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with either an ACK or NAK, receptively, for acknow edgi ng
IL. Background

Effectiveness of a communication channel between two terminals
may be improved by utilizing error control coding. With use of error control
coding, however, certain transmitted data packets are missed or received
erroneously at a receiving terminal. A data packet may be divided into a
series of data units, each having a sequence number. The first data unit may
carry the preamble identifying a receiving terminal, the first data unit and
the subsequent data units carrying the payload.

When a receiving terminal detects a data unit with a sequence
number higher than the expected sequence number, the receiving terminal
declares the data unit(s) with the sequence number(s) between an expected
sequence number and the detected data unit sequence number as missing or
erroneously received. The receiving terminal in response sends to the
transmitting terminal a control message requesting retransmission of the
missing data unit. The fransmitting terminal may resend the missing data
unit{s) after a time out interval. Such an error conirol scheme leads to
inefficient use of resources, particularly when there are many terminals
receiving data units.

In a communication system in which several access terminals are, for
example, in a connected state with an access point, each receiving access
terminal replies with either an ACK or NAK, receptively, for acknowledging
or negative acknowledging proper reception of the data units. The access

point may not be sending data units to every access terminal in the



or negative acknow edgi ng proper reception of the data units. The, @C@Siﬁ&
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may have “knowl edge of when a data unit is transmBGEEPHNGHem the
channel in the direction of access termnal to access point, the reverse

link direction, then may be occupied wigh transm ssions of ACK/ NAK signals
causi ng unnecessary 5 interference. Cenerally, to this end and as well as
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gate By pheM@enteansni ssion of the ACK/ NAK channel when the receiver has

failed to receive the matching preanble in the data unit. In one
enbodi enent, t hdseneanByi ta this engl ant haoelhagbgiersptherataxists arneetbitulthei ng

t he ACK/NAK for d a,multiplier for | sh 20 cqovering a result of
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transm ssi on on t he ACK/ NAK channel. The nethod and apparatus nmay include a
summer for sunmm ng the ACK/NAK channel and a data rate control/pil ot
channel . The ACK/ NAK channel in arsEeMNMIARY enbodi nent may be for duration
of a portion of a time slot. 25 BRI EF DESCRI PTI ON OF THE DRAW NGS The
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i dentify CQhﬁﬁﬁBO@dtggféf LAGAYINQH ARRI NARY Ellnnel based on whether a
companion receiver has detected a matching preamble in a data unit
received by the receiver. In one embodiement, the data unit is a first data
15  unit in a series of data units comprising a data packet, and the channel gate
may prevent fransmission of the ACK/NAK channel when the receiver has
failed to receive the matching preamble in the data unit. In one
embodiement, the transmitter may include a BPSK modulator for
modulating the ACK/NAK information, and a multiplier for Walsh
20 covering a result of the BPSK modulator to produce Walsh covered
ACK/NAK information for transmission on the ACK/NAK channel. The
method and apparatus may include a summer for summing the ACK/NAK
channel and a data rate control/pilot channel. The ACK/NAK channel in
an exemplary embodiment may be for duration of a portion of a time slot.
25
BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
taken in conjunction with the drawings in which like reference characters

30 identify correspondingly throughout and wherein:
FIG. 1 is a block diagram of an exemplary communication system.
FIG. 2 is an illustrafion of an exemplary forward link signal structure.




FIG 1 is a block diagramof an exenplary conmmunication system F:;’]CESBF?BWS
an illustration of an exenplary forward |ink signal structure. 28 2005
WO 02/ 19608 (Dtodyi/S01/ 26946 3 FIG 3 is a flowhart of an]@fﬁ,‘gal” 2 et hod
of data processing at a transmtting termnal. FIG 4 is a flowhart of an
exenpl ary nethod of data processing at a receiving termnal. 5 FIG 5 is a
det ai |l ed bl ock di agram of the conmmuni cats on systemof FIG 1. FIG 6 is a

di agram showi ng tim ng associated with packet processing at a receiving

termnal. FIG FiGs3as Bl fsdclkadifam eieﬁ?lﬁr;seﬁmtﬁaa 6@&3&82@&% at a
architecture. 10 FIG 8 is an exenplary tinfng diagram of reverge i nk

showi ng AGKhsAGttihgrteeminglyi ng with respect to slot timing used in a
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DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

15 A novel and improved method and apparatus for transmitting

ACK/NAK information on an ACK/NAK channel is described. The

exemplary embodiment described herein is set forth in the context of a

digital cellular telephone system. While use within this context is

advantageous, different embodiments of the invention may be incorporated

20 in different environments or configurations. In general, the wvarious

systems described herein may be formed using software-controlled

processors, integrated circuits, or discrete logic. The data, instructions,

commands, information, signals, symbols, and chips that may be referenced

throughout the application are advantageously represented by voltages,

25  currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or a combination thereof. In addition, the blocks shown in each
block diagram may represent hardware or method steps.

