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The present invention relates to wireless conmunication, 10 such as

provi ded by systensymSpspegolihec | PrSEP REDEES ( t iQ@Mar t nership
Project) W deband COde&gT\ﬁ' ihq%%tchgbﬁ %E( s el ease 5, High
, but al'so

Speed Downl i nk Packet cess ( as provi ded by other Kkinds

of wrel SS g}ﬂm{ni% ign‘ segstgrg;.cl\/b(rje particularly, the 15 present
inventio —H he so-called hybrid automatic
repeat request (HARQ wused in_HSDPA, a nodification that allows

i n-sequence deReiRiFgneR bF Jikel todard uprierivPpuslaivedhéremdVeSti nk
corgrol | & RLG I ¥l LTI e epk nak s ND OF
T | NVENT R T o e ot o o Ml 1516 Aetbos TVOLIA) based
systens, M0¢h, spricit bed HARQNSEHEME ORI Tyl HeSEOEENCE DYLEEERY OBf t he
so-cal | edpd&i: speed downl i nk packet access (HSDPA) transm ssion, which
may provide functions such as fast hybrid 25 automatic repeat request
(HARQ), adaptive coding and nodulation (AMC), and fast cell selection
(FCS) . A ggtgidets degiiqi on of these and other function of HSPDA can be
found imthe ttwrd generati on partnership project technical report No. 3G
TR25. 848 rel egge 2000, entjtled PHYSI LAYER ASPECTS 30 OF UTRA. HI GH
SPEED DOWKL | NI GRESR SRCEEY S ORI (RP CHPYE b5 B2 09BBeCA t Lon,

PAWG | BO2/ 16 las provided by systems as specified in 3GPP (Third

Generation Partnership Project) Wideband Code Division
Multiple Access (WCDMA) release 5, High Speed Downlink Packet
Access (HSDPA), but also as provided by other kinds of
wireless communication systems. More particularly, the

15 present invention relates to a modification of the so-called
hybrid automatic repeat request (HARQ) used in HSDPA, a
modification that allows in-sequence delivery of protocol
data units (PDUs) to the radio link control layer (RLC) of

the receiving wireless terminal.

20 BACKGROUND OF THE INVENTION

In Wideband Code Division Multiple Access (WCDMA) based
systems, high speed data transmission may be enabled by means
of the so-called high speed downlink packet access (HSDPA)
transmission, which may provide functions such as fast hybrid

25 automatic repeat request (HARQ), adaptive coding and
modulation (AMC), and fast cell selection (FCS). A detailed
description of these and other function of HSPDA can be found
in the third generation partnership project technical report
No. 3G TR25.848 release 2000, entitled PHYSICAL LAYER ASPECTS

30 OF UTRA HIGH SPEED DOWNLINK PACKET ACCESS.
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At the present it is assunmed that w th HSDPA, each user equi pnent receiving
data on a hi gh-speed downlink shared channel (HS-DSCH), which is a
transportwahamaealos i.e. a channel between the nedi a accesxmmnt/owsl ( MAC)

| ayer and the 5 physical (PHY) |ayer, also allocates and uses an associ at ed
dedi cated channel (DCH). The dedi cated channel may be mapped to a

dedi cat ed physpheaknehapagk I Bsk{iReBNYELEaL, i kBY Blsppalh '
typically divided I ntg a qrelSng"t% pﬁysi ((_:aal ¥ gfga l%&a%EEIPA('D%S%%aéﬁ% a
dedi cat ede@nypineat seseivinghdanal on0a( bikgbHppelpdt Howmliilmk wianed and in

t he downl | t u S cant.r d Sg spart. fqrmat
infornati%ﬁ,gnggg qggdlﬁgg{ded &f%? g?m%ol !scagl(rggg?r@a%gm %gd gLn'et'hg’l DPCCH.

| nf or mat i chasueh bstwieesr sheymédédbackessf comatiodn (MAY)allsyerbantd absmi tt ed

on CCH j ) pl,i he HS- DSCH be. 15 pped to_one or .several

o of Spectiph R tnl Rl AR enaren EniRABrs® ARCPRERS) Srh AARecRl Shyer
The assocdatiédatedi catedethdnol) . DOHhes dediaklbyd ahban@t e thafyobeb aidppidie
downl i nk and_the .uplink, and.is. usuall o.carty HSDPA-rel at ed

ot or mat i 6 andeet BrsraRBs1 581 WRp et ot RERE)odf Fiiba BRI C A A e -
speech antheoppcal isdaypicAllgeditreasinahttay Gednvai-ed phyidikagevieal base
stations ét he tir ngbase st at,i on _bei, d. here ;ln sone _places to indicate

ng use
what is caPfBEe §RCB) i an ﬁAﬂegbﬁggﬁastyﬁBSia e CPBILE o 7 m (UMT'S)
Tergestri abp®ed) 9 bdbhASEEEEeNEpIRNK) aBBeEhf kel HeRs) iak .t heaganaddnre
during what is called soft handqQver, and in such situations the associated

dedi cat ePEhBAKEE FSNEEPY £8MBRN{R. s bFRNARRALY éPTMaf 1nd@rfesiate aRer e

bei ng a dedicahedacpansel s{EHls assoerahamivtbl 8p ER=DBEHCH . here may al so
be a shared 30 control channel (S associated wth the HS-DSCH. A SCCH

can be ustdfermahiry Fuchser dp¥ereityi ArsARackoAnsRYMaSigRaIMAYy 36 user s
recei vi ngpdat 8aA8mk BeeHSoRSEhecn2: MO A2/ 08698R . PCELLBRZ. 856&1 may be

15 mapped to one or several high speed physical downlink shared
channels (HS-PDSCH) in the PHY layer.

The associated dedicated channel DCH is usually
allocated for both the downlink and the uplink, and is
usually used to carry HSDPA-related information and signaling

20 as well as other dedicated data, such as speech and control
data. A user terminal may communicate with several base
stations (the term base station being used here in some
places to indicate what is called a node B in UTRAN
(Universal Mobile Telephone System (UMTS) Terrestrial Radio

25 Access Network) specifications) at the same time during what
is called soft handover, and in such situations the

associated dedicated channel is said to be in soft handover.

In addition to there being a dedicated channel (DCH)
associated with an HS-DSCH, there may also be a shared
30 control channel (SCCH) associated with the HS-DSCH. A SCCH
can be used to carry HS-DSCH specific information and

signaling to users receiving data on the HS-DSCH.



According to current proposals, the dedicated channel (DCH) woul d be used
to informthe user equipnent that it has data to be read on the HS- DSCH
and SCCH; wigv2amedasan arrangenent, a user woul d receive arpdmBogeicson on
the 5 dedi cated channel of data to be read only when there is data for the
user. Wth such use, the dedicated channel would serve as a pointer
channel , since |t | d int _the,user tQ the har d ch $ia Th
dedi cat ed channelc mu|°alr§|e§‘8 ggﬁ\? féﬁtﬁ ation

and codi n@DSHDteWBmldp(hmeméeel/@os 1n&min5|tmnel arsqoaraﬁﬁtgﬁcre&twaﬂfhﬁ art thes
shared chagnpels. This for ti sent on_the shared

channel . g?gf‘hgo ?ﬁatr&‘f‘dg e gl%éﬁ%ﬁl{d %égﬁ%aﬁrﬁl Y515 &Thf or mat i on,

then it augtangemteh&r)sm 'Etisﬁ‘ﬁ: afullidefreldedirel e GAHTIRSAGRM ke g ed 15 dat a
channel (HS-. D The shared control channel, on the ot her hand, _woul d be

used to cgﬁfiﬂrcﬁﬁﬁérﬁ&ﬁn&? dt desa &Re et teath Ay dieR (Eharsaniys sipieh t he
shared datarchagngker.i NkAMigOR deh %ﬁ@@é@ka‘ﬂ&@@ﬂﬁaﬁxﬁl tu, 1HARQ

process as well as other information. The shared control channel could 20
be sent aSeHVSepdr &t PAESHER KhaRBrRL(i sdncer idomanlsk Rejad tlhﬁtﬂ%ﬁ%)@éd) or

coul d be ggat Sﬁgkga herS@g code channels as the HS-PDSCH (i.e. it could
be time multiplexed with the HS- PDSCH). Unlike the dedicated channel
according to exgt a@al%‘ét@rdoe@l%%héa tlpRuiSy 5 25 YUYIRG Ot to be in
soft handover; each base station Is assune have its o shared channel

and0a useinfermpfapn abeskymedulationeiprnd dmdarmw sehegepsCrovamresrdys one
base stathgn aled1LLTE. T 89 CALLEO L3St n o ehla,ae] S5 OnICFCOliephni que

woul d be used to sw rom one base station to an recei ving
data on F&Dsmatllelmmelrld eAsosher eg¢ntham ¢lhe \ﬁdswr@dw@thatmelpom@f dov r ol .

|t ead, _LRgy ShaLeflchaNNRLS.21C ;01 Q00RO PR ANSIFAASL 1 L Rl 1

power that s fixe
it must be transmltted earller than the corresponding shared

15 data channel (HS-DSCH). The shared control channel, on the
other hand, would be used to carry information that is
specific to the data transmitted on the shared data channel,
information such as packet numbers for the HARQ process as
well as other information. The shared control channel could

20 be sent as a separate code channel (i.e. it could be code
multiplexed) or could be sent using the same code channels as
the HS-PDSCH (i.e. it could be time multiplexed with the HS-
PDSCH) .

Unlike the dedicated channel, according to existing

25 proposals, the HS-DSCH is assumed not to be in soft handover;
each base station is assumed to have its own shared channel
and a user terminal is assumed to receive data on a HS-DSCH
from only one base station at a time. The so-called fast
cell selection (FCS) technique would be used to switch from

30 one base station to another for receiving data on HS-DSCH.
However, the shared channels would not use power control.
Instead, the shared channels are proposed to be transmitted

either with power that is fixed or with power that is semi-



WO 02/ 096006 PCT/I1B02/01651 fixed (meaning that the power is not changed
too often). The power could, for instance, be a cell-specific paraneter.
I n the cuwoerosgmweposal s, the high speed downlink shared rdTaBoBbicfHS- DSCH)
is planned to be associated with a 5 dedicated channel that would carry in
the downlink at least information regarding the timng when the receiving

station $,LQ (rﬁééhYﬁ OBh@SRALeBokRAN; el noknchaﬁgee' B oFlen)assqgkat ed
I'd d

dedi cat ed channel carry, anbng ot i nformation, require
acknomAedgewent@owlak)fgsednSﬁaaceo be eapséé BeeplﬂARQpamametehe HARQ
process used by the MAC hi gh- speed (MAC-hs) |ayer/ entity/ service, as
expl ai ned for Iexphai Aedrent3oPPPTRa2E, 96DevhighOspeedl dognlunkRAsHagkdSpeed

ownl i nk Eaclely ARESRacRY ¥Ry palnARackB! ARaLLAnCAL Lhe Akageol ooy used

her e: Focess s us 0 I'ndrca 'S sonetines called a
HAR@ chada@icateddahanhbmckhas wseddheaeryoinndheatiewalkidRQatdatashl ock

d bI k of.data t t tted) .b HA tit
VARG he. - acpEgingt1ER BebRRts i’ FBE t3nal ShER R KBk R, SAaEE Y "
bl ock and1s2ﬂ:sn@eéivESOa RL@hBBHd Bakease .199nRtGeaspliek,t hak packets f

RLC- PDUs i,ved i know edged d r i
O Poyede Bt oA oo ARaratR, oD IRPRA S S TR Se bl So0y T

di scar dedinfermackonW edgadraadackAbllsageineatrs23aakn sskedg iRl & BBY causes
a retransnliﬁﬁg request. If the RLC-PDUs of a nessage are not received in
sedfience, €3 RERS t SBAR Oy - Be HP?CE@B@dPEﬁﬁéﬁésgﬁﬁﬁlPYTGPeUMﬁgnﬁlane

unnecessagyesl Ciht h8) r aB§BY-FSARS tFRY shevgener akedxboniAMy riberefore, it
i s advant ageous for either MAC-hs to provide 30 in-sequence delivery of the

RLC-PDUs g¥Pleiredale 8FPPofRt Re-9RPCVEafeP t(808é- HéélPFB& ﬁ69§u§§8ﬁ@ out

of sequengguSelihvebdck@E REE=BBUs. In addition to data PDUs, there are al so
RLC- control PDUs, which are not nunbered, and so, if received out

By way of an explanation of the phraseclogy used here: a
15 HARQ process is used to indicate what is sometimes called a
HARQ ‘channel’; a data block is used here to indicate a HARQ
data block and is a block of data transmitted (and
retransmitted) by a HARQ entity in MAC-hs. A packet is a
general term, and is sometimes used to mean a data block and

20 sometimes a RLC PDU.

