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@0 (57) Abstraci: A physical automatic request repeat system comprises a transmitter and a receiver. A physical layer transmitter, at

w . the iransmitter, receives data and formats the received data into packets having a particular encoding/data modulation. The physical
layer transmitter contains n channels which transmit the packets and retransmits packets in response to not receiving a corresponding
~~. acknowledgment for a given packet. Ar adapiive modulation and coding controller in the transmitter collects retransmission sta-
tistics and adjusts the particular encoding/data modulations using the collected statistics. The receiver has a physical layer n-chan-
nel receiver for receiving the packets, The receiver contains an n-channel hybrid ARQ combiner/decoder which combines packet
transmissions, decodes packets and detects packet errors. The receiver contains an acknowledgrment transmitter which transmits an
acknowldgmenit for each packet, if that packet has an acceptable error rate. The receiver contains an insequence delivery element
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which delivers acceptable packets to higher layers.




Abstract: A physical automatic request repeat system conprises a
tfarsmitter and a receiver. A physical layer transmttebg Fabruaky%006
transmitter; - receives data and formats the received data into packets
having a particul ar encodi ng/ data nodul ati on. The physi cal

WO 03/019817 PCT/US2/26533

[0001] PHYSICAL LAYER AUTOMATIC REPEAT REQUEST (ARQ)

[eog2] - ' BACKGROUND
[0003] The present invention relates to wireless communication systems.
More particularly, it relates to a modification to such systems by employing a
physical layef (PHY}) automatic repeat request (Ai{Q) scheme.
[0004] Proposed broadband fixed wireless access (BFWA) communication
systems, using either single carrier-frequency domain equalization (SC-FDE) or
orthogonal ﬁ'equeﬁcy division multiplex (O¥DM) plan on usihg a high speed
downlink packet access (HSDPA) application. This applicaﬁon will transmit
downlink packet data at high speeds. In BFWA, a building or g'rdup of buildings
~ are connected, either wirelessly or wired, and operate as a single subscriber site.
The data demand for such a system is quite high for the single site's multiple end )
users requiring large bandwidths.
f0005] The current proposed system employs a layer 2 automatic repeat
request (ARQ) system. Data blocks unsviccessfully 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. Additioné]ly, layer 2 ARQ signaling is typically slow mqtﬁring.
large buffers and long retransmission intervals.
- [0006) Accordingly, itis desirable.tohave aliernatives in addition to a layer

2 ARQ system.
[0007] - . SUMMARY
. In accordance with a first aspect, the invention provides a method for adjusting data

modulation in a wireless communication system, the method oompnsmg

reeelvmg data at a transmitter for transmission to a receiver;
formatting the received data into packets for trapsmission to the. receiver,

each packet having a particular encoding/data quulaﬁoh;

re
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| ayer transmtter contains n channels which transmt the packets and
retransnmts packets in response to not receiving a corrggpg%bﬂgzoos
acknow edgnent for a given packet. An adaptive nodul ation and coding
controller in the transmtter collects retransm ssion sta- tistics and
adj usts the particul ar encodi ng/ data nodul ations using the collected

statistics. The&&gﬁﬁaﬁ[ﬁtﬂ@ Bt Yo ifePlecs r n-chan-- nel receiver for
recei ving t'he packets he rﬁgcel ver cont al@%ﬁg an n-channel hybrid ARQ

conbi ner/decode{‘ecgmlgﬂ‘%ﬁm ket transm ssions, decodes packets and
detects packet error recerve 4 ns an acknova edgnent transnitter
WhICh transmts d t for each packet, if that packet has an
accept abl e errorgr a?leiE§Eéﬁhﬁ§éngqm ‘gmmme}ﬁel enent
whi ch deli cce bl e her |a ers 24 February 2006 WO
031019817, %&’ﬁ@%ﬁ%g’é’ﬁﬁ %‘M@Z& erweived IRERENTAREQUEST

(ARQ [0002 % @g(GRClJND [0003] The present |nvent|on relates to wrel ess

conmuni cat waffir e particularly, it relates to a nodification to.
such systens by enploying a physical |ayer (PHS automatic repeat .request
(ARQ schene. [reloeaymiblingodbat breceiNedndpidetd abi thé edsasndees, (BF\MW
.canmuni cation systens, using either single carrier- frequency domai n
‘equal i zat |@h1?8bdmﬁﬁrwpdvkgmaiotwﬂcy di vi sion mul tiplex (OFDV .
pl.an -on uuing a high speed downlink packet. access ( HSDPA) appl i cation.
This appl i cat i collesting rétramsumiission dtattiticlandacket data at high speeds. 1n

_'BFV\A a building or group of buildings are connected, e|ther wirel essly or

wired, and opeadjusting @cﬁlp&%&]ﬁﬂ%&ﬁd.ﬂgﬂﬂ ula%ﬂ%h& NBifdedegr SuUch a

systemis quite high for the single site's nultipre en users requrrrng

| ar ge bangralidnSissioh ORIt Cwhbidif &g?é .layer

aut omat.i ¢ repeat request (AE%% systn%‘mmecll))a%@ oﬁ%@%fw
transm t tgah, buf.fered and re smtt Iayer
2. ‘The data o{s stor e |nlrae§%f§?ms nagﬂ;{, smtted

-{JPLCE, gherror &‘g%‘%d?m se. r %%SQQ re_cegtlon : are recel v%ggvxntdr;fa Iovr/

Add|t| onal Iy, |ayer 2 ARQ signaling is typi caI |y sI oW requi ring.
| .- the colleeted mh‘ansm:ss:on statistics indicate a high number of retransmissions, . -

t ' . - a lower w.pacity eneodmg/data modulatwn scheme is selected as the partzcular
 encoding/data modiilation.

In accordance with a second aspect, the invention provides a physical layer automatic
request repeat system comprising:
a transmitter having:

a phymcal layer transmitter for recexvmg data, fhrmattmg the received
_data into packets, eaeh packet havmg a particular enoodmgldafa modulahon,
. h‘ansmlthng the packets, and retransnntung packets in- response to not
. rece:vmg a correspondmg acknowledgment for a grven packet;
| . an ACK receiver for receiving the correspoadmg acknowledgment; and .
an adaptwe -modtdahon and coding (AMC) controller for 'mﬂecﬁng
retransmission statistics and adjusting the particular data modulations using |
the collécted statistics; wherein if the collected retranemission staﬁsti'a\'; indicats
.. '.:,a l,ew"hmnberp_f refransmissions, a Ingher capacity encoding/data mc;dulation
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| arge buffers and long retransm ssion intervals. [0006)..Accordingly, it is
desirable to have alternatives. in addition to a layer 2ZréhitharyRbem

[ 0007] SUVMMARY I n accordance with a first aspect, the invention provides a
met hod for adjusting data nodulation in a wireless comunication system
the method conprising: receiving data at a transmtter for transmssion to
.,a receiver; formatting the received data into packets for transm ssion to

Ithe recei ﬁ@emeem:laebele&eas Mthei pariicuba eheidiny/dROC RdMIAGEH Bnd RFhat 1 on: -1

