WO 03/ 019376 23 February 2006 _PCT/ US02/ 24404 [0001] BASE STATI ON
| MPLEMENTI NG A PHYSI CAL LAYER AUTOVATI C REPEAT REQUEST [ 0002] The present
i nvention relates to wirel ess comuni cation systens. MBd&ebparyt 2006l arly, it

relates to aypgliohdssation to such systenms by enpl oyi ng ap@fakaiedds | ayer
(PHY) automatlc repeat request (ARQ schene. [0003] Proposed br oadband

fixed wrel ess access N gpRi t her single

carrier- f[ ncy dorﬁggéﬁéﬁ@ ogonal frequency
“division multiplex (OFDV phRTOMA Ed downl i nk packet
access (HSDPA) application. This application will transmt downlink packet
data at hij peed B 1,4 egisnpﬁ,r@re
connect edh%?fher Pr&fcé‘g?ivﬁpu(?flp%t%‘gg f%s era{l%ilg%was{ si ngl e subscri ber
site. The ﬂﬁ&lﬁaﬂ% iﬁg&%& Wa rﬁbtﬁﬂcaﬁonmblespstemswm@ldymhmmﬁ esi ngl e

e

site's. muttip users requiring | arge bandwi dths. [0004] The current
proposed EHEY)amtengicogpeatrequpbARQSGEWNRt i ¢ repeat request (ARQ system

| Dat a bl ful,l ff d d
et vansoi Loodl'? ook fig%ﬁ %m#%r@fﬁé%f*ﬁ%ﬁfe% G (HA) Rplnmicgutn T cai"‘{‘y
1 arge, aﬁagﬁgg H@mﬂﬁl &pualiaition (SSHRE) exept ion, are
recei ved Wt bIock error rate

BL and are infre t :
r et r ansni orttegonadidisdnoydivision MWX@FD 1’81 Q}r\’é!ﬂgﬁbl&h@ @éﬁp& sl ow
Accor di negketapoess (U Eppicsia 6% B RADALY %&@#%@P@f%%&?ﬂ L ayer 2
the pr esemta 2t bl pbeds LAWY ?E&‘S?%gv‘.’" ot o Lypl oment g
physi cal Wiselesslya il and opmasamwlqmmhemﬂcuﬁhqr@tadieqap fgn%l r and a
r e; erver Sygtgl% wbglit% h?gﬁlaflor tgg SIS&”P e's mxﬁgple end users requiring large bandwidths.
- [0004] The current proposed system employs a layer 2 automatic repeat request '

(ARQ) system. Data blocks unsuccessfully transmitted to the subscribers are buffered

and retransmitted from layer 2. The data blocks stored in layer 2 are typically large,

are transmitted for high signal to noise ratio (SNR) reception, are received with a low

block error rate (BLER), and are infrequently retransmitted. Additionally, layer 2

| ARQ signaling is typlcally slow requiring large buffers and long retransmission

':T

intervals.

[0005] Accordingly, it is desirable to have aliernatives in addition toa layer 2
ARQ system.

[0006] ' SUMMARY

[9007] In accordance with a first aspect of the present 1nvent10n there is provided a
~ base station 1mplement1ng physical layer automatic repeat request, including a

transmltter and a recelver the base station comprising:

a phys:cal Iayer transmitter for receiving data, formatting the received
data into packets, each packet having a particular encoding/data modulation,
transmitting the packets, and retransmitting packets in response to failure to receive a

" corresponding acknowledgment for a given packet;




a physical layer transnmitter for receiving data, formatting the received
data into packets, each packet having a particul ar encodi ng/ dat a

nodul ation, transmtting the packets, and retransm tt i2ddFepamke2@)6i n
response to failure to receive a correspondi ng acknow edgnent for a given
packet; 23 February 2006 an acknow edgnent receiver for receiving the
correspondi ng acknow edgnent, an adaptive nodul ati on and codi ng controller
for collecting retransm ssion statistics and adjusting the particular data
encodi ng/ nodul at i osnugcknpwledpmentd| tegeiverd for ateeesivings the gdnwespandingl ayer
receiver f dg dulgti ng recei ved packets; a conbt ner/decoder for

buf fering, 8"% nd detecting packet errors; an acknow edgnent

generator for genepat hlihtRl ANGRNLE P YodfB" cof@AllbrP36K Qollbdtinghat packet
has an acceptable error ‘rate.. I'n accordance W th a second aspect of the
present | meieansmission sthtistics amd gsljusiing tht pacticplay dite ehcodingémedulationagingst r epeat
appar at us e 0 .. a base station, conprising: a transmtter having:
nmeans forﬂ}er'e%b?%%%ﬂq%gfsa; means for formatting the received data into
packets for transn pijsRil layQI66eivia S emBanhii recdtid iekétdr encodi ng/ dat a
nmodul ation; neans for transmtti n% t he packet's; neans for retransmtting a

-~ packed i-f an -ackno¥samhinerfdecodsr farbufferingkdacoding ambdeteatiog packdt emosans f or
col lecti n%dr etransm ssion statistics; and neans for adjusting. each
particul ardata nodul ation using the collected retransm ssion statistics;

and a receiver haviniknéWRASmER geh&6t ¥or RendpAfE ASacknowledgment for
‘ - each packet if that packet has an acceptable error rate.

