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comuni cation. Mdre particularly, the present invention relates to a novel
met hod and apparatus for quick 10 retransm ssion of signals in a

comuni cation system I1. Description ofithe Related Art In a conmunication
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comuni cation systems these factors but are not |imted to:
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Consequently, despite extensive error control coding, certain packets are

20 m ssed or received PATRGROUNDPOETIE INVENTION Unl ess defined

differently, a packet is a unit of a signal conprising a preanble, a
payl oad, and a quality metric. Therefore, Autonmatic Retransni ssion reQuest

(ARQ SChqnﬁﬁeldaj‘thQf[hQ@nﬂﬁﬁd at the link | ayer of conmunication systens
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and incor pqqqgeﬁnﬂ}%@bptmEﬁft@d arge. Existing ARQ schenes achieve
retransm ssion of ‘mssing or erroneously received packets by utilizing a
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limited to: fading, noise, interference from other terminals, and the like.

Consequently, despite extensive error control coding, certain packets are

20 missed or received erroneously at a receiving terminal. Unless defined
differently, a packet is a unit of a signal comprising a preamble, a payload,
and a quality metric. Therefore, Automatic Retransmission reQuest (ARQ)
schemes are often used at the link layer of communication systems to detect
missing or erroneously received packets at the receiving terminal, and

25 request retransmission of these packets at the transmitting terminal. An
example of an ARQ is a Radio Link Protocol (RLP). RLP is a class of error
control protocols known as NAK-based ARQ protocols, which are well
known in the art. One such RLP is described in TIA /EIA/IS-707-A.8, entitled
“DATA SERVICE OPTIONS FOR SPREAD SPECTRUM SYSTEMS: RADIO

30 LINK PROTOCOL TYPE 27, hereinafter referred to as RLP2, and incorporated
herein by reference.

Existing ARQ schemes achieve retransmission of missing or
erroneously received packets by utilizing a sequence number unique to each
packet. When a receiving terminal detects a packet with a sequence number

35 higher than an expected sequence number, the receiving terminal declares
packet(s) with sequence number(s) between the expected sequence number
and the detected packet’s sequence number missing or erroneously received.
The receiving terminal then sends a control message requesting
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aspect of the ifeatpproadhée sedwsingsthe delaar andalbleedelay’s variation is to
avoid retransmissions by ensuring that the first transmission is received
20 correctly with high probability. However, this approach requires a large
amount of power, which in turn reduces throughput.
Based on the foregoing, there exists a need in the art for an ARQ

mechanism with low retransmission delay.
25 SUMMARY OF THE INVENTION

The present invention is directed to a method and an apparatus for
quick retransmission (QARQ) of signals in a communication system.
In accordance with one aspect of the invention, a receiving terminal
30 determines a quality metric of a packet of received signal. The receiving
terminal immediately sends a short acknowledgement (SA) to a
transmitting terminal in accordance with the quality metric of the packet. If
the quality metric indicates that the packet was incorrectly received, then the
SA is termed negative acknowledgement (NAK);, otherwise, the SA is
35 termed positive acknowledgement (ACK) or acknowledgement.
In another aspect of the invention, there exists a determinable
relationship between a particular packet and the SA; therefore, there is no



rel ati onship between a particul ar packet and the SA; therefore, there is no
WO 01/80477 PCT/ USOL/ 12227 3 need for the SAto contain an explicit
i ndi cati owoag/gogr7whi ch packet is to be retransmtted. |n pmaoaghdamnme wth
anot her aspect of the invention, the SAis a bit of energy. 5 1In
accordance wi th another aspect of the invention, the transmtting term nal
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accor dance vvithf%e%‘gg,:; t her aspect of .fhe ipvention, a .conventiqnal

=pa

sequence- nuHiser RO Faih PByRP iAo @ toHEhICloPREARG IS Eh dfe.
BRI EF DESCRieHBneMMiedTHE DRAW NGS The features, objects, and advantages of
the present invention wl] becone nor arent fromgh et ai{.ed
description set oarcf:ﬂr%gé}cng ét\ﬁ‘e%c%cglﬁ]ér??ﬁ&c%ﬁ%nﬂ%eﬁlm’t%‘e?%‘g laraab\ﬁr?és in
whi ch |i ke arefgy.ence characters identify correspondingly throughout and
whereing FIG 1 .S ! nj i ; m

P B a&opaﬁ%o?‘i@gmh%é?f?@ﬁ*;?@‘ﬁe?ﬁ@%i e HRaRnE e

FIG 2 is an illustration an exenp
20 FIG 3 iterminalogiterapts setransmicsing afythgeparket afpredeterprned syimbentoft he

transmttingnkgrmnal. FIG 4 is a flowhart of an exenplary nethod of data

rocessing at a_receiving termnal. FIG .5 is a detajled block diagram of
ltohe commgi cati dR s%?é‘lflﬁrgﬁe ‘fgtthl gty angther g aspeet o‘?gagﬁlfm YRRVt i & ng
associ at ed dsnivienpieekbt sqjieeregivigbebased ARD Vis b RiyEdnalgdtieraodth dasce
with a entsts I rgthof the invention. 30 DETAI LED SCRI PTI ON OF PREFERRED
EVMBODI VENT "% Fustrates an exenpl ary conmuni cati on system 100

capabl e of inplenenting enbodi nents of the invention. Afirst termnal 104

transmts signals t oBRHEEE WESCRIPTAONOO P THEEDRAWINGS Kk 108a, and 35
receives signals fromthe second term nal 106 over a reverse link 108b. The

communi cation system 100 can be operated bi-directionally, each of the
terminal s 104 ankhel featopes; antijerys,aanch advansagest efr thaipresentainerdiorerwildi t

or boyB CoReHRERIONY apffsRERA RN Qhe WIRATIE! HREAP!SN P& B BORW thRenf rom
taken in conjunction with the drawings in which like reference characters

identify correspondingly throughout and wherein:
FIG. 1 is a block diagram of an exemplary communication system.
FIG. 2 is an illustration of an exemplary forward link signal structure.
20 FIG. 3 is a flowchart of an exemplary method of data processing at the
transmitting terminal.
FIG. 4 is a flowchart of an exemplary method of data processing at a
receiving terminal.
FIG. 5 is a detailed block diagram of the communication system of
25 FHG.1 |
FIG. 6 is a diagram showing timing associated with packet processing
at a receiving terminal in accordance with an embodiment of the invention.

30  DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

FIG. 1 illustrates an exemplary communication system 100 capable of
implementing embodiments of the invention. A first terminal 104
transmits signals to a second terminal 106 over a forward link 108a, and

35 receives signals from the second terminal 106 over a reverse link 108b. The
communication system 100 can be operated bi-directionally, each of the
terminals 104 and 106 operating as a transmitter unit or a receiver unit, or
both concurrently, depending on whether data is being transmitted from, or
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20 In one embodiment of the invention, a forward link comprises a set

of channels, e.g., a pilot channel, a medium access channel, a traffic channel,
and a control channel. The control channel is a channel carrying signals to
be received by all MSs monitoring the forward link. In one embodiment of
the invention, data being carried on the traffic channel, including both first

25 time transmissions and quick retransmissions, can be demodulated without
information provided on a control channel. In another embodiment, the
control channel may carry information necessary for demodulation of the
data being carried on the traffic channel. For a forward link signal structure
of an exemplary embodiment of the invention, refer to FIG. 2.