’24 February 2006 transm.tting the packets to the receiver; receiving t he

! packets acollebled retransigissioh Gtafaid indicsleVs RifPake Q&&%é,ﬂgsa”d
~itransmitting an acknow edgrrent at t he phys@ga §§g? usirng a "rong't f eedback
~ channel , Jolvet lefipdcitycdné6dinp/ials Eﬁfeﬁ?eo ror ate;
"retransrritting that recei ved packet at the transSm t#

acknow e i@@nﬁﬁ@&@ is not. received; coll ect| ng ret ransm ssion
‘ state and adj usti ng eac particul ar enoadi ng/ dat a modul ation using then
col | ect eqy Jegdst sion statistics; wherein if the collected region
- statistics 1ndicat€ a -l ow nunmber of retransm ssions, a higher. capacity

encodi ng/ dat I gn_sche selected as the partlcul ar
- encodi ng/ dat }.%ﬁ%’% y&ﬁwelrg%t‘i%“ ting the packel@hsni ssion statistics .
i ndi cate a hi hu sm ssions, a |lower capacity encoding/data
nodul ati on s &’F Hbsgé E@eﬁa uﬁanag elecoding regidd detectingul at i on.
©I'n accordagnc e wi th a second aspect, the invention provides a physical |ayer
' aut orat | BPASkELEReS; apdpeat system conprising:

an aclmowledgment transimitter for transmxttmg an‘acknowledgment for
‘each packet, if that packet-has an aweptable error rate.

In accordance with a third aspect, the invention provides a physical automatic
request repeat system comprising:
a transmitter having:
means for receiving data;
means for foimatting the mﬁelved data into- packets for transmission to
the receiver, each packet having a particular encoding/data modulation; |
means for h‘ansmi’tﬁng the\packets to a receiver;
means for retransmlttmg one of the packets if an acknowledgment for
.- that paeket is not reeewed,
means for. ooHectmg netransxmssmn statistics; and
- means for adjusting each particular data modulation using the collected
retransmission statistics; wherein if the collected retransmxssxon statistics
- indicated a low numbér of retransmissions, a higher capacity cncoding/data.
. modulation scheme ig selected a5 the particular encoding/data modtﬂatlon and if
the oollected retransmlsszon stahshcs mdicated a high n of
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a transmtter having a physical |layer transmtter for receiving data.,
formatting .the received data into packets, each packebs hawiag 2806
particul ar encodi ng/data nodul ation, transmtting the packets, "and-
retransmtting packets in response to not receiving a correspondi ng
~acknow edgnent for. a given packed an ACK receiver for receiving the
correspondi ng acknow edgment; and an adaptive -nodul ati on and coding. (AM)
controller for -collecting retansm ssion statistics and adj ustl ng the

partlculgékm&ggg% t inif the
icollected Tettansm asi m#ﬁéﬁgsg&%ﬁ@%ﬁa L&'ﬁfﬁg sﬁ% er m’&e& '
retrans | ons | ghe eod /data nodul ation -2 24 February
2006 sch@ﬁé‘ @?&%8&@@%@@%@3@?& . encodi ng/ data nodul ation and
if the collected_ retransnission stati st [ cs i ndi-cate a hi gh nunber of
retransmi ssi oAFeCERver| *capaci ty encodi ng/ data nodul ati on schene is
sel ected as the -particular _encodi ng/ dat a podul ation; and a receiver ~
“havi ng. a physi calm?%ﬂ’l’i’%@t‘l‘% Eentl%l ati ng t he packets; a- hybrid
ARQ conbi ner/ decoder for buffering, decodl ng and det ectl n pa ket
“errors; and an aclmesisiigeach received packeds i W%ﬂdm erling ¢
j acknova edgement for each packet, if that packet-I|eas an acce tabI e error
“rate. | nmmmmwoammﬂngmmnmhmmm at thephysi cal
automatic request repeat systemconprising: a transmtter having: neans

" for reev?ngg.giﬂ th@w&mmwﬂemrmm into packets for
|

. transnission to the. receiver, each packet havi ng a particul ar -
' encodi ng/ data -nodul ati on;

In accordance with a fourth aspect, the invention provides a communication

system employing broadband fixed wireless access comprising:

a sequencer having a queue for receiving data blocks from the network for
‘sequentially conveyin’g packets to n transmitters; |
said a destination device having n receivers, each associated with one of said n
l;l'ansmitters;
n hybrid ARQ decoders each coupled with one of said n receivers;
said ntransmltters subsequently transmitting to their associated n receivers
| through a data channel;
said n hybrid ARQ deeo&ers havmg -a-feedback: channel for transmitting -
; ~ acknowledgmeiits to their associated transmitters for oontrallmg retransmission
and providing an acknoﬁledg’e signal to 1ts associated transmltter when an
| ‘ acoeptable error rate packet has been received; and o
_ - said n hybiid ARQ decoders neleasmg packets which have an aeceptable :
--._‘errorrateand - f'
wherein the @ommunication system’ eollechng retrapsmiission statistics
| and ‘adjusting a_particular encoding/data Mﬂaﬁon for each of the N
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means for tranmsmtting the packets to a receiver neans for retransmtting
one of the packets, if an acknow edgnent for that pacl eR4iFebrary 2eeei ved;
means for collecting retransm ssion statictics acid nmeans for adjusting
each particul ar data nodul ation using: the collected retransm ssion
statistics; wherein if the collected retransm ssion statistics indicated a
| ow nunber. of retransm ssions; . a higher capacity encodi ng/ dat a.

nodul ati on schene is selected as. the particul ar encodi ng/ data nodul ati on

and i f. -t heganlk LRSI tisti.cs.indi cated.a. hi nunber -. of -2a
24 February %00% retransm s%i‘%gg,‘%a W&é?“&‘gopa%ﬁ%‘%mdﬁ%/a@? ' 7
nodul ation-. <] .ed as the particul ar encodi ng/ data nodul ati on;
and a recei%ﬁﬁ%@for recei ving the packets; and neans for each
recei ved -packet . for, decoding and error, ¢checking the received packet, and
for gener at‘f‘ﬁﬁ”%atl"% ?&3 relranspissignsy ghbighercapaaty spoedingldataayer |
~if that recei. ‘Sd .packet has an acceptable error rate. In accordance with a
fourth a'spé%?‘,y Pﬁ@ﬁ?hﬂ@%ﬂ%ﬁieﬁeé#o&me#mm@dmaﬁmmaﬁmm ng

br oadband fixed wirel ess access conprising: a sequencer having-a queue for
recei vi ng &8¢ a qolleetrd fretransmissiont wekaltistios indieafednts ahigh c emmber ngfpacket s
ton transmitters; said a destination device having n receivers, each.
‘associ at ed refrahsmissions, % ivbricaphditnsntodimydita modulRGon s&%é’ﬁ&ﬁéi@étéd each
coupled with one of said n receivers; said n' transmtters subsequently

transm tti agthopiftitular eatsddid/ddta dnsivifg&i Ve s trough a data channel; said n
hybr.i d ARQ decoders having a feedback channel for transmtting

[0005] = BRIEFDESCRIPTION OF THE DRAWINGS

- (0010} - Figures 1a and 1b are simplified block diagrams 6f downlink and
uplink physical ARQs.
[0011] Figure 2 is a flow chart for using retransmission statistics for
adaptive modulation and coding. | |
[0012] Figure 3 is block diagram showing a multi-channel stop and wait

0013] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
0014]  Figures 1a and 1b respectively show a downlink physical ARQ 10
and uplink physical ARQ 20, |

