1 METHOD AND APPARATUS FOR RESEGVENTATI ON OF PACKET DATA FOR

RETRANSM SSI ON ON HARQ TRANSM SSI ON FAI LURE [ 0001] The present disclosure
rel ates generally to the hybrid automatic repeat request (HARQ schene
used in a nedia access control (MAC) | ayer data transm ssion, the radio
link control (RLC) layer, and radio resodrce control (RRC) layer and in
particular their interworking with respect to retransm ssion of data upon
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MAC | ayer to enhance the efficiency and reliability of data transm ssion
bet ween user equi pnent (UE) and the base station known as the Node B. This
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[0004] Data is sent in the high-speed nedi um access control protocol data
When the UE receives the MAC-hs PDU, it conputes a
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specification at sections 11.6 and 11.8. In HSDPA, the receiver side (UE)
indicates the channel quality to the transmitter (Node B) using a 5 bit channel
quality indicator (CQlI) based on short term measurements of the pilot channel
signal strength. These measurements can take approximately 2 ms.

[0003] Based on the reported CQI, the Node B will choose a transport block size
and modulation and coding scheme (MCS) for the next transmission to the UE so
that the transport block error probability should not exceed 10%.

[0004] Data is sent in the high-speed medium access control protocol data unit
(MAC-hs PDU). When the UE receives the MAC-hs PDU, it computes a cyclic
redundancy check (CRC) to determine correct reception. [f the reception is
successfui, the UE sends an ACK to the Node B. If not, a NACK is sent. If the
Node B receives a NACK, it retransmits the MAC-hs PDU again for Chase
combining or the systematic and/or parity symbols for Incremental Redundancy if
the number of retransmissions is within the specified maximum number as set by
system operator. Incremental redundancy or a Chase Combining Scheme is used
for the retransmission, as specified in 3GPP TS 25.212, version 6.9.0. |



for the retransm ssion, as specified in 3GPP TS 25.212, version 6.9.0. 2

[ 0005] When the maxi mum nunber of HARQ retransm ssions fail, as referred to
herein as HARQ retransm ssion failure, retransm ssion of MAC-hs PDU is
considered a failure. The acknow edged node of operation of the radio |link
control (RLC), as defined in 3GPP TS25.322, version 6.8.0, sections 9.7 and
11.3, recovers the HARQ transm ssion error by retransmtting the RLC PDUs

ori gi nal | y[oows] \WindrethedmaRingurh RinMisr-dFHARG I\Mt\*a@lbrd@snd)rﬁ@féilahg(iefé?re@% bei ng

recei ved b’\; the receiver side. This functionality is generally referred to
as Aut onat Nerefe peHARRIetrassmigsignRiailure, retragsmission of hsRPdris t t er

pol 1119 t Neot 86eteld rliftfe.! e ARkRbNRRledTbe bR Bbeldiohdt RE A@B T " ece! ved

and the receéiver sen orrra ransm
pr ocessi ngcorftol{RLEG), aa;deﬁlh@ha'l 3GHPRCTS25)322, admraemrmt:@ﬁs@dﬂbhdqﬁas

| atency in the trans eriod of the incorrectl recei ved data
bet ween thﬁeqoi”&%ﬁ\ w@%@“ﬁ"&l‘?@%%i@épy retrsitting HedRRl-C t%jpédlﬁ@é"%"bfl s

RLC | | Pl?fé‘q ,L@kﬁ

retraﬁ\s{% SsSi 0 allure an Hg?%’?@?'@:’r& aibtag@duﬁ??'to BE@% %Bﬁy%or part of
t he RLC- SDrecgiver sileC- PRisSunctionality isegeremalty tefemed to aiaé\utmhtha:teabn rat her
th t f t | : th i de.

A exanpl et ATy 3T Bis 1S PRsRe Shche e aelbs e freekter theoet i ng.

nunber 55 s@ifig bbPDL@,rthEert ﬂﬁa%%a%hwbw VedPahl e tédeildresatfl thid t €M

"Long-term evol ution of S Terrestrial Radio Access (UIRA) and Uni ver sal
Ter r est ri ainfeerptiprniackste thettxmsmlttefrﬁm\woce(sgm Thisbvo weyl signdling@iearniy udy

second or - 2adSHdtie B eddbudriamrithin 158 BeRSfisiord oSS pLIN RG8econg
lasting brsteivsdi databetivbentise thaAsinittar@aitbienaceivept her factors. In
particular the size of the RLC-PDU that is re-transmtted is the sane as
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notified of the HARQ retransmission failure and the RLC service data unit (RLC-

SDU) or part of the RLC-SDU (the RLC-PDUs) can be retransmitted on the
notification rather than waiting for a status report control message from the
receiving side. An example of this type of enhancement is indicated in the RAN2
meeting number 55 contribution R2-062906 from NTT DoCoMo for the work item
“Long-term evolution of UMTS Terrestrial Radio Access (UTRA) and Universal
Terrestrial Radio Access Network (UTRAN)’ (LTE). The result of 3GPP study on
LTE is shown in the 3GPP TR25.912 version 7.0.0 specification. However,
second or subsequent attempts may fail again due to the relatively long lasting
bad radio conditions due to shadowing or other factors. In particular the size of the
RLC-PDU that is re-transmitted is the same as the previous fransmissions. In
UMTS, the size of this RLC-PDU is determined during segmentation of the RLC-
SDU as determined by the RRC configuration of RLC.