Release '99 RLC assumes that packets (RLC-PDUs) are
received in order. For unacknowledged mode (UM) service, if
an RLC-PDU is missing, the complete RLC service data unit
(RLC-SDU) is discarded. For acknowledged mode (AM) service,

25 a missing RLC-PDU causes a retransmission request. If the
RLC-PDUs of a message are not received in sequence, some RLC-
SDUs may be discarded unnecessarily for UM and some
unnecessary RLC-PDU retransmissions may be generated for AM.
Therefore, it is advantageous for either MAC-hs to provide

30 in-sequence delivery of the RLC-PDUs of a message or for the
RLC layer to be modified to support out of sequence delivery
of RLC-PDUs. In addition to data PDUs, there are also RLC-

control PDUs, which are not numbered, and so, if received out



-4 WD 02/ 096006 PCT/1B02/ 01651 of sequence, cannot be reordered based on
RLC PDU sequence nunbers. If re-sequencing is inplenmented at the MAC | ayer
usi ng theove@éme HARQ data bl ock numbering by MAC hs i s r@EyBoz/edslt 5
(RLC-PDU nunbering is usually not known at the MAC | ayer.) This data bl ock
nunberi ng shoul d be across the HARQ processes (or the N HARQ “channel s' as

they are gl LedulficdR 23880) pkorel26aYeh LAATN 85l RTH ofil LARsELSSI on time

i nterval s), whi ch the user termna annot be

read. 10 AUTHér$s the time between consecutive deliveries of data between
t he nedi um access control (MAC) |ayer and the Li transport |ayer, and so
defines the peIfodéeSEguanCihgchs ImphsmentealatktBetMAEréayeansBénged to

t he physi on rfa es.are the_s

HARQ 15 gﬁ%nﬁ§¥§ﬁas Hgﬂér Bea mggﬁlngcggeﬁéﬁg HRRGEZ B?58§33es
each operaRL@ngmthumbepiagdimaubué$kyvnptoknowh atThhelMAQnﬂagedaba bl ocks
are distngute rent HARS ggocias s The rec has to know

whi ch HARQ'pF o %%% oc elHEPPELERy 8L e BEN2FHRERT £ ?h oPECCERECRARQ
process 2QonutherNhABRDO bRasABl sonakhehshaned eantea ieharnek. osbh kenger

HARQ data bl ock n ers across t ocesses are used, HARQ process
nunber s aF%cﬂ%?rnﬁﬁﬂ@dfgﬁﬁchI?hgtESFFméﬁgﬁPﬁl hdm06f 1pEeE¥alEAnsii-€si ons and

retransn1$$1@n§oro&hibn snaeubkeckeeannhe Rasadi@nei-heahABR dat achhock
nunber. 25 Usi ata bl ock nunbers makes the HARQ schene simlar to

a $8lectife Tﬁpﬁ%tt?%R&1@@h€ﬁﬁwe€PnC6P8§FuF6V€oﬁﬁﬂéVeFH§S pé- dafaenci ng

buf fer sigeswes@MEnErAB&NLIn ARHeEECELMEXWL NGANE) $HOULdoRg specified.)
Asynchronous HARQ requires that the HARQ process nuitber 30 be signaled in

the downl FRROSRITE hbR¥eHr e@RE6SQuBBhARAE| She(PesiogdipARY prowbisks), 3 bits
are gggggggiﬁs&g@aﬁléeﬁ 5ORY aPEOELSAsPUEPPEE. thNtAddbhi AR cadt 1h§ast ogne
the radio interface. HARQ processes are the same as HARQ
15 channels as described in TR 25.950. There are N HARQ
processes, each operating with stop-and-wait (SAW) protocol.
The incoming data blocks are distributed to different HARQ
processes. The receiver has to know which HARQ process is

being received at each moment. Therefore, the HARQ process

20 number has to be sent on the shared control channel.

If longer HARQ data block numbers across the HARQ
processes are used, HARQ process numbers are not needed since
the soft combining of first transmissions and retransmissions
of the same block can be based on the HARQ data block number.

25 Using HARQ data block numbers makes the HARQ scheme similar
to a selective repeat (SR) scheme. (In order to control the
re-sequencing buffer sizes, some transmit and receive windows

should be specified.)

Asynchronous HARQ requires that the HARQ process number
30 be signaled in the downlink. If there are N=6 subchannels
(i.e. 6 HARQ processes), 3 bits are needed to signal the HARQ
process number. In addition, at least one bit sequence
number is needed per HARQ process (channel) to recover from

errors in ACK/NACK. This implies that at least four-bit
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nunber is needed per HARQ process (channel) to recover from errors in

ACK/ NACK. This inplies that at least four-bit -5 WO 02/ 096006

PCT/ |1 BO2/ o6Rb9edosequence nunbers' are needed wi t h asynchrramoBs2/Neshannel
HARQ Four-bit sequence nunbers woul d not, however, guarantee in-sequence
delivery of the packets (RLC-PDUs). The SAWprotocol guarantees that within
each HARQ Ripeeste! Afnd At 3.4 oekaar gadel LusredldhArdercituper, 1t 1s
possible .that a data block in one process goes t rouéﬁ aster (with
| ess ret r #AKAI-s s Fong) Miltaseguericer nuedelrisewpudat addl,odiowdvemanot her HARQ
process. Eur re, if ta ol I t I 1. §5sed, 4 _Qﬁﬁﬂsen (1.e.
the UE do sa%%?lrt%%o%nmﬁeeﬁﬁee?%fod?&ﬁ%éf oBﬁl g%’% \%\%scrige}tsgngiel’gjfor I't" or for
sonme ot heMheEFAW plretcchd Yhacamtreeis chatti michtion keeeh tHAaREK mfodess ddrer ect
order of the _data bl ocks. at_is needed js an_asynchronqus, N-channel HARQ
scheme. (PAba" B BeRET Ge8; ARG B AT et o AR EE b HRBAIe e 15

t he N chanhelts a( dagaeddesk dhehd HRARDE puores s ey Tareaudiontharaugh to
guar ant ee | n-sequence delivery af ckets RL -PD%%%‘tQ t e(%&C l.ayer by
RIS R A e i o R E g L 2 T
si gnal i ngin| a@adhez0 HAMYMARY s sTHE FudvENTHONeACGH di e Blvak filg st

aspect of the_invention, .a nethod is provided for use in a wreless
comuni catP&ALdYsTeFsels g PEtarty dd -FrotdCoVE 0%t MRF ikRhiveIethe r st

prabocol thayebsef bace®Ndaky intlided reeNde RACKRES R raentss of 25
dat a blockﬁgto a peer first protocol layer of a rece|V|n%ﬁbtern1nal, whi ch
delivers tReMp&EReVE £atanRitgkORtIidtotd keery &rackh @ ihdihito FIGFackdi ng: the

sendi ng t erikkRabf Ehe BETROMIB®IKR @ sequence of data bl ocks for
transm ssion to the receiving termnal, assigning a respective data bl ock

30 sequence nupbgk 4@ neadkgdala B A HIM RS e FURNME RS Bl scheme

(i.e. an N-process HARQ scheme) with sequence numbers across

15 the N channels (processes) where the sequence numbers are
long enough to guarantee in-sequence delivery of packets
(RLC-PDUs) to the RLC layer by the MAC-hs layer, but short
enough so as not to significantly increase the signaling
Joad.

20 SuMMARY OF THE INVENTION

Accordingly, in a first aspect of the invention, a
method is provided for use in a wireless communication system
using a layered protocol, a method in which a first protocol
layer of a sending terminal sends packets as a sequence of

25 data blocks to a peexr first protocol layer of a receiving
terminal, which delivers the packets to a higher protocol
layer, the method including: the sending terminal, in
response to a sequence of data blocks for transmission to the
receiving terminal, assigning a respective data block

30 sequence number to each data block in the sequence of data
blocks; and the receiving terminal, in response to the
sequence of data blocks and to the respective data block

sequence numbers, delivering in order at least some of the



bl ocks; and the receiving termnal, in response to the sequence of data
bl ocks and to the respective data bl ock sequence nunbers, delivering in
order at Wwepgloss@pe of the -6 WO 02/ 096006 PCT/ | B02/ 01651 pcdatgaz/Plecks 1 n
t he sequence of data blocks to the higher protocol |ayer of the receiving
term nal ; the met hod characterized by the receiving term nal acknow edgi ng

recei pt Dgﬁ% pLoVvh o 1 i i ing 5 the
respective 5% (%?%ck sequence” nu efép #%tgggkggaaﬁ?ﬁ ?ﬁ% $?$§?£aspect of
the i nvemmanCQhelawqueﬁdéimmmm tergomdini the edetinpodand with the
data blag out deliver n ers
may be usglcl%l racﬁ—ﬁ%(f %}f n%eg TS0 T a%%%‘?#af ‘%gi%é $?Irq§ ]?%%%g@?b

t he i nventfi athe edette clal@c}bst omld:himyt t;ero‘ankhmg\ﬁ Bdgmdnestepramaindiycaahdgt he
acﬁﬂomde enent % eeqﬁ% R@é redeflnlgadelay Still also in accord
wi th the q&ﬁe%ﬁﬁ)EiV?ﬁ 3 PR By e 2d protocol may include a
MAC | ayer 15 V|n G— nt i nd_also_ in din RLC | aye and
the f11ot I ayel o (R a%sat Pt B ghite Fafentiaay Ve ne RLc
I ayerl, a%@t@éﬁ@-am@m i thayy Q‘Be tclstﬁnf rﬁlﬁﬁﬁdaa/tél@lenﬁ%mdlashjhtHBYtﬁéO&a’?ﬁ t he
signalin ow e el t o] e data_bl oc Lt hout use of sequence
usber 5 SHPGIH &b G TR Kok E BT o ORaarate: | HBe FERIMayEr of the
recei vi ngueid#y .mdy Ise aeg@ﬂdlze&ne@tg &bmbheihdVertiHg, id éi‘bé@f@sﬁlﬁﬁr m nal
is provided, for use in wireless communjcation via a wreless

cafiruni cafieorf 5t ARREGh Ut Hete CORFRIE ERR | PR AR %o@ﬁc%}d. Bg ot her

Wi rel ess B ged Bt fId Zed 43 tigd ééknd)ﬁlé)c?‘étﬁéhﬁ/em a5 BbtBepta
sending termnal or as a rece|V|ng term nal according to the respective

steps of &% i3 Rredpftedide Ry invention. In a third aspect of the

invention, a base station is ) )
Still also in accord with the first aspect of the

invention, the layered protocol may include a MAC layer

15 having a MAC-hs entity and also including an RLC layer, and
the first layer may be the MAC layer, and the higher layer
may be the RLC layer, and the MAC-hs entity of the receiving
terminal may provide the signaling acknowledging receipt of
the data blocks without use of sequence numbers and may

20 deliver the data blocks in order to the RLC layer of the

receiving entity.