. In accordance with a second aspect of the present invention, there is provided
a physical automatic request repeat apparatus employed by a base station, comprising:
a transmitter having:
means for receiving data; |
. means for formatting the received data into packets for transmission,
each packet having a particular encoding/data modulation;
means for transmitting the packets;
' means for retransmitting a packet, ifan aci&mwledgment forthétpacket :
is not received;
means for collecting retransmission statistics; and
means for adjusting each particular data modulation using the collected

. refransmission statistics; and -
' areceiver having:
| means for receiving packets;

means for decoding and error checking each received packet; and
" means for generating an acknowledgment at the physical layer if that
- received packet has an acceptable emor rate. '

In accordance with a third aspect of the present invention, there is provided a
base station for supporting broadband wireless communications comprisihg: _ |

a sequencer having a quene for receiving data blocks from a communication

la .




means for decoding and error checking each received packet; and neans for
generating an acknow edgnent at the physical layer if that received packet
has an acceptable error rate. In accordance with a thi 23 Fabmeqgt2006 t he

present invention there is provided a base station for supporting
br oadband wi r“é?‘é’g'g”%“omruni cations conprising: a sequence?&ﬁ%%‘“a gueue

for receivj ta-bl ocks.fro cor Lcat i February 2006 WO 03/01 93
7 6 PCT/ Ué’ﬁ%g%@ for a%ﬁﬁ?ﬁﬂyﬁﬂ%g%%ﬂ%@g@ﬁveyi ng packets ton
transmitters; ptbhsiiads forafanshitting satdyaekdtt ihfehghal ddtaehaivel;s t hrough a data
channel; n receivers for receiving return packets through said data

channel ; n hyb regeivemdpraecciviag tetum patketsdhionghisaid said n receivers;
whereby said n bri g coders h fee ] for transmitting
an apknowl'edg%ﬂ{bmég%ggﬁﬂﬁ?ﬂéfgﬁhgﬁ%%g%%?% rate has been
received, andyhiEbyseidedibid ARRS dRbdcryived fdusckahamrt R tradipsittiapr or rate.
[ 0008] . BRI EF DESCRI PTI OF THE DRAW NGS [ 0009] Fi gures | a and Ib are

si npl i fi edn atkoowledzmentarhen apackehhavinganasoeptabld exor 145n has hegn repgwed, [ 0010]

Figure 2 is fl.ow chart for. using retransm ssign statistics for adaptive

‘modul ati of’fl%ﬁﬁr"(!‘@aﬁpﬁé’? ‘?@f@?‘@%ﬁlé%’%&’f%ﬁ*@&ﬁ&&i agram showi ng a |

mul ti-channel_ stop and wajt ' : LED DESCRI PTI ON OF

THE PREFEI®ES EMBODI NENT@WM@M?%&%@@QgpeCH vel y show a

downl | nk o} ol AB045) @) sk IGk SRlgr A O piie down! | nk
:

physi cal 0 co I Ses a base station 12 receiving packets fromthe
- hi gher | pigsicAiXRQs.ansm tter 14a provided in network 14. The packets from

transm tt[e05101]4a arf-eigl?rggliég%o%ochm?oquYn%IIgal &?&ﬁﬁs@ﬁs%ctsrf&!ﬁﬂbﬁ‘}eer 12a in
modulation and coding. _
[0011] Figure 3 is block diagram showing a multi-channel stop and wait

architecture.

[0012] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[0013] Figures 1a and 1b respectively show a downlink physical ARQ 10 and
uplink physical ARQ 20. . _
[0014] The doWn]ixik physical ARQ 10 comprises a base station 12 receiving
packets from the: higher layer ARQ transmitter 14a provided in network 14. The
packets from transmitter 1.4.'a are applied to the physical layer ARQ transmitter 12a in
base station 12. The ARQ transmitter 12a encodes the data with a forward error
correcting code (FEC), appends error check sequences (ECSs), modulates the data as
directed by the adaptive modulation and coding (AMC) controller 12¢, such as by
using binary phase shift keying (BPSK), quadrature phaSe shift keying (QPSK) or m-
-~ ary quadrature amplitude modulation (i.e. 16-QAM or 64-QAM). Additionally, for
orthogonal frequency division multiple access (OFDMA), the AMC controller 12a may
vary the subchannels used to carry the packet data. The physical layer ARQ transmitter
12a transmits packets to the subscriber vnit 16 through air interface 14 by way of
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. base station 12. The ARQ transmitter |2a encodes the data with a forward
error correcting code (FEC), appends error check sequences (ECSs),

frodul ates the data as directed by the adaptive nodul aﬂB@nbfalﬁd’wﬁl ng (AMC)
controller 12c, such as by using binary phase shift keying (BPSK)

guadr ature ift keying (QPSK) or m ary quadratu

nodul ati on HP}?’%&@ “QAM or 64-QAM). Additionally, for ?@g@gﬁ}é frequency
division nultiple access (OFDVA), the AMC ‘control |l er 12a vary the
subehannaivitchis eitculasorc aort duptléxer Q&dl@@d apianaa Bhe Theyrepunitier 4 %%

transmtter 12a transmts a kets to. ubs rough. air

i nt er f acdempOrBYly FigFegfe mes E?WV%BBE 3%;18%&@’9@%# i'[ulsrgzl 24404

swi tch, (i#mr @%@hﬁgm,ﬁmgaud and antenna 13. The transmtter 12a al so
t enpor ari tores the nessage for retransm ssion, if necessary, -in a

buf f er ma[oom} motxnpumaﬁeﬂsubsmbmmtrléﬁmm@ﬁpa%t TP@MS&“%&H? nna 15 of

subscriber unit 1 ives. th Kk t h I
| ayer AR@tPé’@EﬁV’ésa F‘Eﬁ‘,l‘@?ﬁ C jgh Swft%ﬁﬁc@lét%; o b 189 . IA[%GB pA%/SI 'f ﬁe

yeceiver y6aqel e glg Hacie? isTHEE é@&@é&s&l@mcmefakam ufmgﬂrecﬁcss using the

“"ECS. The recelver en controls acknow edgnent transmitter 16c to
ei ther aqme@weia&geﬁathdkcdé)moleedmpwledgmantﬁmﬂeﬂewﬁpﬁp@the@éwlaiﬂee error rate

o gnal " oRACKYseIRoF pepche e RrerBLBerBE P A BB B Tre AGK To
sent by @%y%@%gﬁ gcgmgvt,]e Skl | @Ntrdndoiitkh® Ug hegaivet ch 16b and

ant enna nt via the air interface 14 to antenna 13 of base
Tipation heknoWledgneme(INAK).ACK i s processed by an acknow edgnent receiver 12b

