¢.g., if
the timer expires prior to gap resolution, 1f the timer expires prior fo reception of remaining

PDUs associated with a certain sequence number, ofc.).

(042} In some cases, the receiving wireless device may store or maintain a reassembly
window for RLC operation relating to reassembly of RLC PDUs. For example, a receiving
wireless device may determing that a sequence number associated with a PDU received at the
RLC layer is outside of a maintained reassembly window, and the wircless device may
discard the PDU. f the sequence number is within the reassembly window, the wireless
device may store or buffer the PBU {c g, for reagsembly}. The following discussion further

details such technigues for RLC unacknowledged mode (UM) reception.

[3043] Agpects of the disclosure are mitially descrnibed in the context of a wireless
communications svstem. Aspects of the disclosure are then illustrated by and described with
reference to process flows implementing discussed technigues. Aspects of the disclosure are
further dlustrated by and described with reference to apparatus diagrams, system diagrams,

and flowcharts that relate 1o RLE unacknowledged mode receive techniques.

0044} FIG. 1 illustrates an example of a wireless communications system 100 in
accordance with various aspects of the present disclosure. The wireless communications
system 100 includes base stations 105, UEs 1135, and a core network 130, In some examples,
the wireless communications system 100 may be a LTE {or LTE-Advanced (LTE-A))
network, or a NR network. In some aspects, wireless communications system 100 may
support enhanced broadband communications, ultra-refiable (.¢., mission critical}
communications, low latency communications, and communications with low-cost and low-
complexity devices. In addition, the wireless communications svstem 100 may support RLC

unacknowledged mode receive technigues.

{0045} Base stations 105 may wirelessly communicate with UEs 115 via one or more

base station antennas. Hach base station 105 may provide communication coverage fora
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respective geographic coverage area 110, Communication links 123 shown in wireless
communications system 100 may include uplink transmissions from a UE 115 to a base
station 105, or downhink transmissions from a base station 105 to a UE 115, Control
mformation and data may be multipiexed on an uphink channel or downlink according to
various technigues. Control information and data may be mudtiplexed on a downlink channel,
for example, using time division muldtiplexing (TDM) technigues, frequency division
multiplexing (FDM} techmigues, or hybnd TDM-FDM techniques. In somc examples, the
control mformation transmitted during a transmission time interval {111} of a downlink
channel may be distributed between different control regions in a cascaded manner (¢.g.,
between a common control region and one or more UE-specific control regions}. The
wircless communications svsiem 100 may also include access network entities configured to
manage conumuonications between entities. In some examples, access network entitics may
mnclude one or more base stations. As used herein, the term base station may refer to access

network entifies and vice-versa,

{0046} UEs 115 may be dispersed throughout the wircless communications system 100,
and each UE 115 may be stationary or mobile. A UE 115 may also be referred 1o as a mobile
station, a subscriber station, a mobile unit, a subscriber unit, a wureless unit, a remote unit, a
mobile device, a wireless device, a wircless commumications device, a remote device, a
mobile subscriber station, an access terminal, a mobile terminal, a wireless terminal, a remote
terminal, a handset, a user agent, a mobile client, a client, or some other suitable terminology.
A UE 115 may also be a cellular phone, a personal digital assistant (PDA), a wireless
modem, a wireless communication device, a handheld device, a tablet computer, a laptop
computer, a cordless phone, a personal electronic device, a handheld device, a personal
computer, a wircless local loop (WLL) station, an Internet of things (IoT) device, an Intemet
of Evervthing (foE}) device, a machine type communication (MTC) device, an appliance, an

automobile, or the like.

8047} In some aspects, a UE 115 may also be able to communicate directly with other
UEs {c.g., using a pecr-to-peer (P2P) or device-to-device (D2D) protocol}. One ormorc of a
group of UHs 115 utilizing 12D communications may be within the coverage arca 110 of a
cell. Gther UEs 115 in such a group may be outside the coverage area 110 of a cell, or
otherwise unable to receive transmissions from a base station 105, In some aspects, groups of
UEs 115 communicating via D2 communications may utilize a one-to-many {1:M) system

m which each UE 115 transmits to every other UE 115 in the group. In some aspects, a base
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station 105 facilitates the scheduling of resources for D2D communications. In other aspects,

D2D communications are carried out independent of a base station 105,

[(3048] Some UEs 115, such as MTC or loT devices, may be low cost or low complexaty
devices, and may provide for antomated communication between machines, 1.¢., Machine-to-
Machine {(M2M)} communication. M2M or MTC may refer to data communication
cchnologies that allow devices to communicate with one another or a base station without
human ntervention. For example, M2M or MTC may refer to communications from devices
that integrate sensors or meters o measure or capture information and relay that information
to a central scrver or application program that can make use of the information or present the
mformation to humangs interacting with the program or application. Some UEs 115 may be
designed to collect information or enable automated behavior of machines. Examples of
applications for MTC devices include smart meiering. inventory monitoring, water level
monioring, equipment monitoring, healthcare monitoring, wildhife monitoring, weather and
geological event monitoring, tleet management and trackimg, remote security sensing,

physical access control, and transaction-based business charging.

(30349} In some aspects, an MTC device may operate using half-duplex {onc-way}
communications at a reduced peak rate. MTC devices may also be configured to enter a
power saving “deep sleep” mode when not engaging in active communications. In some
aspects, MTC or foT devices may be designed to support mission critical functions and
wirglgss communications system may be configured to provide ultra-reliable commumcations

for these functions.

6050} Base stations 105 may communicate with the core network 130 and with one
ancther. For example, base stations 105 may interface with the core network 130 through
backhaul links 132 (¢ g., S1, ¢tc ). Basc stations 105 may communicate with one another over
backhaul links 134 {e.g., X2, etc.) either directly or indirectly {e.g., through core network
130}. Base stations 103 may perform radio configuration and scheduling for communication
with UEs 115, or may operate under the control of a base station controller (not shown). In
some examples, base stations 105 may be macro cells, smali cells, hot spots, or the Iike. Base
stations 105 (and/or evolved node Bs, eNodeBs, NodeBs) may also be referred to as eNodeBs

{eNBs) 105 and/or next gencration NodeB {(gNB).

0051} A base station 105 may be connected by an S1 mterface to the core network 130,

The core network may be an evolved packet core (EPC) or a NextGen Core (NGC). The EPC
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may include at least one mobile management entity (MME), at least one 5-GW, and at least
one P-GW. The MME may be the control node that processes the signaling between the UE
115 and the EPC. Al user Intemet Protocol (IP) packets may be transferred through the §-
GW, which itself may be connected to the P-GW. The P-GW may provide 1P address
allocation as well as other functions. The P-GW may be connected to the network operators
1P services. The NGC may mclade at least one access and mobility maragement function
{AMYF} and at lcast one session management function {(SMF), and at least one user-plane
function (UPF). The operators IP services may include the Intemet, the Intranet, an IP

Multimedia Subsystem (IMS), and a Packet-Switched (P5) Streaming Service (PSS).

[B052] The core network 130 may provide user authentication, access authorization,
tracking, IP connectivity, and other access, routing, or mobility functions. At least some of
the network devices, such as base station 105-a may mehude subcomponents such as an
access network entity, which may be an example of an access node controller (ANCY. Each
access network entity may communicate with a number of UEs 115 through a number of
other access network transmission entities, which may be an example of a smart radio head,
or a transmission reception point {TRP). In some configurations, various functions of cach
access network entity or base station 105 may be distributed across various network devices

{eg

Pl

radio heads and access network controllers) or consolidated into a single network

device {¢.g., a base station 105},

[8053] Wireless communications system 100 may operate in an ultra-high frequency
{UHF) frequency region using frequency bands from 760 MHz to 2600 MHz (2.6 GHz),
although in some aspects wireless local arca network (WLAN) networks may use frequencies
as ligh as 4 GHz. This region mayv also be known as the decimeter band, since the
wavelengths range from approximately one decimeter to one meter in length. UHF waves
may propagate mainly by line of sight, and may be blocked by buildings and environmental
features. However, the waves may penetrate walls safficiently to provide service to UEs 115
located imdoors. Transmission of UHF waves 1s characterized by smaller antennas and shorter
range {¢.g., less than 100 km} compared {0 transmission using the smaller frequencies (and
longer waves) of the high frequency (HF) or very high frequency (VHF) portion of the
spectrum. In some aspects, wireless communications system 100 may also utilize extremely
high frequency (HHFE) portions of the spectrum {e.g., from 30 GHz to 300 GHz). This region

may also be known as the nullimeter band, since the wavelengths range from approximately

one millimeter to one centimeter in length. Thus, EHF antennas may be even smaller and
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more closely spaced than UHF antennas. In some aspects, this may facilitate use of antenna

arrays within a UE 115 (e g.

P

for directional beamforming). However, EHF transmisstons
may be subject to even greater atmospheric attenuation and shorter range than UHF

transmissions.

[6054] Thus, wireless communications systera 100 may support miblimeter wave (mmW)
communications between UEs 1135 and base stations 105, Devices operating in mmW or EHF
bands may have multiple antennas to aliow beamforming. That 1s, a base station 105 may usc
multiple antennas or antenna arrays to conduct beamforming operations for directional
communications with a UE 115, Beamforming (which may also be referred to as spatial
filtening or directional transmission) 1s a signal processing technigue that may beused ata
transmitter (¢.g. a base station 105} to shape and/or steer an overall antenna beam i the
direction of a target receiver {e.g. a UE 113}, This may be achieved by combining elements in
an antenna array in such a way that transmitted signals at particular angles experience

constructive interference while others experience destructive interference.

