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[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

- 1'_




repeat system conprises a

Abstract: A physical automatic request
' A physical layer transm ttepbq rabruaky®06

transmtter and a receiver.
transmitter, receives data and formats the received data into packets

having a particul ar encodi ng/ data nodul ati on. The physical |ayer

transmtter contains n channels V\/mch transmt the packets and retransmts
acknow edgnent for a

packets in I es P R Smitingdth bﬁ %Iespondl ng -

gi ven packet. An adaptive np | on and codling controller in the
transmtter col {‘&ﬁfvﬁléﬁ{erﬁ@@s%%ﬂg sta- '
for each. received packet, generatmg and transmitfing an acknowledgment

| at the physical layer using a fast feedback channel, if the received packet has an

f

acceptable error rate; |
_refransmitting that received packet. at the . transmitter, if an
admewledgment for that packet is not received; '
collecting retransmission staﬁsties; and |
. gdju-sti‘ng each parhcu]arenoodmydata modula}i?n using the muectc;d
'.réatr:ansm'iss'ion _ slaﬁsticé; wherein if the oellected retransm:ssmn statistics
: "i.pdic'ate a Jow number of retransmissions, a higher- capacity encoding/data
. modulatmn scheme is selected as the particular eneodmgldata modulation and if |
o : the colleeted mh‘ansm:ss:on statistics indicate a high number of retransmissions, -
{ - " a lower w.pacity eneodmg/data modulatwn schieme is selected as the partzcular
encodingfdata modulatmn'. |

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,r
] . h‘ansmlthng the packets, and retransnntung packets in: response to not

[ | _ . rece:vmg a correspondmg acknowledgment for a grven packet;
B . an ACK receiver for receiving the correspoadmg acknowledgment; and .
T | adaptive modulation and ocoding (AMC) controller for ‘collecting
retransmission statistics and adjusting the particular data modulations using |
| | .+ the collected statistics; wherein if the collected retranémission staﬁsti'a\'; indicate

J L '.:,a l_ow'nmnber‘o_f refransmissions, a Ingher capacity encoding/data mt;dulaltion
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ti.stics and adjusts the particul ar encodi ng/ data nodul ati ons using the
collected statistics. The receiver has a physical |ayer2nfFehabry 06
receiver for receiving the packets. The receiver contains an n-channel
hybri d ARQ conbi ner/ decoder whi ch conbi nes packet transm ssions, decodes
packets and detects packet errors. The receiver contains an acknow edgnent
,transmtter which transmts an +acknow dgnent for. each packet, if that
I packet haschemeaix eglecleil caerther paticalar] bRcdddsFaN@ nddARMIGS Ay iPSREUence . .
{delivery elenent which.delivers acceptable packets to higher layers. 24
{ Febr uar y @lieGedMPeRaianR8ibR m&&m&@&&%@%—#ﬁ’@@ rhsdions ] OVATI C
- REPEAT REQUEST (ARQ - [0002) BACKGROUND [ 0003] The present In entt dn
~rel ates tlowek cRPRAF GROBMPI [ VS, : ticularly, j.t .relates to
‘a nodi fication to. such syﬁ?mﬂﬁﬁﬁf%ﬁ?%C§ %%;’@-F‘J“f‘% _
aut omat i CencSdifPMatGHIRRLLIOATDg Scheme. [0004) Proposed broadband fixed '
‘Wi rel ess access (BFWA) comfunication systens, using either single
carri er - ff RAMELGYa in equalization (SC-FDR) or orthogonal frequency
- divisi-on nmultiplex FDM plan on uuing a high speed downlink packet

access (HSDP. heation. . Thi ppljcation will transmt downlink packet
- data at hi gh%B%fﬂyﬁrm ﬁﬁﬁ‘ﬂi%%ﬂﬂ?&e@t buil dings are
connect ed, ei tﬁ.m essly, or wired, and operate as a single-subscriber
' site.. The ddt2VHe F GemBiner/dacodor, ifarnbusfeting: detading fand deteckinggl e
Cosite's nulti Fl e end _users requiring |arge bandw dths. :[0005) The current
’ pr.oposedpg%-%‘iﬁ”@ﬁﬂ%ys a layer 2 autommtic repeat request (ARQ system
Dat a -bl ocks unsuccessfully transmtted to the subscribers are buffered and
retransni t t e@nfackrowiedament tmsmitherafor| tomenitting e “idkrodlegnientNod
~+ typically large, are transmtted f.or high signal to noise ratio (SNR)

- recept i g¥ch pagket ifthait padketitias zm dcoupthbleeiroraats.or rate (BLER), and are
infrequently retransmtted. Additionally, layer 2 ARQ signaling is
typically slowr LI J ffers.and. | ong.retransm ssion intervals.
[0006). Accor di ngﬁ%&%#g?esmg’g{si&r&%gﬁgc t‘teti&e ’r%\e/'g‘oﬁlpfogﬁ?%? Pli‘?'é?g AemaHSi tion to a
| ayer 12quest@epeshsystesmeomprising: ' '