In a second aspect of the invention, a wireless terminal
is provided, for use in wireless communication via a wireless
communication system with other communication devices

25 including other wireless terminals, characterized in that it
is operative as either a sending terminal or as a receiving
terminal according to the respective steps of the first

aspect of the invention.

In a third aspect of the invention, a base station is
30 provided, for use as an element of a wireless communication
system providing at least parts of connections between
wireless terminals and other communication devices including

other wireless terminals via wireless communication,



30 provided, for use as an elenment of a wreless comunication system
providing at |east parts of connections between wreless termnals and

ot her conmmniza@sioeon devi ces including other wrel ess ter maTaBs2/vical

Wi rel ess conmmuni cation, -7 WO 02/096006 PCT/I1B02/01651 characterized in
that it is operative as either a sending termnal or as a receivVving

term nal acepsdioBikathf cheePectiNeosbensiol hbeohihst aspeghiph the
invention. I'n a fourth aspect of the invention, a wreless 5 conmiini cation
syst em i stg¥miRabdororsuserpaepyoRddFagnanal| agsergangstoef thennecti ons
between w{ &%éiv{vérgl:@ﬁk?o@”@heO%PEétCQEEEBtCBE' Eﬂedﬁﬁbgﬁéibﬂ‘?' udi ng ot her
wireless termnals via w rel ess comunication, the wirelless comrunication
system having jeryi paiscfl abBast bPOcAL YhLCH18nars Alkeibagfunction as a
sending term nal and as a recelving erm nal’, characterized in that the at
| eaSt t wocommunibhehsionr eyboeln dpepmbiidedsfbot hse senpirpyiténgi ral and a
recel ving o { e m.0al sageording Loohhentespeg! |y sheps abobhe L nah  aspect
of the inventron. 15 Besides prOV|ﬁing Yo i N=sequence 5eﬁ|very ?90 the RLC
| ayer of etherecynngnieanioal devitessonmelotihay bibber wiagdessprot ocol of a
receivinqbterninﬁl) of user %data% PDUs %he DbgﬁentLon can al so be used to
provi de foTrThEREGuEheeVdEPTTEP yCOTEBAERbLCBDUSRS YOFBRFER DESCRI PTI ON OF
THE DRAWMGEmdhecabowr apdtemhkravohgeeksmihadktuneslandtadwanbdgerieh the
invention will_ becone agggtent froma cgonsideratio t he subsequent

of
detli| ed S cFPHEi bR PHBSEAPRIRF N3 cBRR &FgoﬁerWPﬁEaéﬁ‘énﬁﬁnﬁi AGcar¥nwitgs,

in whi ch:t&bmbhgl, lchsracdatazbhock dhagrent btolWedsageas ebraigyskem
i ncluding a sendingaterninal (a base station or a mﬁriles term nal, such

as a nmobie® phYkR) CBREALIVECRFVPARRt Br AFRAENPatebRiBast aPfoR SPCEIVIPE! ess
term nal )geMher£1 t Hec8888h80to the respective steps of the first

aspect of the invention.

15 Begides providing for in-sequence delivery (to the RLC
layer of a receiving terminal or to some other higher layer
protocol of a receiving terminal) of user (data) PDUs, the
invention can also be used to provide for in-sequence

delivery of control PDUs.

20 BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of
the invention will become apparent from a consideration of
the subsequent detailed description presented in connection

with accompanying drawings, in which:

25 Fig. 1 is a data block diagram/ flow diagram of a system
including a sending terminal (a base station or a wireless
terminal such as a mobile phone) and a receiving terminal (a
base station or a wireless terminal)[ where the sending
terminal is sending a sequence of data blocks to the

30 receiving terminal according to the invention;

Fig. 2 is an illustration of a scenario where the

sending terminal of Fig. 1 sends a data block to the



termnal is sending a sequence of data bl ocks to the 30 receiving term nal
according to the invention; Fig_ 2 is an illustration of a scenario where
the sendwogzioesmsnal of Fig_ 1 sends a data block to the PCIABWMIB2I 096006
PCT/ 1 B02/ 01651 receiving termnal and the data block is not at first
successfully received; Fig. 3 is a flowhart of the operation of the

recei Vi ngred&iM Mgl t Ofmthf1l dndacrerdhpg bPokkeiknMent kengikBrreceiving 5
a sequence of data blocks fromthe sending termnal of Fig. 1, and Fig. 4
is a floweharesdfulhe seeedVedprocess in which the sending termnal of
Fig. 1 sends the receiving termnal of Fig. 1 a sequence of data bl ocks,
accordi ng to tHeg103 | hvent £oaWCBEST NODENFCRPErRRYPRNGPOUThEHECERIVENTE ON For
Wi rel ess 1 5S1en pack =P 4}.at ed. i at a

bl ocks, b%%ﬁ@gﬂé?H%PF£%§fa?érgég?gg%gg %%?%?ﬁa?@gﬁgﬁgéﬁfhgnwgfé ayerrlél

servi ce M\Géguente o6 davanbloakpr bvbudethansanghnar broudnblchinkey - HARQ
schene inl_mgﬁﬁh HARQ sequence nunbers of at |east five bits are used
across the'Nchannels (i.e. across the HARQ process), i.e. for each MAC hs
dat a bl ock. i spch_seq S n n Lp-sequ delivery
of RLC POUS (peiters) L= it or 00 Bar gt s imeny PF ahT chE8sklr o da e r vagy
dat a bl ocklse dgndimeg MOnhsaleofli Eigof 1t hendscthei ngeckévingakerimieal VAC)
data blocks_.are provided to the RHY layer. via_transpart,chapnels during
The. Accttdiig b Erecificefei of Sele BIEORY: GareoRReghs t8r ER85s " number od
before tramsemissown, then the data bl ocks are distributed to different
HARQ processes for transmssion. If the MAC-hs data bl ock nunber is sent

out-band g, g PR e FRAGH! THEAMELHPCH) . then it can al'so be used

For wireless transmission of packets (RLC-PDUs),
encapsulated in (MAC) data blocks, between the RLC layers of
two terminals using the MAé layer service MAC-hs, the

i5 invention provides an asynchronous N-channel HARQ scheme in
which HARQ sequence numbers of at least five bits are used
across the N channels (i.e. across the HARQ process), i.e.
for each MAC-hs data block. Using such sequence numbers can
guarantee in-sequence delivery of RLC-PDUs (packets), after

20 being transmitted encapsulated in (MAC) data blocks, by the
MAC-hs service of the receiving terminal. The (MAC) data
blocks are provided to the PHY layer via transport channels

during TTIs.

According to the invention, the MAC-hs data blocks are
25 numbered before transmission, then the data blocks are
distributed to different HARQ processes for transmission. If
the MAC-hs data block number is sent out-band on the shared
control channel (S8CCH), then it can also be used for soft
combining of the data blocks in the physical layer, meaning
30 combining of the retransmitted versions of the same data
block in the physical layer using the soft decisions before

the channel decoding of the block. When the physical layer



conbi ning of the data bl ocks in the physical |ayer, nmeaning 30 conbining of
the retransmtted versions of the sanme data block in the physical |ayer
usi ng t hewsofztosewei si ons before the channel decodi ng of tH@/iBbDElss1 When

t he physical layer -9 WD 02/096006 PCT/IB02/ 01651 receives a data bl ock,
it has to know whether this block is newor a retransmssion. If it is a

retransmsstOivéhen ddwen whysk calt | syer coersisw twhkaurwhis Wbl ebkeas! i er
received block this block should be conbi ned. In N-channel HARQ the 5

FetransmileY oPr i3 EVERRSBEFTLIRR| ngl £ hit shie® HAREF pReRessIonThEFRT BRE, t he
physi cal l%@’@icgﬁoyﬁfﬂ"ﬁébc@é 0L Sk h Qw CHIDH NBhi BRSESr PRet-hec HARR AT OCess

nunber . viever -hs data bl ock nunmber is sent out-band on the

SCCH t hénlotle WG brodatshonlbs kbauseskinedst ebd Bf chABnehREARR ocbBS

nber) Qf%k t Iéﬁ%% e chs Plhoc t C hs
Iayer Wo 11%%n use<9%é§% NA %%?% i %%%b%?@gggkgg- gggﬁ%%he t he
dat a bl ockseretereedtloy physical ch@:ﬂenel lsnows ewhiqiGohecksl de combiaea
bl ocks ( t ) r in I all are
recelvedW@%rrec?ﬁyégﬁJh¥§Q§$§5$%%% @bcgrrg%$ﬁg$$%ée?5egﬁé g% %cks
bef ore delawvariylotlo nirebdd C s Feenheout alsand ®hchban$CCEARﬁhenhEhe MAC-~

acknom4eggqunt |Sl§¥nchﬁﬁgou £or |n ot e{hgpﬁﬁﬁg)p£océss %ﬁkgg?o?én

accordi ngd'to a sy Fonous co AT €3t |on prot'oco
achmomdedgeduse@ataifﬁ@u@éﬁ@rwmlaﬁ blaeﬁs(nm sembiséat i TheddhA@yhsand so

The | nvertTBRe] EoRE It d Bel CIPTR PRG Bortert BfoWRDHAT REBPR ERT | n
parti cul asedieias eciod @a@b\%ﬂmdfﬂksdﬁéaelvéansmsstm Hndhunhemk ACKENAK
oLonel Ll SO0 U8, 25, 00ct Lot (IENers LhSh, e LINCDD 13 o
of commund caéseGuesd Nty BhEf et hanc VCDMAL HSRRPA-e Rei ¢edi Bgrpewclo &hg. 1, a
sendlng tgggggfﬁglghg'étégectly received data blocks before delivery

to the RLC. Further, as in N-channel HARQ, the

acknowledgement is synchronous (or in other words, it is

carried out according to a synchronous communication

protocol), i.e. each TTI is acknowledged separately after a

20 fixed (or semi-static) delay, and so sequence numbers are not

needed in the acknowledgement of a data block.

The invention is described below in the context of WCDMA
HSDPA, and in particular in case of a downlink data
transmission and uplink ACK/NAK signaling. It should be
25 understood, however, that the invention is of use in other
contexts, including downlink ACK/NAK signaling, and in case

of communication using other than WCDMA HSDPA.