[B055] Multiple-input multiple-output (MIMO) wireless systems use a transmission
scheme between a transmitter (¢.g. a base station} and a receiver {e.g. a UE), where both
transmitter and receiver are equipped with multiple antennas. Some portions of wireless
commumcations system 100 may use beamtorming. For example, base station 105 may have
an antenna array with a number of rows and columns of antenna ports that the base station
105 may use for beamforming in its commumnication with UE 115, Signals may be transmitted
multiple times i different directions (¢.g., cach transmission may be beam-formed
differently). A mmW receiver {e.g., a UE 115} may try nultiple beams (¢.g., antenna

subarrays) while receiving the synchronization signals.

6656} in some aspects, the antennas of a base station 105 or UE 115 may be located
within one or more antenna arrays, which may support beamforming or MIMO operation.
One or more base station antennas or antenna arrays may be collocated at an antenna
assembly, such as an antenna tower. {n some aspects, antennas or antenoa arrays associated
with a base station 103 may be located in diverse geographic locations. A base station 105
may multiple use antennas or antenna arrays to conduct beamforming operations for

directional communications with a UE 115.

{8057} In some aspects, wireless communications syvstem 100 may be a packet-based

network that operates according to a layvered protocol stack. In the user plane,
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communications at the bearer or PDCP layer may be imnfemet protocol {(IP})-based. A RLC
laver may in some aspects perform packet segmentation and reassembly to communicate over
logical channels. A MAC layer may perform priority handling and multiplexing of logical
channels into transport channels. In some cases, the MAC layer may also use Hybrid ARG
(HARQ) to provide retransmission at the MAC layer to improve hink efficiency. In the
control plane, the RRC protocol layer may provide establishment, configuration, and
maintenance of an KRC connection between a UE 115 and a network device such as a base
station 105 or core network 130 supporting radio bearers for user plane data. At the Physical

(PHY) layer, transport channels may be mapped to physical channels.

[058] The PDCP layer may be responsible for receiving [P packets, performing header
compression and decompression using, for instance, a robust header compression (ROHC)
protocol, transter of data (user plane or control plang), maintenance of PBCP sequence
numbers (SNs), and in-sequence delivery of upper layer PDUs to lower lavers. The PDCP
layver may also manage packets to avoid duplicates, ciphering and deciphering of user plane
data and control plane data, integrity protection and integrity venfication of control plane

data, and packet discarding based on a timer-out timer.

HEIRS! An RLC layer may connect layers higher than the RLC layer (e.g., the PDCP
laver} to lavers lower than the RLC laver {e.g., the MAC layer). In some exarmples an RLC
entity in a base station 103 or a UE 115 may be associated with supporting transmission
packet organization by monitoring transport block size {e.g., corresponding to the MAC laver
transport block size}. If an incoming data packet (i.¢., a PBCP or RRC SDU) 15 too large for
transmission, the RLC layer may scgment it utto several smaller RLC PDUs. Ifthe incoming
packets are too small, the RLC layver may concatenate several of them into a single, larger
RLC PDU. Each RLC PDU may melude a header including information about how to
reassemble the data. The RLC layer may also be associated with ensuring that packets are
reliably transmitted. In some cases, the transmitier may keep a buffer of mdexed RLC PDUs.
In some cases, wireless communications system 100 may operate without an RLC layer, and
ong or more functiong associated with the RLC layer {e.g., status reporting) may be

performed by a MAC laver or a PDCP layer.

HEESH! In some cases, a source device may send a Poll Request to determine which PDUg
have been received and the target device may respond with a Status Report. Unlike the MAC

laver HARQ, automatic repeat reguest {ARQ) mav not include a forward error correction
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function. An entity performing ARQ functions may operate m one of three modes. In
acknowledged mode (AM), unacknowledged mode (UM} and transparent mode (TM). In
AM, the ARQ entity may perform segmentation/concatenation and ARQ. This mode may be
appropriate for delay tolerant or error sensitive transmissions. In UM, the ARQ entity may
perform segmentation/concatenation but not ARQ. This may be appropriate for delay
sengitive or error tolerant traffic {e.g., voice over Long Term evolution (VoL TE)). TM may
perform data buffering, but may not include either concatenation/segmentation or ARG, T™M
may be used primanly for sending broadcast control information {e.g., the master information
block (MIB} and system information blocks (51Bs}), paging messages, and RRC connection
messages. Some transnussions may be sent without the participation of an ARQ entity (¢g.. a

random access channel (RACH) preamble and response).

[6061] Time intervals in LTE or NR may be expressed in mudtiples of a basic time vnit
{which may be a sampling period of Ts = 1/30,720,000 scconds). Time resources may be
organized according to radio frames having a length, such as for example 10ms (Tf=
307200Ts), which may be identified by a system frame number (SFN}, for example having a
range from 0 to 1023, Each frame may mclude a number of subframes, such as for example
ten 1ms subframes numbered from 0 to 9. A subframe may be further divided into slots, such
as for example two 5ms slots, each of which may contain a number of modidation symbol
periods {depending on the fength of the cyclic prefix prepended 1o cach symbol}. Excluding
the cvelic prefix, each symbol contains sample periods, such as for example 2048 sample
periods. In some aspects the subframe may be the smallest scheduling unit, also known as a
TTL. In other aspects, a TTI may be shorter than a subframe or may be dynamically selected

{c.g., in short TTI bursts or 1n sclected component carniers using short TTis).

[06062] A regsource element may consist of one symbol period and one subcarrier (e.g., a
15 kHz frequency range). A resource block may contain 12 consecutive subcarriers in the
frequency domaim and, for a normal cyclic prefix in each orthogonal frequency-division
multiplexing (OFDM) symbol, 7 consecutive OFDM symbols in the time domain (1 slot}, or
84 resource clements. The number of bits carried by each resource element may depend on
the modulation scheme (the configuration of symbols that may be sclected during cach
symbol period). Thus, the more resource blocks that a UE receives and the higher the

modulation scheme, the higher the data rate may be.
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{06663} Wireless communications svstem 100 may support operation on multiple cells or
carriers, a feature that may be referred to as carrier aggregation (CA) or multi-carrier

operation. A carrier may alsc be referred to as a component carrier {CC), a layer, a channel,

9 ¢ 2% <<

ctc. The terms “carrier,” “component carrier,” “cell,” and “channel” may be used
mterchangeably herein. A UE 115 may be configured with multiple downlink CCs and one or
more uplink CCs for carrier aggregation. Carrier aggregation may be used with both

frequency division duplexing (FDI3) and time division duplexing (TDD) component carniers.

{0064} In some aspects, wireless communications systera 100 may utilize enhanced
component carriers {(¢CCs). An ¢CC may be characterized by one or more features mcluding:
wider bandwidth, shorter symbol duration, shorter T11s, and modified control channel
configaration. In some aspects, an ¢CC may be associated with a carrier aggregation
configuration or a dual connectivity configuration {¢.g., when multiple serving cells have a
suboptimal or non-ideal backhaul link}). An eCC may also be configured for use in unlicensed
spectrum or shared spectrum (where more than one operator is allowed to use the spectrum).
An eCC characterized by wide bandwidth may include one or more segments that may be
utilized by UEs 115 that are not capable of monitoring the whole bandwidth or prefertouse a

himited bandwidth {e.g., to conserve power).

[06065] in some aspects, an ¢CC may utilize a different svmbol duration than other CCs,
which may include use of a reduced symbol duration as compared with symbol durations of
the other CCs. A shorter symbol duration may be associated with increased subcarrier
spacing. A TTI in an eCC may consist of one or multiple symbols. In some aspects, the TT1
duration (that is, the number of symbols in a TTI) may be variable. In some aspects, an ¢CC
may utilize a different symbol duration than other CCs, which may include use of a reduced
symbol dvration as compared with symbol darations of the other CCs. A shorter symbol
duration is associated with increased subcarrier spacing. A device, such as a UE 115 or base
station 105, utilizing eCCs may transmit wideband signals {e.g., 20, 40, 60, 80 MHz, eic) at
reduced symbol durations (e.g., 16.67 microseconds). A TT1in ¢CC may consist of one or
multiple symbols. In some aspects, the TTI duration (that is, the number of symbols in a TTI}

may be variable.

{(3066] In some aspects, wircless communications system 100 may utilize both licensed
and unhicensed radio frequency spectrum bands. For example, wircless communications

system 100 may employ LTE License Assisted Access (LTE-LAA}Y or LTE Unlicensed (LTE
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U) radio access technology or NR technology in an unlicensed band such as the 5 GHz
Industrial, Scientific, and Medical (J1SM) band. When operating in unlicensed radio frequency
spectrum bands, wireless devices such as base stations 105 and UEs 115 may employ listen-
before-talk (LBT) procedures to ensure the channel is clear before transmitting data. In some
aspects, operations in unlicensed bands may be based on a CA configuration in conjunction
with CCs operating in a licensed band. Operations in unlicensed spectrum may include
downlink transmissions, uplink transmissions, or both. Duplexing in unlicensed spectrum

may be based on FDD, TDD or a combination of both.