FIG. 1 illustrates an exemplary communication system 100 capable of

implementing embodiments of the invention. A first terminal 104

30 transmits signals to a second terminal 106 over a forward link 108a, and

receives signals from the second terminal 106 over a reverse link 108b.

Terminals 104 and 106 may be operating as a transmitter unit or a receiver

unit, or both concurrently, depending on whether data is being transmitted



30 transmts signals to a second termnal 106 over a forward Iink 108a, and
receives signals fromthe second termnal 106 over a reverse |ink 08Py ({4
Termnals 104 and 106 may be operating as a transmitter unit or a recelver
uni t, or WONHI8hcurrently, depending on whether data is BETAGHERASHi tt ed
28 FEB 2005 WD 02/19605 PCT/ US01/26946 4 from or received at, the
respective termnals 104 and 106. Term ?I s 106 and 104 may be respectively
a nobile station (M5) and a base station (BS) or any other conmmunication

devi ces. Fgorward and reyerse, |links 108a and 108 e el.ectro i C
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For exanple, in a nmulti-user, nultiple access communicatjion system_ a
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stations. In %gtlgg i I} a n&nﬂer sim | ar.tﬁ soft-haﬁ(a ff, disclosed in
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to the 15 a§4iapdeenefMShtdf taseater, notbiet ivaritichsi aodrovghadtibys reff gnence
herein, a M5 may_ concurrently receive transnpssions from.a nupher of base

stations. CYRUTEBIRREOTC FYPIM s\t 8FR FIOSEible-enbofisramRleddR c? i BEHIREEr n nay

of the. mul ERHB Baed oSt AL Ao SRt B o B, B imey PRI ot 50"
throughpa baskiaehtpitinsatit datrdas kheuhnbdd 0f mblildatdthasl hladdawnbdn a

i mpl emented in a nunber of connection types including, e.g., a_mcrowave or
wire-line Banyerpimiler tosoftchandefbedisclusedrinebtd dintent connber S XHSW r el ess

ComN Cat L by DAL AN Ry ok, CERATCREIE P tEiyE S
carrying EYSTERML | Yard B18.MPdtchy ARSI 5/16PLER! fidéd “Mstsike Shaionelsssised be
Soft Handoff in a CDMA Cellular Communications System”, assigned to the

15  assignee of the present invention and incorporated by reference herein, a M5
may concurrently receive transmissions from .a number of base stations.
The communication system of the embodiments described herein may
include any number of base stations and mobile stations. Consequently,
each of the multiple base stations is connected to BS controller (BSC) 102

20  through a backhaul similar to backhaul 110. The backhaul 110 can be
implemented in a number of connection types including, e.g., a microwave
or wire-line E1 or T1, or optical fiber. A connection 112 connects the wireless
communication system 100 to a packet data serving node (PDSN), which is
not shown.

25 In general, a communication link comprises a set of channels carrying
logically distinct types of information. These channels may be transmitted
according to a scheme of time division multiplexing (TDM), code division
multiplexing (CDM), frequency division multiplexing (FDM), or a
combination thereof. In a TDM scheme, the channels are distinguished in

30 time domain, where the channels are transmitted one at a time. In a CDM
scheme, the channels may be distinguished by a pseudorandom orthogonal
sequence, A code division communication system is disclosed in U.S. Patent
Serial No. 5,103,459, entitled “SYSTEM AND METHOD FOR GENERATING



according to a scheme of tinme division multiplexing (TDM, code di vixh &6h8 105
mul tiplexing (CDM, frequency division nultiplexing (FDM, or a conbination
t hereof . IMOAZTIM scheme, the channels are distingui shed i RCEESRYH&¥%6domai n,
where the channels are transmtted one at a ti ne. In a CDM schene, the
channel s may be di stingui shed by a pseudqrandom orthogonal sequence. A code
di vi si on comuni cation systemis discl osed in U S Patent Serial No.
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a pilot chapaRlrencedhardi®di um access channel, a traffic channel, and a
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signal quality nétric of signals received TromBSs. An M5 (for exanple M5

106) recei Voraidolink signdl atrnaityralin aceondamoe tvigh enssemplany ienhbedimenBS

associ ated 20 vmth th ual it rd n f or ,exa Ie BS
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exceed a target PER A target PER of approximately 2% nmay be used. M5 106

t hen conput éedicated ¢o transmission from a single MS to the BSs comprising a network.