30 In one embodiment of the invention, the reverse link comprises a set
of channels, e.g., a traffic channel and an access channel. The reverse traffic
channel is dedicated to transmission from a single MS to the BSs co}cnprising
a network. The reverse access channel is used by the MSs to communicate
with the BSs in the network when the MSs do not have traffic channel.

35 For simplicity, communication system 100 is shown to include one BS
104 and one MS 106 only. However, other variations and configurations of
the communication system 100 are possible. For example, in a multi-user,
multiple access communication system, a single BS may be used to



35 For sinplicity, conmunication system 100 is shown to include one BS 104
and one M5 106 only. However, other variations and configurations of the
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U

required for successful decoding of a packet correctly at a given rate. The MS
106 then sends a message on the reverse link specifically to the selected BS

25 104, requesting data rate at which the specific selected base station may
transmit forward link data to the MS 106.

In one embodiment of the invention, the message is sent on a data
rate control channel (DRC). DCR is disclosed in a co-pending application
serial number 08/963,386 entitled: “A METHOD AND AN APPARATUS

30 FOR HIGH RATE DATA TRANSMISSION,” assigned to the assignee of the
present invention, and incorporated herein by reference.

In another embodiment of the invention, a dedicated reverse link
medium access channel (R-MACCH) is utilized. The R-MACCH carries the
DRC information, a reverse rate indicator (RRI) and a SA information.

35 In an exemplary embodiment, the BS 104 monitors the reverse
channel from one or more MSs and transmits data on forward link to no
more than one destination MS during each forward link transmit time slot.
The BS 104 selects a destination MS (for example MS 106) based on a



present invention, and incorporated herein by reference. |In another
enbodi nent of the invention, a dedicated reverse |ink nedium access

channel (Wo\ASGY)y is utilized. The R-MACCH carries the DRermdopnsmti on, a

reverse rate indicator (RRI) and a SA information. 35 In an exenplary

enmbodi nrent, the BS 104 nonitors the reverse channel from one or nore MSs

and transmts data on forward |ink to noo m)re t han one destination M
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CRC. The eva y metric an ric con ai hedi'n the
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20 the MS 106 decodes the packet and evaluates a quality metric of the received
packet. Quality metric of a packet is defined by a formula in accordance with
a content of the packet, e.g., a parity bit, a cyclic redundancy check (CRC), and
the like. In one embodiment of the invention, the quality metric is a CRC.
The evaluated quality metric and the quality metric contained in the
25  received packet are compared, and based on the comparison an appropriate
SA is generated. As discussed with reference to FIG. 5, the SA in an
exemplary embodiment can comprise only one bit.

In one embodiment, the SA is ACK based, i.e., an ACK message is sent

from a MS to a BS if a packet is correctly decoded and no message is sent is
30 the packet is incorrectly decoded.

In another embodiment the SA is NAK based, i.e., a NAK message is
sent from a MS to a BS if a packet is incorrectly decoded and no message is
sent is the packet is correctly decoded. An advantage of this approach is that
high reliability and low noise interference with other reverse links, as well

35 as energy saving at the MS can be achieved. As discussed, because a BS is
transmitting a packet intended to only one MS, at most this MS sends NAK,
thus achieving a low interference on the reverse link. In a well-designed
system, the probability of the MS incorrectly decoding the packet is low.



exenpl ary enbodi nent can conprise only one bit. In one enbodi nent, the SA
Is ACK based, i.e., an ACK nessage is sent froma M5Sto a BSif a packet

i s correchoidesoded and no nessage is sent is 30 the paq:lch/UsOs/lzzn
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20 DRC, the RRI and the ACK/NAK information.

The BS 104 detects the SA and determines whether a retransmission
of the packet is necessary. If the SA indicates that a retransmission is
necessary, the packet is scheduled for retransmission, otherwise, the packet
is discarded.

25 In an exemplary embodiment, the aforementioned QARQ scheme
| cooperates with the RLP as will be disclosed in following description.

FIG. 2 shows the forward link signal structure transmitted by each
base station in an exemplary high data rate system. Forward link signals are
divided into fixed-duration time slots. In an exemplary embodiment, each

30 time slot is 1.67 milliseconds long. Each slot 202 is divided into two half-
slots 204, with a pilot burst 208 transmitted within each half-slot 204. In an
exemplary embodiment, each slot is 2048 chips long, corresponding to a 1.67
millisecond slot duration. In an exemplary embodiment, each pilot burst
208 is 96 chips long, and is centered at the mid-point of its associated half-slot

35 204. A reverse link power control (RPC) signal 206 is transmitted to either
side of the pilot burst in every second half-slot 204b. In an exemplary
embodiment, the RPC signal is transmitted in the 64 chips immediately
before and the 64 chips immediately after the second pilot burst 208b of each



necessary, the packet is scheduled for retransm ssion, otherw se, the
packet is discarded. 25 In an exenplary enbodi nent, the aforenentioned
QARQ schew® oimopperates with the RLP as will be discl osed par/ifiehhoar ng
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304, in Wthh the payload unit is provided to a first time queue.
If the payload unit is to be retransmitted, the method continues in
step 306, in which the payload unit is provided to a first time queue.
At step 308, the BS assembles payload units intended for a particular
MS to a packet a structure of which is determined in accordance with a
25 transmission data rate. The data rate at which the packet is sent is based on a
feedback signal received over the reverse link from the destination MS. If
the data rate is small, then the packet (called a multiple-slot packet) of data is
transmitted in multiple forward link time slots. In an exemplary
embodiment, a preamble is transmitted within a new packet. The preamble
30 enables identification of the intended destination MS during decoding. In
an exemplary embodiment, only the first time slot of the multiple-slot
packet is transmitted with the preamble. The preamble could alternatively
be transmitted in every forward link time slot.
At step 310, the BS transmits the packet in accordance with a
35 scheduler order as discussed with reference to FIG. 1.
After the packet has been transmitted, the BS tests at step 312 if a SA
corresponding to the transmitted packet was received. As disclosed with
reference to FIG. 6, the BS has a knowledge, when to expect the SA.



If the payload unit is to be transmtted, the nethod continues in step 20
304, in which the payload unit is provided to a first tinme queue. If the
payl oad uwidgo1igest70 be retransmtted, the nmethod continues pdr/usHiem2306, in
whi ch the payload unit is provided to a first tinme queue. At step 308, the
BS assenbl es payload units intended for a particular M to a packet a
structure of which is determned in acc@@dance with a 25 transm ssion data
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20  generate a response to a BS. At step 400, the MS receives a packet from the
BS.
At step 402, the preamble of the packet is extracted. The preamble is
compared with a reference preamble at step 404. The packet is discarded if
the preamble indicates that the packet is intended for another MS at step 406
25 and the flow returns to step 400 to wait for another packet. If the preamble
indicates that the packet is intended for the MS, the MS decodes the packet
and evaluates a quality metric of the received packet is at step 408.
At step 410, the evaluated quality metric and the quality metric
contained in the received packet are compared. If the evaluated quality
30  metric and the quality metric contained in the received packet do not match,
an appropriate SA is sent at step 412. In the exemplary embodiment, the SA
is a NAK, represented by a bit of non-zero energy. A timer for the SA sent is
started at step 414. The purpose of the timer is to limit a period for which
the MS waits for retransmission of the payload units of the incorrectly
35 decoded packet. In the exemplary embodiment, if the payload units of the
incorrectly decoded packet are not received within the timer expiration
period for the NAK, associated with the incorrectly decoded packet, the



