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g (57) Abstract: A method and apparatus for physical antomatic repeat request by a subscriber unit (38). A physical layer at the
transmitter receives data (34a) and at the transmitters (42) formats the received data into packets having a particular encoding/data
modulation. The physical layer contains n channels (41) which transmit the packets and retransmits packets upon failure to receive a
corresponding acknowledgment for 2 given packet at an acknowledgement receiver (56). The subscriber unite (38) collects retrans-
mission statistics and adjusts the particular encoding/data modulation at the transmitters (42) using the collected statistics.




23 February 2006 METHOD FOR PHYSI CAL LAYER AUTOVATI C RE% ;R%%J 7 FOR A
SUBSCRI BER UNI T BACKGROUND The present invention rel at ?9 i SS
comuni cation systens. Mre particularly, it relates to a nodification to
such systens by enployi ng a physical layer (PHY) autonmatic repeat request
(ARQ schene. Proposed broadband fixed w rel ess access (BFWA) conmuni cation
systens, using either single carrier-frequency donmai n equalization (SC FDE)

or orthogonal fr | V.S |t pl an on using a high
speed downl i nk ﬁ%ﬁﬁ@ﬁy&&@@i@@ﬁiﬁﬁ%{%@%ﬁc This application wll
transmt do““'inkREPEKﬁﬁU%?@ESTﬁéRDiQUB§@Q_ R UNITBFWA, a building or group
of buildings are connected, either wrelessly or wired, and operate as a
singl e subscriber site. The data demand for such a systemis quite high

for the single site's nmultiple end users requiring |arge bandw dths. The
current proposed system enpl BHSKEGRQWHP 2 automatic repeat request

The present invention relates to wireless communication systems. More
particularly, it relates to a modification to such systems by employing a physical layer
(PHY) automatic repeat request (ARQ) scheme.

Proposed broadband fixed wireless access (BFWA) communication
systems, using either single carrier-frequency domain equalization (SC-FDE) or
orthogonal frequency division multiplex (OFDM) plan on using a high speed downlink
packet access (HSDPA) application. This application will transmit downlink packet data
at high speeds. In BFWA, a building or group 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.

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 typically slow requiring large buffers and long retransmission
intervals.

Accordingly, it is desirable to have alternatives in addition to a layer 2

ARQ system.

SUMMARY
In accordance with a first aspect of the present invention, there is provided a
method for adjusting data modulation at a subscriber unit, comprising:

receiving data at a transmitter for transmission;
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(ARQ system Data bl ocks unsuccessfully transmtted tok,zétl:e subs%d#)ers are
buffered and retransmtted fromlayer 2. The data bl oc Se{) | ayer 2
are typically large, are transmtted for high signal to noise ratio (SNR
reception, are received with a low block error rate (BLER), and are
infrequently retransmtted. Additionally, layer 2 ARQ signaling is
typically slow requiring large buffers and long retransm ssion intervals.
Accor di ngIn%(, it is desirable to have alternatives in add#lt on to a |ayer 2

ARQ syst enforagiiRaRe reqeived dakiptemagksfy fop transpyisian, sach paekehhavinge? pr esent

I nven [t hod for adjusting data nodulation at a
subscbérgaﬂagtggoq‘eh&dﬂ{ a/altadl%g recél ving data at a transmtter for

transm smaﬁhsnﬁmagﬁ{éqﬁewy 2006 formatting the received data into packets
for transm ssion, each packet having a particular type of encodi ng/data
modul at | onmonitenirgniat tebwyy dhlanng) sfok atesiptnen ian aickmyvladgreentrior gelnnel for

recei pt _of ~an, ack ovxf[] g)ment for each packet that that packet has been

r ecei Dafet thatthatpackct as 8"%%3&‘6%1& at the transmtter, if an acknow edgment

for that €, ' i on
statistics; anﬁﬁléﬂgj?gtsjs{}%%aeﬁ Egga‘r?ltgl g%fr ﬁo{ladngglg#o%({éat g@mu gt Il on usi ng

t he cpidkechiaaot beeh Feised;Ssi on statistics, wherein if the collected
retransm ssion statistics indicate a |ow nunber of retransm ssion a higher
capacity etdbsgiingyeipsmisionstisicrand is  sel ect ed as the particul ar

encodi ng/ data nodul ati on and if the caollect retran on statistics

i ndi cate a hi gh®HEyH8 eagly Parieyler rogpding/data m “‘aﬁ%flsm% ‘if %ncodi ng/ dat a
modul ot i, 98, RGRE Watlstes Grefhig i % ohEcRR tt-AhfsiontRGRALN B faka modul ation.