[6067] A wireless devices in wireless communications svstem 100 {c.g., base stations 105
and UEs 115) may receive a RLC PDU from a lower laver {e.g., from a MAC laver) when

processing comnuumnications {e.g.

g., packets) received from another wireless device (e.g., a
transmitting base station 105, a transmitting UE 115, etc). The receiving base station 105 or
UE 115 may identify that the PDU is an RLC SDU segment based at east in part on an
mdication corresponding to a sequence number associated with the RLC SDU segment. The
receiving base station 105 or UE 115 may then determine that the RLC SDU segment is
received out of order based on previously received PDUs or previously received RLC SDU
segments, and atiate a reassembly timer based on the out of order determination for the RLC
SBUs. If the remaming RLC SDU scgments {(e.g., that complete the RLC 5DU) are received
before reassembly timer expires, the receiving base station 105 or UE 115 may reassemble

the RLC SDU to be passed to a higher layer.

{0068] FiG. 2 illustrates an example of a wircless communications systern 200
implementing technigues for RLC receive operation. The wireless communications system
200 may be an example of the wireless communications system 100 discussed with reference
to FIG. 1. The wireless communications system 200 may include a base station 105-aand a
UE 115-a. As discussed above, the torm base station 105 may refer to an access network
entity. While only a single base station 105-a and a smgle UE 113-a are depicted, the wireless
communications system 200 may include additional base stations 105 and additional UEs
115. The base station 105-a may be an example of the base stations 105 described with
reference to FIG. 1. The UE 115-a be an example of the UHs 1135 described with refercnce to

FIG. 1

[06069] The base station 105-a and the UE 115-a may communicaic or exchange

transmissions 205 via a communication hink 125. Transmissions 205 may be transmutted or
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received by either entity, the base station 105-a or the UE 115-a (e.g., transmissions 205 may,
i some cases, refer to uplink and/or downlink transmissions). Transmissions 205 may, in
some cases, be quantified in terms of packets 218, which may be associated with information
or data of a certain amount or size. In the present example, UE 115-a may be recerving
transmissions 205 from base station 105-a {e.g., UE 115-a may be an example of a receiving
wireless device, and base station 105-a may be an example of a transmitting wireless device).
Upon recetving transmissions 205, UE 115-a may process each recetved packet 210 via
operations performed at muliiple protocol lavers. For example, UE 115-a may include at least
a PHY layer 215, a MAC layer 220, an RLC laver 225, and a PBCP layer 230 for processing
of packets 210, At the PHY layer 215, UE 115-a may map the received packet 210 from a
physical channel (c.g., the received transmission channel of conununication link 125) to
transport channels. The information may then be passed to the MAC layer 220 (e g, as a
MAC PBU;} for priority handling and de-multiplexing of the transport channels into logical
channels. The information {¢.g., the MAC SDU) may then be passed to the RLC layer 225
{c.g., nterpreted as an RLC PDU or, in some cases, an RLC SDU segment) for packet
segmentation and, m some cases, packet reassembly over the logical channels. The
mformation {e.g., the RLC SDU or complete RLE SDU may then be finally passed to upper
layers, such as a PDCP laver 230 {c.g., interpreted as a PDCP PDUY. In some cases, base
station 105-a may mclude similar protocol layers, and may process packets 210 for
transmission in a similar or reverse manner at cach laver {e.g., sce additional description of

such processes as described with reference to FIG. 1),

{667¢] In some cases, all REC PP Us may be associated with or include RLC headers
{c.g., sequence numbers) for packet segmentation and, in some cases, packet reassembly.
However, in some cases, only packets that have been segmented by a transnutiing device
{e.g., RLC PDUs or RLC $DU segments that will need to be reassembled at a receiving
wireless device) may include or be associated with headers or sequence numbers, The UE
115-a may identify an RLC PDU 15 an RLC SDU segment (e.g., 18 to be combined with other
RLC PBUs to generate a complete RLC SDU for passing to an upper laver) bva
segmentation indicator identifier in the header or, in some cases, by dentifying the PBU has
a sequence number. I a receiving wirciess device receives or obtains an RLC PDU (c.g.,
from a MAC laver} that is determined to be an RLC SDU segment {¢.g., via an identified
sequence mumber, a segmentation identifier in an RLC header, etc.}, the wireless device may

buffer the RLC PDU for reassembly {¢.g., for reassembly with certain other RLL PDUs,
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performed based on respective sequence numbers). If a receiving wireless device receives or
obtaing an RLC PDU (e g, from a MAC layer) that does not contain a sequence number or
RLL header, the wireless device may promptly pass or deliver the RLC $DU {e g, derived
from or obtained as the RLC PDU) to an upper laver (¢.g., the PDCP laver).

[6671] In some cases, it may be desirable to discard some information {¢.g., PDUs or
SDU segments) stored in the buffer due to, for example, memory constraints. As such, a
wireless device (e.g., UE 115-a) may discard a received PDU or clear the buffer of a PDU
based on the expiration of a stored reassembly timer, the reception of a PDU with a sequence
number outside of a stored reassembly window {(e.g., a window or range of scquence numbers
associated with current PDUs), the reception of a duplicate PDU {(e.g., determined based on
the sequence number and/or segmentation identifier), etc. Upon identification of such a
condition, the UE 115-a may discard the PDU that triggered the condition (¢.g., the PDU
associated with an expired reasscrobly timer), discard all PDUs with the same sequence
number as the PDU that triggered the condition or, in some cases, discard all PDUs betore a
stored state vanable {¢.g., discard all PDUs before a stored sequence number stored at the UE

115-a). Dictails relating to such conditions are now described.

{0072} A receiving UE 115-a may store a reassembly timer for RLC operation relating to
reassembly of RLC PDUs. More specifically, UE 115-a may store a reassembly tuner for
RLC SDU reassembly (e.g., reassembly of RLC SDU segments), such that buffered PDUs
{c.g., or SDU segments) are discarded upon expiry of the timer. In some cases, the timer may
be configured by the network. Initiating or starting the timer may be based on a determination
that a received PDU is associated with a new sequence number or based on a detection of a
gap (¢.g.. in PDU sequence numbers}. For example, when a PDU is received at an RLC laver,
UE 115-a may start a reassembly timer if the PDU has a new sequence mumber (e.g., if the
PDU is associated with a sequence number that no previously received PDU 15 associated
with). In cases where a PDU 1s received without a sequence number, a timer may not be

mitiated {¢.g., the PDU may be immediately passed to an upper laver).

[073] In some cases, the timer may be started or mitiated when a gap in PDU reception

{e.g., at the RLC laver) 13 detected. For example, if a UE 115-a has a PDU already stored in
the buffer and another PDU is received without a sequence mumber, the UE 115-a may start
the reassembly timer. As another example, the reassembly timer may be started ifa PDU s

recetved with a sequence number that 1s ditterent than a sequence number ot a PDU already
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i the buffer. Finally, the timer may be started it a PDU 15 received with a sequence number
that 1s the same as a sequence number of a PDNU already 1o the buffer, but the two PDUs are
0ot in consecutive byte order {e g, determined based on a segmentation identifier included in
the header). In somc cases, initiation of the reassembly timer may assume the reassembly
timer i3 not already running. I the reassembly timer 18 already running and one of the above
conditions holds true, the reassembly timer may continue to increment according to the

original start time (¢.g., until the reassembly timer expires or 1s stopped).

{6674} The reassembly timer may be stopped when the received PRU (¢ g, the RLC
SDU segment) may be reassermbled with other PDUs {e.g., other PD3Us with the sane
sequence number already stored in the buffer of UE 115-a) to complete an RLC SDU. That
is, the reassembly timer may be stopped when a complete RLC SDU 1s reassembled for
passing to an upper layer. Following such reassembly, the UE 115-a may continue to receive
PDUs at the RLC laver, and may restart the reassembly timer for any newly received PDUs
according to the discussion above. However, in cases where the reassermbly umer expires
prior to assembly of a complete RLC SDU. the UE 115-a may discard the received PDU
{c.g., that triggered the reassembly timer), discard all PDUs associated with the same
sequence number as the received PDU, discard all segments with sequence numbers less than
{e.g., oocurring carlier in time than) a stored state vartable (e.g., a VR(UX) state variable),
etc. In some examples, the timer may be stopped only after all the segments with sequence
numbers before the sequence number of the state vanable stored by the reasscrably timer
have been restored. In cases where both a reassembly timer and a reassembly window are
maintained, the reassembly timer may be stopped when the reassembly window moves past a
stored state vanable (¢.g., VR{UX)) if it is pending. In cases where the received PDU is
alreadv stored in the buffer {e.g., a duplicate PDU was received) the UE 113-a may not
mitiate the reassembly timer in the first place, and may discard the duplicate PDU received at

the RLLC layer.

{6875} In some cases, the UE 115-a may maintaim or imitiate multiple timers for RLC
receive operation {¢.g., RLC PDU reassembly procedures). For example, a reassembly timer
may be started for cach PDU received that is assoctated with a new sequence number. The
UE 115-a may maintain a timer for each PDU received that 1s associated with a new sequence
number simiftancously {e.g., if a reassembly timer is already running or has already been

started and a PDU 18 received with a new scquence number, the UE 115-a may inttiate an
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additional timer). That is, the UE 115-a may inttiate multiple reassembly timers, cach started

and maintained based on different received PDUs.