' 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 retransmitting one 'of th_e packets, if an aéknowlédgm;anﬁ for
L ‘that packetis riot received:, | |
neans for colecting ge;trg:lismission statistics; and
~ means for adjusting each particolar data modulation using the collected
retransmission statistics; wherein if the collected retransmxssxon statistics
. indicated a Tow numbér of retransmissions, a highet capacity encoding/data.
I _. modulation scheme is selected as. the parbi;ular encoding/data modulation and if
the collected rétransxﬁissioq stalistics indicated a, high -.n-' of
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[0007] SUMMARY In accordance with a first aspect, the invention provides a
met hod for adjusting data nodulation in a wreless conmapisahly@po§yst em
the nmethod conprising: receivi ng data at a transmitter for transmssion to
a receiver; formatting the received data into packets for transm ssion to
‘the receiver, each packet having a particular encoding/data nodulation; -1
24 February 2006 transmtting the packets to the receiver; receiving the
packets at the receiver, for each received packet generating and

transm t f f eedback
ichannel , %@%@gﬁél Wpaﬁﬁé@]ﬁﬁ%ﬁ%@ ?h gxgrror %@ele&%&

retransmthﬁ%re% léf t t transmtter if an

acknow -efi§ ‘Hﬁ ved; coll ect i ng retransm ssion

State and adjusting ea particul ar enoad| ng/ data rmodul ation usi ng then

col l ected. ret #M“é’;w&%tat istics; wherein if the collected region

statistics indi.cate a -1ow nunber df retrapsm ssions, a higher. .capacity
“encodi ng/ dat a rodneans for receiang thepadketsi a0 as t he particul ar

encodi ng/ data nodul ation and if the collected re ransm ssion_statistics
“indicate a high numemns for each reeniveil parkntsfor dgcodingand gprE choking Bt ng/ dat a
~nodul ation schene is selected as the particul ar enc~odi ngl data nodul ati on.

I'n accorWﬁ&eﬁmﬁdbndemﬁnganﬁmmanmlﬁgmnbh@@%al | ayer

~automatic request repeat systemconprising: a transmtter having a

' physi cal Ihyaithat ficeived phdlctibds ag adedptablefenroraate. ng . t he recei ved
‘ data int packets each packet having a particul ar encodi ng/ dat a -
nodul ation, transmtting the packets, and- retransmtting packets in

response to not 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 fransmitters for oontmllmg retransmission
and providing an acknoﬁledg’e signal to 1ts associated transmltter when an
| ‘ acoeptable error rate packet has been received; and o
_ - said n hybrid ARQ decoders neleasmg packets which have an aeceptable :
--._‘errorrateand . f'
wherein the @ommunic#tion system’ collecking retrapsmiission statistics
| and ‘adjusting a_particular encoding/data Mﬂaﬁon for each of the N
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recei ving a correspondi ng acknowl edgnent for. a given packed an ACK

recei ver for receiving the correspondi ng acknow edgnent 24 @abruary 20b&pt | ve
-nodul ation and coding. (AMC) controller for -collecting retansn ssion
statistics and adjusting the particular data nodul ations using the
collected statistics; wherein if the collected retransm ssion statistics

I ndi cate- a | ow nunber of retransm ssions, a higher capacity eneodi ng/ data
nodul ation -2 24 February 2006 scherre -is selected as the part i cul ar.

encodi ng/ daﬁﬁnﬁﬂ%@ L]l ggée psm ns i cs

I ndi cate a hr.gh nunber Of retransm 'SSTONs 9‘?0%#'&% pa t ﬁ@gﬁ%/ dat a
nodul ation-. %95%5 ! So .ed as the -particular encodi ng/data nodul ati on;
and a recei'ver havrt ngflsgg% SI cal ]Ayer receiver for denodul ating the
packet s; a: conbi ner/ decoder, for buffering, decoding and
detecti ng mﬁ%aﬁqg‘gﬁ/)@% B‘f“g‘j%e %ﬁmm&rmﬂ@m eapoding/data
Ctransmittl r%?(ﬁg acknow ed_qerrent for each packet; if that packet-leas an
~acceptabl e ptapn, sehema,is selegted Asctheparticul wm@uﬁmm@-ﬁmﬂm&" i on
provi des™ a,tﬁhySI cal automatic . request repeat system conprising: a

t Fansmi tt eitheavidHectede an@rammss@aws@mw imdicatedf ar  higlranuinbert

récei ved data |nto ‘packets for transnission to the. receiver, each packet

having a paelransmissions,co iiway/ dpidty eRcdinydaa; modﬁﬁﬂ&lfs&{eniéﬁ%&ng the
packets to a receiver nmeans for retransmtting one of the packets, 1f an

-acknow edgazthe particulidenfdlih@dath metlatise e ved; neans for collecting
retransm ssion statictics acid neans for adj usti ng each particul ar data

modul ation rigfo: the CERNAPHRSCRIPTION OF THE DRAWINGS

- (0010} - Figures 1a and 1b are simplified block diagrams of 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 mulii-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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retransm ssion statistics; wherein if the collected retransm ssion
statistics indicated a | ow nunber. of retransm ssions; 24 Febfiagdoscapaci t'y

encodi ng/data. . nodul ation schenme is sel ected as. t he parti cul ar
encodi ng/ data nodul ation and if the collected rem ssion statistics
i ndi cated a. high nunber- of -2a 24 February 2006 retransm ssions, ' a

| ower capacity encodi ng/ data nodul ati on schene is selected as the

particul ar erG9Fbfp/ data nodul ation; and a receiver favifgimeans for

recei ving the packets; and neans for each received packet, ?or decodi ng and
error checking the received packet, and for generating and transnmitting an
~acknowl edgnent at the physical layer, if that received packet has an
accept abl e deplexor 12dbmel antennaddo fatessmitibhlza aﬂaomemlbnrmlpemkes théhe i nventi on

provides a,Commipl 6a Loy M. SMpLovbig. br.oadand, flued wir el ess access
conprising: a sequencer havi'ng a queue TrEcervi nép 5%1? ocks fromthe
net wor k fotranéurslefquéﬁﬂlal Iy conveying packets ton transmitters; said a
desti nati ompgfgyi ce EGEL YA 1668E6R 4% hh;one of said n.
transmtte?o 8]Vn ﬁ%‘ecogers eac cgu ?g%@é@ﬂ génce of said n

recei vers; l@arwtwhym@#léwe @é&cglvsn%séqemswdt eizgpdaderior fivdexop t heir .