a low number of retransmission a higher capacity encoding/modulation scheme is

selected as the particular encoding/data modulation and if the collected
retransmission statistics indicate a high number of retransmissions, a lower
~ capacity encoding/data modulation scheme is selected as the particular
encoding/data modulation.
In accordance with a second aspect of the present invention, there is
provided a method for adjusting data modulation at a subscriber, comprising;
formatting data into packets for transmission over a wireless air interface;
receiving packets of data over said air interface, each packet having a particular
encoding/data modulation;
for each received packet, generating and transmitting a positive
acknowledgment at the physical layer of said air interface when a received packet has an
acceptable error rate; wherein a retransmission statistics of the i)ackets are collected and
the particular encoding/data modulation of ¢ach packet is adjusted using the collected
retransmission statistics, wherein if the collected retransmission statistics indicate a low
number of retransmissions, a higher capacity encoding/modulation scheme is selected as
the particular encoding/data modulation and if the collected retransmission statistics
indicate a high number of retransmissions, a low capacity encoding/data

modulation scheme is selected as the particular encoding/data modulation.
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In accordance with a second aspect of the present inventifﬁ&%&ﬂﬁﬁﬁkgs
provided a nethod for adjusting data nodul ati on at a subscriber,
conprising: formatting data into packets for transm ssion over a wreless
air interface; receiving packets of data over said air interface, each
packet having a particular encoding/data nodul ation; for each received
packet, generating and transmtting a positive acknow edgnent at the
physi cal |ayer of said air interface when a received packet has an
acceptabl e error rate; wherein a retransm ssion statistics of the packets

are coll ected and HRIEFPHEHSORIPTEON ercash pg/Adaihagrodul ati on of each packet
is adjusted using the collected retransmi ssion statistics, wherein if the

col | ect ed r et r affsiesdanand &b ancisinpliiedibhtk diagenzs df downhinkdyerupdifik

retran ng.cs %@@E a higher capacity encodi ng/ nodul ati on schene is sel ected
as tR }53 i'cdl ar encodi ng/ data nodul ation and if the collected

retransm ssion gipatd 251i§@ﬂowidhéﬂqaﬁ@sh@ghfbhﬂﬂnﬁésiﬂﬂes&at@fidﬁira@zlp‘ﬁ%SSi ons, a |ow
capaci ty encodi ng/data nodul ation schene is selected as the particul ar
encodimvgnigtemands@dingt i on. 2 23 February 2006 BRI EF DESCRI PTI ON OF THE

DRAW NGS Fi gures. 1a gnd ,Lb .are simlified bl ock, di agrans af downlink and
apl ik physi carieiicy, Mrrget dgtelBhoving s e iR 8 el WP o ssf on

st at i gichii&nfror adaptive nodul ation and coding. Figure 3 is block diagram
showi.ng a nmulti-channel stop and wait architecture. DETAI LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS Figures la and I b respectively show a downlink

physi cal A A é&:)éfp' go ta@sT I B@Rﬁ% l\qﬁ Qﬂm[%lﬁw‘%i physi cal ARQ 10
conpri ses ;ﬁoaseﬁgﬁggl on T Irgecellglﬁr?gﬁ pac eDtﬁs- Pom e higher layer ARQ
transmtter l4aFiguyildeddilb reptoely shdw alfiBvnlipR hpdical IARGNIO radism tter 14a
are applied to the Bhysi cal layer ARQtransmtter 12a in
uplink physical ARQ 20.
The downlink 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 14a are applied to the physical layer ARQ transmitter 12a in
- base station 12. The ARQ transmitter 12a encodes the data with a forward crror

correcting code (FEC), appends error check sequences (ECSs), modulates the data as

directed by the adaptive modulation and coding (AMC) controller 12c, such as by
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error correcting code (FEC), appends error check seque