Referring now to Fig. 1, a sending terminal 11 and a
receiving terminal 12 are each shown as including modules 1lla
30 11b 11c 12a 12b 12c¢ for operating according to a WCDMA
protocol. More specifically; in the sending terminal 11, an
RLC module 1lla is a source of a sequence of packets (RLC-
PDUs) intended for a peer RLC module 12a of the receiving

terminal 12. The RLC module lla of the sending terminal

-10-



receiving termnal 12 are each shown as including nodules Ila 30 lib 1ilc
12a 12b 12c for operating according to a WCDVA protocol. Mre specifically,
in the seq@d p@gotwem nal 11, an RLC nodule 1la is a source@fiBaysrgiience of
packets (RLC- PDUs) intended for a peer RLC nodule 12a of the receiving
termnal 12. The RLC nodule 1la of the sending termnal -10 WO 02/ 096006

PCT/ | 802/121_1@5- royid e packet 0 MaGi, u lib of
t he sending t%?ﬁ?ngr% %ﬁ?%ﬁﬁc§c§g$§%§58%% ?ﬁegiﬁégn??on, ggtg?g be
encapsul atlhagsendipackersinal Mighilaha dteoekdingstpghbeainvespaenive
sequence r ta b - 5 u ih o ] endi ng
term nal % engp?%g?égglgﬁéggeéﬁ% %cggﬁﬁggﬁgﬂgﬁddggg g?gk%VoéﬁéggggagPHY
nodul e | | bespethivessadiiagceéennmhal bvethendava hihotker tThesMaCthshannel ,
and_ the P d | L.c,then transnjits the,data bl ocks .and, their

oeheot VEORRIRCRIE REphRcBehaPRE "Hetut ORn o BhEp pREr a8R0r bR kb amense:
vari ous plwebeats ahdnbhhksdéexpbaotkd ta aoPHEYdabdiulle hebowf ekpecially in
connecti on méth Fgg. 2%. It should be note thgt F%gure 1.is a,sinplified
view of THRILPSr GEFBANBE GVFECRTGI A TRPHIfLI CT3BRROBFoCBRBRC  ay 8PS
entities ghie PAVtheduler 1ctathéy, t868macst bBReMAGtd Blbbky dbhdagHetile

MAC- c/ sh entitg between the RLC and the C-hs entity, Still referring to
Fig. 1, afStReCFi¥ei FPAYCPERnTHEPSIS, COatPRNTRERAVENI2ECFRLBAYed 2t R¥ST

vaipous physaital ¢A2nbakSpH§sical OcEaAMEYst hexfakanBhogksmard BBERA 1
respective sequence 20 nunbers and provides themto a MAC-hs nodul e 12b

(over varebe¥: t PERSEAAL I¥nARNEPRECHRRR WiEhn§ideKPNAK signaling to
pronpt the sending termpal to resend the data bl ocks that are not
successful Iy rieefhedldt he MaEeAstdaraFbestr 1265 exFimptifipanvégwnot

(MAC- hs) @ﬁéaopéegkiwhab@ygrr@ééreiﬁgatérmZEa@nca@@mbabeetbeo&h@a?é&a/block
and, based on the respective _sequence nunbers of the data bl ocks {and
assumi ng epgitige are omitted for clarity, such as the MAC-d entity

15 and the MAC-c¢/sh entity between the RLC and the MAC-hs

entity.

Still referring to Fig. 1, at the receiving terminal 12,

a PHY module 1l2c receives the various physical channels used
to convey the data blocks and their respective sequence

20 numbers and provides them to a MAC-hs module 12b (over
various transport channels). Then, using ACK/NAK signaling
to prompt the sending terminal to resend the data blocks
that are not successfully received, the MAC-hs data block 12b
extracts from each (MAC-hs) data block whatever packets are

25 encapsulated in the data block and, based on the respective
sequence numbers of the data blocks (and assuming that the
packets are encapsulated within the data blocks in sequence),
provides the packets in-sequence over one or another logical
channel to the RLC module 12a of the receiving terminal,

30 according for example to the procedure illustrated in Fig. 3
(i.e., holding successfully received data blocks until all
data blocks earlier in the sequence have been successfully

received and their packets delivered to the RLC module 12a).

-11-



packets are encapsul ated within the data bl ocks in sequence), provides the
packets in-sequence over one or another |ogical channel to the RLC nodul e

12a of theg®@aeémsng termnal, 30 according for exanpl e t epdin@opiesedure
illustrated in Fig. 3 (i.e., holding successfully received data bl ocks

until all data blocks earlier in the sequence have been successfully

recei ved and thglrspackesggdebiyenafot 0ithe BLE pRaed ¢slédhby thl MR-
02/ 096006 PCT/1B02/01651 The so-called fast HARQ 1.e. the"HARQ used by

the MAC hbslh?%@?:mﬁ?kksa§$f5Dﬂéﬂws-Wh@heﬂhéh@rﬁsiéaﬁatﬁotbebetransnitted
to a g'VeErHﬁgéiEEéﬁggéla bgﬁnghgéEeté£§iggikeE§e '”t%%?ewébéhgﬁEkéﬂﬁn‘t

buffer, a packet sc er ates a ownl i nk "éhannel r e given
user terninathe ANECebat tobnsaliiecbsffiarappr pprketesobeddeironlandatedi ag

scheme (MxSmys AR0AEREAN RY 00 LN, VoD  LEANSILS ane Qfucoeuaral packet s
in "a data bl'ock to e-user term fal o THe data DI OcK i gi ven a “sequence
nunber, whetéctypanabpproprattkeeastiulaveohi aadi noddnbesghlemeFdMCERI, S

explanation, Lt is.assuned, tha he ,data block is_conmunicated to the PHY
Caver i ShaRtpRRaRaSH g bk G s RAR AR 8h ireaBEn SRNER 2 BABKERF B
transm ssaofaby bbeckHYo thgeuske themilfel .t erhendhtawbdoess ikhgiseguance
nunber is 15 sent on fhe shared control . channel (SCCH). .In sybsequent

T mor eeaueace; Sambehy, BRagh, ERPOCRLLEARSnE 1 Lans (48 DOLSLAE. sare
useo termaeahtBl to other user termnals. The data blocks sent to a given
user termnal are nunbered sequentially (nodulo 32, if five-bit sequence

nunbers are 2BoudseH)s ¥hkphahheivser itensi Aakumedeiches andatiathl Belcki ts
physi cal l[ayer first decodes %he shared control channel to .get the
sequence HANBRPTERLCARPE 59 bRReFHY el 8V&At 1Pnfol Aat POntEent i8Rk geeR Based

on the segu@RtenkUBShgFedl BRanuser (HerkoR) ' sophysheahikayen eheeks apgoft
conbi ning. 25 buffer, where it stores data blocks it has already received

layer to the user terminal, whereas the sequence number is

15 sent on the shared control channel (SCCH). In subsequent
TTIs, more data, i.e., more data blocks can be transmitted to
the same user terminal or to other user terminals. The data
blocks sent to a given user terminal are numbered
sequentially (modulo 32, if five-bit sequence numbers are

20 used). When the user terminal receives a data block, its
physical layer first decodes the shared control channel to
get the sequence number (as well as other relevant
information sent on SCCH). Based on the sequence number, the
user terminal's physical layer checks a soft combining

25 buffer, where it stores data blocks it has already received
but which have errors, to determine whether it has already
received the data block indicated by the sequence number,
i.e. to determine whether the data block is a retransmitted
data block. (As mentioned above, erroneous data blocks are

30 buffered in soft decision format in the soft combining buffer
to await retransmissions, and each data block stored there is
associated with a corresponding sequence number). If the
user terminal's physical layer determines that the data block

is a retransmitted data block, then it combines the

~12-



but which have errors, to determ ne whether it has already received the
data bl ock indicated by the sequence nunber, 1i.e. to determ ne whether the
dat a bl ocWwa ®/@emet ransnmitted data block. (As nentioned awavisp2/ersspneous
data bl ocks are 30 buffered in soft decision format in the soft conbining
buffer to await retransm ssions, and each data block stored there is

associ at ed-e\&ix{ahsmltﬂéﬂeiﬂla@&dibﬂg)cfkeq;iﬁi’l@:&lenlﬁﬂi&l’l)er Ideddievedls®itd esI8d18!
physi cal | ayer. determ nes that the data is aretransmtted data

bl ock, th&Rd AeggAsrnter FembinafpdRsico pcﬂfmzqeffmsmr%%mmﬁ t ed

data bl ockeandechbecaar ki heeeflivathdata-Platlssiand decadas thas< e ned
data bl ock. (The retransm ssion can be identical to the original

transm ssPBR, Scheli éF caddech€hasm aididng @ e CRisaEsHH Ty, or
thegretrapgp %%healﬁ %@@u%%h%élnx%f!ﬂ n%ﬁJC ﬁfjm%ifyca%]@yb%% ase_the

ARQ schene 1s called increnental y or type Il . These
and ot her S@@@b\ennﬁgCﬁéﬂﬁddgn@rr@umﬁlblr@d@maHmm thyre pek swbwid | 1 ed in

the art.) Ak th S data, 4 bl ock,
then the r E@EI vgic?gélgt 2;@1 E'%?cg)ésﬁjlr"ﬁﬁ]q{l\ﬁ eCo ?ijlézﬁnfaq'je h%% eco 13? ng 1s
successf uknownetoi phe‘senas&idde@r rar £hen artthe data bl ock, the receiver

sends a positive acknow edgenent (ACK) to the transmtter. The ACK i s sent
as a bit (or biIfskhere aspmed@tle:raadyed:qwsiweid)rvamtirdm dme:hqoldaruafrane

USI_LBg, 15bflgr | n%h%gltcghgl O%Ig relaerg(é%gnfpgag)locﬁc C.jLeCO lf"&%‘r?'e Icsdde e. fff there

aré errorsin fhe ecl si ons erroneous dat a
bl ock ar ethbodedodmnghessshtc@(mﬂﬁuﬁ,ng laauf fiefr tk@mgum trio tdhercgeguence

nunmber g F&g %ckn vvled emanet a 03513: to the tran rgtet r. 20
If the datg bPE8CR ac & e d < rfrse PO IS FUTY T4 18 ei ver
checks whdnhen abl th&r Ittralnsdﬁlt&exbl ocﬂk& IAI(EKt rie; seqitence J haised(qan dies)
sequence purher) KaYe, ALLSPELNESL.Y SATIET (B Gtk (e WIRHDEF 2!
i5 for instance, the uplink DPCCH. If decoding fails, i.e. if
there are errors in the data block, the soft decisions of the
erroneous data block are stored in the soft combining buffer
along with the sequence number and a negative acknowledgement

(NAK) is sent to the transmitter.

20 If the data block was received error free, i.e.
successfully, the receiver checks whether all earlier data
blocks in the sequence (based on the sequence number) have
already been received correctly (i.e. whether all earlier
data blocks in the séquence are in the resequencing buffer

25 and indicated as having been successfully received). If so,
then the packets of the data block are delivered to higher
layers (in the order in which they are encapsulated in the
data block), but if not, then the data block is stored in the
resequencing buffer to wait until the earlier data blocks are

30 received correctly too. 1In this way, the in-sequence

delivery of the packets (RLC-PDUs) can be guaranteed.