associ at ed 16h. R eR Eé‘?e'ix%rié@%@a&e@ét@c‘d&%%&dcﬁﬁk%ﬁré}h‘&% LGnARQ decoders
havi ng a f eedback channel for transmitting acknow edgnents to their

associ at edtheah$anihe weeveroba dby sogipls gknorladgrment sarsaitemtfe ¢ ovi di ng an

acknow edggitisdr @Adlowledgd ATK) ee%&gpaﬁtpe&ewﬁnaﬁh&caﬁabm@ﬁ& 3k @¢septable error
rate packet has been received, sai.d hybri d. Al decoders rel easi ng

packet s whiSHesi BFEPSRIFSIQR BB @f%ﬁ?@yerF}S‘PldF“&taé a"ké‘ﬁﬂ eﬁﬁ%‘?"é FignRlge communi cati on
system cotheahiting d RighARSksSHEnEhANAR)] CS

[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 ACKINAKe 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 ig received, the physmal 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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and adjustang a particul ar eneodi ng/ data nodul ati on for each d the N -2b 24
February 2006 transmtter using the collected retransm ggireprahaddostics; if
the collected retransm ssion statistics indicated a | ow nunber “of

retransm ssions, a higher capacity encodi ng/data nodul ation schene is
selected :as the particular encoding (data nodulation and if the collected
retransm ssion statistics indicated a high nunber of retransm ssions, a

| ower capaciyyy:pRgedi ng/ data nodul ation schene is se}gakedgs the
parti cul ar encodi ng/ data nodul ati on. [0000 BRI EF DESCRI PTI ON OF TBE

DRAW NGS [0010] Figures la and I b are sinplified block diagranms of downlink
and uplink physical ARQs. [0011] Figure 2 is a flow chart for using
r et r ansni sgiebyergt dhp mexizgurh opmberdd pétiangmirsdud atimsted angh geditng. [ 0012)

Fgure 3 | auplack. ot . e o
ar ohi teot urg LonsT SERRTPLEM R Bl Hy A R nR MR e o v

[0014] Fi gof eedranpmispignsiaye abtopetedi the byfienoewmery doverredior pha/lsi al ARQ 10 and
upl i nk physﬂeﬁanckef&R@ec%ng[aQQ&lé)fwleﬁgﬁe&%mﬁisﬁﬁuBm&fa@tﬂﬁﬁ%ﬁzﬁ conprises a

base statiogn 12 receiving packets fromthe higher layer ARQ transmtter
14a provi dédfef Frapes isnrmisgion felays 454 mestage hpmihing Fimssni t t er 14a are applied

to the phygomal | aysinceAR@Yt ARQSHH:IL Of thl ZAydifh) tl%ﬁe@, BHoahdMbr 12 The ARQ
transmtter 12a encodes the data with forward error correcting code
(FEC), - appSHURSBYTIR OrHEreRes by daprtisulay ghenusl retrinypipsipngatistied igat a as

di rect ed by gbdianadafiof that FHaEH18 th iy, ANsheGRtefigndAMeh stéBRds Bk | er 12c, such

oS by St gl DRI Sl KOV (S gLl g Phose S
64- QAM) .  Adigfintnelp aasHoyn if Fliguns LhAdditierally) ibe betrdigmibsich StabiBticsh t | pl e
' 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. ' _

{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- '




access (OFDVA), the AMC controller 12a may wary the subcbannels used to
carry the packet data. The physical |ayer ARQtransn‘ittzqr;:e]az@aarpgg@‘@n‘its
packets to the subscriber unit 16 through air interface- 14 by way of
switch, circulator or -2c- 24 February 2006 WD 03/019817 PCT/ US02/ 26533
dupl exor 12d and antenna 13. The transmtter 12a also tenporarily stores
the nessage for retransmssion, if necessary, in a buffer nenory

i ncor por at eqpi})]&mb@le; transmtter 12a [0016] Antenna 15 of 263u3bscri ber unit
16 receives the packet. The packet is input into ph@%ﬁ“é%( 5l’_z_;ly,er ARQ
receiver 16a through switch, circulator or duplexor 16b.. At the receiver
16a, the packet is FEC decoded and checked for errors using the ECS. The
recei ver 1Gabd¢haenel st beodedectivinouited depietie OFBMSrdghéRl sdtH4),dn €i t her

acknow edg ecei pt.of, a packet wi.th gn.acceptable errqr rate or to
fequest r eteo f‘gtér%g’r% Igélfloenus flf,suﬁ}%%q"g?%agiﬁils,“%vlﬁafl ﬁ‘%%fo’df%b&%ﬁu%%eﬁﬁgvﬁedgnent si gnal
or transnithe ireigamssipat raje oncktmownédgnente/ piAality [(B3dTds Hbk ACK i s sent
by ACK transhdtgr Lat i Et]‘ﬁﬁ 16b and

ant enna. 15%Th{g’ A&é‘?@sggﬁélﬁgisgﬁ?ﬁg&éﬁﬂa'%teéar%fl%&cggc Zkgggé\gjntenna 13 of base
station 12 fregaency egte{6fled ACK is processed by an acknow edgment receiver

12b in the jpgps St atyi; ]ﬁg;% ' i CK/ NAKs to the
adaptive m)[gul zti on alﬁ%thg-(]);%?ané '3%/%2%%%%6?%%%39&%%%@%%& 6 the transmitter
o288 ¢