GENERAL

[0007] The present disclosure may address the issue above for the improvement
of retransmission latency further by re-segmenting data into more appropriate
sizes according to radio channel conditions such as shadowing, among others.



GENERAL [0007] The present disclosure may address the issue above for the
| nprovenent of retransm ssion |atency further by re-segnenting data into
nore appropriate sizes according to radio channel conditions such as
shadowi ng, anong others. 3 Further, the present disclosure nmay address
when the re-segnentation of data should3occur. [0008] The present
application may provide a nethod for packet data retransm ssion on Hybrid
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provi des a _communi cation network conprising the transmtter and a
plural ity [8P0%)sEhe peraantanpplicationsmay further provide a transmitter in a mobile

network adapted to re-segment data into more appropriate sizes according to
radio channel conditions comprising a re-segmentation layer, the re-segmentation
layer adapted to: check whether the changes to the Hybrid Automatic Repeat
Request (HARQ) transmission error performance characteristics are greater than
a threshold and/or a deterioration of channel conditions is indicated or less than
threshold; if yes, re-segment an RLC-SDU or RLC-PDU data into smaller PDU
data sizes; and transmit said re-segmented RLC-PDU data; and if not yes,
transmit previous RLC-PDU data. The application further provides a computer
readable medium comprising program code executable by a computing device or
system such as the transmitter for performing in said device or system the method
of the present application. Further, the application provides a communication
network comprising the transmitter and a plurality of User Equipments ‘UEs’
capable of receiving packet data transmission from said transmitter.

BRIEF DESCRIPTION OF THE DRAWINGS
[0010] The present application will be better understood with reference to the
drawings in which:
Figure 1 is a block diagram showing a long-term evolution user plane
protocol stack;



capabl e of receiving packet data transm ssion fromsaid transmtter. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0010] The present application will be better
understood with reference to the drawings in which: Figure 1 is a block

di agram show ng a | ong-term evol uti on user plane protocol stack; 4 Figure
2 is a block diagram showi ng a | ong-termdevol ution control plane protocol
architecture; Figure 3 is a flow chart showng a nethod for a
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with the present = disclosure; Figure 4 is a flow chart show ng a nmethod for
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DESCRI PTI ON OF D {0011] Reference is now made to the
Craln%an L9 Pgbrd IS ol CAEK GNP LoHALURLA SRS AC i Bt
at the receiver and transmitter sides;
Figure 6 is a block diagram showing a flow chart of the indication of a
handover from both the Node B and the UE sides;
Figure 7 is a block diagram showing interaction between the RRC, RLC
and MAC layers where retransmission and re-segmentation is executed in
the MAC and RLC in accordance with the present system and method; and
Figure 8 is a block diagram showing an alternative interaction between the
RRC, RLC and MAC layers where retransmission and re-segmentation is

executed in the MAC.

DESCRIPTION OF PREFERRED EMBODIMENTS
[0011] Reference is now made to the drawings. Figure 1 shows a block diagram
illustrating the long-term evolution (L TE) user plane protocol stack.

{0012] A UE 110 communicates with both an evolved Node B (eNB) 120 and an
access gateway (aGW) 130.

[0013] Various layers are illustrated in the protocol stack. The packet data
convergence protocol {(PDCP) layer 1440 is illustrated both on the UE 110 and on
aGW 130. The PDCP layer 140 performs internet protocol (IP) header
compression and decompression, transfer of user data and maintenance of

sequence numbers (SN) for radio bearers.



[0012] A UE 110 communi cates with both an evol ved Node B (eNB) 120 and an
access gateway (aGW 130. [0013] Various layers are illustrated in the
protocol stack. The packet data convergence protocol (PDCP) |ayer 140 is
illustrated both on the UE 110 and on aGW 130. The PDCP | ayer 140 perforns
i nternet protocol (1P) header conpressi®n and deconpression, transfer of
user data and mai ntenance of sequence nunbers (SN) for radio bearers. 5
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the data link sublayers of the UMIS and LTE radio interface and reside on
the Node B (or eNB in LTE) and user equipnent. [0016] The layer 1 (L1) LTE
(physi cal noaw]rBéléﬂbRLG laperoii2 isethBlrhediom ha;esw:dmrbl (MAC)dEa Thi s | ayer

I s the physical er for c tions 0017 ring to Figure 2,
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wi thin Fi gure 2. [0018] Figure 2 also shows the non-access stratum (NAS)

layer 210.€MEPTENt he appreciated, NAS |ayer 210 coul d include mobility
managenent and sessi on nmanagenent.