15 scenario, the QARQ retransm ssion processing ends and the packet nmay be
retransmtted upon request fromthe RLP processor as discussed with

ref erencewignifghésy 6. If the parameters were not exceeded, pdieupaexaty i s
reschedul ed for retransm ssion at step 320. FIG 4 is an exenplary

flowchart of a nethod for a M5 using QARQ to 20 generate a response to a
BS. At step 400, the MS receives a packd0D fromthe BS. At step 402, the
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20 than the missing payload units associated with the particular NAK and
lower than the missing units associated with the next NAK (if any) are
provided to an RLP layer at step 424.
At step 426, the RLP layer checks the sequence numbers of the
delivered payload units. If the sequence number indicates contiguity, the
25 RLP layer delivers data from the buffer to a data sink at step 428. Otherwise,
the RLP layer generates RLP message requesting retransmission of the
missing units at step 430. In one embodiment of the invention, the RLP
message requests retransmission of all of the missing units in the buffer. In
another embodiment, the message requests retransmission of only the latest
30 detected missing payload units.
At step 432, the message is transmitted over the reverse link to the
serving BS.
FIG. 5 shows a detailed block diagram of the communication system
100 of FIG. 1. Data to be delivered to the MS 106 arrive at the BSC 102
35 through the connection 112 from the PSDN (not shown). The data are
formatted into payload units under the control of a RLP processor 504.
Although an. RLP processor is shown in the embodiment, other protocols,
allowing retransmission based on sequence number methods can be



| f the RLP sequence nunber indicates non-contiguity, the tiner,
corresponding to the |last NAK sent (which was started at step 414), is
checked alvesi1®p47#22. |If the tiner has not expired, the M pwitsifipn715
retransm ssion of the m ssing payload units or expiration of the tinmer for
the last NAK sent. If the tiner for a particular NAK, and, consequently a
particular set of mssing payload unit ldxpired, the QARQ scheme for these

payl oad unlts borted.., All payl units stored in. the buffer
sequence n edn %h@?e W?‘Pélﬁ"g%oﬁ?a}é% IMYEAA o iR BAVIcad Rl ds alp%Mt h
t he pa[\tbrq }( | ?ul]pﬁg ¢ RDH prb@@gsgr gmaalsb Fl)ﬁelslan@tsttﬁblit@r682%121&t1§fb1\m&ﬂ102122
next i ny). .ar A to,an a t st { ste
the RLP | aysr 0nodRs s RERESERTS HiRBoreabroiFe Iouel ORI SNssY oadt I t 5.
If the sequema@snua:hen teylieshiesletivatddyuo tthe RhB psefior 5y éhradeghi \thes
data T v 8 Uhep Billlecl O il S0 Hfilribos DGR Shitd Nrdhlh, | BVer
message at

generates gues I'ng retransm Ssi on sing u

step 430. |baCBhéubtﬁ)@m¢ whitcht sesves fhatVEnfort whigh phe rfé%t@ aje mémda%i
retransm ssrwolgfmah{oroéoz RRee3SintSrHRtiba Aot cRHbA &8f. theMPRBLNGhe

enbodi nment ssa sts re of only the latest 30

det ect ed m@%%éﬁ?‘%‘é&i\?% thrapg éttgﬁiﬁ;ﬁw e nmessage is transnmtted
gver t he ][eVﬁrseThe phyloadtinéits e \urfigedat tfé BS G@@ﬂﬁwa gh ﬂ@tbbadmﬁubllqokd

i agramyof the comgunicati ste o {0 red to
the M5 106 HrrPAY %t ttﬁ)e Ef%étri%‘étor Qhrokl?gﬁf tﬁlgui%%%g?ﬁe %fg? Fhe
PSDN (not sregieyd uiﬁhte atatrevarylordmanitsdorn paylopdyluwidsl pmvtckdjbgethetlhblf
control ;?r soPr%ES?&f itk srzﬁlsélBﬁugh ﬂ‘“th@'—? 59 '%réh?c‘!mbb“ the

enbodlnent er pro ocol S, ng retransm ase on sequence
nunber net rr@tr@néantt% the ay. e@dmlws@rﬁ psoYiderbtora J_rgtraaﬁmwsz@a queieopto.

enbodi ment Ofhdriigsd, rth%f?aﬁaadtd}ﬁtdof&){é ‘iii%@vi&ﬁd td 2 AR 4 Pt ueﬁ@'ms T'bBeRLP
r 504 . al osup bitor 502 wit or mat as tao which

proces Lon
backet S ohavR e, g e Ban fgre RRaBKEs, mﬂFé?Oﬂiflaé"tCrea‘Mét& a bt quest
is deliveread Uestéaé>thB MSdoesmde@%eﬂMﬂhgbfetrémce&omIE message. The

%.Stcﬁl gg? SresS?ﬁe‘gzlﬁ%%bIQ&t e%kﬁét%g%g‘gggd S ?n %}ﬂ%r Sﬁﬁ ﬂ%;églhl UP§1§§02
recei ves i roopreatepnvidhauQABQacontmober (518 avb aksigmingheriority between the
first time packets and the packets intended for retransmission to the MS 106.
20  The packet transmitted to the MS 106 remains in the queues 508, 510, while
the BS 104 waits for a SA from the MS 106.

The packets arriving at the MS 106 over the forward link 108a are
provided to a preamble detector 520, which detects and decodes a preamble
of the packets. The preamble is provided to a processor 521, which compares

25  the decoded preamble to a reference preamble. The packet is discarded if the
preamble indicates that the packet is intended for another MS; otherwise,
the packet is provided to a decoder 522, which decodes the packet. The
decoded packet is provided to a processor 521, which evaluates a quality
metric of the packet. The evaluated quality metric and the quality metric

30 contained in the received packet are compared, and based on the comparison
an SA generator 526 generates an appropriate SA. Though the preamble
detector 520, the decoder 522, and the processor 521 are shown as separate
elements, one skilled in the art will appreciate that the physical distinction is
made for explanatory purposes only. The preamble detector 520, the decoder

35 522, and the processor 521 may be incorporated into single processor
accomplishing the above-mentioned processing.

If a packet was incorrectly decoded, i.e., the evaluated quality metric
and the quality metric contained in the received packet do not match, the SA



BS which serves the M5 through the backhaul. The payl oad units that arrived
at the BS 104 through the backhaul 110 10 are provided to a distributor
506. The wio 8i/8a4but or 506 tests whether the payl oad unitspar@seemeayl oad
units or payload units provided by the RLP processor 504 for

retransm ssion. If the payload units are to be retransmtted, the payl oad
units are provided to a retransnission qglikue 510 O herw se, the payl oad
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NAK repres ephﬁitd)é/r WAK} afill, Bofseticatione ytlcumf: setibpeaBsielg phgloati BRIt 530

's to lidn te)?p@gé eﬂ? pay?oadM&mts in' the' Buiffer g’ﬁ%‘ xt/v?thf géq&e%creaﬂarr}}bse? ngher
than the missing units associated with the particular NAK and lower than
the missing units associated with the next NAK - if any - are provided to a
RLP processor 526.

