|  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 resource control (RRC) layer and in
particular their interworking with respectlto retransnission of data upon
unsuccessful MAC protocol data unit reception. [0002] In UMIS high speed
downl oad packet MET&QD AMDARPARAHISHCRARESEGMENEATION QF RAGKEIOr t
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bet ween user equi pnent (UE) and the base station known as the Node B. This
is, for exanple, defined in the 3GPP TS25. 321 version 6.9.0 specification
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Based on the reported CQ, the Node B will choose a transport bl ock size
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so that th anp r WA uld not exceed 10%

[ 0004] Data%lpg)hsentQ{Zénsg{?h@&ﬁc’g%{@%%cgc?%ﬁghhrrr‘lg%ecoz@g's control protocol data
unit (MAC-hs PDU). When the UE receives the MAC-hs PDU, it conputes a
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| ncr ement al HARQsthrme withintthe MARbeyento erdtarmadhe sffidescy sndirelfability bé
specified n%é.{aan]nsnrlrjl%%Forn gtwseeetn LPQler equipment (UE) and the base station known as
the Node B. This is, for example, defined in the 3GPP TS25.321 version 6.9.0
specification at sections 11.6 and 11.8. In HSDPA, the receiver side (UE)
indicates the channel guality 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 CQl, 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. If the reception is
successful, 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.



system operator. Increnmental redundancy or a Chase Conbi ni ng Schene is used
for the retransm ssion, as specified in 3G°PP TS 25.212, version 6.9.0. 2

[ 0005] When the maxi mum nunber of HARQ retransmi ssions fail, as referred to
herein as HARQ retransmi ssion failure, retransm ssion of MAC-hs PDU is
considered a failure. The acknow edged node of operation of the radio |ink
control (RLC), as defined in 3GPP TS25.32Z version 6.8.0, sections 9.7 and
11.3, recovers the HARQ transm ssion error by retransmtting the RLC PDUs
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[0006] In order to reduce this RLC level retransmission latency, the RLC can be
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 reiatively 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 transmissions. 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.



UMIS, the size of this RLG-PDU is determ ned during segnentation of the
RLC- SDU as determ ned by the RRC configuration of RLC. GENERAL [0007] The
present disclosure may address the issue above for the inprovenent of
retransm ssion latency further by re-segnenting data into nore appropriate
sizes according to radi o channel conditions such as shadow ng, anobng
others. 3 Further, the present disclosure may address when the
re-segnmentation of data should occur. [0008] The present application may
provi de a ndturtiebrfthe gres&et dideibaurer ey adisingsssivben dime Hy-segoheAtatiomaifidat®Re peat
Request (HA§8> Transm ssion failure conprising the steps of: checking
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readabl e nmedi um conpri sing program code executable by a conputing device or
[0009] The present application may 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;



system such as the transmtter for performng in said device or systemthe
nmethod of the present application. Further, the application provides a
comuni cation network conprising the transmtter and a plurality of User
Equi prments ' UEs' 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 withtreference to the drawings in
which: Figure 1 is a block diagram showi ng a | ong-term evol uti on user plane
protocol stack; #&ighrg@rie ablosk diagraralshdinagy aroagrsvinngvalutiongohgoiplane

evol ution control g{oania gc[?}riOt ocol architecture; Figure 3 is a flow chart
showi ng a net hod ABPCR! PEXYIEAY®'ssi on and re- segmentation decision within
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chart showi ng a ne or retransm ssi re- segnentation execution
accordi ng to the segesenation detismnrwitiind/AGdayeleioiaicordarmgewitinthengreBeglr e 3;
Figure 5is a flgmﬁhart,illustrati ng the configuration of the MAC | ayer
both at the rec&ETSYHRd transnitter sides; Fi gure 6 is a block diagram

showi ng a flow clRglureh i§ Beioweh&aEhORiIngf a tethaddoVtrahsRmediH Bndhe- Node B
and the UE sides; Figure 7 is a block diagram show ngdl nteracti on between

the RRC, RLC an&epprEntaljet sxegidios aasording o &ke presend dissloseepend dbe on i s

executed in the . [ C nce with the present system and
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met hod; and Figure ram showi ng an alternative interaction
between the RRCFidlife 81islaMdy tigareNisistrben@ theetsafitpirhsen onNthadAC layer both

re-segmentation ia%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 (LTE) user piane 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 protoco! stack. The packet data
convergence protocol (PDCP) layer 140 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.