A five-bit sequence number allows a number space of 32,
i.e., there are 32 different numbers in use and the data

block are numbered modulo 32. However, for a five-bit

-]13-



data bl ocks in the sequence are in the resequencing buffer 25 and indicated
as havi ng been successfully received). If so, then the packets of the data
bl ock ar ewded2ziwewed t o hi gher layers (in the order in whirdt/mBheyiear e
encapsul ated in the data block), but if not, then the data block is stored
in the resequencing buffer to wait until the earlier data bl ocks are 30
recei ved gegti€téynt@ber| Nth8i srva¥mitheniinreeqiieacarodealindeiy afet he
packets (RLC-PDUs) can_be QUﬂéa teed. A five-hit ﬁequence nunber allows a

number spBtdedsas 16jdata blarksar eTR54RYPLFENFRRUFBEFEEATUYESERT t he

data bl ogkept eaPUMREr €He MBEAME Ot Bre HAVEME! rebelivarf Wiadbit, alda¥®
02/ 096006 PCT/1B02/ 01651 sequence nunber, the transmt and receive ﬁRQ
Efe

wi ndows aP£ock| vabihfpunaer gat ang| aclataThieckywitl PHEDSK: RaBRon Witk

thete are;pt L€ §aRBiAGNEshAbiBesAEET (L9 Ndewn1a data nbl ogkeW the
nunber n and a data bl ock with nunber n+32, which 5 are not distingui shabl e

since (n+Beynabitter 3peeehvemphanrprétiveansknevérdoepented Ak Kposit Fpe
acknowl edgepept ab &K1 Olict Bt chb! Bkafldhdc Phofliol? SRenblaBRbL whnday !

noves the w ndow up until it reaches t i rst unacknow edged data bl ock.
|f the asknowntidligéd vatrahbbotkei §inet vhackhpwiepgedhdafianddwckio The

transmtt Si i ctLy cei,xed. t.. d ve the
Wi ndow) aﬁéem%??égyggaéégi??gﬁaﬁggggk%%mféggghén?égan1t 3%%e§§%9§?: when a
dat@ bl ockhéstrapswivedrceimpty| parkbheitesei verventdw recroved i(buthe

cor rect | y,regej yed, dat a BLOGK 18, e i LSt Lnethe whodow, 35 When the first
and possi bI'y~sone nex ata bl'oc M the” "recéive w ndow have been
correctl| yacknewVvedgetdihs dehi thesreteivhe, hvhker apdatacbllockyéss (such as

the RLC | ayer) the correctly Bepegvedvdatanglocgg %g%% qg%n%%e(and so the
packet s mf%ﬁ?%v?aecﬂﬁf%CEEXCkg,elﬁ FhdVor G&F“tHey "wére encapsul at ed
wi t hin t heodatat bl ocks¢ivadddanreblbbhi fecehwefiwbsnddw thet hdnfowst m ssing
da{g blOcﬁhgg'ghetPfréérggddgggsibly some next data blocks in the
receive window have been correctly received, MAC-hs delivers
to the higher protocol layers (such as the RLC layer) the
correctly received data blocks in-sequence (and so the
packets within the data blocks, in the order they were
20 encapsulated within the data blocks), and moves the receive

window to the first missing data block (i.e. the first data

block not indicated as having been correctly received).

To keep the soft combining buffer to a manageable size,
the invention preferably uses N-channel transmission, i.e.
25 the use of N parallel channels by the sending entity (for
example a base station) for communicating packets to the
receiving entity (for example a user wireless terminal such
as a mobile phone). With N-channel transmission, up to N
data blocks must be stored in the soft decision buffer. The
30 retransmissions can be either synchronous (retransmission
only allowed in every N“‘TTI, i.e. in TTI number x+N, xX+2N,
and so on, where X is the TTI number of the first
transmission) or asynchronous (retransmission allowed in any

TTI after the minimum round trip delay, i.e. in TTI number
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bl ock not indicated as having been correctly received). To keep the soft
conbi ning buffer to a nanageabl e size, the invention preferably uses

N- channel wig @neégogsi on, i.e. 25 the use of N parallel chaguaBsbist he
sending entity (for exanple a base station) for comruni cating packets to

t he receiving entity (for exanple a user wireless term nal such as a

mobi | e thQ %%(Itl-tﬂ ’\Béiﬂ-afﬁ”e%n{:lr apsBLSSLPBreUR 49 Nnodaid blagks mist be

stored in t t “deci si oh fer. The 30 retransm ssions can be either
synchr onoube(fersantnragsm@ﬁsmnl)y sheowatber iage sghNme Bficoridiag ite TTI

nurber XX 12l 300 881005 POERESX | . Lbe TN AURREr e Reyhiiithy

transm ssiron) or asynchronous efransm ssion a any
nlnlnunlrmanbasedpodethy,seqaenba ﬁﬁmbamsbépr>E4t%€m02&®@®&©®ous or
PCTL1B02/ 01651 2. and _so_on wher TTI nunber of
theéflrsta??%ﬁ?ﬁ???P@nfrapﬁglﬁﬁﬁﬁgr|ﬁg écﬁgﬁg l@c J“F% Ye' S AVent'i on
al | ows e|therreEeéﬁemabhpulﬂheheektthanbthen@eqmenbas@@nm@rtbé sequence
nunbers for either nchronous o 5 asynchranous transm ssi on . even in
(he synchTORBUL Hgate PHECRets: vhE SHURFHChebRHERER AHIDSZqREREE hunber
of a recebmadndagathboa&tasbubekewmeht et seglerie redaieedah®=e bleakai ni ng
the data block with an earlier received data bl ock. Since the sequence

lr)lu][rberi gg i's gsm&é t?@ Heqbinael slumbfé?hhgea@i a@xbla;ﬁ rttw]rél)w ichGrirg1dgne ]
efore distri utln t he OCKS | Cane ce t he
i nY8nti on%%@glﬁat &h‘f“k&%?ﬂn@%ﬂ&’ﬁ& %’&EOFFa ML ‘ﬁgpé% ?’ﬁr@%‘c’ﬁ
conbi ni ngt@aﬂleeQéﬁQdH@LRQt bRaseauapeclepess ,Piae dedddtaton iRy @l sent
out - band. However, according to_the invention, 15 to |limt the size of the

sof t coanﬁﬂH@rﬁupﬁéPgaN FH@“P@&eFVépsmﬂﬁéﬁgﬁneP -Erandfies $O5% i s used, and

a maxi Mighbhhidat aabl 8ekpaksakent the tsagubh@@s RulioRHs Srcav@iddd RehaACK,
and the transmtter does not send a new data block if there are already N

unacknow EBg¥daggt 8EBLoeks -Pakta bHEWRYSKor affP&Ring to the invention,
15 to limit the size of the soft combining buffer at the

receiver, N-channel transmission is used, and a maximum of N
data blocks is kept in the transmit buffer awaiting ACK, and
the transmitter does not send a new data block if there are
already N unacknowledged data blocks (data blocks for which

20 either an ACK/NAK has not yet been received or for which a
NAK has been received). If the transmitter already has N
data blocks in its transmit buffer, the transmitter should
retransmit the data blocks for which it has received NAKs
instead of transmitting any additional data blocks. Each

25 time the transmitter receives an ACK, it sends a new data
block (provided that the transmit window for resequencing
allows sending a new data block). (Only those blocks whose
sequence numbers are within the transmit window are allowed
to be sent, the restriction to such blocks preventing

30 overflow of the receiver buffer.) Such a procedure,
preventing the transmitter from sending new data blocks when
there are N unacknowledged data blocks, is a kind of N-
channel SAW retransmission procedure. Using a sequence

number according to the invention, however, allows some more
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20 either an ACK/ NAK has not yet been received or for which a NAK has been
received). If the transmtter already has N data blocks in its transmt

buffer, th@dvoeswei tter should retransmt the data bl ockedmmoybicsh it has
received NAKs instead of transmtting any additional data bl ocks. Each 25
time the transmtter receives an ACK, it sends a new data bl ock (provided

that the dyranspid; W FOr S RSEHUENCE NIsaR! +OMBa s eRok OO ta
bl ock) . (éclh ysr'%%%%%&b oé({:yﬁs ose sequence nu er%_ are 'w tlﬁi nt [géfransm't
wi ndow arBprald-oammele t ovbieh sseguende pweheretdopoxdinacke btleks preventing

S0 overflowaly 1419 reCelye nPill San U ke PLOCSAULE DEEYGDILNG the

transmtter om sendi ng new ere are unacknow edged
dat a bl ookihdwst cakahding AEKs hémnelnEAW rett thsodsyi orapsntssios) , Usi ng a

sequence .nunber_accordin 0 .t he v i . however ./ | ows. sonme nore -15
vobor cocibiTheiat 60 Sha8t S, L ﬁ%/a’?%%%\t%{\% e A aR0LT

r et r ansmsisieis sef earemesdage exainpte, the tdebayg uencave rcamde®r di ng to the
i nvention dat a .bl ock can be sent on_several channels i t.hout awaiting
AGKe (SRS AR - BRE TR P araTr K87 G S8 hn(BRCRSrE e USETAR SR
(re)trangdind ng hhghéaspreisdiai bl ogkst ofosraes sagegdmidice e didgy on

average can he reduced en | tiple copies_are sent. (hecause of there
then bei %%i%reﬁ?%\tg%ﬁ? %‘ka?::'orf“? ct T HetoWHFd %?eg‘?iit%? Hdcks can

evey be safdusordimedoeid sE0thé edatdasescies. the 10 sequence nunbers of the
data bl ocks. Al so according to the invention, instead of using a single

bit to acknow £rigs &cdataiRyock, ik tifPentasn beimahd tox adarey £dge
several earlier data blocks. It_is, h Wever1 ggr febr_able that the ACK for a
dat a bl ocitMEL_ptt | hiedriarerledse 13 (oWe ngl PekeifptPidt MaR GRRt PDHIWW even

if the AGQG iscigndiitiedg@PseYiidn stgh] fePr@sesdUbEodidie AGK fOr hspiRedat a
bl ocks m ght be sent several tinmes, but such nultiple ACK signaling
preferable that the ACK for a data block be sent immediately
15 following receipt of the data block eveéﬂif the ACK is a bit
map. With such a procedure, the ACK forisome data blocks
might be sent several times, but such.nuﬂtiple ACK signaling
can help in recovering from erroneous or missing ACKs. A bit
map used as an ACK signal could acknowle@ge either the last n
20 data blocks for the given user, or, preérably, the last n
TTIs, in which case not all the data bl#ks are necessarily
for the given user. 1In case of an ACK @r the last n TTIs,
the ACK would be based on position, so #)sequence numbers
would have to be included with the ACK,phereas sequence
25 numbers would have to be included in an \CK of the last n

data blocks for a given user, because oﬂthe missing block

problem.

Referring now to Fig. 2, an exampleor the transmission
of a series of data blocks by a node B t%a first user
30 terminal, indicated as user terminal num%r 1. First, the
node B sends a pointer 2la on the downliﬁ (DL) DPCH to user
terminal number 1, the pointer indicatingko terminal number
1 that it should read DL SCCH number 1 inkhe next time slot.