nodul ates the data as directed by the adaptive nodul ati on and codi ng (AMC)
controller 12 such as by 23 February 2006 WO 03/019812 P S02/ 26940

usi ng bWﬁé’P’;%/wEHase shift keying (BPSK), quadrature pﬁgygsoﬁﬁ%bj keyi ng
(QPSK) or m ary quadrature anplitude nodulation (i.e. 16- QAM or 64- QAM) .
Additionally, for orthogonal frequency division multiple access (OFDWVA),

t he AMG.: I h nnels, used arry the packet
ot SR e o AP ol 1o P
subscr hadbat ifEe Bitibn (K. 26I@&R1 1Y A8t circul ator
or dupilh’gglo?i 12de ang 1ant ennél1 113I.1|(1The6t ransm ttgﬁ%aAg 1gtﬁ)ﬂ\dl{ygnﬁ‘orari |y

st or esorthogons Sisqumcy divisiet maltipliassso(@QFDN A)aheAMC yontiollersl 2awiafyer nmenory
incorporated in the transmtter 12a. [0016] Antenna 15 of subscriber unit
16 recwdry dbe ssHbchgapletusedrite qsgy e naskqtrdata. Thet physicabilayer ARQer ARQ
receiver 16a through .swt circul ator or | exor. 16b.. At . the receiver
oo v anspiseah Rl kel itk bl 1P ol bir SNk 4o ecs. © The
receiv, 4 he ) - I t her
oknou Dyl BrAtabE B BuREk W fRhnd £ PR A BRI 8 ' "2 e o 1o
I equestemp6iatity stotes Shometidge fRrekRismiNsion, Wrlebbohd] Mta Biiffe edgment
signal or transmtting a negative acknow edgnent (NAK). [0017] The ACK is
sent bipcox@iratedan ¢he tranemittdd 280 t he base station 12 through switch 16b and

ant enn The ACK is_sent vja the air interface 14 to antenna 13 of base
stati oﬁ’oig] TheAPESER iéetew&@nbgwtﬂéégge@&swpaﬁkeécwww recei ver 12b

t
inth ' A ' 2h del | t A to th
adapt |8 PRSROT et AR Rk RE R WIS, OBt o P T Al t Tanom tter
12a. 'Hhe réddver ?Qélttﬁé’t:é&(«:t 3B @a&lodés dnd E}?ecﬁg@ﬂ:l?%hg?éiﬁ’éiﬁ elfCg.ne subscri ber
unit 16 using statistics of the recelived ACKs and nay vary the FEC

encodi Tig receverd datirhicomréleadknooicdgment traasinited V6o citheraskiosdédpes of the
message, as W || be described in nore detail. If the subscriber unit 16

base station 12. The ARQ transmtter 12a encodes the datéelwbth a éd%rward
&
ShpyEaszy’

. acknoviMddglrsceipiodiapackst withan peasptable ertor miteor tofequest seagimissionby e

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 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 12c 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 temporarily stored in a buffer
memory, to be 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

3-




station 12 causes the original packet, which was tenpor |l;% sto @% in a
buffer nenory, to be cleared in readiness for the nexta%’a &t ? 18] If
no ACK is received or a NAK is received, the physical layer transmtter
12a ret ] the original nessage or selectively | £ ersion of the
3 23 F{e‘@p%@%ﬁzooa WO 03/ 019812 PCT/ US02/ 26940 ori gi g)lt”fs@g”s‘ége to

subscri ber 16. At the subscriber unit 16, the retransm ssion is conbined
with the original transm ssion, if available. This technique facilitates

recei p&r%%iﬁélfﬁgs%Q%% RaubIEARAGE O i Surk ig%tlﬁitrl%d%dl%ﬂ sriEsi IfliSeCt | ve repeat

conbi ni aving an accep '€ 'error rate are transferred to
hi gher cdrabigédwith the iginal trhRedissidt, FaoSBbRI Thisiechakme PicAlhtes reesipd ved packets

are delivered to the higher layers 16d in the sane data order in which the
dat a wefSa poroact deedsage bynae sfidats esduh@ancy or sélectb@sepeas tanbining, i The. i n- sequence
del i very}(. The, maxi mum nunber ofretransmssions is limted to an

oper at Bcketshrrag an agcegiaple oy gate agg dransierregiortigher layges 16d far fugher After the

2?2%?”ﬁof%‘ffﬂ"éiéfh%%c{eﬁ@%f‘eﬁéé"éi‘?%;%%&f%%gghﬁ"@fﬂiﬁé sigEﬁrJ%‘%%S%%ﬁ? "ot g smal
ST s S T S P A

nunber staion (i.e!ihequenss delivet) CTh¢ maxiamni mimter phreiramdissions Rammedd,
retransm ssion statistics, is a good nmeasure of that channel's quality.