12a. The Alexibdist fagppigh thexpo cading schemmiel the aedrageychranel t he subscri ber
unit 16 UsicBiSdmidhilsseR | Addifonb Ry Shote S ANt B YR Welihle  FEC

encodi ng and nodul ati on techni ques of subsequent transm ssions of the
nessage, a<ReRFTEmAR: FwEepf Faerting dalgy Sogdbegubscriber wHkl&ubscri ber unit 16

acknow edggsozpcei prheaiplihbERQAC ke@lmildh BLAIRE tOhe I inPEKQAD sh@se station 12
causes the original, packet, which was tenporarily stored in a buffer
nmenory, to 1%‘25“"2‘?@‘#&?“ ?’f“ﬁ’ S \QV%P PRrkstsfaoe 2 highgdeyer B8] if no ACK
i's recei vedraabmAteNABa bithe GGk RGsrs BB erohysteerl tb ph@ical 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, likéwise, may vary the modulation 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
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transmtter 12a retransmts the original nessage or selectively nodified
version of the original nmessage to subscriber 16. At therepas/adeer unit
16, the retransmssion is conbined with the original transm ssion, if
avai l abl e, This technique facilitates receipt of a correct nessage by use
of data redundancy or selective repeat conbining. The packets having an
acceptable error rate are transferred to higher layers 16d for further
processi ng. The acceptabl e received packets are delivered to the higher

|l ayers 16d WPERE*ane data order in which the dat FNEEPEvi ded to
transmtter 12a in the base station (i.e. in-sequence -3 24 February 2006
WO 031019817 PCT/ US02/ 26533 del i very). The maxi nrum nunber of =~

retransm ssj@Rgh Sorl kb8 dTh e Qﬁbiﬁ%né&ﬁﬁcmlﬁﬁéqhﬁ@gleirﬁ'é%%ﬁ&éﬁ! ue, such as
inthe range of 1 to 8. After the maxi mum nunber  of ‘retransm ssions are

attenpted, 490 Hurewgr npphtyofendusprsah presubtriberiitRitet he  next packet .
Decodi ng anoeminow 2P@EEARQ S6pldped BIFRH a PREIRES FadbadehbrofiyiskicRl | ayer

reduces transm ssion del ays and nmessage handling tine. [0019] Since PHY ARQ
occurs at tIAEeTHAYLas Hhe mp ?ccfsﬁéonﬁ‘ii?ﬁffé@q%@fg- e FHE SRR FaBccur rences for

a parti-cul aj webbaRehjundtRh WHASHEISS 108 SH@Y, bthias fayet 2. Infsuglodedyeasur e of that
channel s SURbL Rt LD SLaem eELon SEU oL oS L, ANC control et
in Figure Z002%ddi t i Bigadel §, ist fve ilwestrations rof s dhchahedli sbp cadcaait al so be
(BERS) - and s S b BlryAld do, RGP IRRL Apoae el 88507 gauge
t he channehaydeddchiey atihd bake sting, sebsetilzt lnett oxbotihdepgetingertietirendul at i on and
coding_Schege, 5 [ 8 & 08l ArRAOL T0.kd HBKE 3.8 b o RE-TRE i he
etransm ssi On occurrences for a parti cul ar cnannel are neasur ed to
produce r etmebnski Bigi phwak dlotlstare aced 0 quede 3dlocirgnnssam opgdbher t o change
the modul aty,an, SGRER.AS, JIRGE MY AIALREhahEH LANSILSS @Rasthaldst i s, (62).
If the retransm ssions are excessive, a nore ' :
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. 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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robust coding and nodul ati on schene is used, (64), usually at a reduced
data transfer rate. The AMC controller 12c may increase4iFapruass 2R8I ng
factor and use nore codes to transfer the packet data- Alternately or
additionally, the AMC controller nmay switch froma high data throughput
nmodul ati on “schene to a | ower one, such as from64-QAMto 16- (®M or QPSK.
If the rate of retransmssions is |low, a switch to a higher capacity
nodul ation iis made, such as from QPSK to 16- r 64-ary QAM
(66). The de‘? bgr%”pr ef er ably uses both the retransr#li""ssfggh%r?ate and ot her
link quality nmeasurenents signaled fromthe .receiver, such as BER or
BLER, (62). The decision linits are preferably set by the system operator.
[0021) For daEDMAetrhienitied tfasliiss tadn cmﬁiﬂiheeﬂ‘ﬁeﬁa(ﬁému%ﬂng ¢henoni tor the

h I Lit If. t ty t
ot ansm SoRB OePLip G iR SRRA Ty ) 4% BAPHTCLTAT eODRRRRREI i ndi cat es
poor qual i tpepcetdedby theatxﬁlﬂo deebden de mo&féﬁ&e\/&ﬁg&k&ﬁ ﬂat%BYneE’ﬁTd §80RY 26533 .
subchannel pac etgasadel ere éﬁ%{l) é;g%%o%gs &FH& g{anneex%gﬁg%g set, (64), in

order to pre e use Suc rsome future
period. Lf the kiecmimgrsehesm slkumtwoataeke@sr wrtbtdrf&ammhesmdmg adds egditienk qual ity

| i cat es Mgl A kb mgraps%@?wﬁ Ak SHRINAPRCIS i De added back

to the OF cy set, e retransm ssion
_occur r encesbazagh, s identieal s Wrivapsaiieeds The asej uspaivedpacketiitech t he

modul at i on c@ﬂgln@@%ﬁgaﬁgﬁm;ta‘aoE&&mgm?ﬁbabam%mmﬁwggﬁﬂgns for each

user. Additionally, he retransm ssion rate I1s insensitive to neasurenent
error and. r%bﬁ?ﬂ??fﬁ@d@@da@‘ fromthe subscriber unit 16 [0023] The uplink ARQ