Then user terminal number 1 reads the shaﬁd control channel
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can help in recovering fromerroneous or, mssing ACKs. A bit nmap used as
an ACK signal could acknow edge either the last n 20 data bl ocks for the
gi ven usewo @ ef erably, the last n TTIs, in which cagemghyedess: t he
data bl cpks are necessarily for the given user. In case of an ACK fDr the
last n TTls, the ACK would be based on position, so rb sequence nunbers

woul d havecta, benkpe! yded ;Wslh ta%né%th\@ﬁerﬁ%ﬁﬁwwe t%% Rughengewoul d
have to be included in an ACK of thé last n data bl ocks for a gi ven user,

because oRumRern?3biag bhecRACGhebrasR Répékr2ﬁ§ SRt @NFEGPDSCHar{ haghnpl e
of the tr@péaasghg)glcg& AoWehliek %ha@@hac ngx by %m%% Bubfpd of iggst user

30 termnm na | Cated as user term nal First, the ogeO sends
a poi nterF2da 8n the de®ml bdock By DP@Hdﬁ@aubdpckteﬁwmwalrﬁ@ﬁbgedl t he

poi gter | BQ&E@E&%,;?QF?%%”%J&%%% Qh%tne ha%@o‘ﬂlg)ac ea@ﬁQE SCCH number

1 in the next en user ternln nunber S € shard
control chemmghal-a6m¥Er02/ EeHER6 aRCNAKBR2H0 65 t heSGPH, i nkh®PECH!: affiteds,

anong ot her i nfor Lon, e sequenc nunber dat a bl ock
21c sent gn kﬁﬁﬁsggﬁﬁﬁrgh&Qsz ﬁgfgal QW%|I%%é%thE&N§ﬁgﬁneﬁf In the

exanpl e obelﬁggacknowmedgaﬁabbb@dkoalchéheldah@ kifochel &CMdNAKECEIved 5
correctly,,and_so, after gep |n t he data bIoc% ser nal _nunber 1

sends an NAR®Si3T6n PRedR RFEersS §S lﬁbfgf e transnitter
knaos whi Eésﬂﬁhéebt@CkhESNAlKel ltgleaclbae\/\lbed@edalm@aﬁdsorthtahertrbﬁbagsafy t he
ACK/ NAK. ThEEEfaaﬁé bl ock nunger izgne ded in the NAK. %&10
response TGCEhEERARS Fh@ 98 38 PelFUnSRes ﬁ@ ?P&he@@?ﬁ? PreveHd dat a
bl ock as a p@md@tazblaoeb 2eeqreacd puAKEE NQDL Jthel Rheke d2afbe ansequence

nunber 22b the me as for the originally transmtted data block), and in
t he exampPE 9FFﬁi?YaF€anSPH§t§@céﬁ&atP&ﬁ§ﬁ¥ss?€ﬁ|¥?~§§@c§§§ﬂﬁﬂeand 15

term nal RUMISErdt88Ndshan sACKknd2d rhastkh@siede iB successful and
15 terminal number 1 sends an ACK 22d to the node B.

Referring now to Fig. 3, a flowchart of receiver
operation according to the invention is illustrated assuming
that soft buffering (i.e. the buffering in the soft combining
buffer in soft decision format), soft combining and

20 resequencing buffering is based on data block sequence
numbers sent on a DL SCCH, and that ACK/NAK signaling is sent
in a predetermined time position and so does not include data
block sequence numbers. The receiving terminal, uses two
buffers: a soft combining buffer in the physical layer in

25 which received data blocks are held until they are decoded
without error, a data block here possibly being combined with
earlier transmissions of the same data block in order to do
the decoding; and a resequencing buffer in the MAC-hs layer
where successfully decoded data blocks in a sequence of data

30 blocks are stored until they can be delivered in sequence.

In addition, the receiving terminal uses a window, which it
slides over the data blocks in the resequencing buffer, with
the window positioned on the earliest data block in the

sequence yet to be sent to the next higher layer of the
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Referring nowto Fig. 3, a flowhart of receiver operation according to the
invention is illustrated assum ng that soft buffering (i.e. the buffering

in the solo @adtiopi ng buffer in soft decision format), safdr/®esPicsi ng and
20 resequencing buffering is based on data bl ock sequence nunbers sent on

a DL SCCH, and that ACK/ NAK signaling is sent in a predetermned tine
posi tion @ngk SG U0 NGk d NEH Udke d@&&nppé oséflﬁgq €0ER) NUMHRESMAGDRS

receiving termnal, uses two buffers: sof t conbining buffer in the
physi cal whethssr e hf 1 eeki dabR dhl@clbl beksharwindpd bt Fhetheytare

decoded r b i b n th

earlier t@%%%ggggﬁégggS?QEﬂéﬁgan%ng?QE%ﬁgggﬁ%nﬂ%¥te§5?g gggp#hggdé%odlng

and a reseeuenihduffel b¢emh@uqmesﬁ§Ulhyerecah@¢@ sudcdespdefly decoded

data blo ta-3 I ti] .t can be
£ g&in Sequgﬁ%fmgf %‘1@ 3¢ 30n 8& efiE . 3&8{;89 yp |;i1e DEY

del1vere tron, ecervin erm nal "uses a w ndow,
which it daﬁacb&pmkmgemMet@athebm@xkshlghehelageequemWhag bhéf éiysti th t he

wi ndow p d on he earliest data.block in the e n et to.be
sent 1o’ R HaRtoH g B8, 0o 8 %' b aBe00ns AT TR FEhed 210
pr ot ocol 1$fﬁhéﬂﬂinstt&mt&th®¢b betagsgi wieam) . tHael MAK- bis sknoup whie¢ her

the first_dat k.n th d th t b
whot her TR Tt L0t AV dORbG" i Fecht FBR oy obt BUEH LoUCRUSPRT |

ived and cod d,. 5 based on trac f the sequenc nber of
TR | act - dat & ock SRS COERER NExtE [ hess a0 B, SDERREAORNSTr PR~ dat
bl ock of ihﬁﬁﬁtﬁﬁﬂuemm&TéhtByEIﬂEdlstﬁﬁe&@fiéé kbpwWsGPPb) tﬁathehérést dat a
bl ock beﬁguse when the link is set ugn%the L%rst bl ock hassgg G Zero or
$s

any ot her®prdd e h eSS Hol & g PIrHHE BREAPFeBr FR fgh

oper ati oni ®falde rdIeenit oo Wl eﬂé|ymdi&attéd5i)ﬁCFiged2(by 3GPP) that
there be no pointer and SCCH is sent partly before HS-PDSCH, which 1is

al so rel evant 19 WidraSiomndi §ageswhNifi Big2.3 as beginning with a

15 first step 31 in which the receiving wireless terminal (for
example a mobile phone) receives the DL DPCH allocated to it
by the sending terminal (a node B in the context being
described) and so receives a pointer if a pointer has been
communicated. If so, then in a next step 32, the receiving

20 terminal receives the DL SCCH pointed to and the HS-PDSCH
also pointed to by the pointer communicated via the DL DPCH
allocated to the receiving terminal. If the SCCH is
correctly received, so that the sequence number for the data
block being communicated in the HS-PDSCH is correctly read by

25 the receiver, then if the data block is being retransmitted
(which the receiver determines by comparing the sequence
number with the sequence numbers of the data blocks in the
soft combining buffer), then in a next step 33 the received
data block is combined with data blocks in the soft combining

30 buffer having the same sequence number and decoded in a next
step 34, but if the received data block is not a
retransmission, it is simply decoded in the next step 34.
If, however, the SCCH is not correctly received, then in a

next step 35, the receiver (e.g., the MAC-hs layer) sends an
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The operation is shown in Fig. 3 as beginning with a 15 first step 31 in
which the receiving wireless termnal (for exanple a nobile phone)

recei ves tHeeo2ldeedoPCH al | ocated to it by the sending termp@asososede B in
the context being described) and so receives a pointer if a pointer has

been comunicated. If so, then in a next step 32, the receiving 20

term nal Nﬁﬁet$e§hkh%egﬁlﬁgcgeﬂﬂhﬂ5§d(EOeanQcEB%dﬁﬁgP?%themf%&éﬁ&ﬁted to

by the pointer comunicated via 't | oca to the receliving
t erm nal .PTPteorelsand e véer ket PYYr é@mevéd Fbhet REK/MBK sdgreddaonunber

for the dapa; biagk;hek g CgMIUN gsg{o ae&g%oéﬁ PRSEd 'sigg}%&d& ¢!y read by

25 the receitver, then i el ng retransm (whi ch the
receiver Methontnﬁsfbyeucﬁpaplnguhacgequmbees nuAtieewideeadieds eédueence

nunpers e bl.gc oft nbln buf then in a next
stg% 33 t%%Ege%g?%gd g a b oc |s conblne ff%edataeg?o@k§'lethe soft
combi ni ngsBOpbafif ehehdutagblbeksarersaguedcérommbbe aod tdecadeth ing a next

step 34, but.if the recei ved d ock is not retransm ssi

oo ot Rk eRk: R, PTRERHSnohe PRl el Purly. S8 PO ARK d 1 ect 1y
recei ved, séhentbnthe sextiiagepedhinkle nadeitnen,(efgthet ket \GlasK dyer)
sends an -18 §00E1PCT/'502£01651 NAK t o the sen ternlnal (i.e.
accor di ng ths ES 8@ 8dP1prkt dBoF ﬁnae§81V?awﬂﬁg°ﬁH?%P§y % Qvﬁék/NAK
sigoal i ngchéndesat@enicingi puf8eirs (basba vadenst @@%ute&clée nSi@ead)i,n@n W t hout

reference to seguence nunber After decoding the 5 a block, if the
decodi ng ?%XEr?gFPf9§elttHénaﬁﬁlgeHEQttosFQS §?th§1&§F§ BPYEE ©of ‘t&foved

from the spbtoeembi(asngacketbe; and.pkacedrcnither’ esaawenciitt bykfer, and
an ACK is sent to the sending termnal, and then, if the data block is

the firstObBes BPBekbflﬁckﬁelpeséﬁvéeﬁﬁﬁaewctlﬁat byffass thasr 208 the
resequencgé uQHEEeraﬁaaﬁﬁg PBcERGeSRYHBRGE 1 BURBIEY: ubN aBomBeXtheStep 38 it

|s dellvere to the next higher |ayer of the

resequencing buffer so that a next data block in the sequence
is the first in the window, but if the decoded data block is
not the first, then it is stored in the resequencing buffer
for later delivery to the next higher layer. If after the
step 34 of decoding the data block, it is found that the

20 received data block is not free of errors, then in a next
step 36 the data block is stored in the soft combining buffer
and the receiver (e.g., the MAC-hs layer) sends an NAK to the
sending terminal. Thus, the receiver performs ACK/NAK
signaling without using sequence numbers, until all data

25 blocks and their respective sequence numbers are successfully

received.