Usi ng fotas operatarrisiingdintagervales, sudhas in thi cange/of 1 tooh tAftdr themaxdoumay vary t he
nodul at i on ar}d codi ng, schenes forg@hst channel ,. as sgg(é_vn h{; Fi gure 2.
Addi t | BRI S retrasmisFiophanvaliempied.the priferemenyils deargd B use RHMSed with ot her

i nk ' t ' I | ock error
rates %E%ﬁg@dﬁiﬂl@y %F?ﬁ?’}t% %ﬁggé{aﬁ & a%lg%sg% tétﬁé@%?%:gﬁ%g?rbqual Ity and
det er nicAfces WaakALiof dERINAR mBsshitehaidfHE ifdeOn and coding schene is
required. [0020] To illustrate for SC , the retransm ssion occurrences
for a [P} cul aSincehBHYel ARQeovmmes wt etiet physicabl Uayery ¢he amsities sofon
statistics, (60). A decision on whether to change the nodul ation schene is
made USHABSIRISHOR pequanenefs Ser aqrtiqularichanngl; retyagmissipn statistics, is a good

measure of that channel's quality. Using the retransmission statistics, the AMC

controller 12c may vary the modulation and coding schemes for that channel, as shown
in Figure 2. Additionally, the retransmission statistics can also be combined with other
link quality measurements, such as bit error rates (BERs) and block error rates
(BLERs), by the AMC controller 12¢ to gauge the channel quality and determine
- whether a change in the modulation and coding scheme is required.
[0020] To illustrate 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 statistics, (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 spreading 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 lower one, such as from 64-QAM to 16-QAM or

QPSK. Ifthe rate of retransmissions is low, a switch to a higher capacity modulation
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the retransm ssions are excessive, a nore robust codi nggsrl;d rmdu#@tion
schene is wused, (64), usually at a reduced data transf reg (? AMC
controller 12c may increase the spreading factor and use nore codes to
transfer the packet data. .Alternately or additionall he AMC control |l er
may Swi YO8 a ni gh data throughput nodul ation Sgﬁi%&z{zgsmg | ower one,
such as. from64-QAMto 16-QAMor QPSK. If the rate of retransm ssions is
low, a switch to a higher capacity nodul ation -4 23 February 2006 WO

o ary LSRE 1 BB A ¢ ol ORER: RO QAR Bt A, oSl o

rate afdisidr QrefeiaBly @@ bbth theeaewdRRRich $atenaldediter ORAK Rpaligcei ver, such
as BER or BLEB, (62). The decision Ilimts are preferably set "by the system

oper atmeasufediehty sigraleddrddivithe frebavergsuchns BERsorBLER A62). eFheaitcion used to
~nmonitor the channel quality of each subchannel. If the retransm ssion rate
or retlimitsatepselerpbly sgt by thedlysigWAnerafor or a particul ar subchannel indicates

poor (q L1y, that apnel. _may. be selectively nylled fromthe OFDM
PrequaliBaity: * PRloPERAACHE Gprtinisslh Gfuticed B vt on Rpwb il 1
subchagfhs) diplit® B Bach SubERarPel.| Othel burbinibsRin] S BF FotRmiIdh O
retransm ssi On rate ?I nk quality |n§| cates high quality, a previously

nul | edratiixalisl for a paticligr sabchatnd) drticates potvayuetpMhhvsabeclanas nggt , (66) .