15  The reverse access channel is used by a MS to communicate with the BSs in
the network prior to or while establishing a traffic channel.
In an exemplary embodiment, each MS monitors at least signal
quality metric of signals received from BSs. An MS (for example MS 106)
receiving forward link signals from multiple BSs identifies the BS associated
20  with the highest quality forward link signal (for example BS 104). MS 106
then generates a prediction of a data rate at which the packet error rate (PER)
of data packets received from the selected BS 104 will not exceed a target PER.
A target PER of approximately 2% may be used. MS 106 then computes a rate
at which a “tail probability” is greater than or equal to the target PER. The
25 tail probability is the probability that the actual signal quality during the
packet transmission period is less than the signal quality required for
successful decoding of a packet correctly at a given rate. MS 106 then sends a
message on the reverse link 108b specifically to the selected BS 104,
requesting the data rate at which the specific selected BS may transmit
30 forward link data to the MS 104. The message may be sent on a data rate
control .channel (DRC). The use of DRC is disclosed in a application serial number
08/963,386 entitled: “METHOD AND APPARATUS FOR HIGH RATE PACKET DATA
TRANSMISSION”, now U.S. Patent No. 6,574,211, issued on June 3, 2003, assigned to the




at which a "tail probability" is greater than or equal to the tarqet%dDEﬁ;
The 25 tail probability is the probability that the actual signal Lcﬁu B 10

during the packet transm ssion period is |less than the Sk’gi'ﬁll %ﬁhity
requi red WeI2/1¥0tcessful decodi ng of a packet correctly a 51) nNrate. M5

106 then sends a nessage on the reverse link 108b specifically to the

sel ected BS 104, requesting the data rate at which the specific selected BS
may transmt 30 forward |ink data to the M5 104. The nessage nmay be sent on

a data rate contrql_ channel (DRC).. The uyse of is disclosed in a
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carrying t lseledB€ei ackoomdedgement (24 risformatécn.ndi cator (RRI), and sel ective
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In one enb ects a destination M5 (for exanple M5 106)
based on aMshhgihg agch furocaduiek demisgniédirhe skl dncene pmbgdiaentbBxdP4i ce

(GoS) requirenments of 10 each with the desir maxi m ze throughput of
t he systemselsgts Bsdiﬂmatt%rﬁlﬁl!\?@rdﬁf‘é ew@ld@‘ﬁiﬁ"r‘%ﬁeat Ofhé& rsgtﬂee&l‘grqgg cat ed
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destination Ms during a given 15 tine slot, C{A}F oaﬁjeﬂ_‘geodi nt, th ta
packet for tramemiis shitotp Mizilldesls atghedain BdiFatad Pn HE Mot TeCeiHe t of
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the data packet. The intended ) . .
MS 106 determines whether it is the intended destination MS during a given
15  time slot.

In one embodiment, the data packet for transmission includes a
preamble within the first time slot of each new forward link packet for
identifying the intended destination MS. Each MS receiving the preamble
decodes the information and, based on the decoded preamble, establishes

20  whether it is the intended destination of the data packet. The intended
destination MS begins decoding the data in the associated time slot. The
destination MS determines the data rate of the data in the forward link based
on the DRC request message. The number of forward link time slots used to
transmit a packet varies based on the data rate at which the packet is sent.

25 Packets sent at a lower rate are sent using a greater number of time slots.
The destination MS decodes the received data packet and evaluates a quality
metric associated with the received data packet. The quality metric of a
packet may be defined by a formula in accordance with a content of the
packet, e.g., a parity bit, 2 cyclic redundancy check (CRC), and etc. The

30 evaluated quality metric and the quality metric contained in the received
packet are compared, and based on the comparison an appropriate SA is
generated. The SA may be ACK based, which includes sending an ACK
message from the MS to the BS if a data packet is correctly decoded, and no



desti:nati on M5 begins decoding the data in the associated tine slot. The
destination M5 determnes the data rate of the data in the forvva&%ﬁ%%ﬂﬁﬁ
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15 reverse link 108b. A dedicated reverse link medium access channel (R-
MACCH) may be utilized for transmission of the DRC, RRI, and ACK/NAK
information. The BS after detecting an SA channel determines whether a
retransmission of the packet is necessary. If the SA indicates that a
retransmission is necessary, the packet is scheduled for retransmission.

20 Otherwise, the packet is discarded.

FIG. 2 shows the forward link signal structure transmitted by each BS
in an exemplary high data rate system in accordance with a particular
embodiment. Forward link signals are divided into fixed-duration time
slots. Each time slot is 1.67 milliseconds long. Each slot 202 is divided into

25  two half-slots 204A and 204B, with a pilot burst 208A and 208B transmitted within
each half-slot 204A and 204B. 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 208A and 208B is 96 chips long, and is centered at the mid-point
of its associated half-slot 204A and 204B. A reverse link power controt (RPC)

30 signal 206 is transmitted on both sides of the pilot burst 208b in every second
half-slot 204b. The RPC signal may be transmitted for 64 chips immediately
before and 64 chips immediately after the second pilot burst 208b to regulate
the power of the reverse link signals. Forward link traffic channel data is



retransm ssion of the packet is necessary. If the SA indicates t hat® EaEij
retransm ssion i s necessary, the packet is scheduled for retransm ssion. 20
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15 only by a radio link protocol (RLP) at this step. If the payload unit is to be
transmitted, the method continues to step 306, in which the payload unit is

provided to a first-time queue. If the payload unit is to be retransmitted, the
method continues in step 304, in which the payload unit is provided to a
retfansrrﬁssion queue. At step 308, the BS assembles payload units intended

20 for a particular MS to a packet, the structure of which is determined in
accordance with a transmission data rate. The data rate of the packet is based
on the DRC feedback signal received over the reverse link from the
destination MS. The data packet may be transmitted over multiple time
slots. The first time slot is transmitted with the preamble. The preamble

25 identifies the intended destination MS. The preamble could alternatively be
transmitted in every forward link time slot. At step 310, the BS transmits
the data packet in accordance with a scheduler order. After the data packet
has been transmitted, the BS tests at step 312 if a SA corresponding to the
transmitted data packet was received.