[0016] The layer 1 (L1) LTE (physical layer 148} is below the RLC/MAC layers 144
and 146. This layer is the physical layer for communications.

[0017] Referring to Figure 2, Figure 2 illustrates the LTE control plane protocol
architecture. Similar reference numerals to those used in Figure 1 will be used in
Figure 2. Specifically, UE 110 communicates with eNB 120 and aGW 130.
Further, physical layer 148, MAC layer 146, RLC layer 142 and PDCP layer 140
exist within Figure 2.

[0018] Figure 2 also shows the non-access stratum (NAS) layer 210. As will be
appreciated, NAS layer 210 could include mobility management and session

management.

[0019] The radio resource control protocol layer (RRC) 220, is the part of the
protocol stack that is responsible for the assignment, configuration and release of
radio resources between the UE and the E-UTRAN (Evolved universal terrestrial
radio access network). The basic functionalities of RRC protocol for LTE is
described in the 3GPP TR25.813 specifications.

[0020] As will be appreciated by those skilled in the art, in UMTS, automatic
repeat request (ARQ) functionality is carried out within the RLC layer which



[ 0019] The radi o resource control protocol layer (RRC) 220, is the part of
the protocol stack that is responsible for the assignnment, configuration
~and release of radio resources between the UE and the E- UTRAN ( Evol ved
uni versal terrestrial radio access network). The basic functionalities of
RRC protocol for LTE is described in thé 3GPP TR25. 813 specifications.
[0020] As will be appreciated by those skilled in the art, in UMS,
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three choices in handling the error:
relatively lengthy process.

[0022] In LTE, instead of abandoning the failed MAC level retransmission,
resending after re-segmentation is currently being studied in order to greatly
reduce latencies and increase data throughput. The issue is when and how to re-

segment.

[0023] Referring to Figures 3 and 4, an overview of a method according to the
present application is presented.

[0024] On HARQ retransmission failure, there are three choices in handling the
error:

1) Do nothing - this means relying on the polling and status report functions of the
ARQ function to recover the error. This option should be chosen when handover
is expected or the receiver is considered to be out of radio coverage;

2) Re-segment and retransmit immediately - the failed data unit is re-segmented
into a more appropriate size according to the current radio conditions before the
retransmission. This option should be chosen when retransmitting the original
transport block is not considered to be effective due to a deteriorated channel
condition and/or decreased availability of radio resources.



1) Do nothing - this neans relying on the polling and status report
functions of the ARQ function to recover the error. This option should be
chosen when handover is expected or the receiver is considered to be out
of radio coverage; 2) Re-segnment and retransmt inmediately - the failed
data unit is re-segnented into a nore appropriate size according to the
current radio conditions before the retransm ssion. This option should be

chosen whe | folih | & ; f ' ; hder ed
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avai | abi | i apd @) aradobap@icableces. 7 3) Retransmit as is imediately. This
option shoul d be chosen when choices 1) and 2) are not applicable [0025]
Figure 3 shows an exenplary flowhart of how a choice is nade within MAC
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configured. Such paraneter configurations, both at the receiver and

transmi t t efegrappiadion acsoedingfe the infeymed decision and kandover indicatipifremean
handover i ngdi | | Fﬁ'ﬂ,t the RREF. Figure 7 shows two possible
pr ot ocol ar&%é&%éegvm{aﬁg{ rset‘p'i n which the RREF is included in the RLC
and the second in which the RREF is included in MAC. [0027] Referring to
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of ACK/ NAKsitlesnanershavetin Figure Marigure 6 deleribesahawithe dandaverindigation is
provided to the RREF. Figure 7 shows two possible protocol architectures, the
first in which the RREF is included in the RLC and the second in which the RREF

is included in MAC.

[0027] Referring to Figure 3, details of the decision making process are
explained. When an HARQ retransmission failure occurs (maximum
retransmission number is reached) at step 310, an out-of-coverage condition is
examined at step 311. For example, if the number of consecutive failures in the
reception of ACK/NAK from the receiver (Nanf) (if the transmitter cannot detect
expected ACK/NAK response at the time when the ACK/NAK should be received
from the receiver), exceeds the configured threshold value (TH-Nanf), an out of

coverage indication is passed to RREF at step 312.

[0028] Alternatively, if periodic CQI reporting from the receiver side is configured,
the transmitter considers the receiver is out of radio coverage if the time between
the most recent CQI report from the receiver and HARQ retransmission failure
(TLastCAQl) is longer than the configured threshold value (TH-LC), e.g. CQI
interval * N, where N is an integer value. In such case out-of-coverage indication
is passed to RREF at step 312.



expect ed ACK/ NAK response at the tinme when the ACK/ NAK shoul d be received
fromthe receiver), exceeds the configured threshold value (TH Nanf), an
out of coverage indication is passed to RREF at step 312. [0028]
Alternatively, if periodic CQ reporting fromthe receiver side is
configured, the transmtter considers éhe receiver is out of radio
coverage if the tinme between the nost fecent CQ report fromthe receiver
and HARQ retransm ssion failure (TLastCQ) is |longer than the configured
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block is retransmitted using the channel condition indicated by E(CQI) and using

radio resources currently allocated to the receiver. If the calculated coding rate is

more than a configured threshold value as determined in step 321, e.g. 1, the

original size is no longer considered appropriate. The new segment value can be

calculated and passed to RREF at step 332. The new segment size value is

chosen by a calculated coding rate which is considered to be appropriate, e.g. 0.5.