[ 0022] Using the retransm ssion occurrences as a basis for AMC provides a
f | exi b selegtively mutledhfromaheOHIIM fiiequensyi dete (id.rig oxdeh émpreclude hee efver age

channel _~conditions for each user. Additiqnally, the refransmssion rate is
i nsensfuch paok @M%%ﬁ%ﬁtgéﬁ‘?‘m Tutuee Reélﬁg‘r ﬂ thig TERANSISSIAB ALY subscri ber

uni t . | A J Ly, ar. [ he, downl i nk ARQ
10 antllr QF?LSQ%%& n%nr IIBQE 218&841151@&518@?%@?%15? qﬁéﬂ&’ a%ée\{lﬂls&ﬁ}tuil ﬁgﬁ"g’%kéln?sf rom a hi gher
layer Mfb¥be hddadatl ithe SFDMfrdgliendyiseh gd6)l ayers 28 are transferred to

physi cal™ ayer ARQ transmtter 26a. The nessage is transmtted to the base
st at i oj002R} ennaUsingahe retsansmishion 2@durraicbs as 4 bagis fort AMCapFidesad air
interface 24. The AMC controller, |ikew se, ma

' flexibility to match the modulation and coding scheme fo the average channel

‘conditions for each user. Additionally, the retransmission rate is insensitive to
measurement error and reporting delay from the subscriber unit 16.
[0023] The uplink ARQ 20 is similar in nature to the downlink ARQ 10 and is
comprised of a subscriber unit 26 in which packets from a higher layer ARQ
transmitter 28a of the higher layers 28 are transferred to physical layer ARQ
transmitter 26a. The message is transmitted to the base station antenna through switch
26d, subscriber antenna 25 and air interface 24. The AMC controller, likewise, may
vary the modulation and coding scheme using the retransmission 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, 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 to the network 24 for further processing.




vary the nodul ati on and codi ng schene using the retransggﬁq’s%on Sé)(?qtﬁi stics
of a channel. [0024] Physical |ayer ARQ receiver 22a, PHATY 6"Pecei ver
16a of Figure la, determines if the nessage has an acceptable error rate

requiri nsm ssion. The acknow edgnent transmt reports status to
B (il renflsihd

subscri 26, causing the transmtter 26a to or
alternatively to clear the original nessage tenporarily stored at
transmitter 26a in readi.ness to receive the next nmessage fromthe higher

| ayers Suc f bV ckets ar n o the ne rk 24 for
furthew%g? cess?‘ﬁ%.guéijls‘k%ﬁ%gﬁ%iﬁ?%%@gs% ’6@7{5}%@1?&2’%?@%{5‘%%6940 [ 0025]
Al t hougdad Tet o EIRDIFA SislicRHSPRSEBFWA S{418th! Aitoy hbfh% ﬁﬁu%%ﬁl'éhﬂﬁﬁoz&r eferably
used for a HSDPA application in a B systen% a t}r"lo ot her

i npl enmay be useds Tie BFTEA sgstein rdyaisBidqueiys Uinvivi omgupléecor timeidiofion di vi si on
duplex or tinme division duplex SC-FDE or OFDMA. In such a system the base
st at i oftperd SerFDBfort GEDMA slar sushras systam.,i the fhage gtatior sandoalk of Tee syst em may

conpri se a.base stati.on and | arge nunber of subscriber upits. Each
s ubscrUEsHIYEH are Ffixeddocalions, "Thesyemauaycopnrise p bassstationande Rigor sever al

bscr BB 1 ey eCe . PADE _ _
A e R B S T Rt i L R S e

site. PR ordeRitl MRBLIERAE OWRENES) fertsBmples yﬁkmppﬁcaﬁcﬁm@bﬁ@t to the

hi gher layers, such as the nedium access controllers (MACS). "As a result,
PHY AR€quizma lege bandwidth duety tha ddrgonumbdrtof endyheers dtape subsetber wiich as | ayer

2. In such cases, the PHY ARQ reduces the retransm ssion overhead of the

hi gherSl®ayer ARQs. [0027] Figure 3 is an illustration of an N-channel stop

Funct | 90285° oy AoEVoARRLdbloyedia Soyng v i aRreins P YBLRERR « " or ot
ceps i A AU L SN SMSC Ry e g, 9 o 200
34 f orused énconjwriion wathdiighen tayda AR (Bhauehab 1a4dr Df Intsheh aases, ithd PHkace 43. An
N- channel sequencer 36 sends data of the blocks sequentially to the N
ARQ reduces the retransmission overhead of the higher layer ARQs.
[0027] Figure 3 is an itlustration of an N-channeél stop and wait architecture for a
- PHYARQ 30. The Physical Layer ARQ transmit function 38 may be located at the
base station, subscriber unit or both depending on whether downlink, uplink or both
PHYARQ)s are used. Blocks 34a of data arrive from the network. The network blocks
are placed in 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 sequentially 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. Each 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 PHYARQ transmitter 38 td synchrbnize reception,
demodulation and decoding at the receivers 46-1 to 46-n.