{076} In some cases, the receiving wireless device may store or maintain a reassembly
window for RLC operation relating to reassembly of RLC PDUs. UE 115-a may maintain a
reassembly window for RLC SDU reassembly, such that received PDUs are discarded if their
sequence number falls outside of the reassembly window. In other cases, any unrcassembled
{¢.g., unassembled) SDU segments (e.g., PDUs cither just received or already stored in the
buffer) may be discarded with the reassembly window moves past the sequence number of

the SDU segment or PDU (e.g., a pull-based reassembly window).

6677} Fids. 3 illustrates an example of a process flow 300 that supports RLC receive
echniques 1n accordance with various aspects of the present disclosure. Process flow 300
meludes base station 105-b and UE 115-b, which may be examples of base stations 105 and
UEs 115 as described with reference to FiGs. 1 and 2. Process flow 300 may illustrate UE
115-b {¢.g., a receiving wireless device) performing REC PDU reassembly techniques for
communications received from base station 105-b. In the following description of the process
flow 300, the operations between the UE 113-b and the base station 105-b may be transmitted
in a different order than the exemplary order shown, or the operations performed by UE
115-b may be performed m different orders or at different times. For example, the techniques
performed by UE 113-b may in some cases be implemented by base station 105-b, for
communications received from UE 115-b by the base station 105-b. In some cases, certam
operations may also be left out of the process flow 300, or other operations may be added to

the process flow 300,
{6678] At 305, base station 105-b may transmit 3 packet to UE 115-b.

{8079} At 310, UE 115-b may recetve the packet and pass the packet to an RLC laver
{¢.g., the UE 115-b may receive an RLC PDU). That is, the UE 115-b may process the
received packet by passing a MAC SDU to the RLC layver, where the packet may be received
as an RLC PDUL

{6080] At 315, the UE 115-b may determine or wlentify a sequence number associated

with the received RLC PDU (e .g., the RLC PDU may be an RLC SDU segment).

{0681} At 320, the UE 115-b may wnitiate a reassembly timer based on, for example, the

sequence number determuned at 313, For example, the timer may be initiated if the sequence
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number is new or if the sequence number indicates a gap in received PDUs. For example, the
timer may be initiated 1f UE 115-b determines that the PDU is an RLC SDU segment that has
been received out of order (¢.g., based on previously received PDUs or previously received

RLC SDU segments).

[0082] In some cases, multiple timers may be running concurrently, each of which being
assoctated with different sequence numbers of one or more RLC SDU segments stored in a
receive buffer. For instance, an RLC SDU segment with a first sequence number may have
been previously received and stored in the buffer. A second RLC SBU segment may then be
received and associated with a second sequence number different than the first sequence
number. In such cases, the UE 115-b may trigger a timer associated with the first sequence
number and await any missing RLC ST segments that correspond to the first sequence
number. A third RLC SDU segment may then be received having a sequence number
different than the first and second sequence numbers. In this case, the UE 115-b may trigger a
second timer associated with the second sequence number and await any missing RLC SBU
segments that correspond to the second sequence number, Any nunmber of timers may be
triggered or running concurrently, each of which may correspond to a different sequence

number.
{6683} At 325, the UE 115-b mayv buffer the received RLC PDU.

0084} At 330, the base station 105-b may transmit anocther packet to the UE 115-b. The
packet may be associated with the same sequence number as the packet received at 305,
Further, the packet {e.g., the RLC PDU or the RLC SDU segment) may, in combination with
the RLC PDU received at 305, complete the RLC SDU associated with the sequence number.

{06085] At 335, the UE 115-b may reassemble a complete RLC SDU using the RLC PDUs
or RLC 5DU segments received at 305 and 330. That s, the UE 115-b may concatenate the
RLC PDU stored in the buffer (e.g., at 325) with the RLC PDU received at 330 (o.g., after the
sequence nunmbers are compared and deternined to be matching, after the segment
mdications for both PDUs have been identified, assuming the reassembly timer has not
gxpired, etc.}. Following reassembly of the RLC PBUs {e g, the RLC SDU segments) to
generate the complete RLC SDU, the UE 115-b may pass the RLC 8DU to an upper layer
{c.g.. a PDCP layer or RRC layer).

{0084} FiG. 4 illustrates an exarnple of a process flow 400 that supports RLC receive

techniques in accordance with various aspects of the present disclosure. Process flow 400
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meludes base station 105-¢ and UE 115-¢, which may be examples of base stations 105 and
UEs 115 as described with reference to FiGs. 1 and 2. Process flow 400 may llustrate UE
115-¢ performing RLC PDU reassembly techniques for communications received from base
station 105-¢. In the following description of the process flow 400, some of the operations
between the UE 115-¢ and the base station 105-¢ may be transmitted m a different order than
the exemplary order shown, or the operations performed by UE 115-¢ may be performed in
different orders or at different times. For example, the techoigues performed by UE 115-¢
may in some cases be implemented by base station 103-¢, for communications received from
UE 115-¢ by the base station 105-¢. In some cases, certain operations may also be left out of

the process flow 400, or other operations may be added to the process flow 400,
8087} At 405, base station 105-¢ may transmit a packet to UE 115-c.

[0088] At 410, UE 115-¢c may receive the packet and pass the packet to an RLC layer
{¢.g., the UE 115-¢ may receive an RLC PDU}.

G089} At 415, the UE 115-c may determine or identify a sequence number associated

with the received RLC PDU {e.g., the RLC PDU may be an RLC SDU segment).

{6696] At 420, the UE 115-¢c may mitiate a reassembly timer based on, for example, the
sequence number determined at 415, For example, the timer may be imitiated if the sequence

pumber s new or indicates a gap n received PDUs
{091} At 425, the UE 115-¢c may buffer the received RLC PDU.

[6692] in some cases, at 430, UE 115-¢ may reccive a duplicate packet, which mav be
discarded or may receive other packets that are not associated with the RLC PDU or RLC

SPU segment that was received at 405,

093] At 435, UE 115-c may discard the PDU received at 410 due to the timer (o .g.,
mitiated at 420} expiring without receiving the remaming SDU segments associated with the

PDU.

[8094] FI¢. 5 shows a block diagram 500 of g wirgless device 505 that supports RLC
unacknowledged mode receive techniques in accordance with aspecis of the present
disclosure. Wireless device 505 may be an example of aspects of a UE 115 and/or a base
station 105 as described herein. Wireless device 505 may mclude receiver 510,

communications manager 515, and transmitter 520, Wireless device 305 may also include a
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processor. Each of these componenis may be in communication with one another (e.g., via

one or more buses).

[(095] Recerver 510 may receive information such as packets, user data, or control
mformation associated with various information channels (e.g., control channels, data
channels, and information related to RLC unacknowledged mode receive techniques, ete.).
Information may he passed on to other components of the device. The receiver 510 may be an
example of aspects of the transceiver 835 described with reterence to FIG. 8. The receiver

510 may utilize a single antenna or a set of antennas.

(096} Communications manager 515 may be an example of aspects of the
communications manager 315 deseribed with reference to FIG. 8. Compumications manager
515 and/or at least some of 118 various sub-components may be implemented in hardware,
software executed by a processor, firmware, or any combination thereof. If implemented in
software executed by a processor, the functions of the communications manager 515 and/or at
least some of its various sub-components mav be executed by a general-purpose processor. a
digital signal processor {DSP), an application-specific integrated circutt (ASIC), an ficld-
programmabie gate array (FPGA}) or other programmable logic device, discrete gate or
transistor logic, discrete hardware components, or any combination thergof designed to
perform the functions described 1n the present disclosure. The communications manager 515
and/or at least some of its various sub-components may be physically located at various
positions, including being distributed such that portions of fimetions are implemented at
different physical locations by one or more physical devices. In some examples,
communications manager 515 and/or at least some of its various sub-components may be a
separate and distmct component in accordance with various aspects of the present disclosure.
In other examples, communications manager 515 and/or at least some of its various sub-
components may be combined with one or more other hardware components, mcluding but
not imited to an I/ component, a transceiver, a network server, another computing device,
one or more other components described mn the present disclosure, or a combination thereof

m accordance with various aspects of the present disclosure.

6097} Communications manager 515 may receive {¢.g., at an RLC layer) a PDU from a
lower layer and identify that the PDU s an RLC SDU segment based on an indication
corresponding to a sequence number associated with the RLC SDU segmoent.

Communications manager 515 may deternune that the RLC SDU segment is received out of
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order based on previously received PDUs or previously received RLC SDU segments, and
mitiate a reassembly timer based on the determination that the RLC SPU segment is received
out of order. The communications manager 5135 may also receive {e.g., at an RLC laver a
PDU from a lower layer, identify that the PDU 1s a complete RLC §DU, determine that a
previously received RLC SDU segment is stored in a receive boffer at the RLC Jayer, and
mitiate a reassembly timer based on the determunation that the previously received RLC SDU

segment is stored i a recetve buffer at the RLC laver.

HEBY Transmuitter 520 may transmit signals generated by other components of the
device. In some examples, the transmitter 520 may be collocated with areceiver 310 ina
transceiver module. For example, the transmitter 320 may be an example of aspects of the
transceiver 835 described with reference to FIG. 8. The transmitter 520 may utilize a single

antenna or a set of antennas.

{8699} Fi1¢. 6 shows a block diagram 600 of g wiregless device 605 that supports RLC
unacknowledged mode receive techniques in accordance with aspects of the present
disclosure. Wireless device 605 may be an example of aspects of a wireless device 505 ora
UE 115 and/or a base station 105 as described with reference to FIG. 5. Wireless device 605
may include receiver 610, comnumications manager 613, and transmitter 620. Wireless
device 6035 may also include a processor. Each of these components may be in

communication with one another {e.g., via one or more buses}).