- [0015]. The downlink physical ARG 10 comprises 2 base station 12 receiving
packets from the higher layer ARQ transmitter 14a provided in network 14. The
packets from transmitter 14a are applied to the physical layer ARQ transmitter
12a in base station 12. The ARQ tiansmitter 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

. phafae shift keying (QPSK) or m-ary quadrature amplitude 'modtilatiqn (ie. 16- -
QAM or 64-QAM). Additionally, for orthogonal frequency division multiple
access (OFDMA), the AMC controller 122 may vary the subchannels used o carty

"the packet data. The physical layer ARQ transmitter 12a transmits packets to
the subscriber unit 16 through air interface 14 by way of switch, circulator or

\
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acknow edgnents to their associatedtranfanitters.for -controlling

retransni ssion and providing an acknow edge signal to i b4 FeBRAALIGUGEd
transmtter when an acceptable error rate packet has been received; and
said n. hybrid ARQ decoders rel easi ng packets which have. an acceptabl e
error rate; and wherein the communication system collecting retransm ssion
statistics and adjustang a particul ar eneodi ng/ data nodul ati on for each d
the N -2b 24,5ebpyary 2006 transnmitter using the colggtfbksiet ransm ssion
statistics; if the collected retransm ssion statistics 1ndicated a | ow
nunber of retransm ssions, a higher capacity encoding/data nodul ation

- schenme is selected :as the particular encoding (data nodul ation and if the
col |l ect ed deplexndpd ssi onesiadili $he oansmmiter Hasdsodern ayhvily wivbarthef

retransm s%ni.eorzla.séfofa'reltx%\llz\gr'ss%gxp%cniet Sa%ncodi)m/rd%t a qggloul at.i gh . chene is

sel ected as the particular enco mg?”d%?a modur atl on.rpof’btﬁ B BRI EF

DESCRI PTI Okta@rnifBEIZRAW NGS [ 0010] Figures la and Ib are sinplified block
di agrams ofiodlgyn! | Huiafid 15 dfbkb Qin B 83bee0Ee pack 0 ¥hi pldktif © 2 1 @ fFlow
chart for using retransm ssion statistics for 5 aE)tlve modul ati on and

codi ng. [ 06WRyink puplealdayiesARR sreriven g Hhrmabisgitein grailatenior flupdérannel st op

and- wai t 866 Dk RGkRr 16003k RETAHCER:REBER RN E: B RREFERRED
EMBODI MENTS [0014] Figures la and 1b respectively show a downlink physi cal
ARQ 10  anéheptd nkbprrpereralta theacsoptrols agkrpwledemprt frswAtiitendosiysi ca | ARQ 10 |
conpri ses githasQandvRELOA CIZ rdcBipLIrhiPAtket RAE KRG fthRBL Rk Gher | ayer ARQ

transmtter 14a provided in network 14. ] .
request retransmission by, preferably, withholding an acknowledgment signal or

transmitting a negative acknowledgment (NAK).
[0017] The ACK is sent by ACK transmitter 16¢ to the base station 12
‘through switch 16b and antenna 15. The ACK is sent via the air interface 14 to

antenna 13 of base station 12. 'The. received ACK is pracessed by an
acknowledgment receiver 12b in the base station. The ACK receiver 12b delivers-
the ACKINAKé 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 technigues 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 temporarily stored in a buffer memory, to he
cleared in readiness for the next packet. _ _ |
[0018] If no ACK is received or a 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 subscriber un_it 16, the
retransmission is combined with the original‘_transmission, if available, This
technique facilitates 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 164 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 bage station (i.e. in-sequenée
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packets fromtransmtter 14a are applied to the physical |ayer ARQ
transmitter 12a in base station 12. The ARQ transm tteps¥gn@nRcames the
data with a forward error correcting code (FEC), appends error check
sequences (ECSs), nodulates the data as directed by the adaptive

nodul ati on and coding (AMC) controller 12c, such as by using binary phase
shift keying (BPSIt),, quadrature phase shift keying. (QPSE) or mary

quadr at ure afplshispde nodul ation Le. 16- QAM or 64- QAMer, Wﬁﬁ jonally, for

ort hogonal frequency division. multiple access (O-DVA e AMC controller
12a may wary the subcbannels used to carry the packet data. The physical
layer ARQ transmitter 12a transmts packets to the subscriber unit 16

t hr ough ai rdeliver®y The maxirduiypuwher of FetsmmisigEsioncis liguded toan qreratdc- 24 February

2006 VIO 03/ 49814 BETLHSQRL051 R 2ol AR AT AR ThE

transmitter 12a al So tenporari ssage ransmssmn If
necessary, Ofrﬁt%ﬂWﬁ@FS#’érﬁﬁleylptﬁdc‘éﬂemﬂatlemwmwﬁwedfoangmbstfther 12a [0016]

Ant enna 15 @t 1S5RS CHLRE M YR iabknbB1dIES kMRS + 1 t ket is input
into physi cal p%layer ARQ rgecéal ver g‘% t\ﬁr‘%ogts %Bg&gﬁatg%&caﬁgatqor or dupl exor

16b. . At t e?%%lé?et?é’ianixﬁﬁsmﬁﬁéaﬂaaé‘ﬂé%eﬁ%ehE@@éé’@Ged and checked for errors

using the (&S] TheSlﬁ&CEHYeAR 6@(:&19% tﬁ@'ﬁh?ﬁl‘afi léﬁknm@ﬁ fdgRERNe transm tter
16¢c to e|t er acknpow edge recel‘%’fﬁl a packet wth an acceptable
n

error rate® a‘isﬁnss’ro@é]‘ifé"s'”f’n‘feéf"iréﬁé‘?ﬁ"%]ﬂ Bs}, reﬁﬁwséﬂls?mwstlﬁhol ding an
acknow edgagtdd Bdagim@lof iat cHahas's Fhdliy. Wik tﬁ@@&hﬁs\éﬁss&ﬁléfh@l%@%aﬁ nt (NAK).

[0017] The ACK t ans ter base station 12

t hr ough SW'A@E:TCT%{SJ gz %ﬁ’ﬁé" at}Q&I@”i%sco ﬁts ‘%f’stf%}%i‘lr interface 14
t o ant ennachmel abgwenst Figupa?2. 13&&%1&%6@%&%@@&@3@{1&@%&55ed by an
acknow edgngn er. 1.0 the base stati.on. CK receiver 12b
delivers gﬁe{)‘fb\ Cbﬁ'ﬂf:ém‘fh OZCF% 6{‘?\%“’&%&’6‘?% i® Fi“%%efa FEETRGES ( AVD)

contr oI | er (BEXs) amdiblock error rates (BLERS), by the AMC controller 12¢ to gauge the

channel quality and detel mine whether a change in the modulation and coding

scheme is required. _

{00201 To Mustrate 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 séatiétics, (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 12c may increase the spreading factor and use
more codes fo transfer the packet data. Alternately or additionally, the AMC
controller may switch from a higﬁ data throughput modulation scheme toa lowe'r
one, such as from 64-QAM to 16-QAM or Q’PSK Ifthe 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 signaleﬂ from the
‘receiver, such as BER or BLER, (62). The deéision limits are preferably set by
the syétem operator. '