20 is siml@g3oqn na@wgckqoﬂéa%@&méﬂwl AR salmnalfastqmaéksed of a
subscriber unit_ 26 in ackets from_a hi gher |ayer transmtter

28a -of the HrYywd KFE(Q;ﬂér ST@Sfa%Frféequ‘afn’g‘faéP?léﬁ 1 grefprghly @alPWII%?%‘iY ARQ

. channel. For a time division duplex system, the ACKs may be sent in idle
periods between upstream and downsiream transrﬁissions. 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

-




transm tter 26a. The nessage is transmtted to the base station antenna
through swi-tch 26d, subscriber antenna 25 and air interbagebriéry Hjoe AMC
controller, likew se, may vary the nodul ati on and codi ng schenme using the
retransm ssion statistics of a channel. [0024] Physical |ayer ARQ receiver
22a, simlar to receiver 16a of Figure |a, determnes if the nessage has
an acceptable error rate requiring retransm ssion. The acknow edgnent
transmtter weRRHS Status to subscriber unit 26, cpysipgdehe transmtter
26a to retransmt or alternatively to clear the original nessage
tenporarily stored at transmtter 26a in readiness to receive the next
message fromthe higher |layers 28 Successfully received packets are sent
to the net vrseis ppérefing it highbrehlock prne eates (BIEERS)(00P6 BLE ) ehdwsigh smader shown f or
pur poses ofygk EﬁEtJ,sEclﬁ:"l ¥r1 thdASs aycﬁ.}agﬁaéﬂu%%eﬂaﬁt £k@Rb¥ YREH LR shrHSDPA

application in a system alt]| | other “inplenentations may be used,
The BFWA sy&tirmartjiovsfer ineseeranpsgindly Wikshiagto highslesseodyfationemplotitey i si on dupl ex
SC- FDE or  (albptivel iibasibtédn af @¥ing IC) GRS Swer SlsRinb:PRer@Rdqiddend! the

subscribers are in fixed |ocations. The.system nmay  conprise abase station
and a | ar gdChEnfBEs DioHing dyse spdsRT (e digquersihormpenst vithds PHYMRQ may serve

“mul tiple UsBihfenVitibd foPreited Riplehdhitiidn PirfoBR@UR| Rbredd GRRARK kA wich?4 February
2006 WO 03/01‘?“8% PCT/ USO /ég%%? bul | g{}E% for exanpl e, These applications
typi cal |y r7&GHS 8 FuPglues: iR werd fhetess stetppn (B} fogainimizrgslieelof  end users
at one subsgrddpmte; stdiifcreadcl fowel QEbRREr (1 )BELY-ofRD:tlepl@e d mulli-catieh a systemis
transparentt Eug t he higher layers, such as the medi um access controllers
(MACS) . As ‘&'V&Sult, PHYARQ can be used in conjunction with higher |ayer
AR, such as layer 2, In such cases, the PHY ARQ reduces the

retransm ssion overhead of the higher |ayer ARQs., [0027] Figure 3 is an

illustration of an N-channel stop and wait architecture for a PHYARQ 30.
The Physical Layer ARQ transmt function 38




may be | ocated at the base station, subscriber unit or both depending on
whet her downlink, uplink or both PHYARQs are used. Bl ogkseBAmnPoo0dat a
arrive fromthe network. The network bl ocks are placed in a queue 34 for
transm ssion over the data channel 41 of the air interface 43. An

N- channel sequencer 36 sends data of the bl ocks sequentially to the N
transmtters 40-1.to 40-n. Each transmtter 40-1 to 40-n is associ ated

wi th a t Varesiis tlaheegliznce 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 nodul gti ol ap@thidianfor Saljedidg" 4418 Jabdulahishngh 4l widdkgsFEC
encoded/ ECS data is stored in a buffer of the transmtter 40-1 to 40-n for

possi bl ecafinuaitafibs 8y8m, AdLEthaAbhyrisingnt rol information is sent fromthe
PHYARQ transnmitter 38 to synchronize recéption, denodul ati on and decodi ng

at the rECEir‘é@eriw?in?@.'ai!aQPaﬁQhEbitL&Q&g%aﬁiﬁgg@%ttﬁQ?fﬁégiée‘?-pei vers 46-1 to 46-n

recei ves the packel 1ni1ts associat € réetei ved packet is

sent (02 respaciiie i BEld Ao YRR S B bR (5B eS0T 1 & AR

decoder. 50 determné€s thé error r such as

recei ved c}{g% | f.the cket has,.an.acce bl.e error rate, it is
rel eased® c% eethl}aah%a})g’\% arfegf’oq“ﬁé}flﬁté‘rmg‘%@%té%i ng and an AGK is sent by
t he ACK tran%m'tteé. 54_ | f ltggg eLror rate is unacceptable or no packet was
recei ved, reRnyiging the nackets fgberecei¥sti  packets with unacceptabl e error
rates are buffered at the decoder 50 for potential conmbining with a
retransmitt edecering kha packetsgdhe raceivaripr oach for conbi ni ng packets using
turbo codes is as follows. If a turbo encoded packet is received with an
unaccept abl e furgagh reeived pagkety genesating and trepbmitiing 200EnWI«dsmeLd817
PCT/ US02/ 26533 data is retransmtted to facilitate code conbining. The
packet cdrtheiphysigalilarer usinga fut deadbadndwaed, i the eeeitddypacket kiecade t he
. packet data, both packets are processed by the turbo decoder to recover
t he ori gicoedtablatesror 8atece t he second :
retransmitting that received packet at the transmitter, if an
-acknowledgm_ent for that packet is not received;
collecting retransmission statistics; and
adjusting each particular encoding/data modulation using the collected
retransmission statistics; wherein if the collected retransmission statistics -
indicate 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 indicate a high number of retransmissions,