. [0028] Each ofthe 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
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transmtters 40-1 to 40-n. Each transmtter 40-1 to 40- assogqoaéied with
a transmt sequence in the data channel 41. Each trans 0 40-n
FEC encodes and provides ECS for the block data to produce packets for AMC

nodul at rhgggggu transm ssion in the data channel 41. E}%@Eﬁ?@nwdew ECS

data is na buffer of the transmitter 40-1 £ r possible
retransm ssion. Additionally, control information is sent fromthe PHYARQ
transmtter 38 to synchroni ze reception, denodul ation and decoding at the

recei { N [.eGs A46- 46-n

recei v@w ﬂﬁ lé;éﬂrﬁi dec%@@s%% egfthc['%}?r%s %ki‘ gbigc il%le acket is
sent tfor ﬂxerresd@e&topacaethmhb adBthalemadedptatfie érrétC}a{EOlt'i‘s réRafRRbuar y 2006 VWO
03/ 019812 PCT/ US02/ 26940 (50). The hybr| d ARQ decoder 50 determ nes the

error highe lewlcfor iwttBERcoesshigiRd an AGIK islsentrtgahe AEK fpaskdtter SUf If he packet
has an acceptable error rate, it is released to the higher |evels for
furt hethe srr@b!@é%rswga%mﬂtahw OK@R paekes wias raspiveondRKy is aenser e NAK 4. 1f  the

e | ek et AR APRCRplale sl P e PR a1 dpeteersp Bngorpea ot ¢ he -

decode(‘ron?[%;mfrl Bhwi &Féﬁrahﬁhmegg efing with a retransmtted packet. [0029] One
approach tor co I ni ng packets using turbo codes is as follows. If a turbo

encodefbopgrket Oneapprohstefdr varhbiniag pacleaeRii dlrbe c@des ivas fdllows. e packet data
is retransmitted to facilitate code conbi ning. The packet containing the

~ same duthe ¢nsodeshpasketis aedeiedenith gn uascepshid ermphmtgdbkpackeedata isoot h packet s

are processed turho decoder fo recover the original data. Since the
second® m{tecﬁﬁg%a&ﬁm@fcg & FeMbigHEn gt hspac ?%coglmmgrlrwme ‘éﬂt%lsmapped to

Shiéﬁfeﬁ%@%‘é@ ekt T PP iy ke PR o B A wBPERR Sy ey ove the
over al durtéRReoliét BIASIIRF (RARTAM Qatal Nind HRBSEERA plcBid s bRlifRrpanSM 1 ed. The

two received packets are conbi ned usi ng a mnmaxi mratio nbi ni ng of

symbol encoding, gosift sgtbals grmjnappedsmhhﬁ‘qreﬁnpmtsdﬁabddebod{r(g()s?:ﬁém'e'he ACK for
each receiver 46-1 to 46-n is sent in a fast feedback channel (FFC) 45.
The f 2dying sxapaekett withrdifferent ¢ncogdingfadds spding diversityaandricansmiirsinne| .

diversity to improve the overall BER. In another approach, the identical signal is
transmitted. The two received packets are combined using a maximum ratio
combining of symbols. The combined signal is subsequently decoded.

[0036] The ACK for each receiver 46-1 to 46-n is sent in a fast feedback
channel (FFC) 45. The fast feedback channel 45 is preferably a low latency channel.
For a time division duplex system, the ACKs may be sent in idle periods between
upstream and downstream 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
corresponding 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¢, 26¢.