executed in the MAC. DESCRI PTI ON OF PREFERRED EMBODI MENTS [ 0011] Reference
s now made to the drawings. Figure 1 shows a block diagram illustrating
the long-termevolution (LTE) user plane protocol stack. [0012] A UE 110
comuni cates with both an evolved Node B (eNB) 120 and an access gateway
(aGWN 130. [0013] Various layers are illustrated in the protocol stack. The
packet data convergence protocol (PDCP) l&ayer 140 is illustrated both on
the UE 110 and on aGW 130. The PDCP | ayer 140 performs internet protocol
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As wll be appreciated, communication occurs through the physical layer in
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control (MAC) data communication protocol |ayer 146. As will be
appreci ated by those skilled in the art, the RLC and MAC gotocols form
the data |i AROLAIEHRIQWRLG1ayard 4avs$hamediumeasaess sontrobiMAES daldl resi de on
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Speci fi cal | yquindAO communicates with eNB 120 and aGW 130.

[c016] The layer 1 (L1) LTE (physical layer 148) is below the RLC/MAC layers 144
and 146. This layer is the physical fayer for communications.

[0017] Referring to Figure 2, Figure 2 iliustrates 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 inciude mobility management and session

management.

[0019] The radio resource control protocot 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 RL.C layer which



Further, physical |ayer 148, MAC | ayer 146, RLC | ayer 142 and PDCP | ayer
140 exist wthin Figure 2. [0018] Figure 2 also shows the non-access
stratum (NAS) | ayer 210. As will be appreciated, NAS | ayer 210 could

i nclude nobility managenent and session managenent. [0019] The radio
resource control protocol layer (RRC) 220, is the part of the protocol
stack that is responsible for the assignneht, configuration and rel ease of
radi o resources between the UE and the E-UTRAN ( Evol ved uni ver sal
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which 6 resides in the radio network control Long Term Evol ution
(LTE) noves the ARQ functionality fromthe RNC to eNB where a tlghter
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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 handiing 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 radic 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.



reduce | atencies and i ncrease data throughput. The issue is when and how to
re- segnent. [0023] Referring to Figures 3 and 4, an overview of a nethod
according to the present application is presented. [0024] On HARQ
retransm ssion failure, there are three choices in handling the error: 1)
Do nothing - this neans relying on the polling and status report functions
of the ARQ function to recover the error.” This option shoul d be chosen
when handover is expected or the receiver is considered to be out of radio
coverage; 2)3)Rectsapmeihtis é thmetiedelynT bisi optiedi sitcelly be chbeer aiHeadchiddes Ui t

is re- segment%ﬂ% i nto a re approprlate size according to the current

radi o condi t4 )"H@f'?ﬂt@ €3bleet r ansmi ssion. This option shoul d be chosen
when retransmtting the or|g| nal transport block is not considered to be
effective due to a deteriorated channel condition and/or decreased
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and handover rom-an

To nmake a chppeeldyer Bsghoendin Eigui'aﬂn threshol d val ues need to be
configured. Such paraneter configurations, both at the receiver and
transmtter sides, are shown in Figure 5. Figure 6 describes how the

handover i nggaz | 'T%ﬂmbﬁe a%t%é&ﬁ#ngQ:r&@ cBREM e ShHIE vAILRR NS d t¥hd 0SS! bl e

protocol architecture
configured. Such parameter configurations, both at the receiver and transmitter

sides, are shown in Figure 5. Figure 6 describes how the handover indication 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 radioc coverage if the time between
the most recent CQI report from the receiver and HARQ retransmission failure
(TLastCQl) is longer than the configured threshold value (TH-LC), e.g. CQl
interval * N, where N is an integer value. In such case out-of-coverage indication
is passed to RREF at step 312.



