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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.

[0005] 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.

[0006] Accordingly, it is desirable to have alternatives in addition to a layer
2 ARQ system.

[0007] SUMMARY

[0008] A physical automatic request repeat system comprises a transmitter
and a receiver. A physical layer transmitter, at the transmitter, 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
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nodul ati on. The physical |layer transmtter contains n channels which
transmt the packets and retransmts packets in response to not receiving
a correspuodBags4sd WO 03/ 019844 PCT/ US02/ 26941 acknow ed@cgnisot/ai4n gi ven
packet. An adaptive nodul ati on and coding controller in the transmtter
collects retransm ssion statistics and adjusts the particular
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The packets fromtransmtter 14a are applied to the physical |ayer ARQ

transmtter 12a in base station 12. The AR%ransnitter 12a encodes the
dat a wi tIR089] f orwar d eBRIEEHHICRIRFIONHRF(FHE) DRAYWENES error check

sequence[@ogg]CSs) ' Figures la and 1b are simplified block diagrams of downlink and
uplink physical ARQs.
[0011] Figure 2 1s 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

architecture.

[0013] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0014] Figures la and 1b respectively show a downlink physical ARQ 10
and uplink physical ARQ 20.
[0015] 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 error correcting code (FEC), appends error check sequences (ECSs),
modulates the data as directed by the adaptive modulation and coding (AMC)
controller 12¢, such as by using binary phase shift keying (BPSK), quadrature
phase shift keying (QPSK) or m-ary quadrature amplitude modulation (i.e. 16-
QAM or 64-QAM). Additionally, for orthogonal frequency division multiple

-



nodul ates the data as directed by the adaptive nodul ati on and codi ng (AMO)
controller 12c, such as by using binary phase shift keying (BPSK),
quadr at urwo oplasgsed shi ft keying (QPSK) or mary quadrat ur e PERAISO2/2del

nodul ation (i.e. 16- QAMor 64-QAM . Additionally, for orthogonal frequency
division multiple -2 WO 03/019844 PCT/US02/ 26941 access (OFDMVA), the AMC

controller 12a may vary the subchannels used to carr t he packet data. The
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[0017] The ACK is sent by ACK transmitter 16c 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 12¢c 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 original message to subscriber 16. At the subscriber unit 16, the
retransmission 1s combined with the original transmission, if available. This

technique facilitates receipt of a correct message by use of data redundancy or



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 buffer
menory, twola/o1sieared in readi ness for the next packet. [POTASP2/2d94n0 ACK
is received or a NAK i s received, the physical layer transmtter 12a
retransmts the original nessage or selectively nodified version of the
original pessage to subscriber 16. At the subscriber unit 16, the
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t he physi uces trans i on dela nd ssage. handl ing tine.
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statistics, 1s a good nmeasure of that channel |ty Usi ng t he
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and codi ng schenmes for that hannel Ehovvn in Figure 2. Additionally,
t he ret rEHSASEEPHANSCERITERS Eamarapgk@rﬁ apBRb FAEANRNITFION HatistichKs quality
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requir ecg:hannel 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 (BLERSs), 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. If the rate of retransmissions is
low, a switch to a higher capacity modulation scheme is made, such as from

QPSK to 16-ary QAM or 64-ary QAM, (66). The decision preferably uses both the

retransmission rate and other link quality measurements signaled from the
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[0020] To illustrate for SC-FDE, the retransm ssion occurrences for a
particul ar channel are neasured to produce retransm ssion statistics, (60).
A deci siwp oom198iet her t o change the nodul ati on schene i sPeRASUSMY t he
retransm ssion statistics, (62). If the retransm ssions are excessive, a
nore robust coding and nodul ati on schenme is used, (64), usually at a
reduced data transfer rate. The AMC controller 12c may increase the
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qual i ty,fréquurRyiseysies).nul | ed subchannel s may be added back to the OFDM
frequency set, (62&.‘ [ 0022] Using the retransm ssion occurrences as a basis
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del ay f r@adithehsSHPEaEh Ql%ér.uﬁﬂﬂitl(ﬁially, 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
1s 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.