The RLP processor 526 checks the sequence numbers of the delivered
25 payload units. If the sequence number indicates contiguity, the RLP
processor 524 delivers data from the buffer 528 to the data sink 534.
Otherwise, the RLP processor 526 instructs RLP message generator 532 to
generate RLP message requesting retransmission of the missing units. In
one embodiment of the invention, the RLP message requests retransmission
30 of all of the missing units in the buffer 528. In another embodiment, the
message requests retransmission of only the latest detected missing payload
units. The message is then transmitted over the reverse link 108b to the BS

104.
The data containing a SA and an arriving at the BS 104 over the
35 reverse link are provided to a SA detector 514 and an RLP message detector

516.



of the payload units of the incorrectly decoded packet. If the payl oad
units of 5 the incorrectly decoded packet are not received within the timner
530 expiwatdimoaperiod for the NAK associated with the i ngegrenihy26decoded
packet, the QARQ processing is aborted. A retransm ssion of the m ssing
payl oad units is handled by an RLP. If a packet was correctly decoded, the
payload unit(s) contained in the 10 padket are stored in a buffer 528. The

RLP sequence nu r of the, pa Io uni t ai n i n.the i s

checked by the ggg‘%%@ cepvesl aﬁé a]é‘nan c‘f"g‘ﬁ&b egiediipe %F& SEGPEnce

number. | f 5t Q/AQuendeollembts remoses dhe spabet agidciated avitht e payKoad

units with e nunbers contained in the buffer 528 are
SR e IS

provi ded t 15 G herwi se, the tiner 530, corresponding
to the |ast NAKI6entNAKs ighesskised, | the tQARQ neortizsllerot518x ghedks, vhetheay!l oad

units ame ?é}ﬁﬁ@té@ E@ﬁtr@ﬂfﬁn% re@?ﬁlsn‘ﬁ@gont ReeMBetQRqval g fd?é exem]tnlar%r £30

retransms he m ssi unlts or explr tlon (0]
for the | astmhpgimen; th ‘Fﬂf’aFﬁ@e ﬁ?rﬁerIBBUSff ShagmuEy, RpEpes o mmeSaaqHaC et
consequent | nabdadttdruhidteds 8hd dhaRirighh qlraayfo@adhwhl 4 g&@k&mw fnaidl in

ayl oad uni n . the buffer th,se ce,nu her. . than_th
Ir?i gsi ng unitﬁ“g Q@J@St QHeHFtﬁgfﬁ\g‘eﬁamq gﬁfg?t hﬂ& {fhéﬁe
m ssi ng unigaanresasi ateeel amceéddd)ethreeQAMKcenﬂrbllanﬁls mmomso\thdepactleta

RLP prq %essfggm%g egl%s @ﬁ% aq{(fﬁiﬁ?jth?%féls%hﬁ%(%ﬁ@ CotyGiGe 518 Tins ﬂ’??f&c@f the

del i vered ence S con
the RLP prtbee@é@du&m 5@!%Ith@“e rtbedaa@kertrbmmh@@nlecérfoszgammwﬁeoaamthl nk

534.  Qherybagy phidgitRLFrie @E&% méPed NGt ¢he MHsBitEs %ﬁ%egmf@ttﬁé 532
to generate RLP nessage re retransm ssi nof t he” m ssin
one anbod FEHRTSRITNER | GBI i, i the éﬁnﬂa@e@%ﬁé Afbdetermipes A $hFon 30
of all of thiw-atlasiwilgdgadtpgacket fémiém‘m‘ Ble 28 tinhe aaaé 320. enmbodi rrent t he
i o, Fhe moes a6 ERGE Hln e il o BLP PR RSB B 02
104. The daletededbgiamn Rf.PamB8ssageddetectar 516j the detectre H6 povidesrthe RLP 35
14 1o oy s M e R R T S g
whi ch is dareeessar i then siigiatesct procedure for re-transmitting the packet in
accordance with the RLP implemented.
20 FIG. 6 illustrates a relationship between a packet received at a MS 106
and a SA transmitted from the MS 106. In slots n-4, n-3, a receiver at the MS
106 receives a packet over the forward channel link 108, and determines if
the packet was intended for the MS 106. The MS 106 discards the packet if
the packet was not intended for the MS 106. Otherwise, the MS 106 decodes
25 the packet, evaluates a quality metric of the packet, and compares the
evaluated quality metric with the quality metric contained in the packet in
slots n-2, n-1. In slot n, a transmitter at the MS 106 sends a SA back to the BS
104 over the reverse channel link 108b. In slot n+1, the SA received at the
BS 104 is decoded and provided to a QARQ controller. In slots n+2, n+3 the
30 BS 104 retransmits the packet if so requested. The position of the slots on
the received forward link channel 108a and the reverse link channel 108b is
synchronized at the MS 106. Therefore, the relative position of slots on the
forward channel link 108a and the reverse channel link 108b is fixed. The
BS 104 can measure a round trip delay between the BS 104 and the MS 106.
35 Consequently, the time slot in which the SA must arrive at the BS 104 can be
ascertained, provided that a relation between the received packet processing
and the SA is determinable.



514, the QARQ controller 518 renoves the packet associated wth the ACK
fromthe queues 508, 510. If a NAK is received, the QARQ controller 518

checks wh@tgharsoas paranmeters controlling retransm ssion wageoeeeded. | n
t he exenplary enbodinent, the paraneters conprise maxi num nunber of tines

a packet can be retransmtted and maxi mumtine for which a packet can
remain in the first-time queue 508 aftdd the packet has been transmtted.

I f the paramnet rs wer e C ede caontro renpves th
packet 10 form tﬁeoﬁfﬁeﬁ’é@’ do %1@“3 ErFERtiPRe, enere%k éﬁe518
instructs reteved @adklé rdzédsihgandt the %leietémnmbbeh lﬂ)&dgfthe number

transm ssi og Wg%e gn% e%m r| Xcke]c_ %%l?ﬁ)%lg ?5% f.rorgio,cpe1 El s,g time

queue 508 t queue Y CORETOT | ef”
det er mi nes CEGWEquhletlynd)he dﬁ‘.’krﬂcﬂﬂd eatg@dsqxa@ueeeaq%egadb@ wmith leachi 94t tOne

queue: 530. skfid i e LECRIN A BrEONhal PIGNS BLR L8k 33 ool EqHES
i d P bt

which is et ect y an nessage etector 51
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packet in accordance Wltg %? RLP |rrpllement]%é 0 Fl G | ustr tes a
rel ati onshiQ“BetheBP™s BhckEt Yrak R HAP ll%norzfndc%{f YR EVERSnd Eed
from the MinAéfenthyn variabke, re.d, lemglh o a padietedelaly Hetwebdfs the BA ecepties a
packet ,gver__t:h nk 108, and determines if the packet was
mtendég f&n ﬁ‘e ﬁg‘%ge?&ﬁgmﬁ}% (1211!(56 di scards the packet if the packet was
not intended fordntdeotker 1@6b0dxmenw0§dhetmemomthtﬁecddegnzbeW@rpabket
eval uat es t ri fdagk d;co
qual ity ne?rlgéci@%\ﬁﬂ @Eét (ﬁﬁ ?I ty hetri cﬁ{ceon?gl ﬁ%d&?%fﬁﬁre;%acl?zt H‘gﬁ%t S
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slots on the _ . reverse charine k108D
is fixed. Tppliedstoodheneneedioenta wothemtt tie usel ofy thetinwentivhe 83104 and

the M5 106. h”ié C’Eﬁeegfk%@ﬁ{ Yinddd@idd Mg Shot irﬂex‘{\@é&hté hge SRS 36T kNE at
the BS 104 ¢ certai ned gr ovi ded t hat | ati on between the

recei véll p digrente shpwa hescin PHE I & ageTelerl thgpvislest scope consistent

with the principles and novel features disclosed herein.