{00213 For OFDMA, the retransmission occurrences are used to monitor the -
channel quality of each subchannel. Ifthe retransmission rate or retransmission

rate/link quality for a particular subchannel indicates poor quality, thai;
-4- '




to.the transmtter 12a. The AMC controller 12c anal yzes the channel quality
to the subscriber unit 16 using statistics of the receipatbpiidfy 2ams nmay
vary the FEC encodi ng and nodul ati on techni ques of subsequent

transm ssions of the nessage, as will be described in nore detail. If the
subscriber unit 16 acknow edges recei pt of the packet, receipt of this ACK
at base station 12 causes the original packet, which was tenporarily
-stored in a‘p(ljl e, Tenory, to be <cleared in readiness for the next packet.
[0018] if no- 'Y received or a NAK i s recei ved, t%céf“}ﬁ?%%u cal layer
transm tter ,12a retransmts the original nessage or selectively nodified
version of the original nmessage to subscriber 16. At the subscriber unit
16, the r etbdaanilgsiyolse selectimibhulid ftint thet GEDMIfragueiRy séif @aghssi on, i f

avai |l abl e, C faC|I|t { es, nece corregc ssage by use
of data re -tgér]lé I Iegiu?‘a’us 8 O\?Jéql}e PCha”ﬂ%g%?rﬁ°§’e "Wi‘e%?é(?a ]trins3 havi ng an
accept abl e the lrdtralrsatl@loar mte tor aetsiiremnmdntxtateﬁu@h@malﬂtjaymhcmté%ﬁghor further
processi ng. ) t he hi gher
Payers: 160 FAT5, 4 EEAAY RuleghofGha FRGYR: SRLFRER LIBL Y, (05 (o
transmi t t erregPency pett §6). base station (i.e. in- sequence -3 24 February 2006
VO 0310198160 RET/ US048 3t Rt Bh Yooorn 1Es LISV

retransm ssions is limted to an oper at or - f1ne ger vaI ue, such as

in the randlexlity togatgh the medulativa and gedimmichemtiorthe e’fera@tqhamwm ssions are

attenpt ed, chihutidtdid@hcHRAP wdalt%nsibe%eq@nmmm 2% it Afensftf%ko PaCket .
Decodi ng an acknow edgnent using small packets at the physical |ayer

reduces tré‘?fé‘?ﬁr§§‘F‘6trFIﬂ)éla§‘§f§epa‘ﬁ’c}gﬁé'§%§©‘é th%ﬂ’d?ﬁ‘irW@l s [ 0019] Since PHY ARQ

occurs at t[blmphySImluphlayﬁRQ2bmnmmatﬂfetoﬁh@aévﬁﬂﬁm&u@'an@ccwfences for
a particul ar chan nsm_ssji.on céatl stics, is. a good neasure of that

el ,
channel ' s d%‘%?ﬂpf’ﬁ& |SH Cfl it 464 Shich packstsron i"é‘t&hé"slayﬁlrh%‘ AMC control | er
12¢c may vatsanbhiter2dabbihe Giphandysods 8g saReMRE th PhysichBhyer ARQ

transmitter 26a. The message is transmitted {o the base station antenna
through switch 26d, subscriber antenna 25 and air interface 24, The AMC'

controller, hkew1se may vary the modulatlon and coding scheme using the
retransmissjon statistics of a channel. . _
[0024] Physical layer ARQ receiver 22a, similar to receiver 16a of Figure
la, determines if the message has an acceptable error rate requiring
retransmission. .The acknowledgment transmitter reports status to subscriber
~ unit 26, causjng the transmitier 26a fo retransmit or alternatively to clear the
6riginal message temporarily stored at transmitter 26a in readiness to receive
the next message from the higher layers 28. Successfully received packets aref
sent to the network 24 for further processing. |
[0025] Although not shown for purposes of simplicity, the system is
preferably used for a HSDPA apphcation 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 and all of the subscribers are in fixed locations. The system may -
comprise a base station and a large number of subscriber units. Lach subscriber

unit may serve multiple users within one building or several neighboring

-5




channel , as shown in Figure 2. Additionally, the retransm ssion statistics
can also be conbined with other |ink quality measurenepd pebsHEP0RS bit
error rates (BERs) and block error rates (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 schenme is required. [0020] To illustrate for SC- FDE,
the retransm ssion occurrences for a particular channel are neasured to
produce retransm ssion statistics, (60). A decision on whether to change
the nodul at "6H*8¥Héme i s made using the retransmi siGHS8EGE stics, (62).

If the retransm ssions are excessive, a nore robust coding and nDduIation
scheme is used, (64), usually at a reduced data transfer rate. The AMC

control | er pbigingR YorlRELERS Thdsh eRd Qfre ANA4BRawiREE codes to
transfer the pé%ﬁé?edatgi Alfegﬁgﬁil Eﬁﬂh d%?lo%allﬁ, the AMC controller

Cmay swit ch 9 aerhe 1aneg Rughre! ?I}ﬁ’r‘ﬁﬁ’ﬁﬁbﬂ‘t‘-esh‘ﬁifﬁpeal’t‘fﬂétrﬁl scheme to a | ower one,
such as fr oot @%ﬂ)@{ﬁ@t@é‘gﬂl@édﬁ@&ﬁa ftetheri &eﬁftaﬂ:@tmgibsm ssions is

low, a switch to hlgher capaC|ty n sc nade such as from
QPSK to 16- wm% Fhegaediyig aceperpontis 9rs@%ﬁ‘é3d%%r§$ SR4°3BI y uses both
the retransfisébinQ@bnjiadtRn ik IﬂéﬁaﬁfayéﬂAR’QQH@hIaTsYayBEﬁSHf@HEEHSSS,Si gnal ed from

the .receiyve s BER or BLER, 62 T ecision lLpmts are
pref erabl y tﬁ%f’HBfﬁ%‘f Fraues Eheg; rﬁ‘bséffl%ﬁ%‘ ‘%“WZ’?‘)&%@B&W
retransm sg0@¥]occuFigerec @sisase ilissedtivw ofiom Nochahind ﬂhmnmﬂlwqmallty of each

subehannel . L% | e Sm.S rate/link quality
for a. partlcu a};"tu?e %anne ndﬁ@% smﬁgfda quaﬁr% ansm?th ctio 3524 February

2006 WO OSAQwQEiEMBQEﬁESBakzﬁﬁﬁﬁSMSUUWManheﬂmﬂmkpbah3£MBd@ﬂmeIy nul l ed from
the OFDV { LaNBco fllor b8 Blrosnlie 81 60 BOIPEASIHAE HRG el oD PoOT

quality subc anne SOfe
network. The network blocks are placed m a queue 34 for transmission over the

- data channel 41 of the air interface 43. An N-channel sequencer 36 sends data of
the blocks seq.uentiaﬂy to the N transmitters 40-1 to 40-n, Each transmitter 40-1
to 40-n is associated with a transmit sequence in the data channel 41. Bach
transmitter 40-1 to 40-n FEC encodes and provides ECS for the block data to
produce packets for AMC modulation and transmission in the data channel 41.
The FEC encoded/ECS data is stored in a buffer of the transmitter 40-1 to 40-n
for possible retransmission. Additionally, control information is sent from the

7 PHYARQ transmitter 38 to synchronize reception, demodulation and decoding at
the receivers 46-1 to 46-n.

-[0028] Each of the N receivers 46-1 to 46-n receives the packet in its
associated timeslot. The received packet is sent to a respective hybrid ARQ
decoder 50-1 to 50-n (50). The hybrid ARQ decoder 50 determines the error rate,
such as BER or BLER, for the received packet. If the packet has an écceptable

_ervor rate, it is released to the higher levels for further processing and an ACK is
sent by the ACK transmitier 54. I the error ._rate is unacceptable or no packet

-was received, no ACK is sent or a NAK is sent. Paclets with unacceptable error
rates are buffered at the decoder 50 for potential combining with a retransmitied
packet.. '

| [0029] - One approach for combining packets using turbo codes is as follows.