{6100] Receiver 610 may receive information such as packets, user data, or control
mformation associated with vanous information channels (¢.g., control channels, data
channels, and mformation related to RLC unacknowledged mode receive techniques, etc.).
Information may be passed on to other components of the device. The receiver 610 may be an
exaraple of aspects of the transceiver 8335 described with reference to FIG. 8. The receiver

610 may utilize a single antenna or a set of antennas.

{6181} Communications manager 615 may be an example of aspects of the
coromunications manager 815 deseribed with reference to FIG. 8. Communications manager
615 may also include RLC PPU manager 625, RLC SBU manager 630, and reassembly timer

manager 635.

{6102} RLC PDU manager 625 may recetve (e.g., at an RLC laver) a PBU from a lower
layer and update a value of a varniable (¢ g, a stored state varable) based on a largest

unassembled sequence mumber after a largest reassembled sequence number.
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18143} RLC SDU manager 630 may identifv that the PDU 18 an RLC 5DU segment based
on an indication corresponding 1o a sequence number associated with the RLC SDU segment.
RLC 5BYU manager 630 may determine that one or more RLC SDU segments stored in a
receive buffer are not in sequence (¢.g., and the reassembly timer manager 635 may nitiate a
reassembly timer based on the determination that one or more SDU segments stored in the
receive buffer are not in sequence}. The RLC SDU manager 630 may deternine that the
sequence number associated with the RLC SDU segmoent 1s greater than a highest scquence
number associated with the previously received PP Us or previously received RLC SDU
segments. RLC SDU manager 630 may determine that the RLC SDU segment is received out
of order based on previously received PDUs or previcusly received RLC SDU segments.
RLC SDYU manager 630 may update a value of a vanable based on a largest unasscmbled
sequence mumber after a largest reassembled sequence number. RLC SDU manager 630 may
identify that the PDU 15 a complete RLC SDU. RLC SDU manager 630 may determine that a
previousty received RLC SDU scgment 1s stored 1n a receive buffer at the RLC layer. RLC
SPU manager 630 may identify a nussing RLC SDU segment ot an RLC SDU based on the
previously received RLC S§DU segment stored in the receive buffer and the complete 5BUL
RLC 5BYU manager 630 may identifyv a gap between previously received PDUs or previously
received RLC SDU segments based on the complete SDU. RLC 5DU manager 630 may
determine that a sequence number associated with the RLC SDU segment s greater than a
highest sequence number associated with previously received PDUs or previcusly received
RLC SPU segmentds. RLC SDU manager 630 may update a value of a vanable corresponding
to the highest sequence number with the sequence number associated with the RLC SDU

segment.

[3104] In some cases, an indication corresponding to the sequence number mncludes a
value in a header of the RLC SDU segment that indicates the sequence mumber or a
segmentation identifier in the beader of the RLC SDU segment. In some cases, determining
that the RLC SDU segment 15 received out of order includes identitving a missing RLC SDU
segment of an RLC SDU based on the reccived RLC SDU segment and the previously
received PDUs or previously received RLC SDU segments. In some cases, wdentifving the
missing RLC SDU segment of the RLC SDU includes identifying a gap between the
previously received PDUs or previously received RLC SDU segments. In some cases, the
missing RLC SDU segment includes a first byte of the RLC SDU and the received RLC SDU

segment includes a second byte following the first bvie. In some cases, the missing REC
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SPU segment includes a last byte ot the RLC SDU and the received RLC SDU segment
excludes a corresponding sequence number. In some cases, the missing RLC SDU segment is
associated with a first sequence number and the sequence mumber associated with the
received RLC SDU segment 1s greater than the first seguence number. fn some cases,
determining that the sequence number associated with the RLC 5DU scgment is greater than
the highest sequence number includes determining that the sequence number associated with
the PDU is greater than zero. In some cases, the indication corresponding to the sequence
number includes a value in a header of the RLC SDU segment that indicates the sequence
number or a segmentation identifier in the header of the RLC SDU segment. In some cases,
determining that the sequence number associated with the RLC SDU segment is greater than
the highest sequence nminnber includes determining that the sequence number associated with

the PDU 1s greater than zero.

[0195] Reassembly tumer manager 635 may mitiate a reassernbly timer based on the
determunation that the RLC SDU segment is received out of order. Reassembly timer
manager 635 may restart the reassembly timer based on the determination that onc or more
RLC SDVU segments remaming in the receive buffer are out of order. Reassembly timer
manager 635 may inifiate a reassembly timer based on the determination that the previously
recetved RLC §DU scgment is stored in a receive buffer at the RLC laver. In some cases, the

reassembly timer includes a t-reassembly timer or a t-reordering timer.

[8106] Transmitter 620 may transmit signals generated by other components of the
device. In some examples, the transmitter 620 may be collocated with a receiver 610 ina
transceiver module. For example, the transmitter 620 may be an example of aspects of the
transceiver 835 described with reference to FIG. 8. The transmitter 620 may utilize a single

antenna or a set of aniennas.

[0107] FIG. 7 shows a block diagram 700 of a communications manager 715 that
supports RLC unacknowledged mode receive techniques in accordance with aspects of the
present disclosure. The communications manager 715 may be an example of aspects of a
communications manager 515, a communications manager 615, or a communications
manager 815 described with reference to FIGs. 5, 6, and 8. The communications manager 715
may include RLC PDU manager 720, RLC SDU manager 723, reassembly timer manager
730, SDU reassembly manager 735, and SDU discard manager 740, Each of these modules

may communicate, directly or idirectly, with one another {¢.g., via one or more buses).
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[0108] RLC PDU manager 720 may receive (e.g., at an RLC layver) a PDU from a lower
laver and update a valae of a variable based on a largest unassembled sequence number after

a largest reassembled sequence number.

{3109] RLC SDU manager 725 may identify that the PDU is an RLC SDU segment based
on an indication corresponding to a sequence number associated with the RLE SDU segment.
RLC SDU manager 725 may detenmine that one or more RLC SDU segments stored in a
receive buffer are not in sequence, where the reassembly timer 1s initiated based on the
determination that one or more SDU segments stored in the receive buffer are not in
sequence. RLC SDU manager 725 may determine that the sequence number associated with
the RLC SDU segment 1s greater than a highest sequence number associated with the
previcusly received PDUs or previously received RLC $DU segments. RLC SDU manager
725 may determine that the RLC SDU segment is received out of order based on previously
recetved PDUs or previously reccived RLC SDU segments. RLC SDU manager 725 may
update a value of a varable based on a largest unassembled sequence number afler a largest
reassembled sequence number. In some cases, RLC SDYU manager 725 may identify that the
PBU 1s a complete RLC SDU. RLC DU manager 725 may determine that a previously
received RLC SDU scgment is stored in a receive buffer at the RLC layer, RLC SDU
manager 725 may identify a missing RLC SDU segment of an RLC 5DU based on the
previousiy received RLC SDU segment stored in the receive buffer and the complete SBU.
RLC SDU manager 725 may identify a gap between previously reccived PDUs or previously
received RLC SDU segments based on the complete SDU. RLC SDU manager 725 may
determine that a sequence number associated with the RLC SDU segment is greater than a
highest sequence number associated with previously received PDUs or previously received
RLC SDU segments. RLC SDU manager 725 mav update a value of a vanable corresponding
to the highest sequence namber with the sequence number associated with the RLC 5DU

segment.

{8114 In some cases, an indication corrgsponding to the sequence number includes a
value in a header of the RLL SBU segment that indicates the sequence number or a
segmentation identifier in the header of the RLC SDU segment. In some cascs, determining
that the RLC SDU segment is received out of order includes identifying a nussing RLC SDU
segment of an RLC SDU based on the received RLC 5DU segment and the previously
received PDUs or previously received RLC SDU scgments. In some cases, identifving the

missing RLC SDU segment of the RLC SDU mcludes identifving a gap between the
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previously received PDUs or previously received RLC SDU segments. In some cases, the
missing RLC SDU scgment mchudes a first bvte of the REC SDU and the received RLC 5DU
segment includes a second byte following the first byte. In some cases, the missing RLC
SDU segment includes a last bvte of the RLC SDU and the received RLC SDU segment
excludes a corresponding sequence number. In some cases, the missig RLC SDU segment is
associated with a first sequence number and the sequence number associated with the
recetved RLC SDU scgment is greater than the first sequence number. In some cases,
determining that the sequence number associated with the RLC SDU segment 1s greater than
the highest sequence mumber includes determining that the sequence number associated with
the PDU is greater than zero. In some ¢ases, the indication corresponding to the sequence
number includes a value in a header of the RLC SDU segment that mdicates the sequence
number or a segmentation identifier in the header of the RLC SDU segment. In some cases,
determining that the sequence number associated with the REC SDU segment is greater than
the highest sequence number includes determining that the sequence nmumber associated with

the PDU is greater than zero.

{0111} Reasscmbly timer manager 730 may mitiate a reassembly timer based on the
determination that the RLC SDU segment 1s received out of order. In some cases, reassembly
timer manager 730 may restart the reassembly timer based on the determination that one or
more RLC SDU segments remaining in the receive buffer are out of order. Reassembly timer
manager 730 may initiate a reassembly timer based on the determination that the previously
received RLC SDU segment 1s stored in a receive buffer at the RLC laver. In some cases, the

reassembly timer includes a t-reassembly timer or a i-reordering timer.

