METHOD AND APPARATUS FOR.- SCHEDULI NG FORWARD LI NK TRANSM SSI ONS BACKGROUND

Field [1001] The present invention relates generally to comrunicati ons,

and nore specifically, to inproving the feedback of channel information,

whi ch can be wused to inprove the scheduling and rate control of traffic

over a wireless comunication system Background [1002] The field of

Wi r el ess communi cati ons has nmany applications imncluding, -e:g-, -cordless
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(PDAs), Internet telephony, and satellite comunication systens.

particularly inportant application is cellular.tel ephone systens for

nobi | e subscribers. As used herein, the term"cellular" system enconpasses

both cel lul ar and personal comuni cation services (PCS) frequencies.

Various over-the-air interfaces have been devel oped for such cellular

t el ephone systens | including, e.g., frequency division nultiple access

(FDMA), tine division nultiple nd code division multiple

access (CDMVA). In connection thermﬁ(d—wjm donestic and

i nternational standards have been established including, e.g., Advanced

Mobi | e Phone Service (AWPS), d obal Systemfor Mbile (GSM, and Interim

. Standard 95,:§é|§- 95). 1S-95 and its derivatives, IS 95A, |S-95B, ANSI
J-STD- 008 (often referred to collectively herein as 1S-95), and proposed
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phone syetmmanicalidn gystem. substantlal ly in accordance with the use of
the 2 1S-95 standard are described in U S. Patent Nos. 5,103,459 and

4,901, 307, which are assigned-to the assignee of the present invention

and i ncor pog tf‘aeotm] reference herein. An exenplary systemutilizing CDVA
t echni ques i gdmaZOOO | TU-R Radi o Transm ssion Technol ogy (RTT)

Candi date Syppd2Jsi oThe field of wireless communications has many applications

including, e.g., cordless telephones, paging, wireless local loops, personal
| digital assistants (PDAs), Intemet telephony, and satellite communication
systems. A particularly important application is cellular telephone systems for
mobile subscribers. As used herein, the term “cellular” system encompasses
both cellular and personal communication services (PCS) frequencies. Various
over-the-air interfaces have been developed for such cellular telephone systems
) including, e.g., frequency division muitiple access (FDMA), time division multiple
) access (TDMA), and code division multiple access (CDMA). In connection
~ therewith, various domestic and international standards have been established
“including, e.g., Advanced Mobile Phone Service (AMPS), Global System for
Mobile (GSM), and Interim Standard 95 (1S-95). 1S-95 and its derivatives, IS~
95A, 1S-95B, ANSI J-STD-008 (often referred to collectively herein as 1S-95),
and proposed high-data-rate systems are promulgated by the
Telecommunication industry Association (TIA) and other well known standards
bodies.
[ 003] Cellular telephone systems configured in accordance with the use of
the 1S-95 standard employ CDMA signal processing techniques to provide
highly efficient and robust cellular telephone service. Exemplary cellular
telephone systems configured substantially in accordance with the use of the
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[1005] As used herein, “forward link” refers to the transmissions directed
from a base station to a remote station and “reverse link” refers to iransmissions
directed from a remote station to a base station. The forward link and the
reverse link are uncorrelated, meaning that observations of one do not facilitate
the prediction of the other. However, for stationary and slow-moving remote
stations, the characteristics of the forward link transmission path will be
observed to be similar to the characteristics of the reverse link transmission
path in a statistical sense.

[1006] Channel conditions of received forward link transmissions, such as
the carrier-to-interference (C/l) ratio, can be observed by a remote Station.
which reports such information to a serving base station. The base station then
uses this knowledge to schedule transmissions to the remote station selectively.
For example, if the remote station reports the presence of a deep fade, the base
station would refrain from scheduling a transmission until the fading condition
passes. Alternatively, the base station may decide to schedule a transm'ission,
but at a high transmission power level in order to compensate for the fading
condition. Alternatively, the base station may decide to alter the data rate at
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be transmtted in a transm ssion format with redundanci es so that
corrupted synbols are nore likely to be recoverable. Hence, the data
throughput is lower than | a transm ssion format w thout redundancies
were used instead. [1007] The base station can al so use this channel

i nformation to bal ance the power | evel s3of all the renpte stations
within operating range,.so that reverse |link transm ssions arrive at the
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processing el enent configured to execute a set of in tions stored on
t he . nenor y{1608}enin communication raystemsi that fuse: feedback peghanisins to
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system, consuming system resources that could otherwise be allocated to other
functions. Hence, there is a need to reduce the reverse link load of
unnecessary transmissions, which can occur when the remote stations transmit
C/ information that have not changed substantially from the previous
transmissions. However, the system must still be able to detect and react to
) . changing channel conditions in a timely manner. The embodiments described
herein address these needs by providing a mechanism for optimizing the
transmission of channel information on the reverse link and for decoding such
information at a base station.