Ifa turbo enéoded packet is received with an unacceptable error rate, the packet
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the retransm ssion rate or retransmssion rate/link quality indicates high
quality, a previously nulled subchannels may be added baglFeb@akhim0o8FDM
frequency set, (66). [0022] Using the retransm ssion.occurrences as a basis
for AMC provides a flexibility to match the nodul ati on and codi ng schene
to the average channel <conditions for each user. Additionally, the
retransm ssion rate is insensitive to measurenent error and reporting
delay fromt ubscrl ber unit 16 [0023] The uplink simlar in
nature to th‘ggﬁobaﬁ]l"l nk ARQ 10 and is conprised of a .su ﬁ%ﬁﬁ unit 26 in
whi ch packets froma higher layer ARQ transnitter 28a of the h| gher | ayers
28 are transferred to physical layer ARQ transmitter 26a. The nessage is
transm t t eddat®ist la@ahasicesd tadabilitht@aide BadbininBr CHgPaked doataidiglthesubscri ber

antenna 25 and air. inter 24. JThe A cont W|se may var

e odul ot Alisehtin ABEwat TRt e PR, Pn et B RRS: ot s of a
channel . [ Gf@sé}selliby she irbd dacader ARfgcovec theveigind2 datas iSinck dhe serooxrdecel ver 16a of
Figure |Ia, rate
requiring Prag ertgﬁssam s%ﬁegéenc%ﬁgﬁoﬁ%ﬁfng% %%ﬁer?(gtﬁé%{ ?e?eogétg%orts status to
subscri ber thededdia8 scleaes i Paing tve packehs with ddffer@ antodingeddanxling  or

al ternativefy, é&ﬂr £la83kn &mn%!re%gfzég ;H.gr%%é%e SRPRCERE. 1Y gﬁ«%t Led at

transmtter a’in readiness tor the next nessag rom t he hi gher
layers 28_ #Buroeels heidepticad signolel trapeidiied. afhe twoctgeeived nebletharenor k 24 for

further progassibmbsing 0922l LBgUIRG oﬁyﬁmas free cOMFROBEEnR]s ST MPlicity,
the systemis preferably used for a DPA application in a BFWA system

al t hough otsbsequenilyideepdad-at i ons may be used, The BFWA system may use

frequency dqgwogl on Tﬁéjﬂbﬁ&%cﬁ &ézsiv@il 4et§toom HaRL XN 9GaftBEedhckOFDVA. 1 n such
a system t ase station and Qf the subscrlbers are in fixed

| ocati ons. cFpred (Y@ ASmalhe fé%frfﬁ?qbé%k dpyaed Srinpredabifg 97 aeRd nunber of
subscri ber cmides. FEAE RS BSRlonRiplex URbtbmTE SEKY Bafibetsb B fdRers within one

bUI | ding Orpe?xg sereatilareerrllelll ng(a)}l;ll ai:ln% downsiream transmissions. The FFC 45 is
preferably a low speed, high bandwidth CDMA channel overlaying other in-band
transmissions. The FFC CDMA codes and modulations are selected to minimize
interference to other in-band transmissions. To increase the capacity of such a
FFC-45, multiple codes may be used.
[0031} The ACK receiver 56 detects the ACKs and indicates to the
'_correSpondJ’hg transmitter 40-1 to 40-n whether the ACK was received. If the
ACK was not received, the packet is retransmitted. The retransmitted packet
may have a different modulation and coding scheme as directed by the AMC
controller 12¢, 26c. Ifthe ACK 1s received, the transmitter 40-1to 40-n clears the
previous packet from the buffer and accepts a subsequent packet for
transmission. 7 l |
[0032} The number of transmitters and receivers N is based on various
design considerations, such as the channel caﬁ_acity and ACK response time. For
the preferred system previously described, a 2-channel architecture is preferably
uti.lize-d, with even and odd transmitters and receivers.
[0033]  The PHY ARQ technique of the preferred embodiment provides a 7 db gain in
signal to noise ratio (SNR) as compared to a system using only higher layer ARQ. This

-




-5: 24 February 2006 WO 03/019817 PCT/ US02/26533 buil di ngs, for exanple.
These applications typically require a |arge bandw dt h 2dwebfuantdnesl ar ge
nunber of end users at one subscriber unit site. [0026] A PHY ARQ depl oyed
in such a systemis transparent to the higher I|ayers, such as the nmedium
access controllers (MACS). As a result, PHYARQ can be used in conjunction
with higher layer ARQs, such as layer 2, In such cases, the PHY ARQ
reduces the wehpaRsn ssion overhead of the higher |aygr«fR6E; [0027]
Figure 3 is an illustration of an N-channel stop and walt architecture for
a PHYARQ 30. The Physical Layer ARQ transmt function 38 may be | ocated at
t he base station, subscriber unit or both dependi ng on whether downlink,
upl i nk or oedss IPHYRRDE atirghen blasl erraBlrates KB EBAA5-86% BéEIQ apd ysing emdlieom t he

net wor k. TNyiocR GGy bl 106Ss HoBcoPBifthol Byl ARy RUE, 34 Je&Eas%drEﬁ&sm ssi on over
the data channel 41 of the air interface . An channe sequencer 36
sends data r@ffmrcwteallbwfewc@@eﬂrémwwwtcmgtph'ehwdemarlvbh@rtemelmgnmo 1 to 40-n.

Each trans rantaafpﬁveﬂn%a{kammmﬂ&aﬁg (@u@&&%@l@t@&& mkﬁe@r&ﬁlﬁ@a@rﬁmﬁ equence in
the data channel 41. Each transmtter to 40-n FEC éencodes and

provi des EGSPPSPsts bevsiog doer eradeRF (o Segnrybeopaeneiis Witk B¢ PARXMRodul ati on and
‘transm ssi cuampdﬂsdtlhgefoﬂ@a@e&ia@&ﬂ@lméﬂperfomﬁc Fﬁ&e@@mﬁﬁﬁk% @k is stored in
a buffer of th nsmtteﬁqgwnji é’é‘R for i bl e retransm ssion.
Addi t i onal IS/e® 8’ﬁf Spdrsyipdyredae H‘H"%’ “tb’-"?"rs%“r‘ﬂ“ to ppRegdl tHans i t t er 38
to synchr oniEdes etiichased genpantiaki®r) vandieeodipngingt mlihereecei vers 46-1
to 46-n. [Q‘OF%%“ Each of the N receivers 46-1 to 46-n receives the packet in
its associ&l °ti meslot. The received packet is sent to a respective
hybrid ARQ decoder 50-1 to 50-n (50). The hybrid ARQ decoder 50 determ nes
the error rate, such as BER,or BLER, for the recgived packet. |If the

packet has an acceptabl e error rate, it is released to the higher |evels
for further processing and an AXK i s :




sent. by the ACK transmtter 54. If the error rate is unacceptable or no
packet was received, no ACK is sent or a NAK is sent. Bagighsnbdds
unacceptable error rates are buffered at the decader 50 for potenti al
conbining with a retransmtted" packet.. [0029] One approach for conbi ning
packets using turbo codes is as follows. If a turbo encoded packet is
“received with an unacceptable error rate, the packet -6 24 February 2006 WD