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

deci si on maeki ng process are explained. Wien an HARQ retransm ssion failure
occurs (maxi mum retransm ssion nunber is reached) at step 310, an

out - of -coverage condition is examned at step 311. For exanple, if the
nunber of consecutive failures in the rec%ption of ACK/ NAK fromthe
receiver (Nanf) (if the transmtter cannot detect expected ACK/ NAK
response at [0629]tFurthasmene ifttbe abisidaKlayroobnl inslicatedee veckivér meing loet of
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(THG, a new se%rrent ation size such as half of original transport block
si ze can bel§dViFeoea moreRaerurate svalpatiarof ¢8| gRalityatheeeding cateatan be

eval uati on 8B|cﬁié?£'é‘?$ cﬁé’&l iif tﬂ)(e oFiS%a?PrgthorE %Fo%kcs?zne gestili adeguate. The derived
rate is based on the assumption that the original transport 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, 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 notification 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).



calculated to check if the original transport block size is still adequate.
The derived rate is based on the assunption that the original transport
block is retransmtted wusing the channel condition indicated by E(CQ) and
using radio resources currently allocated to the receiver. If the
calculated coding rate is nore than a configured threshold value, e.g. 1,
the original size is no |onger considered 9appropriate. The new segnent

val ue can be cal cul ated and passed to RREF at step 332. The new segnent
size value is chosen by a calculated coding rate which is considered to be

i at 32 f th t 1 bl till
oaunt e 1 orofdl silfiBe it e Sinddver 28ai f BULS! ieiamaaeershdfpdBoon
failure is passasiateactlnsiisionls Stafp@ilat o 4ubi s case, the RREF will

retransmt the original data as-is, wthout re- segnentation. [0033]
Referring to Figure 4, details of the RREF are described. The RREF can be

0, e B A e A S B4 R4 Rl oep e

checks if haedmeted into ithelspatifidd slde stastep d1drarRtichia@shiite@BESlep4 1) AsS
attenpted becﬁgse data can be 1ost during handover. Therefore |t is better
to delay th&li BEapREesiatads the st spoMest MaXDGtde thessnesdiashsize spddusush a

handl e t he %§§§%Hdﬁ7fg patell bé%éﬂé‘ﬁ ﬁ;h@&égsar%eportl ng). 9 [0034] Simlar to

t he handover ca out o coverage Is Indicated, then no imediate
retransmssion is attenpted at step 412. [0035] If MAC indicates a new

segnent siz t ri |naI data is.re- segnented into the .

speciTied oiubbentt BBAG ARl & Panssrt ten S e gnans! ate 1o yppaniaited
appr eci at edgstiat b@p t4‘§?9'ﬂé"?§ro€@¥s fin 88ad Qtest?eg%@(' ed size and in such a
case padding can be inserted if necessary. If the MAC i ndi cates no

new segnent size the original data is retransm tted
[0037] Reference is now made to Figure 5. Figure 5 iliustrates a flow chart for

configuring 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 CQIl with a specified interval to the transmitter if the CQI 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
CQi 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. Itis 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 fo step 614 in which it waits for a measurement
report message. The message can be an RRC message or Layer 2 level
signaling.



as is at step 415. The process then ends at step 416. [0037] Reference is

now made to Figure 5. Figure 5 illustrates a flow chart for configuring

t hreshol 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
transmtter at step 510. Alternatively, at the receiver side, the MAC | ayer
is configured to report CQ with a speci filed interval to the transmtter
if the CQ falls below a configured | evel at step 510. At the transmtter

side, the values of thresholds, TH-LC, TH-Nanf, TH- G and TH-CR and t he

Val es to baobsfiriantn g Thuregol Sl BBl g Rg A n] AT R Py er
2 signaling.6M80038] Figure 6 illustrates the RRCindication 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 an I I i 1.0l
restage to dSHASETER LE R Froblss HAIS bt ste7 830 2R RESI SR NLo B
message or lveyeh itZet@ves ashgasdiientent [cO0%0] mEBgages ar essfigurer ireeds to
step 614 in V\/nipr&.h it.waits for a rreasu&g&ent report rresggge. The nessage
can be an RRENHIOEaJNGMESsger can el RRG giesspag ort@ver edemyl signalingp 616,
t he process indicates handover to the RLC and ends in step 618. [0042] On

t he UE si de, thegprocess starts at step 630 and proceeds to step 632 in
which it red@d43tdhe prosess dreemproceads td stepsB3dyim wbichdhivais far aahaadal@rer