A the base statian. Th ACK recelver elive to the
adapt i ve [004ul at i 08 lsc?serlbafg“fi?we?sﬁeé?ﬁl%BF‘?‘éF{’ agnﬁq%%ﬁe transmtter
12a. The @N&lélf{x}tcfa%'ténﬁﬁ1§2ﬁ1c%&@k¥§§c§t%9ﬂae€é‘ﬁﬂﬂ&ﬁ‘acﬂ4&b hitgndadl3tdfe subscri ber
un|t 16 &smg statistics

base station 12. The received ACK is processed by an acknowledgment receiver 12b
in the base station. The ACK receiver 12b delivers the ACK/NAKs to the adaptive
modulation and coding (AMC) controller 12¢ and to the transmitter 12a. The AMC

controller 12¢ analyzes the channel quality to the subscriber unit 16 using statistics of
the received ACKs and may vary the FEC encoding and modulation techniques of
subsequent transmissions of the message, as will be described in more detail. If the_
subscriber unit 16 acknowledges receipt.of the packet, receipt of this ACK at base
station 12 causes the original packet, which was ternporarily stored in a buffer memory,
)  tobe cleared in readiness for the next packet.
[0017] If no ACK is received or 2 NAK is received, the physical layer
transmitter 12a retransmits the original message or selectively modified version of the
original message to subscriber 16. At the subscnbcr unit 16, the retransmmsmn is
combined with the original transnussmn, 1f available. This technique facmtates receipt
of a correct message by use of data redundancy or selective repeat combining. The
packets having an acceptable error rate are transferred to higher layers 16d for further
processing. The acceptable received packets are delivered to the higher layers 16d in

the same data.order in which the data was provided to transmitter 12a in the base
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.the received ACKs and may vary the FEC encodi ng and nodul ati on techni ques
of subsequent transm ssions of the nessage, as wll be described in nore
detail. If the, subscriber unit 16 acknow edges recei 28 Fsbruahe2qPécket ,
recei pt of this ACK at base station 12 causes the original packet, which
“was tenpor ar,i red in a buffer menory, to be clearggdeifhaafdi ness for
t he next p'aé%e@"?%%mn If no ACK is received or a NAK ?s ’r eéei ved, the
physical layer transmitter 12a retransmts the original IBssage or

sel ect i veh§onrfbelii-sespencerdelivarybThe maximgim gymber of feRashussions & (ICETF | her 16. At
the subscriber unit 16. the retr, 1: S Q0 JeSf 1 6T 02 the Wiakiiminhe ori gi nal
transm s@aperor-4eiag dﬁ?%?rvfﬁ‘%’sﬁpg%}ﬁ]?%ue Facilitates recei pt of a
COrrect PRSSAGerdadndhfississ eodttenipea thd dnffyr memoni ieceared foraplatthe onbi ni ng.
~The packets having an acceptable error rate ar trigsferrgq 2 hi gher

| ayers 1fiekt pankef. UDechding ap adowadedggentiysin kgt at the pRSiE @Eﬁtckets are
delivered to the hjgher .| ayer,s 16d i Lhasame data order in which the
_dat a vvasfﬂgP%f‘\?it@EﬂmFgoqﬁiﬂ%rﬁ‘l@t{%ﬁfﬁﬁgﬁ}d}l&lphe base -3 23 February 2006 WO

03/ 01937?0(5%[ 1 USOZ{n4 4814y SIRIQ QReciirs - &. tHen phgsicsd niagerdahe wvempet ofhe maxi mum

‘nunber o“rettansmssions is Iimted to an operator-defined ir&ieger val ue,

such as idiahdmsissiangenménces fop a gartinplprchapned, rptANSHIRHON SEHIIE 155480 :

retransm ssions_are attenpted., the. i gares AMC use by the
AR A e S

next pacREasurE Al USing sna packe;ssﬁat t he physi cal
| ayer r t FhSShOMofehitena bedinEschages forthall chamnel, assbowp0018]  Si nce
PITY Amg%)cﬂ%ggrslzg?]&?he physiocal | ayer, the nunber of  re V}r’iﬂ}nq%égg%i on

00CUr r enggegiret. Adgidonally,tharetrnsmissipn 5&@@?%#1%??%“‘_&‘? , is a good

reasure of that channel's quality.. Usin h r ' Steatistics, the
AVC  continlpArality PRRESYFERCRIGy S S b &TPa |%sn&)ét]% )cogﬁ%&:gﬁdgnes for that

channel , 0 i 118r 12961 daugéd e dhanhél euakityrand siefesrsingn st ati stics
G B the (G, Sl o8

can al so her link quality neasurenents, such as bit

error rawasthéBRRapgaindhdinodilation and cpding scheme is required.
[0019] To iliustrate for SC-FDE, the retransmission occurrences for a particular