" a lower 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.




packet has a different encoding, its soft synbols are mapped to different
points in the decoding schene. Using two packets with ghi:gg[rugﬁ}zmcodi ng
adds coding diversity and transm ssion diversity to inprove the overall
BER. In another approach, the identical signal is transmtted. The two
recei ved packets are conbined using a maximumrati o conbi ning of synbol s.
The conbi ned signal is subsequently decoded. [0030] The ACK for each

receiver 46-1gto N t o . f . :45. The

f ast feedback&cha?liﬁleelnm E%@?ﬁ%%@e?ilﬁé&g t%g%%g%tgn%gacp%%%&gﬁgs%i atine
di vi si on . ACKS e sent~Rat Al e .perd ods t ween
upst reamﬂ%;]]‘gJt mi%ltsf%e %“%’Pglr@%gs‘é" on%l.g gsk?—%ﬂ j 8T "g?’éff'%er% 4 | ow

other in-hand . transm ssions.

'Sl'ﬁgeldzizch i&?ﬁ&"b %%@E;W&%%a%ﬁ@a§¥gr@¥%v Bt§ Reptopmad I AYdition 1 f or ence

-

to other in-band f.ransm ssions., To | ase the capacity of such a FFC 45,
mul ti pl e SESEAe Ha Sd’é’éﬁam{%ﬁ)’?ﬂn éﬁ@ % eceiver 56 detects the ACKs and

indicates to the corresponding transmtter 40-1 to 40-n whet her the ACK
was received. If the ACK was not received, the packet is retransmtted.
The retransmtted packet nmay have a different nodul ati on and codi ng schene

"as directed by t hdhamesthedaf ¢laim &whepein the packdts aretiaGkmitted usingwed, t he
transmtter 40-1 to 40-n clears the previous packet fromthe buffer and

accept s singléysederwithfregkencyfdomain equalivation 63C-KIK)34d} inkarfaceunber  of
transmtters and receivers Nis based on various design considerations,

"such as the channel capacity and ACK response tine. For the preferred

system previ ously described, a 2-channel architecture is preferably

utilized, witsh evFfheanthdd dfr 2ladi (1 ewherddl fIRCaickabwledgRRAR] e PHY ARQ
techni que of the preferred enbodi nent provides a7 db gain in signal to

noi se r atrafisraithid) 018 $he RIFP Fe@BadlOckArUE LSIMEUS bRk &HYorNiM8hle! A¥&s ARQ This
-7 24 February 2006

(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 physical layer transmitter for receiving data, formatting the received
data into packets, eaci_l packet having a particular encoding/data modulation,
tramﬂtt@g the packets, and retransmitting packéts in response to not
receiving a corresponding acknoWled'gment for a given packet;
an ACK receiver for receiving the corresponding acknowledgment; and

an adaptive modulation and coding (AMC) controller for collecting

-10 -




WO 03/ 019817 PCT/ US02/ 26533 occurs by operating at higher block error rates

(BLERs) (5-20% BLER) and using smaller block sizes forokgyghaly 3dgn i s

practical wth higher |layer ARQ al one. The decreased SNR requi'renent

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

enpl oying an adaptive nodul ati on and codi ng (AMC) techni que; | ower

custoner prem se equi pnent (CPE) costs by using | ower grade RF (radio

frequencypetcRBROREM Sta¥istils hAS Af5eA pLi g cedy

i'nmpl enent ati on performance; | ngrje%segqgg |§‘l@§?éfﬁg@%£mﬁué%&&§x‘fsé%s t he

cell radigg.con&f downl i nk . r,J ase statio %.t mnimze
coNERUE RGN WHgkeif B e ollectBFARRERRIE FEBRA ndivell | e

cell-cell interference; I NCr eased power anp

| oyi- 1z i t echni . .24 Febr. 00 (S | ai med is:
0P n et o f bt S ek Bmpb SO0 U Bighed caFA0 oplinediate Spndrlafiont on
system t t.hod .c ri sing: receivin atq at a transmtter for
t?lansn‘i-ssslr&g%m olsasell%cg‘g%)v%r Ithqu?’aﬁﬁ?'ﬁll‘%lge“g?@“ ata mui%ﬁ"’é‘ iavdoifs Heket s f or

transm ssign to the receiver,. .each packet having a particular

encodi ng/§ ?%ECPWM%?E statisHenmdicate arhigh pamber of refreppmisaionsvaor ;

recei ving the packets at the receiver; for each received packet, generating
and 't r anSAWEn FARGFCHY eneading(datagmednlation schemp iy seleated| ag bhe peiticplar f ast

f eedback channel, if the received packet has an acceptable error rate;

- r et r ansmieteqdigg/datammedidetionsdngacket at the transmitter, if an

acknowl edgnent for that packet is not received; collecting retransm ssion
stati sti egeceyer hadjfngst i ng each particul ar encodi ng/ data nodul ati on using
the collected retransm ssion statistics; wherein if the collected '
retransm ssi onpkysadal Hyec seceiver foralemodulatingribabatkeed; retransm ssions, a

hi gher capacity encodi ng/data nodul ati on schene is selected as the

particul ar encdgbrig/ ARQe combinkeRiecdte st bhiffering, 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.