03/ 01981 WHETé tIefinédzs33 data is retransmitted to facilitate code
conbi-ning. The packet containing the sanme data is encoded differently. To

decode the packet Adapthddot forpagi@itigd 8ataP’ B6888Hn PYint NE tWHFdQdecoder to
recover the original data. Since the second packet has a different

encodi Ngcorhintinfefibn 8y4thal thehOthdBRPAHrikiagdi f ferent points in the decoding
schene. Using two packets with different encoding adds coding diversity

and transnisqgagﬁg%ggﬁ§gggt ’5ﬂ9&Q&9“%ﬁ§?§§§5%#hgggﬁmfl” anot her

approach, the 1dentfical signal 1s trans Wo t ecei ved packets are

conbi ned usi i i i.ni nbol.s.. The .conbi.ned signal is
subsequent | y ecot%gtgF%‘%ae ag:?%%]ag}?etggogﬁ%?%swvﬁ Lo BeTee Vol 1n i s sent
in a fas e .channel (FFC) 45. The fast,.feedback channel 45 is

pref erab %}’E‘a}’%g%%‘?ﬁé’%%%ya “H&ﬂ'ﬁé‘ .d%flaté‘??‘ﬁ’aatd‘?% si on dupl ex system the
ACKs nmay be sent L&.idle eri odg between upstream and downstream

transni ssi ondTRRFIUEAEhepac ets-g‘f dESYSF a | ow speed, high bandwi dt h CDVA
channel overlaying other in-band transm ssions. The FFC CDVA codes and
modul at i ons &PEIERE tha Rarkets giithe receiver;i nterference to ot her in-band

transm ssions. To increase the capacity of such a FFC 45, nultiple codes
may be used. fqrowsh recpived markete setioyating gndtnapsmittingeinsxaksowtedginedt cat es t o

t he correspond[gg transmtter 40-1 to 40-n whether the ACK was received.
| f the atthe physical layer using a fast feedback channel, if the received packet has an

acceptable error rate;

retransmitting that received packet at the transmitter, if an
-acknowledgm_ent for that packet 1s not received;

co_lrlecting retransmission statistics; and

adjusting each particular encoding/data modulation using thé. collected
retransmission statistics; wherein if the collected retransmission statistics -
indicate a low‘ number of retransmissions, a higher capa.city encoding/data
Imodulation scheme is selected as the particular encoding/data modulation and if
the collected retransmission statistics indicate a high number of retransmissions,

h a. iower capacity encoding/data modulation scheme is selected as the particular

- - encoding/data modulation.

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

modulation is forward error correction (FEC) encoding/data modulation.




“frequency) cohpondhegnethedof
i nplenmentation performance; increased downlink range which extends the

ACK was not received, the packet is retransmtted. The retransmtted packet
may have a different nmodul ation and coding scheme as di begbgghaRyodgdae AMC
controller 12c, 26¢c. If the ACK is received, the transmtter 40-1 to 40-n
clears the previous packet fromthe buffer and accepts a subsequent packet
for transm ssion. [0032] The nunber of transmtters and receivers Nis
based on various design considerations such as the channel capacity and

ACK response E e%etﬁoh%f&? era mré}ﬂf%]g?agﬁgt\élagﬁ%yns%%ég l;::g[g a

2- channel arc |tecture IS pre even an

22%‘23%%?%‘@%%@%‘?? gﬁ&?%h%?“gna?%% (ORBMED 1 BHErReniaf o Cormpar e
-7 24 F 006 WO
03/ Slééitfea&ﬁﬂs@ﬁfeé@%n“ BEln wion sl 69”“"‘ @ G rat es

/7)

( BLERS) 0%)8 R ‘gﬁ i ng snal bl ock sizes for Iayer | than is
practi cal ‘Hlf-lgﬂéf’ia? g“%%d"é\”oégbh%éetdecreased SNR requirenent

allows for: increased capacity by switching to high order nodul ation

enpl oyi ng an adaptive nodul ati on and codi ng (AMC) technique; | ower

custoner prem se equi pnment éCPE) costs by using |ower grade RF (radio
berein thepacketa aratrahemittediusing 2

cel I' radsingle qaadﬂtwdhd‘mqnbnoyldopmmequahmhenb‘a@éi‘m%)aau brteffB®®) to nininize
cell-cell interference; and increased power anplifier (PA) back-off when

“enploying a nulti-carrier technique. 24 February 2006 What is clained is:

1. A nethod for adjusting data nodulation in a wireless conmunication

system the riet hoFheompthal ndf: clad®ei Vi wHerddd aldd Rkhowhdiinehty £r@r
transmnission to a receiver;

transmitted on the fast feedback channel using a code division multiple access

(CDMA) air interface.

6. The method of claim 1 further comprising at the receiver for each
received packet transmitting a negative acknowledgment, if that packet has an

unacceptable error rate.

7. A physical layer automatic request repeat system comprising: .
‘a transmitter having:

a physmal layer transmitter for receiving data, formattmg the received
data into packets, each packet having a partlcular encodmg/data modulation,
transmtth the packets, and retransmitting packets in response to not
receiving a corresponding acknoWled'gment for a given packet;

an ACK recéiver for receiving the corresponding acknowledgment; and

an adaptive modulation and coding (AMC) controller for collecting
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farmatting the received data into packets for transm ssion to the receiver,
each packet having a particular encoding/data nodul ati gfpFebfdRsstgst i ng the
packets to the receiver; receiving the packets at the receiver; for each
recei ved packet, generating and transmtting an acknow edgnent at the
physi cal |ayer using a fast feedback channel, if the received packet has an
acceptable error rate; retransmtting that received packet at the

t i b ranika . . : | : Seehaed:
Lransm ¢ URtranhidkon 983604 £ADWRflst 58 "ArbAGY el SudRladBECINSS:

col l ecting retransm ssion statistics, | us

encodi ng/ghatande® }ftﬁiiisﬁ%; We%%eccgh&% g%lr%r ?gr&&}s%g&%’%ﬁoﬁ?iﬂfﬁﬁﬁ%j stics;

wherein if the collected retransm Ssi on ™ nunber

of retra LSS i gher. capaci encodi ng/ dat q. ul atjqn _schene is
sel ect edrkgga ‘f%%%?to?gﬁ%g?s%’ﬁ%IS |’n‘§}%g£e§ HBHd a?‘i’%’ﬁ%?%%fmo‘i‘ﬁ%“%l | ect ed
retransm ssion statistics indi cat.e.,a hi gh . nuyber of retransnissions, a

| ower capsggéf’%/ lé"’n%e(‘}%‘i%ﬁ%/a&af%e fFuley cﬁ‘i‘%‘é‘kﬂ ta aoduladions podsif; fee

particul a1 G0r0 i ng/ dat.a npdul ation. 2. The nethod of claim1 wherein the
particul &P %ﬁ‘é‘g{ﬁ RyEesion sadistist inticate arhyjghauapher of retzansmissionn & FEC)
encodi ng/data nodul ation. -9 24 February 2006 3. The nethod of claim?2
wherei n HPReT SARACKE encedipg/data modulation; schemn isrselesipdnas the @artinwdsr di vi si on
mul tiple access (OFDMA) air interface and the particular FEC encoding/data
- modul at | §hcdimgidategeduatiens podned in addition to selective nulling of
subchannel's in an OFDVA set. 4. The nethod of claim 1l wherein the packets
are trangmeedeef hawingy a single carrier with frequency domain equalization
(SC-FDE) air interface. 5. The nethod of claim1l wherein the '
acknow edgner physiel layer receiver for demodulating the packets;

a hybrid ARQ combiner/decoder for buffering, decoding and detecting

packet errors; and
an acknowledgment transmitter for transmitting an acknowledgment for

each packet, if that packet has an acceptable error rate.