What is claimed is:



WO 01/ 80477 PCT/ USOL/ 12227 14 In one enbodi nent of the invention, the
rel ati on between the recei ved packet processing and the SA is determ nable

by fi xi ngwid@/sosyber of slots between receiving a packet pndysenshng a SA

back, i.e., slots n-2, n-1. Consequently, the BS 104 can associ ate each
packet with each SA. One 5 skilled in the art will understand, that FIG 5
is neant only to illustrate the conceptl5 Consequently, the nunber of slots

all ocated for a particular event mﬁ]ﬁh?ﬂﬂ% e.g., decoding and eval uating
of a packet's quality netric my oc A re or less than two slots.
Furthernore, certain events are inherently variable, e.g., length of a
packet, delay between the. SA reception 10 d.the packet retransm ssion.

| n anot her lenbodén@ﬁﬂ‘%il floﬁeréitﬁ:ﬁfé“’%?liﬁé’ﬁg $18Ba5e 1yt § FIPTBRYUREER 19 e SYTERR ved
packet p2ocessipripingthé bepSAfts determ nable by including information

whi ch packet is . retransmtted intp the SA. The previpus description
of the preferre < lﬁlﬂéﬁt%u&typr%wcdéﬁat%mﬁ r%ﬂ%‘bﬁiﬂgﬂﬁﬁﬁgfgon skilled
in the akt to nukquestingeetrhnsmissséentofi saidmumnivbnof sipnel var acuwwsdamdd fritht i ons
to these e i i1k be readily apparent to those skilled in the art,
and the ge%?? Hg?bﬁ%‘:@&llés defined herein may be applied to other

enbodi nents without the use of the inventive faculty. Thus, the present

i nvention i notTHdRAed of @1 I ivihéRth tige LiRg aﬂsigﬁmgidtrﬁa&@etshom herein

but is to be accorded the w dest scope consistent “wth e principles and
novel features disclosed herein. Wiat is claimed is: WO 01/80477
PCT/ USQ / 1227 TheClAbiliod . oA dizinholl fvdieréiet rthes fjualitygnsitgaals d neyalic

comuni cat i conprising the steps of: determning a quality
metric O ar&tqjﬁﬁﬁg%‘%mr‘%%%'ved signal; and 4 requesting retransm ssion of
said unit of signal in accordance with said quality nmetric. 2. The nethod

of claiml mherenp HiGhHA! bf Maith INhdrif M@ C%tgg of deﬁ%@iwogrﬁa%ﬁai m1

wherein the quality metric Is a cyclic 2 redu ncy c hod
of clai M 1 MREKGIPHaesthestePs @6t ermining a quality
demodulating said unit of signal; and

4 computing a quality metric of said unit of signal.

5. The method of claim 4 further comprising the step of determining if
2 the unit of signal is to be demodulated.

6. The method of claim 5 wherein the step of determining is carried out
2 in accordance with a preamble of said unit of signal.

7. The method of claim 5 wherein the step of determining is carried out
2 in accordance with information carried on a control channel.

8. The method of claim 4 wherein the step of demodulating does not
2 require information carried on a control channel.

9. The method of claim 4 wherein the step of demodulating requires
2 information carried on a control channel.

10.  The method of claim 1 wherein the step of requesting retransmission
2 comprises the steps of:
comparing said determined quality metric of said unit of signal with a
4 quality metric contained in said unit of signal; and
generating a retransmission request based on said comparison.



2 metric conprises the steps of: denodul ating said unit of signal; and 4
conputing a quality netric of said unit of signal. 5. The nethod of claim4

further comprisedg the step of determning if 2 the unit pefr/gdogasdz7is to
be denpdul ated. 6. The nethod of claim5 wherein the step of determning is
carried out 2 in accordance with a preanble of said unit of signal. 7. The
met hod of claim5 wherein the step of ddbermning is carried out in
accordance with information carried on a control channel 8. The met hod of
claim 4 wherein the s eno ting daes not requi re i nformation
carried on & co }Peome&lﬁ‘g‘ﬁ él‘:ﬂngl ?#th gh?ﬁ)‘ OWEtWW%OMQHB?% 1 RePUEStp of
denodul & i ng eneegiy.res 2 information carried on a control channel. 10. The
met hod of claim 1 wherein the step of requesting retransmssion 2
conprises the steps of: conparing said determned quality netric of said
unit of sidgdal \/Whem@thmdqﬁalauw Ihethereincaid dungicofi enesgy ds abiit of si gnal ;
and generating a retransm ssion request based on said conparison. WD

01/ 80477 PCT/ USQL/ 12227 46 11.. The met hod of claim 10 wherein said
retransni sdPon r%‘t?.r‘é‘ﬁ of claims 0 @Qf?nb?@dgvtral@mlwnn’éﬁ%@dt 6PNEiAF m 11
wher ei n Bairfd @1@@ of energy is a bit. 13. The nethod of claim 10 wherein
said retransm ssion request contains 2 no energy. 14. The nethod of claim
13 wherein said retransm ssion request is a bit. 15. The nethod of claim 10
further corgri siThe iethed ep cifint tanddrein sejd @taasthisston asgumiss 3¢ arbit.equest
at a determnable tine instant. 16. The nethod of claim 15 wherein said

determnable tine instant is 2 fixedly delayed froman event tine instant,
sai d event 16i me Thesmathogephgaimel kéumsher compriginguihecsinpi oft iragsofitting a

time instaRhigh&paSahiisidm fec#ﬁfesf?hgﬂ‘i‘ietéﬁnﬁﬁ%?é uesh irdtdhdT® instant when said

determnation if said unit of signal is to be 6 denodulated is nmade; a
time instant when said unit of signal is denodulated; and 8 a tine instant

when sai d géal i tTheehdgthedi 8f eRiRUtiGdwherein said determinable time instant is
2 fixedly delayed from an event time instant, said event time instant being
selected from a group consisting of:
4 a time instant when said unit of signal is received;
a time instant when said determination if said unit of signal is to be
6 demodulated is made;
a time instant when said unit of signal is demodulated; and
8 a time instant when said quality metric is computed.

17.  The method of claim 1 further comprising the step of requesting
2 retransmission of said unit of signal in accordance with a sequence number

of said unit of signal when said retransmission of said signal in accordance
4 with said quality metric is declared a failure.

18.  The method of claim 17 further comprising the steps of declaring said

2 retransmission of said signal in accordance with said quality metric a failure
when:

4 said unit of signal is not received within a predetermined number of
retransmissions; or

6 said unit of signal is not received within a predetermined period
measured from a first transmission of said unit of signal; or

8 said unit of signal is not received within a predetermined period
measured from transmission of a retransmission request corresponding to

10  said unit of signal.



17. The method of claim 1l further conprising the step of requesting 2
retransm ssion of said unit of signal in accordance with a sequence nunber
of said uwidoi®bssi gnal when said retransm ssion of said sipgi@aisoim2227
accordance 4 with said quality netric is declared a failure. 18. The

met hod of claim 17 further conprising the steps of declaring said 2
retransm ssion of said signal in accorddfice with said quality netric a
failure when: 4 said unit of signal is not received within a predeterm ned
nunber of retransm ssions; or 6 said unit of signal is not received within
a predet er iPned Hpemnethbd nleais teteahdmidting sigrels tinansodssnanicafionaisystemt of
signal ; pr goﬁ%ggﬁ%lﬂ}l g{e gicgnal is not received within a predeterm ned
peri od ‘nmeasur T mefra sm'ssion of a retransnission request

correspondi ng t sletamnisang augialityfmeirimef a undt of rewived signalUSO / 12227 17 109.