[0043] The PREEETBHERSAMNRS 1aBe RTeiEs Bhethe naPERVE: MRy "
handover  neaauriBRes babsid, Rrh@Brddés@@ra’?@hiiﬁsfm@dsur@ﬁ%ttrbgoﬂ%@&\é@é at step

measurenment condjtion is satisfied, the process transmts neasurenent
report mess&gé ad rroggeds to step 636 in which it indicates the handover to the RLC

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 6 the RRC 610 provides RLC 620 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 630 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 7, Figure 7 illustrates the MAC layer having the
functionality for re-segmentation. In this case, the RRC 710 passes a handover



635 and proceeds to step 636 in which it indicates the handover to the RLC
and/ or MAC [see Figure 7 and 8] and the process then ends at step 638. The
measurenent report can be a RRC nmessage or Layer 2 signaling. [0044]

Ref erence is now made to Figure 7. Figure 7 depicts the interaction
between the RRC, RLC and MAC | ayers in accordance with Figure 3 and 4.
Figure 7 shows the case where the RLC Iayér1 I ncl udes the functionality to
determ ne whet her re-segnentation should occur. Figure 8, described bel ow,
i ndi cat es t hadishtioate Hh-Gvi20.e Thadamdovenipeicatinolisitfeen passeduinemitbeBLG ¥200

determ ne r._re- tation shoyld o 045] .1n Fiqure 6 the RRC
610 provi de%%&%eéaﬁeﬁf@”mm&@fre?ﬁﬂﬁéaﬁig Qr[e%ﬁgs |§§|?rp]taﬁlu5$p| i es the
met hod of Fiigloiaioh aindedeT Baehrohartlvel fdi@AI oatdrdtm SHROMoEe SO Pigfilte-

[ 0046] The MAC | ayer 630 passes the HARQ retransm ssion failure and channel

condition sthtus information to the RLC which enables the RLC to determine
If the re-segnentation should occur. [0047] Referring to Figure 7, Figure
7 illustrates the MAC | ayer having the functionality for re-segnentation.

I n this casgpo48)e HREbADtHereides additardeties isklie dffithipedih® thd retRAnemigfon The
handover in%{cati?n I s then passed fromthe RLC 720 to MAC | ayer 730. MAC
| ayer al r eadteASY TYIHIRH BYeier e ReRiIGb AalRN MO re BRPENTAE SireaReceringde t he

handover in 5&i%t5r%mn@ﬁc@ﬁéstseﬁ§b¢a~?agrsﬂgaéu%s fgﬁjnrﬁt{&hegs. #R&%tpg{aggggove

t herefore addresses the issue of 1 nproving ansm ssi on
further by tle sbgneelitdamglititen iadication imased appthepnositrecenthesecadear Qg to
radi o channel (ﬁg‘q itioBs such_ as shadow n The net hod uses

he Chama o BadiBne ok oo g s Grnees e Fedicd CRIS TRF Prtesves oa
gradi ent, OkegR@ENMEtHAREE-9DU HERMC TP DUSHR HoYe BBBRIRA PRIS sizbl&y ocess

re-
passes them to the MAC 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 CQls). 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 CQl 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.



segnents the RLC-SDU or RLC-PDU into nore appropriate PDU sizes and passes
themto the MAC | ayer for retransm ssion. [0049] By conparing the nunber of
HARQ retransm ssion failures within a certain period against a configured
threshold, the transmtter can determ ne an approximtion for the channel
condition. If there are a |large nunber of HARQ retransm ssion failures
when conpared to the threshold this can réflect significant deterioration
in the channel condition. This is reflected by the transmtter's continued
inability to successfully transnit the data based on the original channel