[0032] If the original transport block size is still adequate for the current channel
condition, only HARQ retransmission failure is passed to the RREF at step 340. In
this case, the RREF will retransmit the original data as-is, without re-

segmentation.

[0033] Referring to Figure 4, details of the RREF are described. The RREF can be
in either the RLC layer or MAC layer. On noftification of HARQ retransmission
failure from MAC at step 410, the process at step 411 checks if handover is
indicated. If so, no immediate retransmission is attempted because data can be
lost during handover. Therefore it is better to delay the retransmission by letting

ARQ retransmission procedures handle the case (i.e. polling and status reporting).



[0032] If the original transport block size is still adequate for the
current channel condition, only HARQ retransm ssion failure is passed to
the RREF at step 340. In this case, the RREF will retransmt the original
data as-is, without re- segnentation. [0033] Referring to Figure 4, details
of the RREF are described. The RREF can $e in either the RLC | ayer or NMAC
| ayer. On notification of HARQ retransm ssion failure from MAC at step
410, the process at step 411 checks if handover is indicated. If so, no

i mmedi ate retransni ssion is attenpted because data _can be [ost during
handover . [PRatkpinilarite the haadevar caseqifion) of paverage s indicatedthien naet ti ng
ARQ r et r ansm.s§i £ j .e. polling and status
reporti ng)-ﬁpgéaf[ag%geﬁf |ﬁ‘rﬂr1 'gﬁ I%]%&?@t%g%h%tggftl@ase, if out of coverage is
i ndicated, then no imediate retransnmssion is attenpted at step 412.

0035] If I pdj cAt. t si t st 413 t he iginal data i
Fo- segnertbtdst (MAC et ney Somerksiaa sta 13 e st i (508 at ot cp
415. As ' oS gp%g- SN noki ified
si ze and Y%é%ﬂgﬁtegnﬁ{:asg a Eﬁeﬁgﬁzcgﬁﬁ tee%’i nse?’?de?lyﬁ ne'gggggllr%%ﬁ?g%%ﬁelf

t he MAC i ndilldaa appreciatedy the dasirsegsient mane not be theaspekified sizerarid imrmchta ed
as is at step 415. The praces en ends at step 416. [0037] Reference is
b i SEpReRgsed 1

now nmade t ¢ G &JP@e INFELPER¥s a flow chart for confi guring
threshol d values for the decision made in Figure 3. At the receiver side,

the MAC | ayer is configured to report CQ with a specified interval to the
transni t t i003€] Ethﬁ)l\@@!ndwates Ratnamesegment size the osiginal defalis, retraesmited ayer

is confi t r | ifi Lhterval to the transmtter
if the ngég %%tsﬁe%gﬁgw?g%ﬁséﬁpgﬂ%@geqt sgsgp é?%p 510. At the transmtter
side, the values of thresholds, THLC, TH Nanf, TH G and TH- CR and the

nunber of nost recent CQ reports (Nc) are_configured at the step 520.
Val ues to [983'6]0'%?%%‘?%'%'19"”{“?@9 igugie 5 Figwe 2 WrstrgtﬁSe@iﬂgwquf@r | ayer

2 signal i Ngnfiguring threshold values for the decision made in Figure 3. At the receiver
side, the MAC layer is configured to report CQI with a specified interval to the
transmitter at step 510. Alternatively, at the receiver side, the MAC layer is
configured to report CQI with a specified interval to the transmitter if the CQ! falls
below a configured level at step 510. At the transmitter side, the values of
thresholds, TH-LC, TH-Nanf, TH-G and TH-CR and the number of most recent
CQl reports (Nc) are configured at the step 520. Values to be configured for the
UE side can be configured by RRC or layer 2 signaling.

[0038] Figure 6 illustrates the RRC indication to initiate handover for the eNB and
the UE. ltis currently assumed in LTE that only the eNB initiates handover.

[0039] The process for the network starts at step 610 and proceeds to step 612 in
which it sends a measurement control message to configure the handover

condition. The message can be a RRC message or Layer 2 level signaling.

[0040] The process then proceeds to step 614 in which it waits for a measurement
report message. The message can be an RRC message or Layer 2 level
signaling.