For a time division duplex system the ACKs may be sent j,n.idle i ods

bet ween upstream and downstreamtransm ssions. The FFCiAf’& bguwgﬁdeér ably a
| ow speed, high bandw dth CDVA channel overl aying other in-band

transm Wdﬁ%?gsu-rhe FFC CDMA codes and nodul ati ons arP%Tﬁfsb Led to mnimze
interference 10 other in-band transm ssions. To increase e capacity of
such a FFC 45, nultiple codes may be used. [0031] The ACK receiver 56
detects the ACKs and indicates to the corresponding transmtter 40-1 to

40-n . / i R not .r ived, the packet
isr em‘g‘ﬁpg lggﬂc%%\ﬁg{@gﬁgh%ﬁt% éldteﬁgérk(g?é% p\ﬁegzvo Sﬁ"‘ﬁfﬁ%@:ﬁgent nodul ati on
and Coﬁhﬂf&aﬁﬁ%ﬁt@ésﬁbéc@@h cRet hiParilisstgynt rol I er 12c, 26c. -7 23
February 2006 WO 03/019812 PCT/ US02/ 26940 It the ACK is received, the
transn{0i3e] 40- ThtaudbBenofttaamitdrhandueesiven N is daseditonf vaious Besigibuf f er and
accepts a subsequent packet for transm ssion. [0032] The nunber of

t r ans néQnsisiesatignsl speleasitheehannelicapasity aril AKvespopsedinge $jogthe peeferseédier at i ons,
such as the channel, capaci ty ,and ACK.respanse time. .For, th referred

oyst enpplea OIS deSER e campe el ERPE Broftatly wrilosc iR ePat bl v

utiliz | transmtters and receivers. [0033] The PHY ARQ
techni%Eheo%ff&%}ﬁgmﬁ}se?l@%ggﬁ%ﬁbodi ment provides a 7 db gain in signal to
noi se [GU3BP ( SNAhe PH Y ARUBfcCkhil R 6f thy plefsted enmt@dinidnt phoividista 1diyer  ARQ
This occurs by operating at higher block error rates (BLERs) (5-20% BLER)

- and usgaiy i sighdldo nbise citis(SNR) dsmonipayesktola sybtam usingoordy highet laget h hi gher

e ARG anecn Hyobs s MR BlockeHor e B ERS (e R et ed
dul at | ..and i A { i ; . . t \ i t
(e SRuRndR e BRI it B s G i R B AR OB 2 W ¢ ne

PHY ARG e QEREARAISNIOrek@irerhBil4ABHs FIIPhFBREA AR REGHRNIRANG BigH NCT eased

downl i nk range whic rextends the cell radius; ed downlihk power in

t he basesinatulatiof BSpldyinganadupiiee methlatien hnd eddiigd @EIW) eechalie; | ncr eased
power anplifier (PA) back-off when enpl ogi ng, a multi-carrier technique.
o lower customer premise equipment (CPE) costs by using lower grade RF (radio

frequency) components with the PHY ARQ compensating for reduced implementation
performance; increased downlink range which extends the cell radius; reduced
downlink power in the base station (BS) to minimize cell-cell interference; and

_ increased power amplifier (PA) back-off when employing a multi-carrier technique.




23 February 2006 What is clained is: 1. A nethod for adj {ng d
nodul at i onyat a subscriber unit, conprising: receivi nglzgj‘iehr'%fygé(%
transmitter for transmi ssion; formatting the received data into packets for
transm ssion, each packet having a particular type of encodi ng/data

nodul ation; transmtting the packets; nmonitoring a return channel for

recei pt of an acknow edgnent for each .packet that that packet has been
recei ﬁ@g r tr%{w_m'tti ng a packet at the transmtter, if an acknow edgment
for t hsﬁ gRE Shas not been received; collecting retransm ssion

stati sticsy andaadidigld g SRRRGAR dkf UhATARGOY] NO/IBLAVED AL | On usi ng

the collected Tretransm ssion statistics, erein it the collected

retr apsiprisngOn statistics indicate a | ow nunber of retransm ssion a higher
capaci ty encodi ng/ nodul ati on schenme is selected as the particul ar