estimtes ( e rece | f _significant deteri tion of .channel
qual Tty +s. TlsalcTs HRETRHarE ogmik taeitrndiiter SQEIenay AR IarBHSHON
{ransport bliamlresiviere SaiinbetmPid POY SRR 10 HOSAANTUICHRIIRA dRPialiPg?
threshold for the term ned nunber of retransm ssion | ures W|th| n
a certain pdef EﬁirwISﬁeﬂhmﬁﬂﬁmandmcam@dwam bemplegded to deC| de if the
retransmssion is attenpted again. [0051] The RRC configures the MAC at the
receiver side to report the CQ periodically or report the CQ

peri odi cal | yoodsmMHEEmbabiinselteldewcab&® Rkt 08 exbiphshof strudtdrest Bf’stems or
transmtter side it also signals THLC, Nc, THG and THCR to C. If the

gradi ent cQMehodshavingelemants cerrasppnisinato slements of the tﬁ@@mquesmféhlsCOm ng
te f T

26 of t e PRI FASShrglgtRdeddlnntn ha SRR SRILE P LB TGk Ty

therefore i ramdamembedtmmts matvirey aledrivative slements ttdiQkeatscaosmesisormito the

failures by re-se % t he PDU t%ccowgiwgg to_the channel condition and

vai ti ng o EIGTBR R e dcliniaHRs 97 QBr The duendee spape ghificet e.

[0053] The %@%Lﬁ@é‘éﬁthﬁ?éﬁéih@@gn RRGSInR IR 5’(}% FQﬂr@é&qus %ﬁr%ﬁé?ﬁé%ﬁﬁretﬁé@é ens

or nethods having el enment’'s corresponding to e enenis of e techniques of
this appli teatidnnotriffer ﬂwmmeﬁedm;queqsmf this applicatiapl as déssbeskidresd aind t he
art to mikefudher includes other structures, systems or methods with insubstantial

differences from the techniques of this application as described herein.



and use enbodi nents having alternative elenments that |ikew se correspond to
the elenents of the techniques of this application. The intended scope of
the techniques of this application thus includes other structures, systens
or methods that do not differ fromthe techniques of this application as
described herein, and further includes other structures, systens or
methods with insubstantial differences friém the techni ques of this
application as described herein. 13 CLAIMS: 1. A nethod for packet data
retransm ssi®RABMSHybri d Autonatic Repeat Request 'HARQ Transmi ssion
failure froma transmtter to a receiver, the nmethod conprising the steps
of : checki ng whet her changes to HARQ transm ssion error performnce

characteristi.cs oK endgghe@f@ pddrandatd futesRaliskion shMyidlat@maicAREpEatof
channel conditions is_indicated or |ess than a threshold; if yes
r esegnent i ndreAYeKi BARGHH ransmissiondaiiviecisoma Haupmittertea repeivebrtheaapthodi nk

Control Pr Ot&ﬁ%l‘ﬁ%ﬂ’ﬁ%hh?bﬂc PDU data into smaller PDU data sizes; and

transmtting s segnehted RLC-PDU data; and if not yes, transmtting
previ ous RLC- PDU dat a.ch2ckifbevimethbodharfiged @i HFARQ whaseigsidrherroepbdornhamdder

conprises the step of, . prior to the checkjng, step, determ ning whether a
handover is i ndi é%@é"t‘ﬁteﬁﬁlﬁsi?re greater dhg ﬁdh’fﬁ%@oi"eg?(yﬁﬁﬁi ?fdﬁfﬂﬁ%@ ss. 3.
The met hod of cl &hahdel MRS i%hﬁdigé e\%rﬁésé ﬁwdrfé?'tl?r@%ﬁ@ldby the radio

resource control protocol or |ayer signaling. 4. The nethod of
claim 3, wherein the rfa®so resource control protocol indicates if handover

|'s expected when a measurengnl feparl qe L2yl Bohf¥PService Data Unit ‘RLC-

SDU’ or Radio Link Control Protocol Data Unit ‘RLC-PDU’ data into smaller
PDU data sizes; and
transmitting said resegmented RLC-PDU data; and
if not yes, transmitting previous RLC-PDU data.

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

yes, ending the retransmission process.

3. The method of ¢laim 2, wherein the handover is indicated by the radio

resource control protocol or layer 2 level signaling.

4, The method of claim 3, wherein the radio resource control protocol
indicates if handover is expected when a measurement report or layer 2 level

signaling is received or generated.