30 If an ACK is received (or a NAK is not received) in the expected time
slot, the method continues at step 314. At step 314, the packet is removed
from the first- time and retransmission queues, and the packet is discarded.

If a NAK is received (or an ACK is not received) in the expected time slot,
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preamble of the packet is extracted and evaluated. The preamble is compared with a

reference preamble at step 404. The packet is discarded at a step 406 if the

preamble indicates that the packet is intended for another MS, and the flow

returns to step 400 to wait for another packet, or in the alternative, the packet

20 may be retained for soft combining with retransmissions of the same packet.

If the preamble indicates that the packet is intended for the MS, the MS

decodes the packet at step 408 and evaluates a quality metric of the received
packet.

At step 410, the evaluated quality metric and the quality metric

25 information contained in the received packet are compared. If the evaluated

quality metric and the quality metric contained in the received packet do not

match, indicating improper decoding of the packet, an appropriate SA is sent

at step 412. The SA may be a NAK response. A timer for the SA sent then

starts at step 414. The purpose of the timer is to limit a period for which the

30 MS waits for retransmission of the payload units of the incorrectly decoded

packet. If the payload units of the incorrectly decoded packet are not received

within the timer expiration period for the NAK, associated with the
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payload units or expiration of the timer for the last NAK sent.
15 If the timer for a particular NAK, and consequently a particular set of
. missing payload units has expired, the QARQ scheme for these payload units
is aborted. All payload units stored in the buffer with sequence number
higher than the missing payload units associated with the particular NAK
and lower than the missing units associated with the next NAK (if any) are
20 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 configuity, the
RLP layer delivers data from the buffer to a data sink at step 428. Otherwise,
the RLP layer generates an RLP message requesting retransmission of the

25 missing units at step 430. In one embodiment, the RLP message requests
retransmission of all of the missing units in the buffer. In another
embodiment, the RLP message requests retransmission of only the latest
detected missing payload units. At step 432, the message is transmitted over
the reverse link to the serving BS. Although an RLP processor is shown,

30 other protocols allowing retransmission based on sequence number
methods can be utilized.

FIG. 5 shows an exemplary detailed block diagram of the

communication system 100 of FIG. 1 in accordance with an embodiment.
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retransm ssi on based on sequence nunber nethods can"be utilized. FIG 5
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payl oad units under the control” of a RLP processor 504. RLP processor 504
al so suppl i emits artk providedoto B02transmissibor quened18s Qtherwiseh thagkegisachave
been requested, fole provided to a first time queue 508. The payload units are then
15  assembled into packets in accordance with a data rate requested by MS 106.
Assembled packets are provided to a scheduler 512. The scheduler 512
cooperates with a QARQ controller 518 on assigning priority between the
first time packets and the packets intended for retransmission to MS 106.
The packet transmitted to the MS 106 remains in the queues 508 and 510,
20  while the BS 104 waits for a SA from MS 106. The data units are transmitted
over forward link 108a to MS 106.
The packets arriving at 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 the processor 521, which also 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 524 generates an appropriate SA. Preamble detector 520,
decoder 522, and processor 521 are shown as separate elements. However,

one skilled in the art will appreciate that the physical distinction is made for
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15 the incorrectly decoded packet are not received within the timer 530
expiration period for the NAK associated with the incorrectly decoded
packet, the QARQ processing is aborted. A retransmission of the missing
payload units is handled by RLP processor 526.
If a packet was correctly decoded, the payload unit(s) contained in the
20  packet are stored in a buffer 528. The RLP sequence number of the payload
unit(s) contained in the packet is checked by the decoder 522 against an
expected value of the RLP sequence number. If the RLP sequence number
indicates contiguity, all the payload units with contiguous sequence
numbers contained in the buffer 528 are provided to a RLP processor 526.
25  Otherwise, the timer 530, corresponding to the last NAK sent, is checked. If
the time has not expired, the payload units are stored in the buffer 528, and
the MS 106 waits for retransmission of the missing payload units or
expiration of the timer 530 for the last NAK sent. If the timer 530 for a
particular NAK for a particular set of missing payload units has expired, all
30 payload units in the buffer 528 with sequence number higher 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 RLP

processor 526.
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nunbers contained in the buffer 528 are provided to a RLP processor 526. 25
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526. WO182/ 138005 whether parameters controlling retransmission were exceeded. In an

[a]

exemplary embodiment, the parameters include the maximum number of
times a packet can be retransmitted and the maximum time for which a
packet can remain in the first-time queue 508 after the packet has been
transmitted. If the parameters were exceeded, the QARQ controller 518
20 removes the packet from the queues 508 and 510. Otherwise, the QARQ
controller 518 instructs the schetuler 512 that the packet be rescheduled for
transmission with higher priority. The packet is moved from the first-time
queue 508 to the retransmission queue 510 if the QARQ controller 518
determines that the non-acknowledged packet resides in the first time queue
25 508.