Referring now to Fig. 4, the overall procedure according
to the invention for providing ACK/NAK signaling between a
receiving terminal and a terminal sending data blocks to the
30 receiving terminal is shown as beginning with a step 41 in
which the sending terminal, and more specifically the MAC-hs
layer of the sending terminal, assigns to each data block in
a seqguence of (MAC-hs) data blocks containing one or more

packets (RLC-PDUs) a respective sequence number of, for
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protocol (as packets), i.e. the RLC |ayer, along with any other data
bl ocks in the resequencing buffer that are in sequence, and the receive

wi ndow | switeededdp al ong the 15 resequenci ng buffer so thatctapogyicsdat a
bl ock in the sequence is the first in the window, but if the decoded data

block is not the first, then it is stored in the resequencing buffer for

ater delivephdo EDGeNEXE i OBer | AueE . ol Loatber chhesshens3taoh;ggodi ng

t he data foun rec |ved ata isS not free of
errors, t$$md$nthen@ata bﬂekaGan@eseqmanbeonkmbsrstboedhenrehelsmhg

Conbiningﬁg%higgl aﬂglﬁg VE%ESH Oéglglé EPS Nﬁgipsehgﬁﬁﬁ ssgﬁg n NAK to

the sen ernl na PR2ei Ver per A S|gna
wi t hout usmn@asequanpesambmerphyshcal ahindal a; 250ble&hmpmed uhear

respective sequence_ n ers _are.success eive ef erri.ng.now to
Lespect e Segelze. ueber ScateasuscrRolubl | LRECLueds teLeLingynow ¢
ACK/ NAK smmiattnm@ebstmsennacnrepnwiagneem‘mablaad aehar shealasandi ng dat a
bl ocks tgith 30 recgeiving tern]ﬁ%p i shown 5eg|nn|n mnthwg step 41 in
whi ch t hePsentf ng®Rer & Ral SCEHaCharee s pkRi FRBAI FYSt REINRECRSTUMRGER of t he
sendi ng tesmMmakigassigngnt @ fagh deép bbb ockhbnreaeseagneerfinbVAC- hs)
data bl ocks contalning one or nore packets (RLC-PDUs) a respective

sequence:ﬁﬂﬁ%EYe%fth?tha?§eVE)9??59%@B€hPE#?Ié@??o?égikseiﬁﬁple five

bitg. In @ofr@éépéﬁapnﬁ%eahenéenﬂmﬂgeﬁgrawalcomﬁqaﬂ@éatea data Bl egke and
sequence nunbers to the receiving, termnal, using various_possible

t r anspor tSeFRrfel sthaatAfaps ?%rvb?¢09§ boesrereiphpsi EarméRannel s; for

exanpl e, aéu:?vér§y§t sgtaps&a&kngagcg%ﬂée@ t onVERMAsLhenseNdiengatgr m nal
m ght use a HS- sical) channel to send the data blocks, and a DL

ph
SCCH chartmepck® "s‘én*élh‘?h8£§eé|ﬁﬁﬁ€eof\u’hlb%r§ecea¥lnﬁ Fegminal| andynakEest ep
43, the r@&&wéélﬂlié{cnaaég pi8ER! ¥RSchbes£hanneLsnguere¥hi cBhEEgt a

bl ocks and
15 received and provided to the RLC layer (as packets); during

this last step 44, as illustrated in Fig. 3, the receiving
terminal will perform ACK/NAK signaling, without using
sequence numbers, until all data blocks and their respective

sequence numbers are successfully received.

20 Instead of using a DL: SCCH, the data block sequence
numbers can be sent time multiplexed on the shared data
channel, or they can be sent on the dedicated data channel
(pointer channel) for the terminal for which the sequence
numbers are intended. In Fig. 2, in a first embodiment, the

25 shared control channel is transmitted at the same time as the
shared data channel, and the pointer on the dedicated channel
is sent before the shared channels. 1In a second embodiment,
the shared control channel (SCCH) is sent, at least partly,
before the shared data channel, and the dedicated pointer

30 channel is sent in parallel with the shared control channel.
In a third embodiment, the dedicated pointer channel and the
shared control channel are sent parallel with the shared data
channel. 1In the second embodiment, using the DL SCCH or the

dedicated pointer channel, the data block sequence numbers
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10 correspondi ng sequence nunbers are communi cated. In a last step 44, the
MAC- hs service of the receiving termnal delivers a data bl ock (as
packet s) wo @2vesmequence of data blocks to the RLC | ayer mfT/mBhzor6sCei vi ng
termnal only after each earlier data block in the sequence has been
correctly 15 received and provided to the RLC | ayer (as packets); during

this |astysiep tAden 8Se | bbust patgde | Phél GorBespbRdiBGEHNLATL1bEKSE] Aok W | |
per f or m ACK/ NAK S|gnallng,@mnthout usi ng sequence nunbers, until all data
v

bl ocks an®ERthet 2 exiprEedvdatacgianeel nudberinarbestitedseubrdirerbived. 20

I nstead ofgsd Nt @k SLOHDLt BecHaba bhoCKe§LEHEB Lo NHARS! EnsANPE sent
time nmultiplexed on the shared data channel, or they can be sent on the

dedi cat edtleratsequrmrer| nuber At eput@abmergnt ornt Reredtal ndithorhahdahat he
seggence bmrﬁnﬂ i pbgPdedgald Bh9sede bR & Ehistaeghedi PROAneiNE 25
shared control c g sﬂ

n annel 1s tran nltted.at the sane tine as the ared data
channel , Hmal syatgniavetdoal shewdeki ¢cathduththaefledicatedt pbahbee t he

shared ch . S d di, en t r n a ( SCCH)
o sent . RARL, ' Dofe8Sea oPORRTL BB e inSRd’ ERufaThueh BOTHERL
dedi cat edipdianidrwBth chhanéatasbiecks| ni par al vethwihé sawes@Bfederoorr o

channel . ,ln third e di t,.the dedigated pointer,ch I nd, t he
shared(ﬂﬂﬁ?%ﬁkkﬁﬁiwﬁfnggg §§ﬁ? %%?% Tel %?Y%V?ﬁé %%aﬁ% ggpg bg gﬁnel- In
t heo seconskaqock nemhbensi aget henbLidadCkhdrwibke tHeddabtedlpokat ethehannel ,
t he data glocéife uence nunbers -20 WO 02/ 9@006 P /IBOZ/g%651 woul d t hen
be sent bAHoT LI BT ARSBORATRYPERT SCBPERksPar B9 et oR%a shar ed dat a
channel , emfbimidie &hdr dnevhedi nechanisgi hg seééled £be BLESCCH or the

dedi cat ed inter channel, the_sequepce n ers would be.sent in ﬁarallel

with the HLIRY 5cksT ( whFEREWHETE Abar A bR SBAYS ohr 3 ERAPECRaf G e
channel) . (sd&e ass/st@mgoukdpak@@amy KsyphthoohotibendeHhaintdSpR) Nber an

channel . The data bl ock sequence number could even be sent

15 asynchronous N-channel SAW with HARQ process numbers sent
out-band. All that is required by the invention is that the
data blocks be numbered and that the data block seguence
number be transmitted somehow with the data blocks in the
downlink, which then enables reordering of the data blocks at

20 the receiving terminal and in-sequence delivery of the data
blocks by the MAC-hs layer of the receiving terminal to the
RLC layer of the receiving terminal. 1In addition, the
ACK/NAKs are preferably based on time position (using a
predetermined delay between the received data block and the

25 transmitted ACK/NAK) and so need not include the data block
sequence number (or data block numbers, in case of ACK/NAK

signaling for more than one data block at a time).

Still another embodiment of the invention could use
partial data block numbers in the ACK/NAK signaling, in
30 addition to using time position. If the data block sequence
number in the downlink is, e.g., five bits, the ACK/NAK
signaling to the node B by the receiving terminal could
include 1 or 2 bits of the data block sequence number

(preferably least significant bits).

271~



in-band with the data blocks, i.e., with the sane CRC (error detection) as
the data bl ocks. However, if the data block 10 sequence nunbers are sent

i n-band wwdwo2toaenodat a bl ocks, the data bl ock sequence nurmmarBozerssapt be
used for soft conbining, and anot her nechanismis needed for soft
conbining: e.g., sone formof synchronous transm ssion schene (such as

fully or partiaéidgSyRehraneusibn¢hanaeksSAVE aelaRerkd &gy RERr @nous
N-channel SAW W t h HARQ Erocess nunbers sent out-band. All that is

requi red bihe RIFRGENPFBROFS L haverheoldhhs BREERYiBG heMBdned 4Rd that the

data bl OC!Srééﬁul?\ﬁC@henMﬁbehstahr ansatlt ¢ sorehewaw Hhdhesdatalgcks in
the downlink ich then enabl es reordering of the data bl ocks at 20 the

recei vi ngof eF ¢ naecaiding- Segménaéd . dupiygr fhef MPke hgagenegiaéers by the
MACshs laMQ%uQ%%%PﬁuﬁBQEEV'nggthgkﬁaketOthgeregégvh%§e 39%15Q§ ReRisvi Ng

term nal NAKs are preferably based on tine position
(using a A@Kélﬂllélt(ewgneélluel &p bbewsendihg tetwiived . déﬁé&/@l%ct@lgmltlm 25

transm “@H%atcgé%? Quﬁéeﬁn@%mh@% Wﬁ@%@ o c?a At s

number (or ers in case o S|gna nore than
one data bfoakyaleCKsnE¢Ce$wbﬁlianather enﬁ@dln@@ta@tebheanMMbﬂpnﬁn coul d

use partlgn dathther?ﬁ da a %I gK%Nﬁ dsagﬂ%ggggphkgﬁgog%%gltlon to

usi ng ting p05|t|on se uence ownlink is,
e. 30, fiveehiisg tGEmAﬁKﬂNkKow3|ghabhnglbokths b@d@gBabknbMdeﬁge@|V|ng
term nal ﬁould i ncl

u a % 2 ? an e dat% %&% s%%yence nunber
(preferab 3 Y Bst ElaﬁlfPES £ Fs? v ﬁﬂﬁﬁzldﬁﬁ FF@OQ#ClGSl Usi ng
t he invenACnﬁMAmlthﬁaaﬁﬁgdehsdaged ththapRWBe¢bheahmgh&m pmatiecales ayer)

br ot ocol PBGErFEOGE | HeTPAEBH IR Fart Q5P FRE MABTRO GeRUPRESd o
sequence ahabeiﬁdlEutéhetmar etabclﬂengegemcn@rt ethm Baldisen@®int of the
15 bit map, but most of the blocks are acknowledged without an
express sequence number (i.e. using a bit in the bit map, as
opposed to a sequence number). In such protocols, however,
even if the sequence number is not expressly indicated for
each block, it is there, i.e. the signaling according to
20 these protocols provides information indicating the sequence
numbers of the blocks being referred to in the ACK/NAK

signaling.

The invention does not ensure that all of the blocks are

delivered to the RLC (higher protocol layer) of the receiving
25 terminal, only that those that-are delivered are delivered in

order; missing blocks are requested by the higher layer from

the peer higher layer in the transmitter (sending terminal).

Thus, with the invention, there may be holes (missing

blocks), but no block should pass ahead of any other block on
30 its way to the higher protocol layer.

In the above description, reordering of the data blocks
in the receiver has been used as an example for the use of
data block sequence numbers according to the invention.