5. The method of any one of claims 1 to 4, wherein the method further
comprises the step of, prior to the checking step, determining whether an out-of-
coverage condition is indicated, and if yes, ending the retransmission process.



signaling is received or generated. 5. The nethod of any one of clains 1 to
4, wherein the nmethod further conprises the step of, prior to the checking
step, determ ni ng whet her an out-of- coverage condition is indicated, and
if yes, ending the retransm ssion process. 14 6. The method of claimb5,
wherein the out-of-coverage condition is eterm ned: by checki ng whet her
the last channel quality indicator 'CQ" ditme received is greater than a
threshold; or if the nunber of consecutive failures in reception of an
acknow edgerfent  Theomretind akejainn be whekeiothe ggentaovermgercondiiontine recei ver
exceeds a qggé#&Hg bl e threshold value; or the out of coverage condition
is determned 7f a ghysical | ayer determ nes the receiver to be out of

coverage. 7. The byethuukirgf wasthedtite Rist ehahndl dudlity indicaier eiar file ragsived id s
performed at the Radio Link Control '"RLC' level of a transmtter. 8. The

met hod of arfifediee than g thieskolt; ©6 5, wherein segnentation is performed at

t he nedi um acces ! r l.aj ' Ln a
segnent size is ?Qﬁ%ﬁtfefﬁﬁ%fﬁ%g s%ﬁ@éﬁvei BaglgFe @'gﬁ%%B{ %ﬁgrﬁkﬁq\gl_edﬁﬁg{eﬁ%t hod
of claim 8, ‘ABKS ef negativeudclofowdesdgeragat INATIK fran ths reegoet exteddsen t he MAC
| ayer to the RﬁC I% e{. 1@ Thﬁ&r{]ethod of any of claims | to 5, wherein the
r e- segment efCHHSE S Ze hrasheld VBsm¥he RLC | ayer to the MAC layer. 12. The
met hod of clai m ine Wheseidy, QgeHéﬁ@tieheghétérnﬁn&ﬁf%w%%acg@e@fdet%ﬂﬁ%'ss

conditions by determining if a gradient channel quality indi'cator is
t han a t hr edftreteiver to be out of coverage.

7. The method of any one of claims 1 to 5, wherein the method is performed
at the Radio Link Control ‘RLC" level of a transmitter.

8. The method of any one of claims 1 to 5, wherein segmentation is
performed at the medium access control 'MAC’ |ayer.

9. The method of claim 8, wherein a segment size is reported by the MAC
layer to the RLC layer.

10.  The method of claim 8, wherein an out-of-coverage condition is reported
from the MAC layer to the RLC layer.

11.  The method of any of claims 1 to 5, wherein the re-segmented data is
passed from the RLC layer to the MAC layer.

12. The method of claim 1, wherein the HARQ checks the deterioration of
channel conditions by determining if a gradient channel quality indicator is less
than a threshold.



15 13. The nethod of claim 12, wherein, if the gradient channel quality
indicator is greater or not less than a threshold, the nethod further
conprises the steps of checking whether a coding rate for a | ast channel
quality indicator or an average of nost recently received Cols and the
availability of a radio resource for the 1recel ver is greater than a
threshold, if yes signaling HARQ retransm dsion failure with a new segnent
size; if no si gnal i ng tlFﬂqﬂl?(;)@retransm ssion failure. 14. Atransmitter in a

nobi | e net wotk addjs peclgisgfenwhesgin, if thegrasient chgpnebaualite inglicesar is

according t I t yer,
The T e caonabaft 8r APES'maR Bthta R, SRR AR utd oo B RN bEY T
Aut omat i ¢ RepheakinBeduethbr a'cddiRg rate &orsariass chanesirqualipeintivat@igen average
characteristi.cs are greater than fs @t hreshol d and/or a deterioration of

channel cond@ffiidesentyfgcelyed-fs ard the availability e§Aspdio nepoyee Tof heegrent

an RLG SDU Qpod&f&r Blddag@h #hahb9 ggﬁ |gr PDU data sizes; and transmt said
resegnmented RLC- PDU%ta and h bc]eyes transmt previous RLC-PDU data.