If the received data contains an RLP retransmission request, which is
detected by the RLP message detector 516, the detector 516 provides the RLP
message to the RLP processor 504 through the backhaul 110. The RLP
processor 504 then initiates procedure for re-transmitting the packet in

30 accordance with the RLP implementation.

FIG. 6 illustrates a timing relationship between a packet received at

MS 106 and an SA transmitted from MS 106. In slots n-4 or n-3, MS 106

receives a packet over the forward channel link 108A,and determines if the
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the RLP i np&nemdtairrion.at the BS 104 can be ascertained.

The relation between the received packet processing and the SA is

15 determinable by fixing the number of slots between receiving a packet and
sending a SA back, i.e,, slots n-2, n-1. Consequently, BS 104 can associate each
packet with each SA. One skilled in the art will understand that FIG. 6 is
provided to illustrate the concept. Consequently, the number of slots
allocated for a particular event may change, e.g. decoding and evaluating of

20 a quality metric may occur in more or less than two slots. Furthermore,
certain events are inherently variable, e.g., length of a packet, delay between
the SA reception and the packet retransmission. In another embodiment,
the relation between the received packet processing and the SA is
determinable by including information in the SA as to which packet is to be

25 retransmitted.

An exemplary block diagram of the pilot/DRC channel on the reverse
link is shown in FIG. 7 in accordance with an embodiment. The DRC
message is provided to DRC encoder 626, which encodes the message in
accordance with a predetermined coding format. Coding of the DRC

30 message is important because the error probability of the DRC message needs
to be sufficiently low because incorrect forward link data rate determination
impacts the system throughput performance. In the exemplary
embodiment, DRC encoder 626 is a rate (8,4) CRC block encoder that encodes




FIG .6 illustrates a timng rel ationship between a packet received %t 2@5
106 and an SA transnitted from Ms 106. In slots n-4 or n-3, M5 1062 rFég es
a packet o¥YOOMMESforward channel |ink 108A and det er mi nesPET/USRE26)¢Y

2/ 19605 28 FEB 2005 PCT/ US01/ 26946 14 packet was intended for M5 106. The
M5 106 di scards the packet if the packet1 was not intended for the M5 106.

O herwi se, the M5 106 decodes the packet,” evaluates a quality netric of the
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SA is 15 deter miei@nrEg o figithq teversruhipkr channgl oslet l§€MﬁE@W SetleWnnl a
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under st and tAtaleadt! éne @fithe siut9\vhale elised! dowStaiRiskivh 60HeDRC Crasageent |y,
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decodi ndOanandpileiadatag Hithpogh ﬁlﬁamumgeopﬁznaMypgd@mednban é’xogéfgéiss
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retransm ssiRébsagd onNReNSthed AL OFRRE sanld1§lot Sllal DRT helygan ahaet}{ee?ﬁb‘t’?d
packet processing and the SAis determ nable by including’ information in
the SA as t dnfsmiraiopaniagtbe placed e angspanétof dhe mime eldt. An exenpl ary bl ock
diagram of the pi[ge?ér/n%%C ’t%hillngr.]ei aog%iltl,h%t rs%\ellgsr %12 and 416, an SA generator
15 generates either an ACK or NAK message for transmission to the BS based
on the comparison of the metrics made at block 410. Generating either NAK
or ACK at respectively steps 412 and 416 depends on whether at step 402 the
MS has detected a preamble matching a preamble assigned to the MS. A
packet of data may be divided into several umits. Each unit is transmitted
20  during a slot time. Each unit of data has a sequence number. The first data
unit is transmitted with a preamble. The mobile unit must first detect and
match the preamble before deciding whether to decode the data. Data units
subsequent to the first data unit may not have the preamble. The mobile
unit keeps track of the data unit sequence numbers until all data units have
25 Dbeen received. If a data unit is received and decoded without passing the
metric at step 410, the mobile unit sends a NAK message to the BS for
retransmission of the failed data unit. If the data unit passes the metric, the
MS sends an ACK message at step 416 to the BS.
A MS in an exemplary embodiment may have three operating states.
30 The first state may be an access state for initializing a contact with a BS. The
next state may be a connected state when the MS is in a communication link
with the BS. Another state may be an idle state when the MS processing

activities are reduced for conserving battery power but nevertheless the MS



link.is shown in FIG 7 in accordance wth an enbodi ment. The DRC ?Fp[_sgam%
Is provided to DRC encoder 626, which encodes the nessage in accordance

with a preggieisined coding format. Coding of the DRC 30 rSEHYU/2p%6

i nportant because the error probability of the DRC nessage needs to be
sufficiently | ow because incorrect forward |ink data rate determ nation

I npacts the system throughput perfornmance. In the exenplary enbodi nent, DRC
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transmitting ACK/NAK messages. As a result, the MSs in the second logical

15  connected state transmit ACK/NAK messages. In order for a MS to getinto
the second logical connected state, preamble of the first data unit of a data
packet must match at step 404. The “yes” indicator at the preamble match
step 404 may be used to gate an ACK/NAK reverse channel transmitted
from the MSs.