[0025] Although not shown for purposes of simplicity, the system is
preferably used for a HSDPA application in a BFWA system, although other

-5-



[0023] The uplink ARQ 20 is simlar in nature to the downlink ARQ 10 and
I's conprised of a subscriber unit 26 in which packets froma higher |ayer
ARQ tranwoiBhess4s8a of the higher |ayers 28 are transf er ped/uso2/piysi cal

| ayer ARQ transmtter 26a. The message is transmitted to the base station
antenna through switch 26d, subscriber antenna 25 and air interface 24.
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ARGs, Sl!ﬁ‘hhitécﬂu&ﬁefbr 3-PHYARG BOCaH%SPhysmal Layer ARQ transmit function 38
may be located at the base station, subscriber unit or both depending on whether
downlink, uplink or both PHYARQs 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 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 acceptable

error rate, it is released to the higher levels for further processing and an ACK is
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t he PHY ARQ reduces the retransm ssion overhead of the higher |ayer ARGs.
[0027] Figure 3 is an illustration of an N-channel stop and wait

ar chi t ectwoasimors4e PHYARQ 30. The Physical Layer ARQ trangairtusbueti on 38
may be | ocated at the base station, subscriber unit or both dependi ng on
whet her downlink, uplink or both PHYARQ are used. Blocks 34a of data
arrive fromthe network. The network blocks are placed in a queue 34 for
t r ansni ssnbhycdherACKetragamattenddndf thd epfortriage & nnacreptdilde or4®. pavket
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for AMCpmellat.ati on and transmi ssion in the data channel 41. The FEC
encoded/ ata is stored jn a buffer of the transmtter 40-1 to 40-n for
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sent to a respective hya‘réi',gf AR(g decoder 50-1 to 50-n (5%@. The hybrid ARQ
dedditfpraaply.-  p
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i s unacceptabl e or no packet was received, no ACKis sent or a NAK is
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packet iappreseh vigrk Wenicad sunadGerirakbiteéd OrTHA R0 febBiveaGkfkets are
combined using a maximum ratio combining of symbols. The combined signal is
subsequently decoded.
[0030] 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¢. Ifthe ACK is received, the transmitter 40-1 to 40-n clears the
previous packet from the buffer and accepts a subsequent packet for

transmission.



data is retransmtted to facilitate code conbi ning. The packet contai ning
the sanme data is encoded differently. To decode the packet data, both
packets awe 03prmsaessed by the turbo decoder to recover the@canisgi/mail dat a.
Since the second packet has a different encoding, its soft synbols are
mapped to different points in the decoding schene. Using two packets with
di fferent encodi ng adds codin diversity and transm ssion diversity to
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12c, 26dy $witthmgAKhigh oeleeimetilatioa dmploging haraddtivetmodtlanics] #ads t he
previ ous ack(et fromthe buffer and accepts a subsequent packet for
t ransmi <9AEHE (AMQ)\edunguedawerenstoney prause capgusent FHREoRtsdy wiing
transmt Lyer i e | i nsi derations,
such s IPRET ERale BFCELIE FodhdrhaPRRRRo IR R, PRFEAIR E8ARL RS AR

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.



the preferred system previously described, a 2-channel architecture is
preferably wutilized, with even and odd transmtters and receivers. [0033]
The PHY ARQoBocIsm que of the preferred enmbodi nent provi de®Ca/ubo2/ed94gain in
signal to noise ratio (SNR) as conpared to a system using only higher

| ayer ARQ This occurs by operating at higher block error rates (BLERs)
(5-20% BLER) and using snaller block sizes for layer 1 than is practical
with higher layer ARQ al one. The §dedBdSed SNR requirement allows for:

i ncreas capagi t by switching to high order nodul ati on enpl oyi ng an
adaptivgﬁhﬁggﬁ ‘gllflf%ﬁdé%d codi ng (AMC) technique; |ower customer prenise