{112 SDU reassembly manager 733 may perform reassembly of one or more SDUs that
mclodes the RLC SDU segment and one or more previcusly received SDU segments based
on the reassembly timer and perform reassembly of one or more SDUs corresponding to a
sequence number associated with the reassembly timer, where the intbiated reassembly timer
corresponds to the sequence number. In some cases, the reassembly of the SDU is performed
prior to expiration of the reassembly timer. In some cases, the reassembly of the SDU is

performed prior to expiration of the reassembly timer.

[0113] SPU discard manager 740 may discard the RLLC SDU segments associated with
the sequence number based on the reassembly timer exceeding a threshold. SDU discard

manager 740 may discard one or more unassembled RLC SDU segments stored m a receive
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buffer upon expiration of the reassembly timer based on a value of a variable corresponding
to a highest sequence number of the RLC SDU segment set when nmtiating the reassembly
timer. SPDU discard manager 740 may discard one or more unassembled RLC 5DU segments
stored 10 a receive buffer upon expiration of the reassembly timer based on a value of a
variable corresponding to a largest unassembled sequence nomber after a largest reassembled
sequence number set when initiating the reassembly timer. SPU discard manager 740 may
restart the reassembly timer based on the determination that one or more RLC SDU segments

rematning in the receive buffer are out of order.

[6114] FiG. 8 shows a diagram of a system 800 including a device 803 that supports
RLC unacknowledged mode receive techniques in accordance with aspects of the present
disclosure. Device 805 may be an example of or include the components of wireless device
503, wirgless device 603, or a UE 115 and/or a base station 105 as descnbed above, e.g., with
reference to FiGs. 5 and 6. Device 805 may include components for bi-directional voice and
data communications including components for transmitting and receiving communications,
mchiding communications manager 813, processor 820, memory 825, software 830,
transceiver 8335, antenna 840, and /O controller 845, These components may be in clectronic

comprimcation via one or more buses {¢.g., bus §10).

Al

{6115} Processor 820 may include an intelligent hardware device, {¢.g., a general-purpose
processor, a DASP, a central processing unit (CPU), a microcontroller, an ASIC, an FPGA, a
programmable logic device, a discrete gate or transistor logic component, a discrete hardware
compeonent, or any combination thereof). In some cases, processor 820 may be configured {o
operatc a memory array using a memory controller. fn other cases, a memory controller may
be integrated into processor 820, Processor 820 may be configured to execute computer-
readable instructions stored in a memory (o perform various functions (g.g., functions or tasks

supporting RLC unacknowledged mode receive technigues).

{6116} Memory 825 may inchide random access memory (RAM) and read only memory
{ROM}. The memory 825 may store computer-readable, computer-executable software 830
ncluding instructions that, when executed. cause the processor to perform various functions
described herein. In some cases, the memory 825 may contain, among other things, a basic
mput/output system (BIOS) which may control basic hardware or software operation such as

the wieraction with peripheral components or devices.
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{8117} Software 830 may mclude code to implement aspects of the present disclosure,
mehuding code to support RLC unacknowledged mode recetve technigues. Software 830 may
be stored in a non-transitory computer-readable medium such as system memory or other
memory. In some cases, the software 830 mav not be directly executable by the processor but
may cause a compter {e.g., when compiled and executed) to perform functions described

herein.

[6118] Transceiver 835 may communicate bi~directionally, via one or more antennas,
wired, or wireless links as described above. For example, the transceiver 835 may represent a
wircless transceiver and may conumunicate bi-directionally with another wircless transceiver.
The transceiver 833 may also include a modem to modulate the packets and provide the
modidated packets to the antennas for transmission, and to demodulate packets received from

the antennas.

{6119} In some cases, the wireless device may include a single antenna 840, However, in
soine cases the device may have more than one antenna 340, which may be capable of

concurrently transmitting or receiving multiple wircless transnussions.

103120} 1/0 controller 845 may manage nput and output signals for device 805 /O
controller 845 may also manage penipherals not integrated into device 805, In some cases, VO
controller 845 may represent a physical connection or port to an external peripheral. In some
cases, I/ controller 845 may utilize an operating system such as i03®, ANDROID®, MS-
BOS®, MS-WINDOWSR, 05/2®, UNIX®, LINUX®, or another known operating system.
In other cases, O controller 843 may represent or interact with a modem, a keyboard, a
mouse, a touchscreen, or a similar device. In some cases, /O controller 845 may be
munplemented as part of a processor. fo some cases, a user may imteract with device 805 via

1/0 coutroller 845 or via hardware components controlled by 1/0 controller 845,

{0121} FiG. 9 shows a flowchart iHustrating a method 900 for RLC unacknowledged
mode receive technigues in accordance with aspects of the present disclosure. The operations
of method 900 may be implemented by a UE 115 and/or a base station 105 or ifs components
as described herein. For example, the operations of method 900 may be performed by a
communications manager as described with reference to FIGs. 5 through % In some
examples, a UE 115 and/or a base station 105 may execute a sct of codes to control the

functional clements of the device to perform the functions described below. Additionally or

Attorney Docket No. PN464WO .01 (93519.1399) P20182662



CA 03069187 2020-01-07

WO 2019/029633 PCT/CN2018/099678

Qualcomm Ref No, 175806W0O2
34

alternatively, the UE 115 and/or a base station 105 may perform aspects of the functions

described below using special-purpose hardware.

[3122] At block 905 the UE 115 and/or a base station 105 may receive, at an RLC layer,
a PDU from a lower laver. The operations of block 905 may be performed according to the
methods described herein. In certain examples, aspects of the operations of block 905 may be

performed by an RLC PDU manager as described with reference to FiGs. 3 through 8.

{0123} At block 910 the UE 115 and/or a base station 105 may identify that the PDU 1
an RLC SDU scgment based at least in part on an indication corresponding 0 a sequence
number associated with the RLC SDU segment. The operations of block 910 may be
performed according to the methods described heremn. In ceortain examples, aspects of the
operations of block 910 may be performed by an RLC $SDU manager as described with

reference to FIGs. 5 through 8.

[3124] At block 915 the UE 115 and/or a base station 105 may determine that the RLC
DU segment is received out of order based at least in part on previcusly received PDUs or
previously received RLC SDU segments. The operations of block 915 may be performed
according to the methods described herein. In certain examples, aspects of the operations of
block 915 may be performed by an RLC SDU manager as deseribed with reference to FIGs. 5

through 8.

{0125] At block 920 the UE 1135 and/or a base station 105 may mitiate a reassembly timer
based at least mn part on the determination that the RLC SDU segment 1s recetved out of
order. The operations of block 920 may be performed according to the methods described
herein. In cortain examples, aspects of the operations of block 920 may be performed by a

reassembly timer manager as described with reference to FiGs. 5 through 8.

{6126} FiG. 10 shows a flowchart dlustrating a method 1000 for RLC voacknowledged
mode receive technigues in accordance with aspects of the present disclosure. The operations
of method 1000 may be implemented by a UE 115 and/or a base station 105 or its
components as described herein. For example, the operations of method 1000 may be
performed by a communications manager as described with reference to FIGs. 5 through 8. In
some examples, a UE 115 and/or a base station 105 may execute a set of codes to control the
functional elements of the device to perform the functions described below. Additionally or
ahlternatively, the UE 115 and/or a base station 105 may perform aspects of the functions

described below using special-purpose hardware.
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{8127} At block 1005 the UE 115 and/or a base station 103 may receive, at an RLC layer,
a PDU from a lower layer. The operations of block 1005 may be performed according to the
methods described herein. In cortain examples, aspects of the operations of block 1005 may

be performed by an RLC PDU manager as described with reference to FIGs. 5 through 8.

[(36128] At block 1010 the UE 115 and/or a base station 105 may identify that the PDU is
an RLC SDU segment based at least in part on an indication corresponding o a sequence
number associated with the RLC SDU segment. The operations of block 1010 may be
performed according to the methods described herein. In certain examples, aspects of the
operations of block 1010 may be performed by an RLC SDU manager as described with

reference to FIGs. 5 through 8.

{3129} At block 1015 the UE 115 and/or a base station 105 may determine that the RLC
SPU segment is received out of order based at least in part on previously received PDUs or
previously received RLC §DU segments. The operations of block 1013 may be performed
according to the methods described herein. In certain examples, aspects of the operations of
block 1015 may be performed by an RLC SDU manager as described with reference to

FiGs. 5 through 8.

{0130] At block 1020 the UE 115 and/or a base station 103 may inttiate a reassembly
timer based at least in part on the determination that the RLC SDU segment s receive out of
order. In some instances, the imer may be initiated 1if it is not currently running. For example,
the reassembly timer may be nitiated if the received RLC SDU segment does not include a
sequence number and at least one RLC SDU packet that includes a sequence number is
buffered. In some cases, the reassembly timer may be inttiated 1f the received RLE SDU
segment includes a sequence number that is different than the sequence number of at least
one RLC SDU segment in the buffer. In other examples, the reasserably timer may be
mitiated 1f the received RLC SDU scgment has a sequence number as a butfered RLC SDU
segment but the two segments are not in consecutive byte order. The operations of block
1020 may be performed according to the methods described herein. In certain examples,
aspects of the operations of block 1020 may be performed by an RLC S$DU manager as

described with reference to FIGs. 5 through 8.