[0038] Figure 6 illustrates the RRC indication to initiate handover for the
eNB and the UE. It is currently assuned in LTE that only the eNB initiates
handover. [0039] The process for the network starts at step 610 and
proceeds to step 612 in which it sends a neasurenent control nessage to
configure the handover condition. The ssage can be a RRC nessage or

Layer 2 level signaling. [0040] The process then proceeds to step 614 in
which it waits for a nmeasurenent report message. The nessage can be an RRC
nmessage or Layer 2 level signaling. 10 [0041] In step 616, the process

i ndi cat | E side,
the pr ocodoay 2 Bler 816,10 Thap i inBRaRs RaTiqiRr OB RLOM ofe o™ = ¢

recei ves &1M8asurenent control nessage to configure a handover condition.
The nessage can be an RRC nessage or Layer 2 |level signaling. [0043] The
process then proceeds to step 634 in which it waits for a handover

measur eneiho42)Oh theO OE SdOaheHrbeédLetartst 2tdd1630' aRE PrSEedRAD SN BB in

condition'is satisfied, the process transmits neasurenment report nmessage at
step 635 whith fireceives atroeaswpnedd controhinelsage tonehrdigues athandesatover to

the RLC and/.qr Figure,7 an an h roce hen at step
635, The R0aorankR TESReNT <Rl el BRtkeiSebd e RaPer2 Tl SRR, g
[ 0044] Reference is now nade to Figure 7. Figure 7 depicts the interaction
between the RRC, RLC and MAC | ayers in accordance with Figure 3 and 4.

Figure 7 doedal Theeprosgses Wmﬁr%ﬁedm@siiw iwhigbétswaiﬁféforrmrnqﬂggg ity to
et er 1 ne el i PoIRAIER1SbEAGIAGY! OrBEGHE naRhBYE Ay BasRpfdDed bel 0w

i ndi cat es e srtuatron ere | ayer I Ac unctionality to

det er mi ne conditiohds satisfieel) i paddess tsimewits measuremdM46port mdssayeat stéghe RRC
710 provides RLC 720 with a handover indjcation., The RLC then a8pl ies the

h over. :
met hod of SHORNEPHCERIE] stem Bt Whish It ipdicatpr-heiangiover to the RL
and/or MAC [see Figure 7 and 8] and the process then ends at step 638. The

measurement report can be a RRC message or Layer 2 signaling.

[0044] Reference is now made to Figure 7. Figure 7 depicts the interaction
between the RRC, RLC and MAC layers in accordance with Figure 3 and 4.
Figure 7 shows the case where the RLC layer includes the functionality to
determine whether re-segmentation should occur. Figure 8, described below,
indicates the situation where the MAC layer includes the functionality to determine

whether re-segmentation should occur.

[0045] In Figure 7 the RRC 710 provides RLC 720 with a handover indication.
The RLC then applies the method of Figure 3 in determining that re-segmentation

should not occur.

[0046] The MAC layer 730 passes the HARQ retransmission failure and channel
condition status information to the RLC which enables the RLC to determine if the

re-segmentation should occur.

[0047] Referring to Figure 8, Figure 8 illustrates the MAC layer having the
functionality for re-segmentation. In this case, the RRC 810 passes a handover



shoul d not occur. [0046] The MAC | ayer 730 passes the HARQ retransm ssion
failure and channel condition status information to the RLC which enabl es
the RLC to determine if the re-segnentation should occur. [0047] Referring
to Figure 8, Figure 8 illustrates the MAC | ayer having the functionality
for re-segnentation. In this case, the 810 passes a handover 11

I ndication to RLC 820. The handover indication is then passed fromthe RLC

820 to MAC | ayer 830. MAC | ayer al ready has HARQ retransm ssion failure
" nf or mt | JACKAHOR 3 RkC:820e TH aogerer ndicalion i thep prssedifrarmiee fLEc828 of

Figure 3-to[|\9ﬁ638|}a¥§1h§3@!b@l{f§t% Lé(}%?%i/r@é&y ﬁﬂgrl-ﬁ@ﬁésreirgﬁsﬁﬁs%'i’cﬁx Rfilutd™Pr ovi ng the

retransm ssion tency re-segnmenting data I nto nore appropriate
si zes accadnftirmation andashrousshtoented ndoved indicatorstogierismsthedoocesy ofdfigoge
others. The nethod uses the channel condition indication based on the npst
recently received CQ, gradient, or coding rates of the nost recently
reported CQs. The process re- segnents the RLC-SDU or RLC-PDU i nto nore
appropriate PDU sizes and asses themto the MAC | ayer for retransm ssion.
[ 0049] By [004§lalhengboveethen adfirasaR9the issuenfimpraving tid etensmissiom a

certain i od .against _a configured, threshold, the transmtter,.ca

Got ec i ne aency (MGer e reafanfig, G5 i b Gharaiiate SRRS AT & | ar ge
nunber of HARXhdriHel abadticAs 80ch aklshaaswiite anssHyPathess.t Phé htethbd @ghel d this
can reflect significant deterioration in the channel condition. This is

refl ect ed thp ahganet egnsition isdicatiop hiased utherrapst reegntvresgivessGlll | y

transmt t Lai | . he

recor ved et fes SPRlds Rodii MR nef LI i otfpds 1
detected, segmentseleRUGEDLNoERELE-PDLhints nuaé fappromiatgiPDH sizegrsgior t bl ock
size can be notified to RREF. [0050] The .conmparison to a threshold for the

det er m neopqmépe@ftom@@mc layer for retransmission.