equi prent (CHE) costsabBiribks B8t ihﬁyl@fneﬁrtﬁ%epﬂr:si&ilaﬁ r lRREMERIYdepe@gPONENt s
with the PHY ARQ conpensating for reduced 1 nplenentation performance;

i ncr easedquestmcomprisamgie whi ch  extends the cell radius; reduced downlink
power in the base station (BS) to mnimze cell-cell interference; and

i ncr eased poﬁe‘i’ragﬁﬁlﬁf’if&avh% back-of f when enploying a nulti-carrier

techni que. -8 VIO QL0984 1K LSRRI tor GeblVig Whah, iinbhtbPdn st 1. A

subscri ber -unit inplenenting physical |ayer autonatic repeat request,
conpr i sirageived tdatas mtot packedwi rgch pashysilealing ay grarticalenehtwlingdata

receivin ta, formatting the received data into packets, each packet

havi ng agwgﬂaﬁem %ﬁanéﬁ%faﬁ%ﬁ%awet Lol PR M PR DRCELISHE TeSRONSE R et s,

and retr 1i440d: i . i . i a

corres pgn ?%IBQE%%:G%%%)%E%}WYE%‘%&*%?Qggglﬁgvg%e(agé%%gtf#; grélg%]liﬁg\% é(gcggment receiver
for receiving the aroracksipoied gigentaalcoent e dfpire néceiving ahe acapéspondingul ati on

and coding controller for collecting

acknowledgment; and

an adaptive modulation and coding controller for collecting
retransmission statistics and adjusting the particular data encoding/modulation
using the collected statistics; and

a receiver having:

a physical layer receiver for demodulating the packets;

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

an acknowledgment generator for generating an acknowledgment

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

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

modulation is forward error correction (FEC).

3. The subscriber unit 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.



retransm ssion statistics and adjusting the particular data

encodi ng/ nodul ation wusing the collected statistics; and a receiver having:
a physi cawoloapessss ecei ver for denodul ating the packets; aPpcarisoressdecoder
for buffering, decoding and detecting packet errors; and an acknow edgnent
generator for generating an acknow edgnment for each packet if that packet
has an acceptable error rate. 2. The subscriber unit of claim1l wherein the
particul ar erkcodi Niadattscrived uhitdifehins ] fxdresaimctherpaeke todivestrhnomitteEEC) . 3.

The subscriber unit of .claim?2 wherein the packets are transmitted . using
an ort hdfgai2 # éﬂ‘é‘"}e’d%@w}%ﬁ fgﬁ‘ﬂ‘f?%yeg%é%%(‘mn éSﬁ?%m?éraflﬁce and
t he FECiﬁ%@%eng/ data nodul ation adjusting is perforned in addition to
selective nulling of subchannels in an OFDVA set. -9 WD 03/019844

PCT/ US02/ 26941 4. The subscriber unit of claim1l wherein the packets are

transmtted using single_carrier_ having a frequency domain equalization
(SC-FDE) air 9-i nt @ﬁ?@a%lébscabelrwéufsﬁfiﬁléwaewh%by yibsfbar WAHIEsy 2 he

C-FOE) air i ~egberfeit cthen reisy Ehe
and wnergis PRI mBERC R SV AP, BUAFARES el i T 7

channel .acknowied G drdearabémitted ofilafadt featbackRhahhel. acknow edgnent
generator transmts a negative acknow edgnent if any packet has an

unacceptabl e error rate. 7. Physical automatic request repeat apparatus
enpl oyed by 3. SUbﬁlcer 's%%rscrlnért unit ot 43191 %h%%&@s%éta?ékr{‘o%v"lbﬁgﬁlent
generator transmits a negative acknowledgment if any packet has an

unacceptable error rate.

7. Physical automatic request repeat apparatus employed by a
subscriber unit, comprising:
a transmitter having:
means for receiving data;
means for formatting the received data into packets for
transmission, each packet having a particular encoding/data modulation;
means for transmitting the packets;
means for retransmitting a packet, if an acknowledgment for that
packet is not received;
means for collecting retransmission statistics; and
means for adjusting each particular data modulation using the
collected retransrhission statistics; and
a receiver having:
means for receiving packets;
means for decoding and error checking each received packet; and
means for generating an acknowledgment at the physical layer if

that received packet has an acceptable error rate.