8. The system of claim 7 wherein the particular encoding/data

modulation is forward error correction (FEC) encoding/data modulation.

9. The system of claim 8 wherein the packets are transmitted using an
- orthogonal frequency division multiple access (OFDMA) air infefface and the
particular FEC encoeding/data modulation adjusting is performed in addition to

selective nulling of subchannels in an OFDMA set.

10. The system of claim 7 wherein the packets are transmitted using a

single carrier with frequency domain equalizafion (SC-FDE) air interface.
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transmtted on the fast feedback channel using a code division nmultiple
access (CDMA) air interface. 6. The nethod of claiml| $MEEQGEAGREBN i SiNg
at the receiver for each received packet transmtting a negative

acknow edgnent, if that packet has an unacceptable error rate. 7. A
physi cal |ayer automatic request repeat systemconprising. a transmtter
havi ng: a physical layer transmtter for receiving data, formatting the

received dat g1 NtTheDaBkMOE . of 2QRNPAFK WhehAN| B AaddBolrddght£NGRdI ng/ dat a
nodul ation, transmtting the packets, and retransmtting packets in

r esponse tfhsififted r&psim&ngeab&wh%ﬁﬂan%iﬂg aasdﬁaomgﬂrmﬁ%g%a@?gi ven

packet; an ACK receiver for receiving the correspondi ng ac gnent; and

an adapt kggg@%&%&&egnd coding (AMC) controller for collecting 1.0 24

Febr uary retransm ssion statistics and adjusting the particular data
nodul ations using the collected statistics; wherein if the collected
‘retransm ssion statistics indicate a |ow nunber of retransm ssions, a

hi gher capaci}y epgodi ng/ dat dul atio schene_ i.s sel ected as the
particul ar entbdi ﬂ%ﬁdé? H’ocf%l gﬁ?‘ﬁna’arfﬂ&ﬁf‘f’rt??é‘lpr&‘%‘l‘g et eiher dB9eR¥PEni ssi on
statistics indicate a high nunber of retransm ssions, a |ower capacity
“encodi ngPERERIHRSUR Reestive eskreripdemente i awy packetchas api wracggptable

encodi ng/ data nodul ati on; and a receiver having. a physical |ayer receiver
for deno®UPRFdAg the packets; a hybrid ARQ conbi ner/decoder for buffering,
decodi ng and detecting packet errors; and an acknow edgnent transmtter
. for transmtting an acknow edgnent for each packet, if that packet has an

acceptabl e error rate. '
: 13. A physical automatic request repeat system comprising:

a transmitier having:
means for receiving data;
means for formatting the received data into packets for transmission to
the receiver, each packet having a particular encoding/data modulation;
means for transmitting the packets to a recetver;
means for retransmitting one of the packets, if an acknowledgment for
that packet is not received;
means for mllectiné retransmission statistics; and
" means for adjusting each particular data modulation using the collected
retransmission statistics; wherein if the collected retransmission statistics -
" indicated a low number of retransmissions, a higher capacity encoding/data
modulation scheme is selected as the particular encodiﬁg/data modulation and if
~ the collected retransmission statistics indicated a high number of
retransrﬁiséions, ﬁ lower capacity encoding/data modulation scl-aeme is selected

as the particular encoding/data modulation; and
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havi ng a PREFiFRdAYER

8.. The systemof claim7 wherein the particul ar encodi ng/data nodul ation
is forward error correction (FEC) encoding/data nodul at ppRebBaryHd@esyst em

~ of claim8 wherein the packets are transmtted using an orthogonal

frequency division nultiple access (OFDMA) air interface and the

particul ar FEC encodi ng/ data nodul ation adjusting is performed in addition
to selective nulling of subchannels in an OFDVA set. 10. The system of
claim 7 wher ehlpetdieri@dclfpt s are transmtted using a single carrier with
frequency domai n equalization (SC-FDE) air interface. -11 24 February 2006
11. The met hod of i _é@gﬁgﬁé knaw edgnents are transmtted on a
fast feedback chanlﬁgiﬁiél;?gli?ﬂg a co g&%?t\:/e?%%%ﬁ mul tiple access (CDMA) air

interf . 12_ Th t lLaim 7 h ] i §i b [
{ransm tti ng 2 noqBrrodonenpSdl skl K docb R aedie s hesitr b opt abi o
C ansm ¢ e R ABTE p R 1 e AR IEDREN g ( he

recei ved dat.a .,nto ckets for transm ssion to. the receiver, each packet
ﬂ@'%ﬁ?f’ﬂ&? BRexe pecgptablearrer iR transnitting the
packets to a receiver; neans for retransmtting one of the packets, if an
acknowl edgnent for that packet is not received; nmeans for collecting
retransm ssion statistics; and neans for adjusting each particul ar data
modul ati on usthg tlhe ewsteracek¢laimetlBawhereinithe partiqudar escodiigidatan i f t he
collected retransm ssion statistics indicated a | ow nunber of
r et r ansminpdolation as h gbaticobawa firmprd narai gratien (FEC) encoding/data

modulation.

15.  The system of claim 13 wherein the packets are transmitted using
an orthogonal frequency division multiple access (OFDMA) air interface and the
particular FEC encoding/data modulation adjusting is performed in addition to

_ selective nulling of subchannels in an OFDMA set.

16.  The system of claim 13 wherein the packets are transmitted using a -

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

17..  The method system of claim 13 wherein the acknowlédgments are
transmitted on a fast feedback channel using a code division multiple access

(CDMAY) air interface.

18.  The system of claim 13 further comprising at the receiver for each .

received packet, transmitting a negative acknowledgment, if that packet has an

13-




nmodul ati on schene is selected as the particul ar encodi ng/ data nodul ati on
and if the collected retransm ssion statistics indicategranhigpdygnber of
retransm ssions, a | ower capacity encodi ng/data nodul ati on schéne is
selected as the particular encodi ng/data nodul ation; and -12 24 February
2006 a receiver having: neans for receiving the packets; and means for each
recei ved packet, for decoding and error checkiing the received packet, and

for genengiacstptalild efroaRstdl tting an acknow edgnent at the physical Iayer,
if that received packet has an acceptable error rate. 14. The system of

claim 13 wherein the particular encoding/data nodulation is a particular
forward error correction (FEC) encoding/data nodul ation. 16. The system of