20 Referring to Fig. 7 again, the exemplary reverse link architecture in
accordance with an embodiment includes an ACK/NAK reverse
channel which is gated at a gate block 699. The gating control is generated by
step 404. The gating control allows transmission of the ACK/NAK reverse
channel when the preamble of the first data unit of a data packet has

25 matched at the MS. The ACK/NAK message transmitted on the ACK/NAK
reverse channel may be limited to a single data bit or symbol. The
ACK/NAK message passes and repeats through a BPSK modulator shown at
blocks 698 and 697. The BPSK-modulated ACK/NAK message is Walsh
covered at block 696. The Walsh covered signal passes through a gain block

30 695 before being summed at a summer 694 with signals from the DRC and
pilot channels. The ACK/NAK message, DRC message, and pilot data are
provided to multipliers 650a and 650c, which spread the data with the PN_I
and PN_Q signals, respectively. Thus, the ACK/NAK, DRC messages, and



subsequent to the first data unit may not have the preanble. The nobile

unit keeps track of the data unit sequence numbers until all data uni 2 8 FbBeE,
25 been rgeghMeds |f a data unit is received and decoded \/y({ﬂ%tm@ﬁgm ng the
metric at step 410, the nobile unit sends a NAK nessage to the BS for
retransm ssion of the failed data unit. If the data unit passes the netric,
the MS sends an ACK nessage at step 4187to the BS. A M5 in an exenplary
enbodi ment may have three operating states. 30 The first state may be an
access st atpgldtoarei triansaiitted ngn abetntthet inpltdseaaB$. qiddratmex tphsisat of mhy be a
connect ed state.&hen the MSis in a communication link wth the BS. Another
state may B8YHIPHdl e state when the MS processing activities are reduced
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reverse channel fransmi
generate PN-I and PN-Q. A block 640 may provide the timing and control

15 functions. The PN-I and PN-Q are used for channel spreading performed by
multipliers 650a-d. The results of multipliers 650a-d passed through filters
652a-d. The outputs of filters 652a and 652b are summed in a summer 654a
to generate I-channel, and outputs of filters 652c and 652d are summed in a
summer 654b to generate the Q-channel.

20 Referring to Fig. 8, the ACK/NAK reverse channel may be half a slot
time long. The ACK/NAK channel slot timing is set such that the receiver
in the BS can decode the ACK/NAK information as quickly as possible. In
an exemplary embodiment, the ACK/NAK half slot timing may be
positioned in the first half slot tming of a time slot. Alternatively, the

25  ACK/NAK reverse channel slot timing may be offset as much as a half slot
time with respect to reverse DRC/pilot channel slot timing or other slot
timings. The ACK/NAK reverse channel may alternatively occupy the
entire slot timing.

The previous description of the preferred embodiments is provided to

30 enable any person skilled in the art to make or use the present invention.
The various modifications to these embodiments will be readily apparent to
those skilled in the art, and the generic principles defined herein may be

applied to other embodiments without the use of the inventive faculty.




fromthe MSs. 20 Referring to Fig. 7 again, the exenplary reverse |ink
architecture in accordance with an enbodi ment includes an ACK/ NAR fridvidibse
channel which is gated at a gate block 699. The gating control is generated
by stepwi@d2/196bfe gating control allows transm ssion of tﬁ@J&@%yﬁﬁ\ reverse
channel when the preanble of the first data unit of a data packet has 25

mat ched at the MS. The ACK/ NAK nessage § ansmtted on the ACK/ NAK reverse
channel may be limted to a single data bit or synbol. The ACK/ NAK nessage
passes and_repeals through a_ BPSK nodul at.or. a ogks 1 698 an 97.
The BPSK- r‘rﬁ@ﬁ{g‘até}f W% W@i‘é@ i & V@%tshm%%g%%ehr ed apkbpﬁlﬁégg @ -?%2 Wl sh
covered si i & 0 BCkc@RdBAThbek it baiprgconsipedt at a
sumer 694%%?%ﬁﬁgﬁgﬁiﬂ§R$§g%??ﬁégﬁﬁcig%d pi | ot channel s. TﬁggACK/NAK
message, DRﬁtMBSg@mciplﬂdapﬂnbvda&ahﬂes dignosacdberei® nultipliers 650a and
650c, which spread the data with the PN_.I and PN _Q signals, respectively.
Thus, the ACK/ NAK, DRC messages, and 28 FEB 2005 WD 02/ 19605 PCT/ USO / 26946
17 pilot ar i t oth the inphase and quadrature phase of the