channel are measured to produce retransmission statistics, (60). A decision on whether
to change the modulation scheme is made using the retransmission staﬁsﬁcs, 62). If
the retransmissions are excessive, a more robust coding and modulation scheme is
used, (64), usually at a reduced data transfer rate. . The AMC controller 12¢ may.
increase the spreadihg factor and use more codes to transfer the packet data.
Alternately or additionally, the AMC controller may switch. from a high data
: ) throughput modulation scheme to a Jower one, such as from 64-QAM to 16-QAM or
QPSK. If the rate of retransmissions is low, a switch to a higher capacity modulation
scheme is made, such as from QPSK to 16-ary QAM or 64-ary QAM, (66). The
decision preferably uses both the retransmission rate and other link quality
- measurements signaled from the receiver, such-,aé BER or BLER, (62); The decision
limits are preferably set by the system operator. »
[0020] For OFDMA, the retransmission occurrences are used to monitor the
channel quality of each subchannel. If the retransmission rate or retransmission

rate/link quality fora particular subchannel indicates poor quality, that subchannel may
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" (BLERs), by the AMC controller 12c to gauge the channel quality and
determ ne whether a change in the nodul ati on. and codi ng schene is
:required. [0019} To illustrate for SC FDE, the retransm3skEdbamrp2dl r ences
fora particular channel are nmeasured to produce retransm ssion statistics,
(60). A decision on whether to change the nodul ation sg&%ﬂm‘“mde usi ng
t he retranswWo$dPP#eést atistics, (62). If the retransm sSiONs are excessive,
a nore robust coding and nodul ation schene is: used, (GARq usuglly at a
reduced gal fohiaplifa il fre BROMMRaany sal (), in prdepiQPros e BREt ¢t he
spreadi ng Tactor” and use nore codes_to tragsflgﬁwtgfmng Aaba.
Al t er nat @ich poor quatityt subchanngls ferremaNNEREICE! ARy  swtch. froma high
- data throughput nodul tiO[ﬂ;gscdff@a@@h}@qﬁalkt?,\/ﬁfre\q&ﬁlyrmlﬂe&mEiBhahn@m 64- QAM t 0
AN ST T et i

16- QAM oretragymsigsion Tpt nsm ssions is low, a switch to a

hi gher caﬁ?ﬁ%’%&(ﬂgg&ﬂﬁ%mpmﬁeq&n@senﬁ@@; such as from QPSK to 16-ary QAM

or 64-ar The decision preferably. uses bofh :db€4 r ansm ssi on
rate andjog1pr | i Ukingubd tmnsm%ﬁwm@é?ér]?&%g“rrom %‘%gldr ecei ver, such

.as BER or BLER, (62). The decision i Lidhd Sciht B elechaige dmtndy the system
“oper at or flexibilipofe EEHC ,Og‘(f:lﬁ on gnq a.nsrg 3¢ on occurrences are used to

_moni tor the..chagnelauali tXddfiosighths ubcammission fafe iEeBPESN ssion rate
or retraf€im ssion rate/li nk quality for E(g@rt | cgkgr subchannel i ndi cates
poor - qualkidastrerhdhdtrranndhreportihg delgy Fom hesupsagRFi Uy WO 03/ 019376

PCTNS02/ 23404 be_sel ecti vely nul.l ed £ rom MIfkeR@NOYndist , (64), in
order to [peE4] udeW%EPWh"Agb Y ?lgrq%g | f%}r&gl&ﬁhannel s for sone future

period. |f the r L6Si Gt n8tia Which paticet:n Swois 8 lgher eyt 1 ARR qual ity
i’ujdi cat ego???‘é%dqoﬁta{ ???/%Eha previ ously null eg S%E%harﬁ?el S 1aver TYODE added
back to thgshtteM eﬂuhmd@glmetli,tyemég.m[ P i PRYHE r&¥F ansii ssi on
occurrences as a basjs for A [ ONi & dtfionintenhythtonghistich t he
_modul at | dransmiieldai B SEHRHE fxll}ée{éda*\gglreg’g”é channel  owise. ma '

264, subscriber antenna 25 and air interface 24. The AMC controller, likewise, may

vary the modutation and coding scheme using the retransmission statistics of a channel.
[6023] Physical layer ARQ receiver 22a, similar to receiver 16a of Figure la,
determines if the message has an acceptable error rate requiring retrangmission. The
acknowledgment transmitter reports status to subscriber unit 26, causing the transmitter
26a to retransmit or alternatively to clear the original message temporarily stored at
| -transmitter 26a in readiness to receive the next message from the higher layers 28.
Successfully received packets are sent 10 the network 24 for further processing.
) | {0024] Although not shown for purposes of simplicity, the system is prefer?biy
used for a HSDPA application in a BFWA system, although other implementations
may be used. The .BFWA system may use frequency division duplex or time division
duplex SC¥FDE or OFDMA. In such a system, the base station gnd all of the
subscribers are in fixed locations. The system may comprise a base station and a large
number of subscriber units. Each subscriber unit may serve muliiple users within one
building or several neighboring buildings, for example. These applications typically

require a large bandwidth due to the large number of end users at one subscriber unit

site.




~conditions for each user. Additionally, the retransmi ssion rate is

I nsensitive to neasurenent error and reporting delay fromthe subscri ber
~unit 16. [0022] The uplink ARQ 20 is simlar in nature 23@GEebfiang@ows i nk ARQ
10 and is conprised of a subscriber unit 26 in which packets from a higher
| ayer ARQ transmtter 28a of the higher layers 28 are t ferred to

physi cal Iay‘é’f)"ﬂﬁ@%transmtter 26a. The nessage is tran‘g(ﬁwsf”z%“{‘o t he base
station antenna through switch 26d, subscriber antenna 25 and air

i nterfaceoazs] The APBYCARGQ depleyed ihiskevi systenmis)transpargot WeheBighfat i on and

codi ng schene using the.retransm ssion td Sstic f 4023
Physi garlamﬁuchﬂéﬁw@@éi%@%ﬁ&m@?'m @?‘&éﬁ) odd) “@rpﬁg@@%b&rg Ia,]
determ neg 4, c%ﬁﬁﬁ%% i%&é@'}rﬁf{ PhutiP h£lafér20 Tn Bidhecased e PHEG