15. The transmi tnfaresoslgnalmgﬂ-IARwateammlssime fedureagite atradw seginanksize;
conprises the er or "HEQNAF % f6 The transmtter of claim 14,
wherein the re- s Q?I'%g\ Fefransissipdt faildint ed to det er mi ne whet her
a handover is |nd| cat ed, and if yes, end the retransm ssion process. 17.

The transmitter of claim 16, wherein the radio resource control protocol or
layer 2 | evdf si dntaansrgities imaapekite netwarkiadapted tesrerseutoeetrdata into more

appropriate sizes according to radio channel conditions comprising a re-
segmentation layer, the re-segmentation layer adapted to:
check whether 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,
resegment an RLC-SDU or RLC-PDU data into smaller PDU
data sizes; and
transmit said resegmented RLC-PDU data; and
if not yes, transmit previous RLC-PDU data.

156.  The transmitter of claim 14, wherein the re-segmentation layer comprises
the RLC layer or the MAC layer.

16.  The transmitter of claim 14, wherein the re-segmentation layer is further
adapted to determine whether a handover is indicated, and if yes, end the

retransmission process.

17.  The transmitter of claim 16, wherein the radio resource control protocol or
layer 2 level signaling is adapted to indicate the handover.



16 18. The transmtter of claim 17, wherein the radio resource control
protocol is adapted to indicate if handover is expected when a neasurenent
report or layer 2 level signaling is received or generated. 19. The
transmtter of any one of clains 14 to 18, further adapted to determ ne
whet her an out-of-coverage condition is indicated, and if yes, ending the
retransm ssi on process. 20. The transmittéf of claim19, wherein the
transmitter is adapted to determ ne whether an out-of-coverage condition

i s indicated&y aMe banswitteriaf elpinhet, véreretnethiearadioctesoneie eprital toyotoaai isat or

"CQ' tinme regel Sy ter, than a threshold; if the nunber of
consecutive %qu%t%(fgosfnﬁhcﬁéfﬁﬁngﬁe&s %Pegiﬁ\ﬁ’\%ﬁ@@g@ﬁ@ﬁwem 998’3 oﬁéﬁyﬁri%e
acknow ed_ger‘r@mi s'iMK'?)js resuvead bsgghygglteqqr_ t ra_nsm' tter exceeds a _
predeterm ned threshold value; or determning if a gradient channel quality

indicator is less than a threshold. 21. The transmtter of claim 20,
wherein if t graa Lty o020l 1 t hen
A thr eshol d. o ha Traears TR oF andyfis s iCl ER 8, HEHE Fa4SlegdB ook oy
a | ast channeiethermdn byt-ofidoeatage dopdiiorat enditdted, and tfhye’s balichg the yes,
signal HARQ retransm ssion failure wwth a new segnent size; if no signal
HARQ r et r andRir@RFBIFSION PRACESS22. A cormmuni cati on network conprising a
transmitter as clained in any one of clainms 14 to 21 and a plurality of
User Equi pnents 'UEs' capable of receiving packet data transm ssion from
sai d transnmi20t er .Thelramsroivkep of elaim ¢ aliezecimetie dransonfier isi atapted tiy detecmites

execut abl € b e CRBHbRG kS SoRbi A FBiLARE, Shybf ne method of any
checking whether the iast channel quality indicator ‘CQI’ time received is
greater than a threshold;
if the number of consecutive failures in reception of an acknowledgement
‘ACK’ or negative acknowledgement 'NACK’) from a receiver or transmitter
exceeds a predetermined threshold value; or

determining if a gradient channel quality indicator is less than a threshold.

21.  The transmitter of claim 20, wherein if the gradient channel quality
indicator is greater not less then a threshold, the transmitter is adapted to check
whether a coding rate for a last channel quality indicator is greater than a
threshold,

if yes, signal HARQ retransmission failure with a new segment size;

if no signal HARQ retransmission failure.

22. A communication network comprising a transmitter as claimed in any one
of claims 14 to 21 and a plurality of User Equipments ‘UEs’ capable of receiving

packet data transmission from said transmitter.

23. A computer readable medium comprising program code executable in a
computing device or system to perform the method of any one of claims 1 {o 13,