A nethodg for retbansdtidd rGafisBaich |dF $hi§ UMM B &lhal i8Y §t@Martce YRR ST NY

the steps of; determnihg a quality netric of a unit of received signal; 4
request i ng SP¥ AHARE Beitde a61‘dqsai d unit of signal in accordance with said
quality @gretric; ragenbmigin@nsmd t uA@ Saf dsigtidl dh Shedwatahee ac@Edh dapgg Wi th
sai d retrangm’ ssi.on request,. 20. The nmethod of claim 19 wherein the unit
of signal PT§TAMPINEN T59UCShe et hod of claim 19 wherein the quality
metric is a cyclic 2 redundancy check. 22. The nethod of claim 19 wherein

the step ofyndet 1 D . Se eps:.of¢: . l at hng a unit of
si gnal ; an&oll c?rrkl[)gu F%O%%?]E%{lﬁ?g nwé]e%?lgl t(";lie @%ﬁtgjft?ﬁﬂggtés%dr% . 23. The
met hod of claim 22 further conprising the step of determning if 2 the

unit of signal ithd nbgoieredelahedio 2¢heths MRE h al\%y Théti® 433 Bkn the
step of determgl ng %ﬁ%carrled 2 out in accordance with a preanbl € of said

unit of =i GRAMD thod of claim 23 wherein the step of deternining
is carried 2 out in accordance with information carried on a control
channel . 55 The method of claim 19 wherein the step of determining comprises
2 the steps of:

demodulating a unit of signal; and

4 computing a quality metric of said unit of signal.

23.  The method of claim 22 further comprising the step of determining if
2 the unit of signal is to be demodulated.

24.  The method of claim 23 wherein the step of determining is carried
2 out in accordance with a preamble of said unit of signal.

25. The method of claim 23 wherein the step of determining is carried
2 out in accordance with information carried on a control channel.

26.  The method of claim 22 wherein the step of demodulating does not
2 require information carried on a control channel.

27.  The method of claim 22 wherein the step of demodulating requires
2 information carried on a control channel.

28. The method of claim 19 wherein the step of requesting
2 retransmission comprises the steps of:
comparing said determined quality metric of said unit of signal with a
4 quality metric contained in said unit of signal; and



26. The nethod of claim 22 wherein the step of denodul ati ng does not 2
require information carried on a control channel. 27. The nethod of claim
22 wherei wghgoptrep of denodul ating requires 2 infornmati geg@oinedson a
control channel. 28. The nethod of claim 19 wherein the step of requesting
2 retransm ssion conprises the steps of: conparing said determned quality
metric of said unit of signal with a 41guality netric contained in said
unit of signal; and WO 01/80477 PCT/ USC]/%;& 27 &8 gaeaerati nlgF;R?a

retransm ssion resQEEAINGAJEH A0FTUSHAN EEMGTRA5RT OBoSUFHOMRYIA of ¢l ai m 28

wherein said retransm ssion request is a burst 2 of energy. 30. The nethod

of claim 2929merﬂ.{e{]rr§e@hgd Q)"f.rcﬁin{) 58 Wﬁ%l%}'n's 1d§ré?fatr§n%%51ol%8gggt§g% ?ﬁrs(%l aim

28 whereinsaid retransm ssion request contains no ener e
met hod o2 of&ner@n wherein said retransnission request is a bit. 33. The
met hod of claim19 further conprising the step of transmtting 2 said

retransm ssj on request. a etermnable ti instant. 34. The net hod of
clai m 33 whidr ei nl Mgt @?ﬁf%%‘b?%v‘{%eﬁ%m Sr?égg’h’ﬁs"i %faefﬂergy%éélkv’?-del ayed from
an event time instant, said event tine instant being selected froma group
consi sting Qf: ati L nst ant en said unit of signal is received; a

S st Sl whele earor o8 it ¢6 i eEts sitd trifenSrRin sfat St EgtBans
denodul at echd enermgge; a time instant when said unit of signal is

denodul ated; and 8 a tine instant when said quality nmetric is conputed.

35. The nethod of claim19 further conprising the step of requesting 2
retransni ssi2en ofhesuiethediof chrins Bhvaherein saidoretansmistion raquesyueackit.nunber
of said unit of signal when said retransm ssion of said signal in
accordance _4 wi_th sai ual it tric, is declared failure., 36. The

met hod of cPai m3B Mkt ng Oéﬁlﬁ%ﬂrﬁq farthee compydsipg plebi Ay teaisgithng
retransnt sshoh réfras@hibsiirgfajudst abacdutdaneblé tims ahdatyal ity nmetric a
failure when: 4 said unit of signal is not received within a predeterm ned

nunber of retransm ssions; or
34. The method of claim 33 wherein said determinable time instant is

2 fixedly delayed from an event time instant, said event time instant being
selected from a group consisting of:
4 a time instant when said unit of signal is received;
a time instant when said determination if said unit of signal is to be
6 demodulated is made;
a time instant when said unit of signal is demodulated; and
8 a time instant when said quality metric is computed.

35. The method of claim 19 further comprising the step of requesting
2 retransmission of said unit of signal in accordance with a sequence number

of said unit of signal when said retransmission of said signal in accordance
4 with said quality metric is declared a failure.

36.  The method of claim 35 further comprising the steps of declaring said

2 retransmission of said signal in accordance with said quality metric a failure
when:

4 said unit of signal is not received within a predetermined number of
retransmissions; or

6 said unit of signal is not received within a predetermined period
measured from a first transmission of said unit of signal; or



6 said unit of signal is not received within a predeterm ned period
nmeasured froma first transm ssion of said unit of signal; or WO 01/80477
PCT/ USO / W2 ko4 8 said unit of signal is not received WadTwkod12227
predeterm ned period neasured fromtransm ssion of a request signal
corresponding to said unit 10 of signal. 37. The nethod of claim19
wherein the step of retransmtting conpripbses 2 the steps of: determning a
unit of signal to be retransmtted in accordance to 4 retransn ssion
request &ignal; saidtl wwdhedfusigngl sairtbturdceiveld svighial of ed@:termmeﬁ rﬁmi 38.

Step of “Sglfﬁe%s%'fgd i m%ﬁ%gaéﬂ%ﬁx&%’ Sy P i

precedi HYy eoftsuml nstant of receiving sai d retransm ssion request by a sum
4 of a round trip delay and a determ nabl e delay. 39. The method of claim
38 wherei n the determ nable delay is contained 2 in the retransm ssion
request. 437 Thelhfemedaodpot Glladﬁhi%@’hﬁ@iféﬁhe SHRP abreirmsyaiiagdemyprisesa 2
di fferer;_cethgtsy@grbfa first tinme instant of transmtting said retransm ssion
request and a segond pine instant_.said,second tine instant being sel FCt ed

4 froma group CBASTRINRG Bfunik ¢f signal<OaRe suiftad 4 ¢ acsprdangsafo
recei vedt Getrahbimiissicis reqiestiagghadpbnddet ernination if said unit of signal

is to be denodyl n L said unit of signal is
denodul at ed; an cﬁ%&@ﬁsgﬁcﬁﬁgﬁto@ lé‘lﬁ salrdlas %a ff\k@y reretri C is computed. 41.