{6131} At block 1025 the UE 115 and/or a base station 105 may perform recassembly of
one or more SDUs corresponding to a sequence number associated with the reassembly timer,

wherein the mitiated reassembly timer corresponds to the sequence mumber. The operations
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of block 1025 may be performed according to the methods descrnibed herem. In certain
examples, aspects of the operations of block 1025 may be performed by a SDU reassembly

manager as described with reference to FIGs. 5 through 8.

3132} At block 1030 the UE 115 and/or a base station 105 may discard the RLC SDU
segments associated with the sequence number based at least in part on the reassembly timer
exceeding a threshold. The operations of block 1030 may be performed according to the
methods described herein. In certain examples, aspects of the operations of block 1030 may

be performed by a SDU discard manager as described with reference to FIGs. 5 through 8.

[3133] FiG. 11 shows a flowchart llustrating a method 1100 for RLC unacknowledged
mode receive technigues in accordance with aspects of the present disclosure. The operations
of method 1100 may be implemented by a UE 115 and/or a base station 105 or its
components as described heren. For example, the operations of method 1100 may be
performed by a commumications manager as described with reference to FIGs. 5 through 8. In
soime examples, a UE 115 and/or a base station 105 may execute a set of codes to control the
functional elements of the device o perform the functions described below. Additionally or
afternatively, the UE 1135 and/or a base station 105 may perform aspects of the functions

described below using special-purpose hardware.

[6134] At block 1105 the UE 115 and/or a base station 103 may receive, at an RLC layer,
a PDU from a lower layer. The operations of block 1105 may be performed according to the
methods described herein. In cortain examples, aspects of the operations of block 1105 may

be performed by an RLC PDU manager as described with reference to FIGs. 5 through 8.

131 35] At block 1110 the UE 115 and/or a base station 105 may identify that the PDU is
a complete RLC SDU. The operations of block 1110 may be performed according to the
methods described herem. In certain examples, aspects of the operations of block 1110 may

be performed by an RLC 5DV manager as described with reference to FiGs. S through 8.

[6136] At block 11135 the UE 115 and/or a base station 105 may determing that a
previously recetved RLE SDU segment 1s stored in a receive baffer at the RLC layver. The
operations of block 1115 may be performed according to the methods described herein. In
certain examples, aspects of the operations of block 1115 may be performed by an RLC SDU

manager as described with reference to FIGs. 5 through 8.
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{8137} At block 1120 the UE 115 and/or a base station 105 may mifiate a reassembly
timer based at feast in part on the determmation that the previously received RLC SDU
segment 1§ stored m a receive buffer at the RLC layer. The operations of block 1120 may be
performed according to the methods described herein. In certain examples, aspects of the
operations of block 1120 may be performed by a reassembly timer manager as described with

reference to FiGs. 5 through 8.

[6138] it should be noted that the methods described above deseribe possible
implementations, and that the operations and the steps may be rearranged or otherwise
modified and that other implementations are possible. Further, aspects from two or more of

the methods may be combined.

{0139] Techniques described herein mav be used for various wircless conumunications
systems such as code division multiple access ({CDMA), time division multiple access
{TDMA), frequency division moltiple access (FDMA), orthogonal frequency division
multiple access (GFDMA), single carrier frequency division multiple access (S8C-FDMA),
and other systems. A CDMA systern may implement a radio technology such as CDMAZ000,
Umversal Terrestrial Radio Access (UTRA), ete. COMAZO000 covers I8-2000, IS-93, and {5-
336 standards. [5-2000 Releases may be commonly referred to as COMA2000 1X, 1X ete.
18-856 (TIA-856) 15 commonly referred to as CDMAZ000 IxEV-DO, High Rate Packet Data
{HRPD), etc. UTRA includes Wideband COMA (WCDMA) and other vanants of CDMA A
TDMA system may mmplement a radio technology such as Global System for Mobile

Communications {GSM}.

(4140} An OFDMA system may implement a radio technology such as Ultra Mobile
Broadband (UMB), Evolved UTRA (E-UTRA), Institute of Electrical and Electronics
Engincers (IEEE) 802,11 (Wi-F1), IEEE 802,16 (WiMAX), IEEE 802.20, Flash~-OFDM, etc.
UTRA and E-UTRA are part of Universal Mobile Telecommunications System {UMTS).
LTE and LTE-A arc relcases of UMTS that use E-UTRA. UTRA, E-UTRA, UMTS, LTE,
LTE-A, NR, and GSM are described 1o documents from the organization named “3rd
Generation Partnership Project” (3GPP). CDMAZ000 and UMB are described m documents
from an organization named “3rd Generation Partnership Project 27 (3GPP2). The techniques
described herein may be used for the systems and radio techuclogies mentioned above as well

4

as other systems and radio technologics. While aspects of an LTE or an NR systom may be
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described tor purposes of example, and LTE or NR terminoclogy may be used in much of the

description, the techniques described herein are applicable bevond LTE or NR apphications.

[3141] A macro cell generally covers a relatively large geographic area (¢.g., several
kilometers in radius} and may allow unrestricted access by UEs 115 with service
subscriptions with the network provider. A small cell may be associated with a lower-
powered base station 103, as compared with a macro cell, and a small cell may operate in the
same or different {e.g., licensed, unlicensed, etc ) frequency bands as macro cells. Small cells
may include pico cells, femto cells, and micro cells according to various examples. A pico
cell, for example, may cover a small geographic arca and may allow unrestricted access by
UEs 115 with service subscriptions with the network provider. A femto cell may also cover a
amall geographic area (¢.g., a home} and may provide restricted access by UEs 115 having an
association with the femto cell (¢.g., UEs 115 n a closed subscaber group (C8G), UEs 115
for users in the home, and the like). An eNB for a macro cell may be referred to as a macro
eNB. An ¢NB for a small cell may be referred 1o as a small cell eNB, a pico ¢NB, a femio
eNB, or 2 home ¢NB. An eNB may support one or multiple {(e.g.. two, three, four, and the

like) cells, and may also support communications using one or multiple component carriers.

(3142} The wireless communications system 100 or systems described herein may
support synchronous or asynchronous operation. For synchronous operation, the base stations
105 may have sinular frame timing, and transmissions from different base stations 103 may
be approximately aligned o time. For asynchronous operation, the base stations 105 may
have different frame timing, and transmissions from different base stations 105 may not be
aligned in time. The technigues described herein may be used for cither synchronous or

asynchronous operations.

{3143} information and signals described herein may be represented using any of a
variety of different technologies and techniques. For example, data, instructions, commands,
mformation, signals, bits, symbols, and chips that may be referenced throughout the above
description may be represented by voltages, currents, clectromagnetic waves, maguetic fields

or particles, optical fields or particles, or any combination thereof.

3144} The various dhustrative blocks and modules described in connection with the
disclosure hercin may be implemented or performed with a general-purpose processor, a
digital signal processor (DSP), an application-specific mtegrated circuit (ASIC), a field-

programmable gate array {FPGA) or other programmable logic device (PLD), discrete gate or
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transistor logic, discrete hardware components, or any combination thereof designed to
perform the functions described herem. A general-purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional processor,
controller, microcontroller, or state machine. A processor may also be implemented as a
combination of computing devices {¢.g., a combination of a DSP and a microprocessor,
multiple microprocessors, one or MOre MISIOProcessors in conjunction with a DSP core, or

any other such configuration).

{0145] The functions described herein may be implemented in hardware, software
cxecuted by a processor, tirmware, or any combination thereof. If implemented in software
executed by a processor, the functions may be stored on or transmitted over as one or more
mstructions or code on a computer-readable medium. Other examples and implementations
are within the scope of the disclosure and appended claims. For example, due to the nature of
software, functions described above can be implemented using software executed by a
processor, hardware, firmware, hardwiring, or combinations of any of these. Features
implementing fonctions may also be physically located at various positions, including being

distributed such that portions of functions are implemented at different physical locations.

(4146} Computer-readable media meludes both non-transitory computer storage media
and communication media inchuding anv medium that facilitates transfer of a computer
program from one place to another. A non-transitory storage medium may be any available
medium that can be accessed by a general purpose or special purpose computer. By way of
example, and not limitation, non-transitory computer-readable media may comprise random-
access memory (RAM}, read-only memory (ROM), electrically erasable programmable read
only memory (EEPROM), flash memory, compact disk (CD) ROM or other optical disk
storage, magnetic disk storage or other magnetic storage devices, or any other non-transitory
medium that can be used to carry or store desired program code means in the form of
mstructions or data structures and that can be accessed by a general-purpose or special-
purpose computer, or a general-purpose or special-purpose processor. Also, any connection is
properly termed a computer-readable medium. For example, if the software is transmitted
from a website, server, or other remote source using a coaxial cable, fiber optic cable, twisted
pair, digital subscriber line (DSL), or wireless technologies such as infrared, radio, and
microwave, then the coaxaal cable, fiber optic cable, twisted pair, DSL, or wireless
cchnologies such as infrared, radio, and microwave are included in the definition of medium.

Disk and disc, as used herein, include CD, laser disc, optical disc, digital versatile disc
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{(DVD), floppy disk and Blu-ray disc where disks usually reproduce data magnetically, wiile
discs reproduce data optically with lasers. Combinations of the above are also mcluded within

the scope of computer-readable media.