-10-



means for receiving data; nmeans for formatting the received data into
packets for transm ssion, each packet having a particul ar encodi ng/ dat a
nodul ati owp o3exsas for transmtting the packets; neans forcmatSoze®aitting a
packet, if an acknow edgnment for that packet is not received; neans for
collecting retransmi ssion statistics; and neans for adjusting each

particul ar data nodul ation using the collected retransm ssion statistics,;
and a recei vét: havThﬁgsuhmmerflmltraeamemtmsgofp@iakat"éwheganstlﬁe)pad@@ddrng and

error check| ch r i,ved. cke enerating an

acknow &4 /§%BHH8 Bﬁvg?kﬁ PQ@E}QPPrcPﬁﬁfaPQéEF§gd packet has an
accept abl e error rate. -10 WD 03/019844 PCT/ US02/ 26941 8. The subscri ber
unit apparatus of claim?7 wherein the particular encoding/data nodul ation
is forward erfor Ccore sehscoibet FEQD) apparafhe of alasor 7 Ivererani thappaeds ase of

clai m7 wherei

he. packets are . transm tted usi n orth f requency
i vi o1 o TR USRLox B SR e i it & ey we @Q}ﬁaﬁa/ data
nodul at i u n r Ny t
subehannala ! Shithg TG eRbTRAE D BERUIARE, Rns a%B%Y%fﬁds*%éfd‘c 2im 7
wher ei n atddetlpactkeekec‘awe mﬂhag\sfmhbddammﬂmgl anﬂ]ﬂbl\/msat ri er having

frequency domain equalization (SC FDE) air interface. 11. The subscri ber
unit apparatus of claim7 wherein the acknow edgnents are transmtted

using a code i Vi SN iRE GuAE GE5 Srdt EOMRELaifl 7 Wi Bl %S pQikdls fa38!

f eedback channel
transmitted using a single carrier having frequency domain equalization (SC-

FDE) air interface.

11. The subscriber unit apparatus of claim 7 wherein the
acknowledgments are transmitted using a code division multiple access (CDMA)

air interface on a fast feedback channel.

12.  The subscriber unit apparatus of claim 7 whereby said whereby said
means for generating generates a negative acknowledgment if a packet has an

unacceptable error rate.

13. A subscriber unit for supporting broadband wireless
communications comprising:

a sequencer having a queue for receiving data blocks from a
communication network and for sequentially conveying packets to n
transmitters;

n transmitters for transmitting said packets through a data channel,;

n receivers for receiving return packets through said data channel; and

n hybrid ARQ decoders, each coupled with one of said n receivers;

-11-



12. The subscriber unit apparatus of claim?7 whereby said whereby said
nmeans for generating generates a negative acknow edgnent if a packet has an
unaccept awbas@igsas rate. 13. A subscriber unit for supportrcmgSor/e@dband

Wi rel ess comuni cations conprising: a sequencer having a queue for
receiving data blocks froma conmunication network and for sequentially
conveyi ng packets to n transmtters; n transmtters for transmtting said

packet s t hr oghergbyasaidc mahybrid ARQcéeapders flmver actiedbagk rdtammel placket s
t hrough ,sai d ta channel ;. gnd n brid decoders, each, coupled with
one_of 45 o BPSSow1e AR R iR At R D S05E Vo plrrEly 4 d 1
hybrid ARQulRaadesivelNned forBRABAID LBBNI®hidiPhatd A5HHEABE eMfdr rate.

acknow edgnent when a packet having an acceptable error rate has been
recei ved, and for rel easing packets which have an acceptable error rate.