-11-




the collected retransm ssion statistics indicate a high nunber of
retransm ssions, a |ower capacity encoding/data nodul api pEhssReme! S
selected as the particular encoding/data nodul ati.on. 2. The nmeéthod of
claiml1l wherein the particular encoding/data nodulation is forward error
correction (FEC) encodi ng/data nodul ation. -9 24 February 2006 3. The

met hod of claim2 wherein the packets are transmitted using an orthogonal

frequency di vigi omyalhétho8 BfCQSHN (PFRWRYeidl thé nﬁc%i)m‘gﬁi&%hﬁe o
- particular FEC encodi ng/ data nodul ati on adjusting is perforned in addition

to sel eqtdnstiftehlonnd it SUBERE Gk ! Beifl) (R uivRlon ﬂmﬁ@% dlLdiod of

cl-aim1 wherein the packets are transmt using a sing carrier with
frequenc 5ﬂﬂ5iaﬁr gualdezation (SC-FDE) air interface. 5. The nethod of
claiml \)/(\gerel n tﬁ‘e acknow edgnents are transmitted on the fast feedback
channel using a code division nmultiple access (CDVA) air interface. 6. The
‘method of claiml further conprising at the receiver for each received

packet transnjjti a negative acknow edgnent, if .that packet has an

unaccept abl e roﬂq’teatsﬁs. P OX: ﬁﬁff‘?i alf“%gﬁ%rcoﬁﬂ%iétr udgtelfeEpeat
systemconprising. a transnmtter having: a physical |layer transmtter for

 recei vi nfragseoattingon meepting ackeovledmpentd if amy parkatohdsaanemacceptaMepacket
having a particular encodi ng/data nodul ation, transmtting the packets,

and ret r 8H8RTa%i ng packets in response to not receiving a corresponding

acknow edgnent for a given packet; an ACK receiver for receiving the

. correspondi ng acknow edgnent; and an adaptive nodul ati on and codi ng (AMO)

controller for collecting 1.0 24 February 2006 '

: 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

-12-




retransm ssion statistics and adjusting the particul ar data nodul ati ons
using the collected statistics; wherein if the collectgfFegiubg®BESSI On

~statistics indicate a |'ow nunber of retransnissians, a higher capacity

encodi ng/ data nodul ati-on scheme is selected as the particul ar
encodi ng/ data nodul ation and if the collected retransm ssion statistics

i ndi cate a high nunber of retransm ssions, a |ower capacity encodi ng/data
nmodul ati on schep®iver kaeiget €d as the particular encoding/ data nodul ation;
and a receiver having. a physical |ayer receiver for denodul ating the

packets; a hybrid ﬁg&mmcﬁﬁ%gﬁﬁ%g’%ﬁ%eﬁ;%gbufferi ng, decodi ng and

detecting packet errors; a ment transmtter for

transmtting an a .0l .each packet. . if that packet has an
acceptabl e error %g%%‘ﬁ‘ tgpgﬁg&’ g%/“s’{de?ﬁ%?aé‘%a Flé’ﬁ?rtcﬁﬁ&b% thecul ar
encodi ng/ dat. modul at i is forward,error correction (FEC) encqdi ng/data
nodul at i gg&lge.d Plzﬁgets ?‘Egg{’]ﬁ gynegating pad g\ﬁ‘?‘@f’@? & R‘é’fﬁ‘égﬁlﬁg‘i B iesmitt ed

usi ng an

1 | di vj si | tipl OFDMVA)  ai
Rt ort ac BN ARG 15t TRAR piekob PR HgPBADIE SRR | on ad) st i ng | s

performed in addition to selective nulling of subchannels in an OFDMVA set.
10. The systemof claim 7 wherein the packets are transmtted using a
single carrier with frequency domai n equalization (SC-FDE) air interface.
-11 24 Februaly 20d6 wstenphel plaimodSowherein nthe phdicular ehedingldedal edgnent s
are transmtted on a fast feedback channel using a code division nmultiple
access [wonafioni is | mt putigular - fidwaidh cersyis toernectiorc | FE@) 7 eheudidpgdatsonpr i si ng
at the receiver transmtting a negative acknow edgnent, if any packet has

an unacceptdabitien. error rate.

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-




13. A physical automatic request repeat systemconprising: a transmtter
having: nmeans for receiving data; means for formatting bhAgehReRI XRM data
into packets for transmssion to the receiver, each packet having a
particul ar encodi ng/ data nodul ation; nmeans for transmtting the packets to
a receiver; means for retransmtting one of the packets, if an

acknow edgnent for that packet is not received; nmeans for collecting

ret ransmisleiptsblabht kats; and neans for adjusting each particular data
nodul ation using the collected retransm ssion statistics; wherein if the

coll ected retransm ssion statistics indicated a | ow nunber of
retransm ssions, a higher capacity encodi ng/data nodul ation schene is

"selected as t p i .na/ data . ulation-and if. the collected
retransm ssi ogl@st g% %@%@f claﬁgllq gggttge% e%%%ﬁﬂ“#@é@%‘?“%ﬁ‘ﬁ%ﬁ%%i ons, a

| ower ca%r%i o gncodi ng/ data nodul ati on schene is selected as the

parti cul ar encodi ng/ data nodul ation; and -12 24 February 2006 a receiver

havi ng: means _for recejiving the ‘E ckets; and a&i for each received
packet,. for d®EEHRE" 7 Ghenstor keoelying, data hlocks femm theowetivorkifon £ or
generatin ang, Qr ansm tting an acknow edgnent at the physical |ayer, if
that rec&featigly eenvesing packelste pilsnsenbiersyr rate. 14. The system of claim
13 wherein the partjcular encoding/data nodulation is a particular forward
error coftifc flestination)dexice having © aeceivens darheswaiatabwithhmesfsam of cl ai m
13 wherein the packets are transmtted using an orthogonal frequency
di vi si ontienpmitbers; access (OFDMA) air interface and the particular FEC
encodi ng/ data nodul ation adjusting is performed in addition to
k 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
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sel ective nulling of subchannels in an OFDVA set. 16. The system of claim
13 wherein the packets are transmtted using a single gaFebRENR0OB
frequency domain equalization (SC-FDE) air interface. 17. The nethod system
of claim 13 wherein the acknow edgnents are transmtted on a fast feedback
channel using a code division multiple access (CDVMA) air interface. 18.