: e acknow edgnent

retransnission _ ransmtter reports status to
subscr i besRQReduc@fhe cotaainnigsiomevarhad ofithethigher kger ABQFet ransnit. or

| t tively t | the original_ t AR at -

ransm ¢ t0926a | FiEEsaisisaipLetan Setp HERR AL L e

| ayers 2 I . ' _ dvbel 1bEatatiedt: k 24 for .
A R e e

further ugh not shown for purposes of sinplicity,
the syst afisé QatReéidE@ibey unitscbbth depeadingbRAvheter dewnlinds uplinkorBRthA syst em

al t hough ot her i npl enentations he used. The BFE S use
fr eque%cﬁ@l’%@ﬁ%“&Qﬂpl%@@?’%?#@Y%ﬁ%%Bﬁ&%g ’&eq—%ﬁé 1rﬁgirop'i%Dl\/lb\. I'n

o P oo SRS E 8R4 AR B 1 Ohard Bt S ST BB ' D 11 X0

locationd™® em m nprise abase station and a |arge nunber of
| ‘Ejbscri ber. URLS-chimmehsaubser Bbeswendnddta wh ghes blovks saguentisils tadkg N wi t hin one

il ding or several neighboring bujldings, . for examplge...Th i cation
Lypi cal | iransraifers - ioid8riy dash eusraiths b 495 ey WS Gng user s

“at one subscriber. uni - LAl 30-290 80 NE G bAdeAaT fud
PCT/ US02/553 95 F&B&@f{a&hﬁ‘ﬁﬁ??ﬂzq%éé‘gf’g‘%‘g |&F1 such a systemis transparent to
t he hi ghgjrovides ECS for the block data to produce packets for AMC modulation and
{ransmission in the data channel 41. The FEC encoded/ECS data is stored in a buffer

of the transmitter 40-1 to 40-n for pbssible retransmission. Additionally, control
information is sent from the PHYARQ transmitter 38 to synchronize reception,
' demodulation and decoding at the receivers 46-1 to 46-n.
| t0027] Each of the N receivers 46-1 to 46-n receives the packet in its associated
timeslot. Thereceived packet is sent to a respective hybrid ARQ decoder 50-1to 50-n
(50). The hybrid ARQ decoder 50 determines the error rate, such as BER or BLER,
' ) for the received packet. Ifthe packet'has an acceptable error rate, it is released to the
‘_ higher levels for further processing and an ACK is sent by the ACK. transmitter 54. If
the error rate is-unacceptable or no packet was received, no ACK is sentora NAK is
sent. Packets with unacceptable error rates are buffered at the decoder 50 for potential
- combining with a retransmitted packet. | | |
[0028] | One approach for combining packets using turbo codes is as follows. Ifa .
turbd encoded packet is received with an unacceptable error rate, the packet data is
retransmitted to facilitate code combining. The packet cbntaining the same data is
encoded diﬁ'ércntly. To decode the packet data, both packets are processed by the
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.layers, such as the nedi um access controllers (MACs). As a result, PHY ARQ
can be wused in conjunction with higher |ayer ARQs, such as layer 2. In
such cases, the PHY ARQ reduces the retransnissi on oZéfi¢barrn0Gthe hi gher
| ayer ARQs. [00261 Figure 3 is an illustration of an N-channel stop and
wait architecture for a PHYARQ 30. The Physical Layer m t
function 38%‘&’“%93% ocated a ,the base station, subscri ergog%?? or -bot h
dependi ng on whet her downlink, uplink or both PHYA ar t‘é?e%{j' Bl ocks 34a
of data airbé deoflerdoredorenthe ngiral datre FiBeaibF Seqnnd PRACTEFS %F ced in a queue

34 for transm ssion over,the dat hanoel . 41 0ofi thedRbdint BéiRMfeace 43. An
N- channeFRO8fge i3 26 gnqggn},agygd f’)c'f‘ﬂ Re ﬁ%ué gnsequentigal ly to the N

transm t g gfs &Bt?hﬁe% 4in BifecRa lenéddansatds coding @iversity and transmeisien oci at ed wi t h
a transmt “sequence in the data channel 41. Ea]gth?tr ntsnLt.t er .éo-'l to 40-n
FEC encodpersipdo improve theoveal BIR. {ihanaihes apepachy odsiia 98 8 B ket s for AMC
nodul ation and  trgnsm ssion in _th t in81ly mEREmiEGagmcoded/ ECS
data is Seeywded n Treplyfor Feelvy p@ﬁlg% (rg%ngom %%%%518&1 e 40-n for possi bl e

retransmssion, L 10 NBlel bmbRRAtsTeAb! is bubsequentty devollel. sent from the PHYARQ
transm ttcélribﬁglgtog\g%l;nchror?i zgl recep%?i on, dempdul at.i on atn%e%%{;c‘gdi ng at the
A6

recei ver §00831 t 0THE6ACK [F@02izh req@insh 46f1 tondd- if 8&Hiih & s 46-n-

receives the packet_ i i associ at e J eNgdelpacket is
ent 1o shwsPEECTD Thrshd FARG-SoRBHLYS BERGERby 2)0F ‘*‘%"’%8% e hybrid ARQ
decoder rdii ; Yk, the@ WEK ssHBbasenBERidde pdtlo@Rbetweor t he