14. The subscrj ber,,unit, of..claim wherein said n signhal .transnmtters each
tenporarily gltiore Q‘ep%‘bwleﬁéffllﬁééI%’é%ﬂgtW M £3 g‘ﬁnél LG FDr y

wher eby e‘ﬁ%ﬁr{eﬁ‘ffpﬁﬁfi‘fsf Btdrb %’"ﬁd@k\% ehst RhEBbert %rﬁhﬁmﬁ iRaf kGt hdiad).ness

for receipt of another block en an acknow edgement signal for thé stored

packet wWierebgerncheofsaiddn aransmitoérssaear the eteiedepacket 5n rEadisesssfori ber
unit of claim 13 erein_said n transmtters each nporarily stqQre a
packet t'RS8PhY agé\ﬂwrﬁ}lg RS ?ﬂ‘@vﬂﬁég@iﬂe%ﬁﬁgﬁi‘i FOfv@?%@rSést%ﬁ‘fg‘eﬁ
transm yfens el i : rarily stored in its buffer
menory aenﬁeaeﬁl agE{r}%@&éﬁz)gg@nét%%s:?gﬁg%l ggér? the stored packet has not been
received at one of said n receivers. 16. The subscriber unit of claim13

wherein each of said n transmtters  clears its buffer nenory if an
acknow edgenghtt sigiapubseripsr unitef ¢lagmatd @rhegein said n transmitters each

temporarily store a packet that has been transmitted in a buffer memory;
whereby said n transmitters retransmits the packet temporarily stored in its
buffer memory when an acknowledgement signal for the stored packet has not

been received at one of said n receivers.

16.  The subscriber unit of claim 13 wherein each of said n transmitters
clears its buffer memory if an acknowledgement signal is not received after a

maximum number of retransmissions.

17. The subscriber unit of claim 16 wherein the maximum number of

retransmissions is an operator defined integer having a range from 1 to 8.
18. The subscriber unit of claim 13 wherein each of said n receivers
combine a retransmitted packet with an original transmitted packet to facilitate

error correction.

19. The subscriber unit of claim 13 wherein a transmitter failing to

receive an acknowledge signal encodes the packet by employing a different

~-12-



maxi mum nunber of retransm ssions. 17. The subscriber unit of claim 16
wherei n the maxi mum nunber of retransm ssions is an operator defined

i nt eger H&OIBMH1M44 ange from 1 to 8. 18. The subscri ber unPCTAfSOR@IM 13
wherein each of said n receivers conbine a retransmtted packet with an
original transmtted packet to facilitate error correction. 19. The
subscriber uynit of claim 13 wherein a transmtter failing to receive an
acknow edigedigytarhriqugdom mn pigeding eelpinygi eppdoyeids fer amt original Wo

03/0198 4 \JS02/ 1 odi ng techni que from an encodi ng techni que
enploye§§?§£§ﬁg§g§8$ﬁ§#I”?%gﬁsnission of that packet. 20. The subscri ber

unit of claim 13 wherein each of the n transmtters enploys turbo coding

and each of the n decoders _enpl oy code conbining of an original
transni ssi on 24thd alheswksesibies sindhof daimadid| whenein eacloof thern txanisonitters. The

bscri b it of claim13 whareip th ket t i t.t ed i
or t hogort POy B ftiEhe Sodng i AAeh, Pt Py B AdR0R0s Seploviepdaicombipirg abani n
whi ch f reaMant vraidBERABASIE 4 Pe@An SRS 68 FABYtRE eSRIr&oLFotelon, Nul | ed. 22.

The subscriber unit of claim 13 wherein the packets are transmtted using
a single carrier having a frequency domain equalization (SC-FDE) air

interface. 2 The,subscri ber unit, of. claim 13 erei.n the acknow edgnents
are transnit ]ed_ glF}_‘eaS‘fStésscfl E&Bﬁfé@%ﬁhﬁ‘@@e{rgpﬁ e packsde ats YREFBAURTAI t i pl e
access hbhh RthododatfiedtBncy di¥ision multiple access (OFDMA) air interface in

which frequency subchannels in an OFDMA set may be selectively nulled.

22.  The subscriber unit of claim 13 wherein the packets are transmitted
using a single carrier having a frequency domain equalization (SC-FDE) air

interface.
23.  The subscriber unit of claim 13 wherein the acknowledgments are

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

(CDMA) air interface.
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