The system of claim 13 further conprising at the receiver for each

recei ved packet., .transmttin negaf.i v ckn d t . i.f_that i packet has
an -13 25&%%5‘??}“2 Wﬁ’ﬁﬁ%@é’ﬁ?’a B Plgﬁ'\g.a%fg.sc e AP TEY fon system
enpl oyi n roadband fixed w rel ess access conprising: a sequencer having a
queue fogsF ’@?ﬁ@r8%?5“%%%E%§M%P5ﬁ¥Phe network for sequentially
conveying packets to n transmtters; said a destination device having n
‘receivers, each associated with one of said n transmtters; n hybrid ARQ
decoders each coupled with one of said n receivers; said n transmtters
subsequent | y 3% andhe teopmmaunieatione systems € ickaieg 18 Wgt%@i“%'e‘iasd R $BEh a data
channel ; said n hybrid ARQ decoders having a feedback channel for

t r ansni t triangmitierk reach demperardy tstore e ipacket Shat hee deer dnepamittedsinf dr
controlling retransm ssion and provi ding an acknow edge signal to its
associ at bafférmeasaiyt hed when an  acceptable error rate packet has been

“received; and said n hybrid ARQ decoders rel easing packets which have. an

acceptabl e emeosf Efitlen tRatkniltRreirecdivieg cammckiowledgn sigral diomodh ect i ng
retransm ssion statistics and adjusting a particul ar encodi ng/ data

modul at i gaxofigtedSRRidOdechlid dbaring it btbiadl patkietith bdalinash facCieeipt of
(etransnission statistics; if the collected

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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refransm ssion statistics indicated a | ow nunber of retransm ssions, a

hi gher capacity encodi ng/data nodul ati on schene is sel QQtF%gru%?idﬁ%
particul ar encodi ng/data nodulation and if the collected retransm ssion
statistics indicated a high nunber of -14 24 February 2006 retransm ssions,
a |l ower capacity encodi ng/data nodul ati on schene is selected as the
particul ar encodi ng/ data nodul ati on. 20. The comruni cati on system of claim
19 wherein said n signal transmtters each tenporarily store a packet that
has been transmitted in a buffer nenory; and one of said n transmtters

recei ving an %K”%@%@@e o9 RRk LlﬁQO\%@I%in gées&cgag%ggﬁ%%{ipﬁsggg' el cl earing

the stored packet 1 n readi ness receipt o . The

conmuni cat | . i ' ejn.saild.pn transmtiers C

t enpor ar iallteyk/ S %%%iogn%og%(lg%sa? hrpaeET %ﬁé%&%eede Raé‘reg r?‘??‘?i‘ tatne%ng'ﬁa‘g%ﬁﬂf%et?e‘ﬂemr y;
and one of idn...transmiters failing to receive an acknow edge si gnal
fromits Pazﬁfé‘gto ifg‘fﬂé% %’38ﬁ(é°fr‘?'c§f’?'ansn’i ts the packet tenporarily stored in
its buffer nmenory. 22. The system of claim 19 wherein one of said n

- transmtters clears its buffer nmenory if an acknow edge signal is not
received fromits associated decoder after a maxi mum nunber of

retransm ssi oA, JHhe spstem gk elapmn 3P wharem 4 drapgserniben failing fo meeeivedn nunber or
of retransm ssions is an operator defined integer having a range from1l to
8. - l4a askpgpleden sispgdisormsn gisecigiedidesedslr emthe pabketeimploniogaf said n
receivers requiring a retransm ssion conbines a retransmtted packet with
an ori gi shfferenty fdingdechnique from an encoding technique employed in an original

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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packet to facilitate error correction. 25. The systemof claim 19 wherein a
transmtter failing to receive an acknow edge signal fpopesRagssRel ated
decoder encodes the packet enploying a different encoding technique from
an encodi ng techni que enployed in an original transm ssion of that packet.
26. The systemof claim 19 wherein the n transmtters enploys Turbo coding
and the decoder enploys code conbining of an original transm ssion and a
retransmission.to facilitate error correctjon. 27. The systemof claim 19
wherein one of said n transmtters are m? t se station and
said n receivers are incorporated in a su (h%b@rgr%r% 5 syst em of
claim 19 wherein said n transmtter transl Ss %edlna :
subscriber unit and said n receivers are |ncorp"orat ed |n a base station.
29. The sys3tem THe spdtéth 6F cledm Wb ehebil tRARMetSard tréndntifiBuhizlied usi ng an
orthogonal frequency division multiple access (OFDVA) air interface in

whi ch @n@mmm&tﬁ@qﬂmmhhmnmuﬂizaﬁﬂ&wnmam;em selectively nulled. 14b
24 February 2006 80. The system of claim 19 wherein the packets are
transmtted using a single carrier wth frequency domain equalization
(SC-FDE) air interface. 31. The nethod of claim 19 wherein the

acknow edgn®Bnt <Ther method aefslpim 49 whereinf thet atkwowfiedementsharenel using a code

‘division nultiple access (COVMA) ajir interface.
transmitied on a fast feedback channel using a code division multiple access

(CDMA) air interface.
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