. recei ved%ﬁggﬁ.ﬂlggﬁﬁgﬂg’é%ﬂ has an Sac?ggt abl emgiyraﬁr raée%, Iﬁ’%‘ Is rel eased
m the hpghet hédemsutan thumistonsp Tbe EES 1 é Mplg ey speedeigl by the ACK
transmitter 54. |f the error rate is uynaccentahlec Pepkes was

r ecei ved baniddnCIMALhapnelpve awoﬁhgrmlsf)gﬁ(&r ac?‘eot?lg V\netrlﬁF unaccept abl e error

rates ar g puf Loy fladhideydaeaden ©0mimbimohenferake toariminigad th a
retransmtled packet. [0028] One approach for conbi ni ggpgv cketqs usi ng turbo
codes i s nagsthisdidneWEo ircfeass the capbeityerf sederdF RS aulinle god %t h an

t abl t he, t ' t H ilitat
Code. comiPWlg.  THB® pACKCFRRUR artn IR P nuSACHS ARL SIbAES 6 jhgact 11 ate

di f fer ent |y, IuRecaRitd20na6H0tn WAéther tROATKpanketcivedk df thedk@sed by the

was not received, the packet is retransmiftted. The retransmitted packet may have a

-

different modulation and coding scheme as directed by the AMC controller 12¢, 26¢.
Ifthe ACK is received, the transmitter 40-1 to 40-n clears the previous packet from the
buffer and accepts a subsequent packet for transmission. '
: . [0031] The number of transmitters and receivers N is based on various design .
| ) " considerations, such as the channel capacity and ACK response time. For the preferred
system previously described, a 2-channel architecture is preferably utilized, with even
and odd transmitters and receivers. _ . S
{0032] The PHY ARQ technique of the prt_aferred embodiment grovides a7db
_ | gain in signal to noise ratio (SNR) as compared to a system using only higher layer
ARQ. This occurs by operating at higher block error rates (BLERs) (5-20% BLER)
and using smaller block sizes for layer 1 than is practical with higher layer ARQ alone.
The decreased SNR. requifement allows for: increased capacity by switching to high
order modulation employing an adaptive modulation and coding (AMC) technique;
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23 February 2006 WD 03/919376 PCT/ US02/ 24494 turbo decoder to recover the
“original data. Since the second packet has a different encoding, its soft
synbol s are napped to different points in the decodi ng23d&kbmery 2006i ng two
packets with different encodi ng adds coding diversity and transm ssion
diversity to inprove the overall BER In another approqﬁﬂﬂmb d,dentica
signal is woasws®ted. The two recei ved packets are conbined using a

maxi mumrati o conbining of synbols. The conbined signalgﬁigﬁubsequently
decoded., [0029 m@%ﬁ fegﬁipﬁ@ﬁhgm;aiomrbymmg layvex rade ¥ in a fast

f eedbacKOVEREINE (FFC) 45. "The fast feedback.ch a&%%nﬁ?nkﬁmﬁﬁpferably a

| ow | at eg eﬁ&y@mmﬂ)onentﬁmﬁthdletﬁfﬁ’éA&WPG?PELHB%@&C Systen t;}inSCKS may be
sent in 1dle periods be en. .u it édbradivsansduc®si ons. The
FFC 45 igﬂﬁﬂ@@%ﬁhwﬁyﬁﬁﬁfg&W@ﬂ&éggkhigﬁlp%gﬁgmjdth CDMA channel , overl ayi ng
other in.band, transm s5i gas- stkha (B tCRhRimico ¢eld-celh dRRERENCS Mhs are

sel ect eddPPHRHNLE" ("Nt er fer ence to ot her Ln-bang%ﬁ%ﬁanaghgﬁkpns. To = =
i ncr easepfhasadonet sryplifier §RAYbagk RECVIED, SRR BUCEFES“may used. [0030]

. The ACK recelver 56 detects the ACKs and indicates to the correspondi ng-

. transmitter 40-1 to 40-n whether the ACK was received. If the ACK was not

received, the packet is retfansnmitted.*The retransnmitted packet may have a
di fferent nodul ati on and codi ng schene as directed by the AMC controller
12c, 26¢. If the ACK is received, the transmtter 40-1 to 40-n clears the
previ ous packet fromthe buffer and accepts a subsequent packet for
transm ssion. " [00311 The nunber of transmtters and receivers N is based
‘33 vari ous design -considerations, such as the channel capacity and ACK
rgsponse tine. For the preferred system previously described, a 2-channel
architecture is preferably utilized, with even and odd transmtters and
receivers. [0032] The PHY ARQ technique of the preferred enbodi nent
provides a 7 db gain in signal to noise ratio (SNR) as conpared to a
system usi ng only higher |ayer




.ARQ: This occurs by operating at higher block error rates (BLERs) (5-20%
BLER) and using snaller block sizes for layer | than is practical with
hi gher layer ARQ alone. The decreased SNR requirenent 2alfcburyf 2005

i ncreased capacity by switching to high order nodul ati on enpl oyi ng an
adaptive nodul ati on and codi ng (AMC) technique; -7 23 February 2006 WO
03/ 019376 PCYPUENT94404 | ower custoner prenise equi prrerﬂCT(‘@%”éosts by
using lower grade RF (radio frequency) conponents with the PHY ARQ
conpensat Whgt kehimeddstced i npl enentati on perfornmance; increased downlink

range whi ch extends the cell, radius; reduc downl i nk power in the base
station (BS) tlo niHibate Hatiqn implementing p Céfgﬁﬁre?“t%ﬂm ﬁeﬁt@}f%@g power