Si nusoi E I Hﬁﬁ?&%ﬁ@eﬁﬁ affic channel is encoded in an encoder 612 and
bl ock interleaved in a bl ock 614 before Wal sh covered in a multiplier 616. A
5 gain elenent 618 adjusts the gain of the traffic channel. The result
passes through multipliers 650b and 650d for channel spreading. The DRC
message is encoded in a DRC encoder block 626. A Wl sh generator 624
generates the Walsh functions for Wal sh covering the encoded DRC nessage in
a O nultiplier 628. Wal sh covered DRC nessage and pilot data are

mul tiplexed 10 in a MJX block 630. The results are summed in sumrer 694
with the gated NAK/ ACK channel. The results of the sunmer 694 are channel
spread in multipliers 650a and 650c. Code generators 642 and 644 generate

| ong and short codes. The codes are multiplied in nultipliers 646a and 646b
to generate PN-1 and PN-Q A block 640 may provide the timng and control




15 functions. The PN-1 and PN-Q are used for channel spreading perforned by
multipliers 650a-d. The results of nultipliers 650a-d passed thro&@HEﬁim%ers

652a-d. 'I'\PBSEHg@gts of filters 652a and 652b are summed i@&flﬁﬁm{iﬁ i6ﬁ42 to

generate I-channel, and outputs of filters 652c and 652d are sunme

sumrer 654b to generate the Q channel. 20 Referring to Fig. 8, the ACK/ NAK
reverse channel may be half a slot ti 9I ong. The ACK/ NAK channel sl ot
timng is set such that the receiver in“the BS can decode the ACK/ NAK

information as quickly as possi bl e. @ﬁg/lsxerrpl ary enbodi nent, the ACK/ NAK
hal f slot timng may be positioned i irst half slot timng of a tine
slot. Alternnativ, Agg{]ﬁl% -9l oL1 mng may be

of fset as rrll]ch e{glj\ép%??h%ﬁgt I m%&gﬁ&ﬁ?ﬁé&g@%ﬁ?ﬁﬂé%%e DRC/ pi | ot

channel 2sl ot tim ng o trahbeiittel operdtive ftgsrandirgt ARKNNAK drésiseattbarel may
alternatively occupy the entire slot timng. The previous description of
the preferred e@ﬁb&ﬁl@ﬁNéxI{§hpﬁb¢i}ded to 30 enable any person skilled in

the art ,t o make or use ;the present inventiQn. .} arious, ,oodi,fi cations to
t hese e?"‘rb_odi ments wi[3 dl:f'émre_ ggafel @rﬁmggbCK{ﬂF&% C@EPY‘?‘e%aﬁeﬂ the art, and
the generic priRghdthes a%ﬁ%&ﬁﬁoﬁ%@éiﬂeﬂﬁ)ﬁs lﬂ%te@&Ph'rﬁQt&ﬁw@?MmB@ﬁﬁé ment s
wi thout the use of the invehtive faculty. 28FE82005 WO 077 19605

PCT/ USOb/ 26946 tita Tindisteceivedpresddtreceivent i on is not intended to be limited
to the enbodiments shown herein but is to be accorded the w dest scope
consistent wth the principles and novel features disclosed herein. 5 WHAT
IS CLAIMED I'S: 2 8 FEB 2005 WD 02/ 19605 PCT/ USOL/ 26940 19 CLAIMS 1. An
apparatus in a comruni cation system conpri sing:

2. The apparatus as recited in claim 1 wherein said data unit is a first

2 data unit in a series of data units comprising a data packet.

3. The apparatus as recited in claim 1 wherein said channel gate
2 prevents transmission of said ACK/NAK channel when said receiver has

failed to receive said matching preamble in said data unit.

4. The apparatus of claim 1 wherein said transmitter includes:

2 a BPSK modulator for modulating said ACK/NAK
information;

4 a multiplier for Walsh covering a result of said BPSK

modulator to produce Walsh covered ACK/NAK information for
6 transmission on  said ACK/NAK channel.

5. The apparatus of claim 1 further comprising:
2 a summer for summing said ACK/NAK channel and a data

rate control/pilot channel.

6. The apparatus of claim 1 wherein said ACK/NAK channel is

I3

employed for duration of a portion of a time slot .