The nethod of claim 37 wherein the step of schedul ing conprises the 2 step

of ~determ mjgng @Hébﬁfeth&%t@fn&%f}h %‘;M{éré HRE T 'Ethde? frﬂerH §f39§'a|

said tinme i nst ant elrng varil a rom celp Sal req

signal . 42. theatepe rﬁs%?fémgca HOH @ﬁlﬁﬁ@lrwhm Wésﬁwnﬁﬁteécﬁe% time gns;taﬁbr i ses
the 2 steppeéccdaie ﬁrﬁrﬁb%sﬁtritl énerdc@ﬁxl tsadd rétrhEEmigidretregisdily £alith unit

(r)feqaleg?ai4 g?'@,qu%l'n tlggi?? f| Xe%iléfge% ayed fromreceipt of sai d

39.  The method of claim 38 wherein the determinable delay is contained
2 in the retransmission request.

40. The method of claim 38 wherein the determinable delay is a
2 difference between a first time instant of transmitting said retransmission
request and a second time instant said second time instant being selected
4 from a group consisting of:
a time instant when said unit of signal is received;
6 a time instant when said determination if said unit of signal is to be
demodulated is made;
8 a time instant when said unit of signal is demodulated; and
a time instant when said quality metric is computed.

41.  The method of claim 37 wherein the step of scheduling comprises the
2 step of determining a time instant at which to retransmit said unit of

signal, said time instant being variably delayed from receipt of said request
4 signal.

42.  The method of claim 37 wherein the step of scheduling comprises the
2 step of determining a time instant at which to retransmit said unit of
signal, said time instant being fixedly delayed from receipt of said request

signal.

o



20 43. A nethod for retransmtting signals in a conmunication system 2
conprising the steps of: receiving a retransm ssion request; 4 selecting a
unit of sw@@alsoyhii ch was transmitted at a tine instant pregagiong?a7ti nme
instant of receiving said retransm ssion request by a sumof 6 a round
trip delay and a determ nabl e delay; and scheduling said unit of signal for
retransm ssion. 44. The nethod of clai m283 wherein the determ nabl e del ay

i s containe 2 ]n tﬂg CLejgd)ran mSSiR{} regugfen%ﬁ. .45. The et hod of cl}ai m 43
wher ei n t hé“det r i fiabl%e H&| 5?%?%5‘% 28T Y it e A EY IS S PHs 5PN
!nsiant of Sompmmmgrt];n«gs’@@sd)fr et ransni ssi on [egueztfand a second tinme y

i nstant said se . ecte roma group consisting
of: a tine instg%@%ﬂgssfgﬁ%kgﬁ?fﬁﬁqgﬂgﬁ% is received; 6 a tine instant
when sai4l det er rielegtingna j yni§ a9 sigmal whidhi gyefl tiessmittpd ablenbong anstants
made; - 8 a t r@@ediﬂgtaaﬂfne%%fbrﬁijCfe{skEi‘vingJ;@aia'r@&%hsﬁss‘i’@r‘ﬂ? &k %?a angh o tine
i nst ant n sai qugl@i?ézy n;f” C is, %gggt ed. 1%(? The nmethod of claim 43
wher ei n € hé KX BtpP R ARG ¢la% and st ep of determining a tinme
instant at whi chcheduilehg aprmuhitsell sighal forofetsirgfitibsioaai d tine instant being
vari ably delayed fromrecei pt of sard request 4 signal. 47. The nethod of

claim43 wherein the step of scheduling conprises the 2 step of
det er mi ni ngi4a t iThe meshaech tof aflainhid8wheraint thendetietmémalie utelay if cenigiiaéd sai d

time ins§an} Jpeing. iﬁggéixﬁdf?é%&q fromrecei pt of said request 4 signal.

48. An apparatus con ure retransmt signals in a communication 2
system conprising: a decoder configured to decode contents of a unit of

recei ved signal ;Tifk ambiHcd éfeINAcKk4S GNRkeigeN@leal RiteaRIHADIMT §6lal/0 igener at e
a first egg%ack i gnal ; and WD 01/.80477 PCT/USQ /12227 21 6 a first
process FF%I?Pgbeqiwc?eHe? T Heney IR3ANE (qf Warsmitting saidyreiraRsTBissiPYnal :
and i nstr ugkqgsedttarfce adisrolidstigiraingente saidosedondgtner dhstaat being selected

4 from a group consisting of:
a time instant when said unit of signal is received;
6 a time instant when said determination if said unit of signal is to be
demodulated is made;
8 a time instant when said unit of signal is demodulated; and
a time instant when said quality metric is computed.

46.  The method of claim 43 wherein the step of scheduling comprises the
2 step of determining a time instant at which to retransmit said unit of

signal, said time instant being variably delayed from receipt of said request
4  signal.

47.  The method of claim 43 wherein the step of scheduling comprises the
2 step of determining a time instant at which to retransmit said unit of

signal, said time instant being fixedly delayed from receipt of said request
4  signal.

48. An apparatus configured to retransmit signals in a communication
2 system, comprising:
a decoder configured to decode contents of a unit of received signal;
4 a first feedback signal generator configured to generate a first feedback
signal; and



8 feedback signal in accordance with said quality netric. 49. The apparatus
of claim48 wherein the unit of signal is a packet. 50. The apparatus of

cl ai m 48 whan®oqyst he quality metric is a cyclic 2 redundgrgyuwhesks 51.
The apparatus of claim48 wherein said first processor is further 2

configured to prevent decoding of said unit of signal if an indication
received on a control channel indicatesojhat said unit of signal is not to

be 4 degcoded. 52. Th t f claim48 further.. i sing: . :
or canbl & det ect o BEGMTPGCH D3GR AR dRRI Wl CAIFE OFsudi Ehitun 1
of signal; and wfesighal;saidl ihstratt pait éssthack sifnalt heneraomf itgugedraie a4

" di : .' ! o . . ndi cat ee t hat
Card urt of srgtarR It b Rsa BT ith B! CuREBPRRLIG I T Ol mas

wherei n said decoder decodes contents of 2 said unit of signal in

accordance g4 t h i [, : .ol > e
(%9'. ol éﬂl’l{ng %ﬁhﬁh‘i’snof:@la{m% Phefeif Ghb Lﬁ'llf( Ofs: g}ais a Phckdi

appar at us erein sard first feedbac I gn Is a burst 2 of
energy. 55. The apparatus of claim54 wherein said burst of energy is a

bit. 56. T apra{eatappaghtusl af ral4idn W reheresal Ehé‘i%waﬂi eR@bae kissh 0Ralic
contains, 2 ao Sner}%. (3(7. The apparatus of claim%56 erein said first

f eedback? sit§HENIARCRCREGS 58, The apparatus of claim 48 wherein the first
processor is further 2 configured to transmt said first feedback signal
at a determepnablg fi st : 1 £ P SO N 2. 5

apparatus o T’cl azlﬁir% ggﬁ)\%&écpgi(?lptscgal%}'pé%t gﬁ%ﬁ%blsg{li%nle%iéé%é%ﬁ&i & ?rirt}“l%?(edl y
del ayed 2 r onvafigeseshto t pravenhsdeendingaph seidentnit i ofe signed aift abeingjcatienect ed

froma group.&onsi shi #9oRfrol £h@nhkMendiRatathayRed ﬁﬁitdoﬂlﬂgﬁapfs 569R3be! S
received; a tlgqr}f nstant when said determnation if said tnit of signal is

to be 6t def8 ed is nmade; a tinme instant when said unit of signal is
denodul ated; and 8 a tine instant when said quality netric is conputed.