anmplifier; < i |0 j.er technique. 8 23

Rebr uary. WbE A S eSO Bs Bt bombide: 2 e e A A bace
station i npl ement i aghysieyislapaitrahsyitter foutcaiminigaatap feaiattingdberstsived ncl udi ng a
transn‘itter and a receiver, the base statjon co%&&g: Mag%si cal | ayer
tr ""_‘ES mi t t@*aE@tP_ P@E@ﬁ:v??f?_ Berkg! brvpge PFWQ“T%@“ ag m Pnt pt Facke: ﬁ
eac ac ; : : mttin e
packelto S, k%r?ém?t}éké] aﬁgﬁ‘ﬁ?‘?{ﬁ éﬁg‘%%%ﬁ&&gﬂggﬁgétg%onge g%&lo? %?Lﬁg}oere%%@}zcei ve g '
“cor r es pongtiriegponding auitreadetpfient fok agivgh paskepacket ; an acknow edgnent recei ver

for receiving the correspondi ng acknow edgnent; an, adaptive podul ati on and
codi ng control | er #orackpfiWigdsmeng T9oekver O BEPyings the | SoresRoting adj usti ng

the parti z&ﬁhg&legﬁ&cencodi ng/ nodul ati on usi ng

i ) ' an adaptive niodulatiﬁn and coding coniroller for collecting
retransmission statistics and adjusting the particular data encoding/modulation using

. the collected statistics;

a physical layer receiver for demodulating received packets;

a combiner/decoder for buffering, decoding and detecting packet errors;

and
an acknowledgment generator for generating an acknowledgment for

each packet if that packet has an acceptable error rate.

2. . The base station of claim 1 wherein the particular encoding/data

modulation is forward error correction (FEC).

3.  The base station of claim 2 wherein the packets are transmitted using an
orthogonal frequency division multiple access (OFDMA) air interface and the FEC
encoding/data modulation adjusting is performed in addition to selective nulling of

subchannels in an OFDMA set,

4. The base station of claim 1 wherein the packets are transmitted using a

single carrier having a frequency domain equalization (SC-FDE) air interface.




.the collected statistics; a physical |ayer receiver for denodul ating

recei ved packets; a conbi ner/decoder for buffering, decoding and detecting
packet errors; and an acknow edgment generator for genel3diebngran006

acknow edgnent for each packet if that packet has an acceptable error

rate. 2. . Theopagsestation of claiml| wherein the parti (;,HJ" 0 Bﬂ&odi ng/ dat a
nodul ation is forward error correction (FEC). 3. The base”s AETOR of claim

2 wherein the packets, are transmitted using.an ~oythogonal frequency
division nultiple sgsgsiﬂe?vcﬂmawhﬁv@% talign Ui GeHe VISR o ng/ dat a
nmodul ati o ' ' ' f ' Wl ' | L..ng of
subchanneﬁgﬂglﬁyzéﬁb%[ﬁi&)hgg?.%mgﬁ%&bggg%hﬁgﬁ t(g% g C?Jéélz fm\%hiéﬂﬁei n the

- packet s amangmigtadon & fatifeadback ckannel. ngl e carrier having a frequency domain
equalization (SC-FDE) air interface. 23 February 2006 WO 03/ 019376
PCT/ US02/ 24404 5. The base station of claim1l whereby the base station uses

a code divi si : il e e ]—HDMQP 0 LN the
acknow edgnent(:)és]' ar‘ei.lh&tbf%aensst%ﬁ%t%f(sjdén a ggbg&ﬂgﬁééﬁ&?ﬁggﬁe&ﬂ g'Irg{.ﬂ‘The base -
‘gt ation otrandndiisa degaheraelnovilbdznaak fany psiiering ag ansreitabie efroraaRnmi ts a )
negati ve acknow edgnent if any packet has an unacceptable error rate. 7. °
Physi cal automatic request repeat apparatus enployed by a base station,

oL S 2 B RN AR BRLE 00,
having a panprisag: ar encodi ng/ data modul ati on; ,
: ) a transmitter having:
means for receiving data;
means for formatting the received data into packets for transmission,
each packet having a particular encoding/data modulation;
means for transmitting the packets;
means for retransmitting a packet, if an acknowledgment for that packet -
is not received;
means for collecting retransmission statistics; and
means for adjusting each particular data modulation using the collected
retransmission statistics; and -
a receiver having:
;) means for receiving paékets; :
means for decoding and error checking each received packet; and
" means for generating an acknowledgment at the physical layer if that

received packet has an acceptable error rate.

8.  The base station apparatus of claim 7 wherein the particular

encoding/data modulation is forward error correction (FEC).
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means for transmitting the packets; means for retransmitting a packet, if
“an acknow edgment for that packet is not received; nmeans for collecting
retransm ssion statistics; and neans for adjusting eacB3Fabmacy2006 dat a
nodul ati on using the collected retransm ssion statistics; and a receiver
-havi ng: means for receiving packets; means for decodlng and error checking
each recei veWO381&%: and neans for generating an ackndfT@8YRet at the
physical layer if that received packet has an-acceptable error rate. 8.
The base st atigon fapparRhdf 1kl g dieRtir thepaeRets aré tthsmittenc odi ng/ dat a
nodul ati on |59forvvar ag‘:lrérd%lrc'gcorrect |fon (FEC). -10P23 February 2006 WO :
03/ 01937M@mgﬂﬂﬂﬁmwmyﬁm&bmwh@lmﬂmﬁm@t egpccangd e 7 wherein

t he packets aretransmtt an_ort hogon I on

nul ti pl e Béeeaw fqtmpﬁ% t&‘&é 'ﬂﬁmf“ﬂ‘é’ %E’Eﬁngogs%iog ngrﬁgmtgz nodul at i on
adj ustl n%fsﬁb&%ﬁaﬁ_%‘%ﬂ Kddict i On to selective nulling of subchannels in
an base S

tation apparatus of claim?7 wherein the packets:
are transmtted using a single carrier having frequency donain-

equal i zation (SC-FDE) air interface. The base_ s i t us of
clqal m 7 wher eilff- th@hfzal@ﬁfé% Ofa’} 7“&‘5’?‘?&"3&??"@%&%%?%3&;{8@%& di vi si on
miltiple 2 Snb p%?g% lﬁb{nglﬁ%ﬁé ABmath eauil&aﬁon {stepbByKir B}l’@fﬁﬂel 12. The

base stat1OIF wher eby said neans for generating
generates a negatlve acknow edgnent if a packet has an unacceptable error
rate.