[0049] By comparing the number of HARQ retransmission failures within a certain
period against a configured threshold, the transmitter can determine an
approximation for the channel condition. If there are a large number of HARQ
retransmission failures when compared to the threshold this can reflect significant
deterioration in the channel condition. This is reflected by the transmitter’s
continued inability to successfully transmit the data based on the original channel
estimates (e.g. the received CQIs). If significant deterioration of channel quality is
detected, a new segmentation size such as half of original transport block size
can be notified to RREF.

'[0050] The comparison to a threshold for the determined number of HARQ
retransmission failures within a certain period and the handover indication can be

used to decide if the retransmission is attempted again.

[0051] The RRC configures the MAC at the receiver side to report the CQl
periodically or report the CQI periodically when CQI falls below a configured
threshold. For the transmitter side it also signals TH-LC, N¢, TH-G and TH-CR to
MAC. If the gradient CQl is less than TH-G re-segmentation is performed. If the
coding rate for E(CQI) is greater than TH-CR, re-segmentation is performed. The
size of the re-segmented PDU can depend on the coding rate.



retransm ssion failures within a certain period and the handover indication
can be wused to decide if the retransm ssion is attenpted again. [0051] The
RRC configures the MAC at the receiver side to report the CQ periodically
or report the CQ periodically when CQ falls below a configured

threshold. For the transnmitter side it alko signals THLC, Nc, TH G and
THHCRto MAC |If the gradient CQ is less than TH G re-segnentation is
performed. If the coding rate for E(CQ) is greater than TH CR
re-segnentation_js Rerfor med. The size of the re-segnmented PDU can depend

on the codi®9§2} Zhis thereforegmprpvesthe trapsmaitisr efficieneyer HARQ retiarsmission

ef {1 o encyrAlrdd Y BLGMBRAITAG H PDY Bebdiiiiy %th(eech%ﬂﬁe 8o Bfid Wating |

according to t ition an for ransm ssi on un

t he handoviar retracsdission untit tme hahdovdrGiddédureds eshpleteent s descri bed herein
are exanpl es of structures, systenms or nethods having el enents
corresponding to elenents of the techniques of this application. This
witten de BPThE _nfBbYi i i ﬁ%fm? e
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et hodst ARRIETORo T wileh Ebshiibin Pl bnaple e Sled ndhp e dakas
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met hods with insubstantial differences fromthe techniques o 'S

appl i cat i oplemenie ot thenleghnigues @f this appligatian. The intensiedrcoperofibad! i ng

oo ansm < SeRhlfieR s bt n S BRLYES otlerFhlcfleb Vo ibiels R mettoris
det er m nedthay dotreit kiéfferdromthertaohmitiesy ofahis Higplicatibm as'deistAPadhefdiaend r om a

transm tte]g to a receiver have failed, the nethod conprising the steps of:
urther includes other structures, systems or methods with insubstantial

differences from the techniques of this application as described herein.



determ ning (311) an out-of-coverage condition: by checking whether a tine
between the tinme of the last reception of a channel quality indicator,
hereafter referred to as CQ, and the tinme of HARQ retransm ssion failure
is longer than a threshold; or if the nunber of consecutive failures in
reception of an acknow edgenent, hereaH er referred to as ACK, or negative
acknow edgenent, hereafter referred to as NACK, fromthe receiver exceeds a
configuraglle M}é_eshol d value; if an out of coverage condition is

det erm ned ng the retransm ssion progress; and if an out of coverage
condition is not determ ned checking (321, 331) whether changes to HARQ
data transm ssion error performance characteristics are greater than a

t hreshol d 1and/ ¢ meethatbforhiandiing blybatl Autemadic Repedit Remmest, hefresftert han a

t hreshol d; S for tran S| 414)a Radio _Lin
Control - Selepreldos HAB ST RBRDISR AIFLCTO KERC AT aRF OB IS 51 ng
Radio Li %1%’(561!‘1 'deFérﬁﬁlﬁé@b%/Qﬂ%e%héM hfaxiMereRbmBer 6eHAREdats® as RLC- PDU
dat a, dat a o snaller PDU data sizes; and transmtting
(415) sal detrasﬁgtssmrsdrcmemrmaeato ameiceivér hawe failed, thetmethedi t ti ng (415)

t he previous. RLC-P, ata..2. The nethod of claim1, wherein the nethod
further c&HB?F?fLSng Sq@?%ﬂfof prior to the checking step, determ ning