encodi ng/ d@pgwmgmatmwsmrifmttanem@%;m;ect ed retransmssion statistics

i ndicate a_high nynber .of retransmssions, a lower., c ity encodi ng/ data
modul at i onl® esre%eé‘fegéif’té’dmé@a{:%f %EEWSWSE’P’ © H@S@@ﬁ@?"&??x% nodul at i on.
2. The, MBhehedf chlRidg dhah&h@iddnt he particular type of encodi ng/data
modulation is forward error correction (FEC). 3. The nethod of claim?2
wher ei n t heapadidiag thepaeketst ansm tted using an orthogonal frequency division
mul tiple access, (OFDMA) air interface and the FEC _encodi ng/ data nodul ati on
adj ust i ng Menisinop sl rhawngl 1fop Aeqeipt @l a arkrowledgmeng f8F ©adubchannel s in

an CF t..4. Th thod of .claim1l wherein the packets are transmtted
usi ngg%ﬁeitﬁ?{éﬁ‘%p%%?ﬁagse%né‘s?eﬁ‘éeda frequency domain equalization (SC-FDE) air

i nterface. retrandhitting a packet at the transmitter, if an acknowledgment for that
packet has not been received,

collecting retransmission statistics; and

adjusting each particular encoding/data modulation using the collected

refransmission statistics, wherein if the collected retransmission statistics indicate

a low number of retransmission a higher capacity encoding/modulation scheme is

- selected as the particular encoding/data modulation and if the collected

retransmission statistics indicate a high number of retransmissions, a lower

capacity encoding/data modulation scheme 1is selected as the particular

encoding/data modulation.

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

modulation is forward error correction (FEC).

3. The method 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 method of claim 1 wherein the packets are transmitted using a

single carrier having a frequency domain equalization (SC-FDE) air interface.
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23 February 2006 5. The nethod of claim 1 wherein the rezétsjﬁrﬁ chag(g)l is a
fast feedback channel when the packets are transmtted <si-Hg?® code
division multiple access (CDVMA) air interface. 6. The method of claiml
further conprising: identifying a packet as having an unacceptable error
rate responsive to receipt of a negative acknow edgnent. 7. A nethod for
adj usting data nodul ati on at a subscriber, conprising: formatting data
into packets for_ transm ssion over a wireless air int rfﬁggfg’; recei vi ng

packets of Sdat aTb%81°thediof i | Atereimtie, gt Ahgpaeda _a%k particul ar
e

transmtting a p nent ~ at sl ca of said air
i nt er fiagRerden a recei ved packet has an acceptable error rate; wherein a
retransm ssion statistics of the packets are collected and the particul ar
encodi ng/ data nodul ati on of each packet is adjusted using the collected
retransm sgion statistics, wherein if the collected retransm ssion
statisti csfs"i ndi g‘?’é‘e Oﬁllﬁﬁ?lﬁﬂ’nbélfthﬁrfcofné’flflﬁﬁsm ssions, a higher capacity

encodi no/ MRANIOR SEREIE, hviRe! SCLARERBIDRA Lid W pbsneRgl ng/ dat a

: i . .
nmodul ation and I'f t ected retransm ssion statistics indicate a high

- nunbefeceibt of £hdgatisdrckab@hggmant. ow capaci ty encodi ng/ data nodul ation schene
is selected as the particul ar encodi ng/ data nodul ati on. 8. The net hod of
claim?7 wherein the positive acknowl edgnents are transmitted on the fast

eetback channeh e 52 s R LA 3 RSt o e
. . g transmtting a
negative Reknan 849 IR backbts i3 anRRickG! o RS WaRIH A mRRGa! € error rate. -10
receiving packets of data over said air interface, each packet having a particular
encoding/data modulation;
for each received packet, generating and transmitting a positive
acknowledgment at the physical layer of said air interface when a received packet
has an acceptable error rate; wherein a retransmission statistics of the packets are
collected and the particular encoding/data modulation of each packet is adjusted
using the collected retransmission statistics, wherein if the collected retransmission
statistics indicate a low number of retransmissions, a higher capacity
encoding/modulation scheme is selected as the particular encoding/data modulation
and if the collected retransmission statistics indicate a high number of
retransmissions, a low capacity encoding/data modulation scheme is selected as

the particular encoding/data modulation.
8. The method of claim 7 wherein the positive -acknowledgments are
. transmitted on the fast feedback channel when said air interface using a code

‘division multipie access (CDMA).

0. ‘The method of claim 7 further comprising transmitting a negative

acknowledgment if that packet has an unacceptable error rate.
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