11.  The base station apparatus of claim 7 wherein the acknowledgments are
) ' transmitted using a code division multiple access (CDMA) air interface on a fast

feedback channel.

12.  The base station apparatus of claim 7 whereby said means for generating

generates a negative acknowledgment if a packet has an unacceptable error rate.

13. A base station for supporting broadband wireless communications
comprising:
" a sequencer having a queue for receiving data blocks from a communication
network and for sequentially conveying packets to n transmitters;
_ 1 transmitters for transmitting said packets through a data channel;
) n receivers for rec_eiviﬁg return packets through said data channel;
n hybrid ARQ decoders, each coupled with one of said n receivers;
whereby said n hybrid ARQ decoders have a feedback channel for transmitting
an acknowledgment when a packet having an acceptable error rate has been received,

and for releasing packets which have an acceptable error rate.

14.  The base station of claim 13 wherein said n signal transmitters each
temporarily store a packet that has been transmitted in buffer memory; whereby said

n transmitters clear the stored packet in readiness for receipt of another block when an
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.13. A base station for supporting broadband wi rel ess comruni cati ons
conprising: a sequencer having a queue for receiving data blocks froma
comuni cation network and for sequentially conveyi ng Radicbtumry 2006
transmitters; n transmtters for transmtting said packets through a data
channel ; n c‘e{'“vgr.s for receiving return packets through said data
channel: n Y8R0 decoders, each coupl ed with one oFCHUIH2HM: ecei vers;
whereby said n hybrid ARQ decoders have a feedback channel for transmtting
an acknowhdkagwiedgendnt nigaalfac idet sttuwed ipacgken hasbexapeedived @ranerofrsatden has been
received, and for releasing packets which have an acceptable error rate.
14. The b¥SEV€Hation of claim 13 wherein said n signal transnitters each
tenporarily store a packet that has been transmitted in a buffer nenory;
‘whereby said n transmitters clear the stored packet in readiness for .
recei pt of andsherTid baskstattoarof alaim 1lwRGeikedid n &aysnRfSeddDicaioltiB 7 6

PCT/ US02/ 24404 acknow edgenent signal for the stored_ packet has been

recei ved gerecackst thaghas heen bansmitied in aybuffer memors wvherebyieaen S i m 13

e G AR RS TR L RO BB B 12 e

transmtt. sal n ransmtters

r et r ansm dcknbWRdRatiieiigiat frakastoted patlet Ba nohbédnTedzirfelan oneofisald svhen an
acknow edgenent signal for the stored packet has not been received at one
of said rFeCeIgdER| vers. 16. The base station of claim 13 wherein each of said
n transmitters clears its buffer nenory if an acknow edgenent signal is
not received after a maxi num nunber of retransm ssions. 17. The base

: -3_53'[ ion of clasm Ithewassition @A€lRiniE3whaiein BAUNIRE Eaidil transmitters clears its
buffer memory if an acknowledgement signal is not received after a maximum number

_of retransmissions.

17. The base station of cl_aim 16 wherein each maximum number of

retransmissions is an operator defined integer having a range from 1 to 8.

18.  The base station of claim 13 wherein each of said n receiver combine a

retransmitted packet with an original transmitted packet to facilitate error correction.

19.  The base station of claim 13 wherein a transmitter failing to receive an
) acknowledge signal encodes the packet by employing a different encoding technique

from an encoding technique employed in an original transmission of that packet.
20.  The base station of claim 13 wherein each of the n transmitters employs

turbo coding and each of the n decoders employ code combining of an original

transmission and a retransmission to facilitate error correction. .
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.retransmssions is an operator defined integer having a range from1l to 8.
18. The base station of claim 13 wherein each of said n receiver conbine a
retransmtted packet with an original transmtted packes Februhec2dO6t at e
error correction. 19. The base station of claim13 wherein a transmtter
failing to receive an acknow edge signal encodes the packet by enploying a
di fferent eV@HWMY™& echni que from an encodi ng techni tuC@H%F%é in an
original transm ssion of that packet. 20. The base station of claim13
‘wherein each off, t hem: Habstiidh of Qlhisn EIWHeDdA thelphdkBB atathnmgited dsigpanh of the n
decoders enpl oy code conbining of an original transm ssion and_ a

1 et r ans i erthiaganal ofrgauency i diisien applEplecaseess (OFHIMA) afr mter ‘E)F‘EIXHV}‘ZOOG VO

© 03/4119376_PCT/ USQ2/ 24404 2 ' im 13 wherein th
packet s REEPERARRAE fah DR PR SRR 1 ST T

access (OFDMA) air interface in which frequency subchannels in an OFDVA
set may be selectively nulled. 22. The base station of claim 13 wherein the
packet s are t2ansnThetbesk stationgf elaing | hyheseio shepagkets e raRpmitied Wilgehcy domai n

-equal i zati.on (SC-F i interface. 23 Th f claim13
her i n- BB REg ALy BORE R sl t LR AE IR, O\ 7 T

using a code division nultiple access (CDVA) air interface. :

23. The base station of claim 13 wherein the acknowledgments are
transmitted on a fast feedback channel using a code division multiple access (CDMA)

o ) air interface.
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