2 a transmtter operative to transmt ACK/ NAK information on an AGE N
channel ; 4 a channel gate for gating said ACK/ NAK channel based on whether
a conpani oYO%2d2¥%er has detected a matching preanbl e i n. a PCE/USAYZ6%Mi t
received by said receiver. 2. The apparatus as recited in claim1l wherein
said data unit is a first 2 data unit in a series of data units conprising
a data packet. 3. The apparatus as recité@d in claim 1l wherein said channel
gate 2 prevents transm ssion of said ACK/ NAK channel when said receiver has
failed to recei v&leaiagpardtehidfgclpiraalbivbetrdinsalst datingUnift said- ACRE/ NARAr at us
of cl ai n]lzll erein sg:&d transmtter includes: 2 a BPS& nodul at or for

modul at i g ShranldrsKawed by apostionef aslet time s ey slbb tinigs hsedbimsaity a
result of saj dul ator to produce Wal sh covered ACK/ NAK i nformation
for 6 trang‘r:’nﬂ"stgﬁgﬁaéﬁo%gy%eﬂm NAK channel. 5. The apparatus of claim1
further conprising: 2 a summer for summ ng said ACK/ NAK channel and a data
rate control/pilot channel. 6. The apparatus of claim1l wherein said ACK/ NAK
channel is 82 enfdlheyeapparatdundt claimofl awherdinosatf ACK MEAK othan2®l FEB 2005
WO 02/ 19605 ,PCT/ U OéifA 6946 20 7.. The apparatus of claim1l wherein sl ot
tinming o séi‘acﬁ‘sﬂé%e 2 PIELRned 2 slotduagein BEVangm of 2 plosrtiming gisediime from
a slot timRg @P"‘Eﬂﬁ ni cati on system 8. The apparatus of claim
1 wherein sgigléy%\ NA chgﬂnﬂflg{gﬁé' 2 transmitted by a portion of a slot tine
in advance of a slot timng used in said conmmunication system 9. The
apparatus of, claim5 further conprising: 2 a reverse channel spreader
operative t o spr apRaratys obglaggytur PUFINGE ansni ssion from said

transmtper. a reverse channel spreader operative to spread a result of said

sumimer for transmission from said transmitter.

10. A method in a communication system comprising:
transmitting ACK/NAK information on an ACK/NAK channel;
gating said ACK/NAK channel based on whether a matching

4 preamble is detected in a received data unit.

]

11. The method as recited in claim 10 wherein said data unit is a first data

2 unitin a series of data units comprising a data packet.

12 The method as recited in claim 10 wherein said gating prevents
2 transmission of said ACK/NAK channel when a receiver has failed to

receive said matching preamble in said data unit.

13. The method as recited in claim 10 wherein transmission of said
2 ACK/NAK information on said ACK/NAK channel is employed for a

duration of a portion of a time slot.

14.  The method as recited in claim 10 wherein said ACK/NAK channel
2 slot timing is skewed by a portion of a slot time from a slot timing used in

said communicaton system.




10. A nethod in a comunication systemconprising: 2 transmtting Agg/glﬁK
informati on on an ACK/ NAK channel; gating said ACK/ NAK channel bas FER 2005
whet her ing 4 preanble is detected in a received hdgyg 11. The
met hod a?@%{%g in claim10 wherein said data unit is a(;?itrﬁ{ssyma)#% 2 unit
in a series of data units conprising a data packet. 12. The nethod as
recited in claim10 wherein said gati ngzbrevents 2 transm ssion of said
ACK/ NAK channel when a receiver has failed to receive said matching

preanbl e i d5sai Theatmethvd . ofl claihhe 10ewWiades sadi (AOK/INAKa dnabebhés ei n
transm ssion of said 2 ACK/ NAK information on said ACK/ NAK channel_ j|s

enpl oyedl f Hangmittedaky arpastion ¢for sldtime in pdivaneg of 2 slot timingratseddims
recited in_claim 10 wher.ein _said ACK/ NAK channel 2 slot timng is skewed by
a portion 8?1dgcwu?]ic O’f‘rsgﬁfleén‘sl ot tinming used in said Comunication
system 20FEB2005 WO 02/ 19605 PCT/ USOL/ 26946 21 15. The nethod of claim 10
wherein said ACK/ NAK channel is 2 transmtted by a portion of a slot tine
in advancel6f aThleanethiod agresed imclagai i) fiothemdicraprisimgsyst em 16. The

nmethod as recited in claim.10 further conprising:. 2 nodulatin i d ACK/ NAK
i nf or mat ?on alccor d: n@’l‘?‘g‘lﬂéﬁ%@ﬁij‘i rﬁfﬁﬁl’hﬁ%ﬁh I H%r‘ijé’,n @lﬂcﬁ’gqhtﬂg;ﬂ%/gﬁiﬂ%s% or Wal sh
covering, a res f ..sai ][Egg lating with a Wal sh code to produce Wal sh
covered ACK/ NAK%%?@FFT@?H gcn. ‘L7l The nmethod as recited in clainlO further

conprising:  summi ng newlitigl IGK/ thﬁhﬂebvaﬁﬂ%,aad@mltr@i Saib it ¢ Vapinlgot
channel . 18. The nethod_as recited in claim11/ further conprising:

spreadi ng WiteauMalds cede & pupditery Wadsh wozamd 46iFANAK information.

17.  The method as recited in claim10 further comprising:

r-2

summing said ACK/NAK channel and a data rate control/pilot

channel.

18.  The method as recited in claim 17 further comprising:

2 spreading a result of said summing for transmission.