3147} Ag used herein, including in the claims, “or” as used in a list of ttems (e.g., a list
of itemas prefaced by a phrase such as “at least one of” or “one or more of ) indicates an
mclusive list such that, for example, alist of at least onc of A, B, or Cmeans AorBor Cor
ABor ACor BC or ABC (ie.. A and B and ). Also, as used herein, the phrase “based on”
shall not be construed as a reference {o a closed set of conditions. For example, an exemplary
step that 1s described as “based on condition A” may be based on both a condition A and a
condition B without departing from the scope of the present disclosure. In other words, as
used herein, the phrase “based on” shall be construed in the same manner as the phrase

“based at least in parton.”

[0148] In the appended figures, stnmilar components or features may have the same
reference label. Further, various components of the same type may be distinguished by
following the reference label by a dash and a second label that distinguishes among the
similar components. If just the first reference label 1s used m the specification, the description
ts applicable to any one of the similar components having the same first reference label

rrrespective of the second reference label, or other subsequent reference label.

[8149] The description set forth herein, in connection with the appended drawings,
describes example configurations and does not represent all the examples that may be
mplemented or that are within the scope of the claims. The term “exemplary” used herein
means “serving as an example, instance, or illustration,” and not “preferred” or
“advantageous over other examples.” The detailed description includes specific details for the
purpose of providing an understanding of the described techniques. These techniques,
however, may be practiced without these specific details. In some nstances, well-known
structures and devices are shown in block diagram form in order to avoid obscuring the

concepts of the described examples.

(3150} The description herein is provided to enable a person skilled in the art to make or
use the disclosure. Various modifications to the disclosure will be readily apparent to those
skilled m the art, and the generic principles defined herein may be applied to other vanations

without departing from the scope of the disclosure. Thus, the disclosure is not limited to the
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examples and designs described herein, but is to be accorded the broadest scope consistent

with the principles and novel features disclosed herein.
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CLAIMS
What is claimed is:
i A method for wireless commumnication, comprising;

receiving, at a radio Iimk control {RLC) laver, a protocol data unit (PDU) from
alower laver;

identifying that the PDU 1s an RLC service data unit (SDU) segment based at
least in part on an indication corresponding to a sequence number associated with the RLC
SO segment;

determuining that the RLC SDU segment is received out of order based at least
1 part on previously received PDUs or previously received RLC SDU segments; and

imitiating a reassembly timer based at least in part on the determination that the

RLC SDU segment is received out of order.

2 The method of claim 1, further comprising:

determining that one or more RLL SDU segments stored in a receive buffer
are not in sequenee, wherein the reassembly timer is inttiated based at least in part on the
determination that one or more SDU segments stored in the receive buffer are not

sequence.

3. The method of claim 1, wherein determining that the RLC SDU
segment is received out of order comprises:

dentifyving a missing RLC SDU segment of an RLC $SDU based at least i part
on the received RLC SDU segment and the previously received PDUs or previousty received

REC 5DU segments.

4. The method of claim 3, wherein identifying the missing RLC SDU
segment of the REC SBU comprises:
identifying a gap between the previously received PDUs or previously

recetved RLC SDU segments.

5. The method of claim 4, wherein the missing RLC SDU segment
comprises a first byie of the RLC §DU and the reccived RLC SDU segment comprises a

second byte following the first byte.
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6. The method of claim 4, wherein the missing RLLC SDU segment
coraprises a last byte of the RLC SDU and the received RLC SDU segment excludes a

corrgsponding sequence number,

-y

7. The method of claim 4, wherein the missing RLC SDU segment 1s
associated with a first sequence number and the sequence mumber associated with the

received RLE SDU segment is greater than the first sequence number.

8 The method of claim 1, further comprising:

determining that the sequence number associated with the RLC SDU segment
is greater than a highest sequence number associated with the previousty received PDUs or
previously received RLC SDU scgments; and

updating a value of a variable corresponding to the highest sequence number

with the sequence number associated with the RLC SDU segment.

9. The method of claim 1, further comprising:
updating a value of a variable based at least in part on a largest unassembled

sequence number after a largest reassembled sequence number.

16 The method of claim 1, wherein the mdication corresponding to the
sequence mimber comprises a value in a header of the RLC 5DV segment that mdicates the

sequence number or a segmentation identifier in the header of the RLC SDU segment.

i1 The method of ¢lainy 1, further comprising:
performing reassembiy of one or more SDUs that includes the RLC SDU
segment and one or more previously received SDU segments based at least in part on the

reassembly timer,

12 The method of claim 11, wherein the reassembly of the SDU is

performed prior to expiration of the reassembly timer.

13 The method of claim 1, further comprising:
perfornung reassembly of one or more SDUs corresponding to a sequence
number associated with the reassembly timer, wherein the imitiated reassembly timer

corresponds to the sequence number; and

Attorney Docket No. PN464WO .01 (93519.1399) P20182662



(9]

]

] oy o (]

N

e

3

N S

[y

CA 03069187 2020-01-07

WO 2019/029633 PCT/CN2018/099678

Qualcomm Ref No, 175806W0O2
44

discarding the RLC SDU segments associated with the seguence number

based at least in part on the reassembly timer exceeding a threshold.

14 The method of claim 1, further comprising:

discarding one or more unassembied RLC SDU segments stored in a receive
buffer upon expiration of the reassembly timer based at least in part on a value of a variable
corresponding 1o a largest unassembled sequence number afler a largest reassembled

sequence number set when inttiating the reassembly timer.

15 The method of claim 14, further comprising:
restarting the reassembly timer based at least in part on the determination that

one or more RLC SPU segments remaining in the recetve buffer are out of order.

16, The method of ¢laim 1, wherein the reassembly timer comprises a t-

reassembly timer or a t-reordering timer.

i7. A method for wireless commumnication, comprising;

receiving, at a radio Iimk control {RLC) layver, a protocol data unit (PDU) from
a lower laver;

identifying that the PDU is 3 complete RLC service data unit (SDU)Y;

determining that a previously received RLC SDU segment is stored in a
receive buffer at the RLC laver; and

initiating a reassembly timer based at least in part on the determination that the

previousty received RLC SDU segment 15 stored in a receive buffer at the RLC layer,

i8. The method of ¢laim 17, further comprising:
identifying a misemg RLC SDU segment of an RLC SDU based at least m part
on the previcusly received RLC SPU segment stored in the receive buffer and the complete

RLC SBU.

19 The method of claim 17, further comprising:
identifying a gap between previously received PDUs or previously received

RLC SDU segments based at least in part on the complete RLC SDU.

28, The method of claim 17, further comprising:
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determining that a sequence number associated with the RLC SDU segment is
greater than a highest sequence mumber associated with previously received PDUs or

previously received RLC SDU segments.

21 The method of claim 20, further comprising:
updating a value of a variable corresponding to the highest sequence number

with the sequence number associated with the RLC 5DU segment.

22, The method of clainm 17, further comprising:
updating a value of a vanable based at least in part on a largest unassembled

sequence number after a largest reassembled sequence number,

23. The method of claim 17, wherein an mdication corresponding to the
sequence number comprises a value i a header of the RLC SDU segment that indicates the

sequence number or a segmentation identifier in the header of the RLC SDU segment.

24, The method of claim 17, further comprising;
performing reassembly of one or more 5DUs that includes the RLC SDU
segment and one or more previously received SDU segments based at least in part on the

reassembly timer.

25 The method of claim 17, further comprising:

perfornung reassembly of one or more SDUs corresponding to a sequence
number associated with the reassembly timer, wherein the imitiated reassembly timer
corresponds to the sequence number; and

discarding the RLL SDU segments associated with the sequence number

based at least in part on the reassembly timer exceeding a threshold.

26. The method of claim 235, whercin the reassembly of the SDU is

performed prior to expiration of the reassembly timer.

p/

~¥&

The method of claim 17, further comprising:

discarding one or more anassembled RLC SDU segments stored in a receive
buffer upon expiration of the reassembly timer based at least in part on a value of a variable
corresponding to a largest unassembled sequence number afier a largest reassembled

sequence number set when inttiating the reassembly timer.
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1 28.  The method of claim 27, further comprising:
2 restarting the reassembly timer based at least in part on the determination that

3 one or more RLC SPU segments remaining in the receive buffer are oot of order.

1 29.  An apparatus for wireless communication, comprising:

2 means for receiving, at a radio link control {(RLCY layer, a protocol data unit
3 {PDU) from alower layer;

4 means for identifying that the PDU is an RLC service data unit (SDU)

5  segment based at least in part on an indication corresponding o a sequence number

6  associated with the RLC SPU segment;

7 means for determining that the RLC SDU segraent is reccived out of order
3 based at least in part on previously received PDUs or previously received RLC SDU

9  segments; and
10 means for initiating a reassembly timer based at keast in part on the

11 determination that the RLC SDU segment is received out of order.

1 30. Ao apparatus for wireless communication, comprising:

e

means for receiving, at a radio link control (RLC) laver, a protocol data unit

3 {PDU) from alower layer;

4 means for identifying that the PDU is a complete RLC service data unit

5 (SDUy

6 means for determining that a previously received RLC 5DU segment s stored
7 1nareceive buffer at the RLC layer; and

8 means for initiating a reassembly timer based at feast in part on the

9 determination that the previously received RLC SDU segment 1s stored in a receive buffer at

10 the RLC layer.
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