60. The appgsat s, of cl.al M 48 UL NPE. SRIPL 8L ing:
2 a preamble detector configured to detect and decode a preamble of said
unit of signal; and wherein said first processor is further configured to
4 prevent decoding of said unit of signal if said preamble indicates that said
unit of signal is not to be decoded.

53.  The apparatus of claim 48 wherein said decoder decodes contents of
2 said unit of signal in accordance with information carried on a control

channel.

54.  The apparatus of claim 48 wherein said first feedback signal is a burst
2 of energy.

55.  The apparatus of claim 54 wherein said burst of energy is a bit.

56.  The apparatus of claim 48 wherein said first feedback signal contains
2 no energy.

57.  The apparatus of claim 56 wherein said first feedback signal is a bit.
58. The apparatus of claim 48 wherein the first processor is further

2 configured to transmit said first feedback signal at a determinable time
instant.



2 a second feedback signal generator for generating a second feedback
signal; and 4 a second processor configured to instruct said second

f eedback wgen@ost;or to generate a second feedback signal iprTagwensiance with
a sequence 6 nunber of said unit of signal when said retransm ssion of
said signal in accordance with said quality netric is declared a failure.
61. The apparatus of claim60 further copprising the steps of declaring 2
said retransm ssion of said signal in accordance with said quality netric a

failure when, 4 i | 1. Of ¢S] =gl LT i i thin r. r.m ned
nunmber of 65?ét ralﬁrgé mggg;gibarjfg;g Oérd%ﬂgg?ﬂé %%’%ﬁn osg&gﬁ\éﬁ%frw néﬂ.ineottﬁ?%éggt\%ég i t hi n
a predetr fixedlly plelayed frosasuy edett dime ihstast, saigdheverysiiome ahsteat doaingt of

signal; or @@ ?Jéﬂilta é%u? &ﬂf“sﬁstfrx% @rgt received within a predetermn ned
an 0

period neasure rom-t ssion a request signal corresponding to

said uni4 10 ofe dmgniastargovhen saishupit fssigbal saeeeinedhi ssi on of signals in

a conmuni cati on a dnfy siskimt MHEN b&id@etePm@dd tforlUeugid @hitsdPsibAgl & & Beal ity
of units, of Slq%llallg %f.be a:té{ansmtted; 4 a schedul er for scheduling a
transm s&i SHERPAURIRH {HiMadeyt signal to a destination receiving terninal;
6 a first det ectatinfeoinstatteshengal tinitsdf digralbizsadersodukited;enel ved fromt he
desti natd on recej ¥ ng 1 X i rst eon I ocessor configured
to recei%/e sai deaf%{}rr{sétglr‘lt‘sg%rg'bvggénssg%gﬁ?ﬁt}é%}%%% ?Sacéjﬁr#)%lt% " signal which was
transmtted at a tine instant preceding a WO 01/80477 PCT/ USOL/ 12227 23 10
time instanf of MRCeLNiNG:SBF A 84 rlggdbaGkKpsisgial by a sumof a round
trip delay and a d@%ﬁérn‘i n%bl eadelaiy, and scfhgdlﬁﬁ%asai d unit of signal for
12 retrahsm ssi nsewnd facebagh sical Zepreraton; fer eXengrading @ sereorgedegdhagknl e
delay is 2Zigenfahded in the first feedback signal. 64. The apparatus of
claim62 wherein the determnable delay is.a .2 difference be en,a first
Cime | nekant of * ARGt PROoRah oGl SRS st q Beet Serand deliagk | me
i nstant saigénsedontb generaiterstsandnd édenlipask lseptabin adcdndanca vgitlo wpsecpresicst i ng
of: 6 number of said unit of signal when said retransmission of said signal in

accordance with said quality metric is declared a failure.

61.  The apparatus of claim 60 further comprising the steps of declaring

2 said retransmission of said signal in accordance with said quality metric a
failure when:

4 said unit of signal is not received within a predetermined number of
retransmissions; or

6 said unit of signal is not received within a predetermined period
measured from a first transmission of said unit of signal; or

8 said unit of signal is not received within a predetermined period
measured from transmission of a request signal corresponding to said unit

10  of signal.

62. An apparatus for retransmission of signals in a communication
2 system, comprising:
a data queue for storing a plurality of units of signal to be transmitted;
4 a scheduler for scheduling a transmission of said units of signal to a
destination receiving terminal;
6 a first detector for detecting a first feedback signal received from the
destination receiving terminal; and
8 a first control processor configured to receive said first feedback signal,
select a unit of signal which was transmitted at a time instant preceding a



a tinme instant when said unit of signal is received; 6 a tinme instant when
said determnation if said unit of signal is to be denodulated is nade; 8
a time ingtganisoydren said unit of signal is denodul ated; amgrT/@soimg®7i nst ant
when said quality nmetric is conputed 65. The apparatus of claim 62 wherein
the first processor is further 2 configured to determne a tinme instant at
which to retransmt said unit of signal 23said tine instant being variably

del ayed fromreceipt of said first 4 feedback signal. 66. The apparatus of

claimé6 rei. ' . C Lo nf j.qur Q_determ ne
o b e ThetHRE et ot Rt PAERERE B Reitidbra? bE AR SC8 b ek
i nst ant beidelay iatetl|y desbupathbile odelayeainst ssheduled shid sunit4 of esighailc or
signal . 167 oS sARB&LAt us of claim62 further conprising: 2 a second
detector for detecting a second feedback signal received from the
destination receiving termnal; and 4 a second control processor configured

to receive gzai d mRCoshiraadpask clahonel . whetdat MeUdie@hirtbinabielal is
accordar%e W th Séu.d Eegond faggagck ngnaI , 6 and schedul e said unit of
si gnal for CBFHERANLBE SiFst fes: Si¥PBar at us of claim67 wherein the second
feedback signal 2 contains sequence nunbers of said unit of signal to be
retransm ttgd. . . . .
. The apparatus of claim 62 wherein the determinable delay is a
2 difference between a first time instant of transmitting said retransmission
request and a second time instant said second time instant being selected
4 from a group consisting of:
a time instant when said unit of signal is received;
6 a time instant when said determination if said unit of signal is to be
demodulated is made;
8 a time instant when said unit of signal is demodulated; and

a time instant when said quality metric is computed

65. The apparatus of claim 62 wherein the first prdcessor is further
2 configured to determine a time instant at which to retransmit said unit of

signal, said time instant being variably delayed from receipt of said first
4  feedback signal.

66. The apparatus of claim 62 wherein the first processor is further
2 configured to determine a time instant at which to retransmit said unit of

signal, said time instant being fixedly delayed from receipt of said first
4  feedback signal.

67. The apparatus of claim 62 further comprising;:
2 a second detector for detecting a second feedback signal received from
the destination receiving terminal; and
4 a second control processor configured to receive said second feedback
signal, select a unit of signal in accordance with said second feedback signal,
6 and schedule said unit of signal for retransmission.

68. The apparatus of claim 67 wherein the second feedback signal
2  contains sequence numbers of said unit of signal to be retransmitted.