(411) whet her aielmﬁdﬁmgr(ans) an@ur-af @&eﬁgd contlitiops, ending the
retransm ssi on process. he net ho claim 2, wherein the handover

i s indicated by the radi dpy m&mgc\@hef@ﬁf adlm@b@tvw thertimapétheplasty el
si gnal i ng. reception of a channel quality indicator, hereafter referred to as CQl,

and the time of HARQ retransmission failure is longer than a
threshold; or
if the number of consecutive failures in reception of an
acknowledgement, hereafter referred to as ACK, or negative
acknowledgement, hereafter referred to as NACK, from the receiver
exceeds a configurable threshold value;
if an out of coverage condition is determined, ending the retransmission
progress; and
if an out of coverage condition is not determined
checking (321, 331) whether changes to HARQ data transmission
error performance characteristics are greater than a threshold and/or a
deterioration of channel conditions is less than a threshold;
if yes,
resegmenting for retransmission (414)a Radio Link Control
Service Data Unit, hereafter referred to as RLC-SDU, comprising Radio
Link Control Protocol Data Units, hereafter referred to as RLC-PDU data,
or a RLC-PDU data, into smaller PDU data sizes; and
transmitting (415) said resegmented RLC-PDU data; and
if not yes, retransmitting (415) the previous RLC-PDU data.

2. The method of claim 1, wherein the method further comprises the step of,
prior to the checking step, determining (411) whether a handover is indicated, and

if yes, ending the retransmission process.



4. The nmethod of claim3, wherein the radio resource control protocol
indicates if handover is expected when a neasurenent report or |ayer 2

| evel signaling is received or generated. 5. The method of any one of
claims 1 to 4, wherein the nethod is perforned at the Radio Link Control,
hereafter referred to as RLC, level (142)of a transmtter. 6. The nethod
of any one of clains 1 to 4, wherein s émentation is perfornmed at the

medi um access control, hereafter referred to as MAC, |layer (146). 7. The
met hod of claim5 or claim6, wherein a segnent size is reported by the
MAC | ayerq(146 L . t; f i .or claim
6, wherei % an ZE"% %%tﬁg%%ggé@%%ﬁéﬁgﬂeﬁ? napg%ggtiﬁﬁg?%grﬂ ﬂ"&rpﬁati' | ayer
(146) to rdseuRtedrdge prétdbé@lor 18yermhevebtigadling. any of clains 1 to 4,
wherein the re-segnented data is passed fromthe RLC | ayer (142) to the
MAC | ayer (146). 10. The nethod of claim1, wherein the HARQ checks the
deterioragi on | {4 : ar nl Nl [‘(O%@%i i gr adi ent
channel gﬁ'al i tgﬁ? rﬁ@g?gt c{é@ﬂ‘#,g\g@ﬁlﬁgﬁegﬁ?lﬁr%ﬁﬁ%ﬂ&g . Ff“ﬁdietm;'aroelt hod of

cl ai m 10, indioaies i hahfdoverds gxpectedtwindraa medasywemmieny répuit crlager 2 fevelr eat er or
not | ess .han.a t hreshold, the r{eéhod further conprises the steps of
checki ng %'g ﬁHn%é?ﬁ@Ve%OEQSPﬁ@? te for a |last channel quality indicator
or an average of nost recently received CQs and the availability of a
radio resource for the receiver is greater than a threshold, 15 if yes
si gnal i ng®-( 3327 herdthed of any ene of slaimsi1 ior4 wihereirntheawethaghieperfosned; i f no

netor k S8t i K EhRP RLARARP reBhetlas R P RORRMI b ons ©

based on Hybrid Automati c Repeat Request, hereafter

6. The method of any one of claims 1 to 4, wherein segmentation is
performed at the medium access control, hereafter referred to as MAC, layer
(146).

7. The method of claim 5 or claim 6, wherein a segment size is reported by
the MAC layer (146) to the RLC layer (142).

8. The method of claim 5 or claim 6, wherein an out-of-coverage condition is
reported from the MAC layer (146) to the RLC layer (142).

0. The method of any of claims 1 to 4, wherein the re-segmented data is
passed from the RLC layer (142) to the MAC layer (146).

10. The method of claim 1, wherein the HARQ checks the deterioration of
channel conditions by determining (321) if a gradient channel quality indicator is

less than a threshold.

11.  The method of claim 10, wherein, if the gradient channel quality indicator is
greater or not less than a threshold, the method further comprises the steps of
checking (331) whether a coding rate for a last channel quality indicator or an
average of most recently received CQis and the availability of a radio resource for
the receiver is greater than a threshold,



referred to as HARQ retransm ssion failure, HARQ retransm ssion failure
being determ ned by whether a nmaxi mum nunber of HARQ data retransm ssions
have failed, the transmitter conprising a re-segnentation |ayer (142, 146)
adapted to: determ ne (311) whether an out-of-coverage condition is