‘claim 13 whergyn t LE., ] 1. usi.n an, ort.hogonal frequency

division miltise A CorBi B%ﬁé?sté'%%%ﬁ%%%? BrofRbish R0 wieleR 55, FEC

encodingQ&g@ &%gulation adjusting is perfornmed in addition to selective
u

nulling o clannel s in an OFDVA set. 16. The system of claim 13 wherein
rier, with frequency donain

t he packets are transmtted using.a single car ,
equal i zati on { EIYEEEST HvPng ﬁﬁ@?‘ﬁeg@é.re*‘fwggr ﬁ%taﬂﬂf%d}‘%‘}él%“eﬁ*ﬁtﬁ’f’ﬂ&f%i m 13
wherein the acknow edgpents. are transnitted on a fast feedback channel
usi ng a EgEnHalY conieYIRg Rackets tapdeansmiptersiin) air interface. 18. The system
of claim13 further conprising at the receiver for each received packet,
transnmi t ¥ destingdion\device hamiiiecel geefiters, ieach associabesk withhne of saidis 24
February 2006 unacceptable error rate.
transmitters; :
n hybrid ARQ decoders each eoupled with one of said n receivers;
said n transmitters subsequently transmitting to their associated n receivers
through a data channel;
said n hybrid ARQ decoders having a feedback channel for transmitting .
acknowledgments to their associated transmitters for controlling retransmission
and providing an gckno{wledge signal to its associated transmitter when an
 acceptable error rate packet has been received; and
said n hybrid ARQ decoders releasing packets which have an acceptable -
error rate; and - |
“wherein the communication system co]lecting retransmission statistics
and adjusting a particular encoding/data modulation for each of the N
transmitter using the collected retransmission statistics; if the collected
retransmission statistics
indicated a low number of retransmissions, a higher capacity encoding/data

modulation scheme is selected as the particular encoding/data modulation and if

the collected retransmission statistics indicated a high number of

-14-




19. A communi cation system enpl oyi ng broadband fixed w rel ess access
conprising: a sequencer having a queue for receiving daparbbglydosom t he
network for sequentially conveying packets to n transmtters; said a
destination device having n receivers, each associcated with one of said n
transmtters; n hybrid ARQ decoders each coupled with one of said n
receivers; said n transmtters subsequently transmtting to their

Pavi ng. - ERBHERTo AEP® POty RCRPDUTRG. meduaBAP ol ok elpdpl oo S

associ ated transmtters for controlljng retransm ssion and providing an
acknow e@¥thepahisylar gngodn EoqUET %l ansnitter when an acceptable error
rate packet has been received; and said n hybrid ARQ decoders rel easing
‘packets which have. an acceptable error rate; and wherein the
communi cati on system col l ecting retransm ssion statistics, and adjusting a
particul ar erfodi K¢ cwmmeniantion spiemopf claim P wherelr sapdyissigmadr using
the collected retransm ssion statistics; if the collected retransm ssion
stati sti benimiteoateadh deiporamilyristore of paektet dhatribgs ihees transmitfiedrincapaci ty
encodi ng/ data nodul ati on schene is selected as the particul ar
encodi ngbaféramemaotyt ahd on and if the collected retransmn ssion statistics
~indicated a high nunber of -14 24 February 2006 retransm ssions, a |ower
capaci ty encqgengl g#itian nipaheriitiens) reciieing i sckheekdge afgrahdrgarsn cul ar
encodi ng/ data nodul ati on. 20. The conmmuni cati on system of claim 19 wherein

said n Sh&gﬁbtedtlﬁﬁﬁﬁlfmécb@érscl@ﬁﬁi'g tiengefall pdckes D F@1dingaa dlecteckipbiof has been
transmtte In a ‘

ancther block.

21. The communication system of claim 19 wherein said n transmitters
each temporarily store a packet that has been transmitted in a buffer Memory;
and

one of said n transmitters faﬂing to receive an acknowledge signal from its
associated decoder retransmits the packet tempdljarily stored in its buffer |

Memory.

22. The System of claim 19 wherein one of said n transmitters clears its
buffer memory if an acknowledge signal is not received from its associated

decoder after a maximum number of retransmissions.

23. The system of' claim 19 wherein the a maximum number or of

retransmissions is an operator defined integer having a range from 1 to 8.
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buffer menory; and one of said n transmtters receiving an acknow edge
signal froman. associated hybrid decoder clearing the siegga t in
readi ness for receipt of another block. 21. The comruni cati on 'system of
claim19 wherein said n transmtters each tenporarily store a packet that
has been transmitted in a buffer nenory; and one of said n .transmtters
failing to receive an acknow edge signal fromits associated decoder
retransmts the packet tenporarily stored in its buffer nenory. 22. The
system of claim 19 wherein one of said n transmitters clears its buffer
menory if an Know, [ . ' . L. . at ed
decoder after Qg' mo%@ me‘ﬁiﬁr?ggrr% L%fﬁr‘ggérgﬁggnﬁsés{t?%ﬁé Bol%é&%rﬁgaggi?fngn% of claim
19 wherei X] nh ' et Lapsmi.ssions _Jds, an_oper at or
def i ned i%%ltea%gr Sg;\% énoéﬁganl%gﬁg%&fa'r%‘ %&E‘“{ page @fﬁ 21°FL8 gﬁ"g’;‘s 24. The
systemof_claim./19.wherein one .of said n receivers requiring a ,
retransnﬂggkgﬁmé%%%Fﬁ%gngf?%ﬁ?%ﬂ%hitted packet with an original transmtted
packet to facilitate error correction. 25. The system of claim 19 wherein a
- transmtter failing to receive an acknow edge signal from an associ at ed
decoder encodes the packet enploying a , different encoding technique from
an encodi ng t éehni GRfesyaiam 896‘&@&9@%11‘3?}19% feansmitber failing to receivetamt packet .
26. The systemof claim 19 wherein the n transmitters enploys Turbo coding
and t he dskaeledgmgigegisfromdm asatintedrigceder encedes ghaglacketzamplvyingen and a
retransm ssion to facilitate error correction. 27. The system of claim 19
wher ei n clilfereht ertoding techavigus fromran enceding technique employed in an original

om—

transmission of that packet.

26. The system of claim 19 wherein the n tfansmitters -employs Turbo

coding and the decoder employs code combining of an original transmission and a
 retransmission to facilitate error correction.

27. The system of claim 19 wherein one of said n transmitters are

incorporated in a base station and said n receivers are incorporated in a

subscriber unit.

~ 28  The system of claim 19 wherein said n transmitter transmitters are
incorporated in a subscriber unit and said n receivers are incorpofated in a base

station.

29. The system of claim 19 wherein packets are transmitted using an
orthogonal frequency division multiple access (OFDMA) air interface in which

- frequency subchannels in an OFDMA set may be selectively nulled.
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incorporated in a base station and said n receivers are incorporated in a
subscriber unit. 28 The system of claim 19 wherein sai dofrbpRBRMId6Er
transmitters are incorporated in a subscriber unit and said n'receivers
are incorporated in a base station. 29. The system of claim 19 wherein
packets are transmtted using an orthogonal frequency division nmultiple
access (OFDMA) air interface in which frequency subchannels in an OFDVA
set may be selectively nulled. 14b 24 February 2006 80. The system of
claim 19 wherein the packets aretransm’tw. [ ' carrier with
frequency domai n equalization (SC FDE) ai-’r':--'u'?m' r@g’ez’2§ .%@t hod of
claim 19 wherein the acknow edgnents ar e {PEAIS t t &0 Fast—f eedback -
channel using a code division nultiple access” (COVA) air interface.
8¢. The system of claim 19 wherein the packets are transmitted using a

single carrier with frequeney ddmain equalization (SC-FDE) air interface.
81, 'The method of claim 19 wherein the acknowledgments are

transmitted on a fast feedback channe! using a code division multiple access
(CDMA) air interface,
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