Other uses are also encompassed by the invention.
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ACK/ NAK signaling to the sending term nal, ACK/ NAK signaling that does not
i nclude information indicating sequence nunbers of any bl ocks received in
error. Fowa rawemee, each bl ock can be acknow edged afterpca/iBorassi ned
delay and thus the 10 sending term nal knows which block is being

acknowl edged. Many prior art protocols acknow edge (in the course of
ACK/NAK,sgg@@élﬁg)tyélng@nEkbnnap where each bit indicates a data bl ock.
Typically there is at | east one sequence nunber that indicates the
starting p0|ntImr1$h@oemdlugd@nsnOO@fthme e babomapdebotibedt of t he

bl ocks are, %%”%3@@%&“ H? ;?i?us%é”eéé SEIERACE p':d”'88£1£> Eﬁ' ng a
bit in the as ~ oppos uence nunber ? pro ocol s,
homever pfwmmnp1e$rmisemeepresenubEmveﬁtnom exNumesbmslﬁdMCBEEd for each
bl ock, ? here, i % ﬁ gnalin accordlngﬂ% é ese Erotocols

pro |des ‘f“h Bt Eore n%ﬁ1 thgtia 1% Eh2RICHEREEr 8261 PRe *BPBEKs bei ng
referred 11@dicﬂaﬁé& A HNAKay sSbgnaeirnged Thg thyeat skiildedasinothensyee t hat
all of the, | ocks_ are delivered to the RLC_(hjgher protocol |ayer) of the
ecer vi ngvi DR, TR R SEoRat P nGSEt RIE BPE BEFPFBEQGuRFREIST ver ed | 1

order; m§1§drlglé)|é1§;_5én@é& EeguRst gde bynt Sedbigber cbaxer sheam the peer
hlgher layer . in the transmtter (sending termnal). Thus, with the

i nvent i o4 Het@a tgnS APA| RETRRYSEEREGS - bl ocks), but no bl ock shoul d pass
ahead of any other block on 30 its way to the higher protocol layer. In the
above description, reordering of the data blocks 1in the receiver has been
used as an exanple for the use of data block sequence nunbers according to
the invention. Qher uses are al so enconpassed by the invention. -22 WO
02/ 096006 PCT/1B02/01651 Scope of the Invention It is to be understood
that the above-described arrangenents are only illustrative of the
application of the
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principles of the present invention. Nunerous further 5 nodifications and
alternative arrangenents besides those indicated above nmay be devi sed by

t hose skiWoert/v6noshe art wi t hout departing fromthe scopecafiBohieiepr esent
invention, and the appended clains are intended to cover such

nodi fications and arrangenents. -23 WD 02/096006 PCT/1B02/ 01651 What is
claimed is; 1. A nethod, for use in a wireless comuni cati on system using
a |l ayered B?BtéEOFlaFWeﬂhﬂéh a first protocol layer (lib) of a sending
termnal (11) sends packets as a sequence 5 of data blocks to a peer first
pr ot ocol Iayer 12b) of a receiving termnal (12 ich delivers the
packets td-a 2h @EBPdpré%cb’isq &%P vizs) e%hggﬁﬁ%lwaﬁtﬁamcﬁy ®Fem) t he
sendi ng tesihfal (AYrrassipddidedidl)in WhibesSROFSE 0 pa:ot%%aerlc‘ag;eqf data

bl ocks for transmi ssion to the receiving 10 term nal (12), a respective
dat a bl ockldByuehce mEREENt &eréﬂ@ﬁlda{tlg ) bEEERS) Packe tee Qe ric & esluedgiea

bl ogks; apd BhthhB1beel HNg b%@@ Q%Es@lﬁko@gdbﬁemé%éﬂ5¥52B91of y response
to the sequence of data blocksS and to respective data bl ock sequence
nunbers, §?Cﬁé§$ﬂgs§ﬁ§méﬂaﬂhé1@ébawbﬂ§bk§eisvﬁﬁstﬁéESQﬁw&ﬁﬁé§G@ @at a bl ocks
to the hi dhghep! AEBFELO AN B el J@%la)of chienkefely g legal (12) in

order; the et characterrzed by the re e|V|ng termnal (12)
acknomﬂedg NgLLEEEHAL naf 1 dat ho t 4,QnOVis

|nd|cat|ngbt%e 20 resg ctl\%ll ataqﬁggc seghén (ﬁﬁﬁbefwl¥ééﬂ%ﬁgﬁﬁa od of
claim 1, faguhseechar deter bZedkisn fphrattranhmi8§eq>@er¢@e thenbmaeiiag

co ni ca a t bl S T d l.ai.m 1,
fu??ﬁer Fgga%?%?|gg wﬁ Q.%@%p%%%ﬁve gggg Elﬁgg %%ﬁ@g%gghfgkg%ﬁﬁﬁg%cated
out - band.edcthetﬂeb&odkoﬁnct@ens@gubucehef chératilexckagd amd t hat t he

b) the receiving terminal (12) delivering (38 44), in

response to the sequence of data blocks and to the respective

data block sequence numbers, at least some of the data blocks
15 in the sequence of data blocks to the higher protocol layer

(12a) of the receiving terminal (12) in order;
the method characterized by:

c) the receiving terminal (12) acknowledging receipt of the
data blocks without providing information indicating the

20 respective data block sequence numbers.

2. The method of claim 1, further characterized in that, the
sequence numbers are communicated in-band with the data

blocks.

3. The method of claim 1, further characterized in that, the

25 sequence numbers are communicated out-band.

4. The method of claim 3, further characterized in that the

sequence numbers are used in HARQ combining.

5. The method of claim 1, further characterized in that each
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sequence nunbers are used in HARQ conbining. 5. The nethod of claim1,
further characterized in that each -24 WO 02/096006 PCT/IB02/01651 data
bl ock i s weknowbmwdged separately. 6. The nethod of clai m 2C1iBor/bues1
characterized in that the acknow edgenent is sent after a predefined
delay. 7. The nethod of claim1l wherein the |ayered protocol 5 includes a

MAC | ayerdheyiptodk M- AskaBlil EMgaRdsapspatatl,udes an RLC layer, and
further wherein the first layer is the MAC layer and the higher |ayer is

the RLC | ayer, and still further wherein the MAC-hs entity of the

recei vingst ermaahetRb@vbdes1 by si ghakt Rerackapubeddipadr eaetpht ot hkhe
data 10 bl ocks w t hout use of sequence nunbers and _delivers the data

bl ocks i RPeFMYledaeRenRLES| 8§BF 8ftehearREAOfhReEnErlpyY-8. A wirel ess
termnal, for use in wireless comunication, via a wireless comunication
system w th other communication _devices including other wreless
terninal s’ chEPadReFR9€doF nci81ihat whereinopBeat pyerad BreheFC4 sending

terginal {dd)udds as MACr e&pb¥i AviagMhNAhclid2) eAEERLdAE LosbhenkeaRest i ve
steps of the nethod of claiml. 9. " Awreless termnal, for use in

wirel ess @dnRkhi k3YEBn, andi furtiprerbssetnniliai Earebnlaysteds GhenMBEher

communi caiipd £ deNk CRSghBE! #diBY 9ENERe VRT.E! f,é%f:?r ghgakgijgharacterized
inthat it Ts operative as eithef a sending termmnal (11) or as a
recei vi ngteekhendrhenejnatber YrEghsoenhity egpetheveeseépingoterménadt hod of

claim7. .ovfa@@s&étéi'gagmgr augﬁo@‘feagiﬁ eg;e&ige 8 el 8%§a25
conmmuni catl on syst em pr ovi di ng at east P rt (0] connecti ons et ween
wi @l ess bloekmarkthedt opher of oananenaei nundevs casd datlivdiragtbehdata

W reless fermginals Yigew 8! @gé Eﬂm%’gé'o%i %Ie %Qé&i‘%ﬁé‘ éﬁgikg.t hat it
is operative as either a sending terninal (1 or as a recerving term na
(12) 30 according to the respective steps of the nethod of claim1.

8. A wireless terminal, for use in wireless communication,
via a wireless communication system, with other communication
devices including other wireless terminals, characterized in

15 that it is operative as either a sending terminal (11) or as
a receiving terminal (12) according to the respective steps

of the method of claim 1.

9. A wireless terminal, for use in wireless communication,
via a wireless communication system, with other communication

20 devices including other wireless terminals, characterized in
that it is operative as either a sending terminal (11) or as
a receiving terminal (12) according to the respective steps

of the method of claim 7.

10. A base station, for use as an element of a wireless

25 communication system providing at least parts of connections
between wireless terminals and other communication devices
including other wireless terminals via wireless communica-
tion, characterized in that it is operative as either a
sending terminal (11) or as a receiving terminal (12)

30 according to the respective steps of the method of claim 1.
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-25 WO 02/ 096006 PCT/1B02/01651 11. A base station, for use as an el enent
of a wireless conmmunication systemproviding at |east parts of connections
bet ween wivigala®600k er m nal s and ot her comuni cati on devi cepct/med/o@sng ot her
wreless termnals via wireless conmunica 5 tion, characterized in that it
is operative as either a sending termnal (11) or as a receiving term nal

(12) acceiding },9sEherEESBRCT IFKe- %E%p%sognt Rg HRLROG0f; Glidldels 12. A

wi rel ess conmuni cation system providing at |east parts of connections
bet ween wFpehepscabinhnglstamnd paoveding esnieristapeatsdefi cennestiggisng

h . - ) el . ‘ .
commun capF gacebopEEBEREe kil AR OTHD) SOph Pl PR BV ERRe v
able to fnatudbngasthesewdired eser heralingl$) vdad wa s ed asec eionimugricer-m nal

(12), chapacterized_ in_that .the | east .two_ 15 term nals (11 12) are both
bpePativer sePnorAAAREREEAGS C8r TP LP1EF SRETACPEn g Tonnal " ( 12)
accordi ngsendihg tespentilvdiddeps el bheecoetidtgofedmdinmll. (123. A wirel ess

comuni cat i on stem provi di ng at .l eas art f connec}i gns .bet ween
Wirel oss PEPRFIARY. RRCBPNEFoDE CEaTrUREERE: B 05 GBE ARk IS g Bt Her
wreless termnals via wreless comuni cation, the wirel ess conmunication
system higi ng.tern gls (1)1 1%. a il easst wo of V\\/chﬁh arq:mzi%letto £
function a&'a SeldrRgStar OREHIELDT 18R SESTE™ RESVHHYS &Mt vast( PFFLS
char act er bfedohnethabnshbeatvek@asti reless2betrarimaial andlbthdr are both
operative as both .sengin t er.m nal .&}11) nd a.receiving termnal .(12)
P EBr i ngCPBTE AL R BB L Py CePe it dRaiRg REP RS T SleR P g & v ik
wireless communication, the wireless communication system
having terminals (11 12) at least two of which are able to
function as a sending terminal (11) and as a receiving
terminal (12), characterized in that the at least two
15 terminals (11 12) are both operative as both a sending

terminal (11) and a receiving terminal (12) according to the

respective steps of the method of claim 1.

13. A wireless communication system providing at least parts
of connections between wireless terminals and other

20 communication devices including other wireless terminals via
wireless communication, the wireless communication system
having terminals (11 12) at least two of which are able to
function as a sending terminal (11) and as a receiving
terminal (12), characterized in that the at least two

25 terminals (11 12) are both operative as both a sending
terminal (11) and a receiving terminal (12) according to the

respective steps of the method of claim 7.
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