I ndi cated, wherein the out-of-coverage1§ondi tion is determ ned: by

checki ng whether a tine between the ting of |ast reception of a channel
qual ity indicator, hereafter ed to as CQ, and the tinme of the HARQ
retransm ssion 'f?%ﬁsl ?JQ%ESWQ (I%éﬁéjg"ﬁ(ﬁéfﬁtrﬁ“%rﬁlséW?H?re with afnawheegmeper of
consecutiygdailures in reception of an acknow edgenent, hereafter
referred to as ACK, or negative acknow edgenent, hereafter referred to as
NACK, from t he ifrrexsignsaling @4y dARQoetrbngmissidrefailireeshol d val ue; if an out
of coverage condition is determ ned, ending the retransm ssion progress;
and if an out of coverage condition is not determ ned check (321, 331)

whet her changes frandhrter SRR Atibite ARSI S$418d tcglfé-eégm%hf Hélré?é&%rdin% to

characteristics are greater than a threshol'd and/or @ deterioratio

channel cdéadiptahanpel epnditions: baged on Eybod dutomatie Repeat Bgapast, hereafter

retransm sy | ntrol Link i ce Data Uni her eaf t er
referred t§ %ﬁe@@d&ﬁé@%@@%ﬁ?@ﬂ@wﬁgu@ il_ﬁﬁiécfﬁﬁ?m;mﬁéfoé‘ ftﬁpﬁeg%%f‘g Units,
her eaf t er deedratined by wraghdl£nRRindat Bumber oPHRRG BBld datasniisionsShad er PDU
data sizes; and transmt (415) said resegnented RLC-PDU data; and if not

yes, retr &g the angniter sompRsng-ore-gasmenigionlgyeriid2; i 4bsadanted tof cl ai m
12, wherein t heef&rRGd B ARe! 8X OUt-RERVArSES condition is indicated, wherein |
the out-of-coverage condition is determined:
by checking whether a time between the time of last reception
of a channel quality indicator, hereafter referred to as CQl, and the
time of the HARQ retransmission failure is longer than a threshold:;
or
if the number of consecutive failures in reception of an
acknowledgement, hereafter referred to as ACK, or negative
acknowledgement, hereafter referred to as NACK, from the receiver
exceeds a configurable threshold value;
if an out of coverage condition is determined, ending the retransmission
progress; and
if an out of coverage condition is not determined
check (321, 331) whether changes to the HARQ data transmission
error performance characteristics are greater than a threshold and/or a
deterioration of channel conditions is less than threshold;
if yes,
resegment for retransmission (414) a Radio Control Link
Service Data Unit, hereafter referred to as RLC-SDU comprising Radio
Link Control Data Protocol Units, hereafter referred to as RLC-PDU data,
or a RLC-PDU data, into smaller PDU data sizes; and
transmit (415) said resegmented RLC-PDU data; and
if not yes, retransmit the previous RLC-PDU data.



the RLC | ayer (142) or the MAC | ayer (146). 14. The transmtter of claim
12, wherein the re-segnentation layer is further adapted to determ ne
(411) whether a handover is indicated, and if yes, end the retransm ssion
process. 15. The transmtter of claim 14, wherein the radi o resource
control protocol or |ayer 2 |evel S|QQ%I|ng I's adapted to indicate the
handover 16. The transmitter of clai 5, wherein the radi o resource

| f handover ected when a

contr ol t oc ‘6 e,}d t.0 té;dl cate g E}P
measur emahd 1 epBe ARSI oM L vl ine roseamentation yes CopRERs  ed,
17. The tﬂ-@‘ﬁn@qéﬁé‘r (Qﬁz}:b,aﬂh@“}qﬁc I‘Qg@fﬁ'lﬂi i f the gradient channel quality

I ndicator is greater not less th a th eshold, the transmitter is adapted
to check (331) whet her a codi ng rate for a last channel qual i ty i ndi cat or
t hr eshol.d tran ssi on

:‘:u ?Lregt ol f’ g?h%\;vagﬁ t°f§i132@1 |Vf"h?‘f8' h&r{grse(%'ﬁ?ﬂ%byﬁéfsr & ssi on

failure. a&ap tédQ@@I@térhﬁﬁég )REHetREKa BRABE 8 hdichtedNand iftyRls, asd heédi Med i n
any one of clainms 12 to 17 and a plurality of User Equi pménts (110),

her eaf t er ret@NeMHeKION Proe@SSUEs, capabl e of recei vi ng packet data
transm ssion fromsaid transmtter. 19. A conputer readable nmedium
conpri sing program code executable in a conputing device or system (110)

to perfortst heThetlaadmitterastylamel Hfwitdraimhelratid rebburce control protocol or

layer 2 level signaling is adapted to indicate the handover.

16.  The transmitter of claim 15, wherein the radio resource control protocol is
adapted to indicate if handover is expected when a measurement report or layer 2

level signaling is received or generated.

17.  The transmitter of claim 16, wherein if the gradient channel quality indicator
is greater not less then a threshold, the transmitter is adapted to check (331)
whether a coding rate for a last channel guality indicator is greater than a
threshold,
if yes, signal (332) HARQ retransmission failure with a new segment size;
if no signal (340) HARQ retransmission failure.

18. A communication network comprising a transmitter as claimed in any one
of claims 12 to 17 and a plurality of User Equipments (110), hereafter referred to
as UEs, capable of receiving packet data transmission from said transmitter.

19. A computer readable medium comprising program code executable in a
computing device or system (110) to perform the method of any one of claims 1 to
11.