) SUMMARY
[1009] Methods and apparatus are presented herein to address the needs
stated above. In one aspect, an apparatus is presented for scheduling forward
link transmissions, the apparatus comprising: a memory element, and a
processing element configured to execute a set of instructions stored on the
memory element, the set of instructions for: receiving a full channel quality value
and a plurality of incremental channel quality values from a remote station,



wherein the channel quality estimate i s based upon th‘g full channel
quality value and the plurality of increnental channel quality val ues.

[ 1010] In another aspect, a nmethod is, presented for estimating forward
link channel quality froma full channel quality value and a plurality of
i ncrenental channel quality val ues, the4rethod conprising: decoding the
full channel quality value over a plurality of slots; increnmentally
updati ng a wheneigl tee aplaralidyi et dncremeartal ighapneal Quality ofalues: rarge feécgived
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subchannel . [1017] FIG 4Eis a table illustrating different val ues full

ari sing frorgomprsingn@ re-synch subchannel generation system for generating fu

channel quality values; and a differential feedback subchannel generation

sysfem for generating a pluraiity of incremental values, wherein the plurality of

incremental values are multiplexed with the full channel quality values.

[1012] In another aspect, a method is presented for transmitting channel

information from a remote station to a base station, the method comprising:

generating a full channel quality value; and generating an incremental channel

quality value, wherein the incremental channel quality value is multiplexed with )
. the full channel quality value.

BRIEF DESCRIPTION OF THE DRAWINGS
[1013] FIG. 1is a diagram of a wireless communication network.
[1014] FIG. 2A, FIG. 2B, and FIG. 2C are timelines that describe the
interactions between the re-synch subchannel and the differential feedback
subchannel.
[1015] FIG. 3 is a functional block diagram of a remote station in
communication with a base station. | '



interpretations of the information received on the re-synch subchannel and
the differential feedback subchannel. 11018] FIG 5 is a graph
illustrating an advantage of the "accurul ate and add" nethod when a deep
fade occurs. [1019] FIG 6A and FIG 6B ﬁre bl ock di agrans of channel

el ements for generating re-synch subcharinel, the differential feedback
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DESCRI PTI ON [1021] As illustrate 1, awre S comuni ca
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center (I\/B(a|ff9rermmtgdab&8ksabmﬁﬁ| data serving node (PDSN) or
I nt emet wor Ki ngafunct ion (1W) 20, a public switched tel ephone network

(PSTN) 22 ([198Lal HGaStae;grapb idustrating) an advantagenot the:t'acoumulate andi P)

- network 24 e_lnte t). For purposes of sinplicity, four
nobi | e aéch I&%\at(ﬁ‘pg %Qgcgrtsatlons 1l4a- 14c, one BSC 16, one
IVISC 18, qg1 neﬁ@swan 4/ PGB hre bl Ty s

- skilled |nE[t he ]a)trt that there co r?girae&'%?%ésjsw% er C)Q?yméﬁgl gor

stati ons lZienssaling rexsyochs smbcharBﬁtsthBGdlffekér[ﬁﬁls felekibagk csubDRARNGI) anfi th22]
I n one enbaqdi nt I Eﬁ\%’rel onmruni cati on network 10 is a packet data
s vi ces netd l?n'ﬁ @Fﬁ?'rons 12a-12d may be any of a nunber of

erent . Jipae] of FIGL %) Ro8 SRR IREHAIAG 4IF HoiBnBige" of ishd) g HalsYne

phone IIu I's connected to a nputer runnlng

| P- based subchannelsand ﬂqqﬂuﬁe@nhaﬁeedbaclebhbﬂ:tmnﬁe&hﬁqh@mwammnﬁmocl ated
hands 6 free car kits, a personal data assistant (PDA) running |P-based,
Web- browser applications, a wi rel ess conmuni cati on nodul e i ncor porat ed

as i ght “be found 1 s wi roRETAKED BERCHIPHIEN" (3 00 Setem i
the nost g¢pgsf] eRROMLSTAIRd in FIG. 1, a wireless communication network 10 may
generally includes a plurality of mobile stations (also called remote stations or
 subscriber units or user equipment) 12a-12d, a plurality of base stations (also
called base station transceivers (BTSs) or Node B). 14a-14c, a base station
controller (BSC) (also called radio network controller or packet control function
716), a mobile sWitching center (MSC) or switch 18, a packet data serving node
) (PDSN) or internetworking function (IWF) 20, a public switched telephone
network (PSTN) 22 (typically a telephone company), and an Internet Protocol
(IP) network 24 (typically the Intemet). For purposes of simplicity, four mobile
stations 12a-12d, three base stations 14a-14c, one BSC 16, one MSC 18, and
one PDSN 20 are shown. It would be understood by those skilled in the art that
there could be more or less number of mobile stations 12, base stations 14,
BSCs 16, MSCs 18, and PDSNs 20.
[1022] In one embodiment the wireless communication network 10 is a
packet data services network. The mobile stations 12a-12d may be any of a

”,

number of different types of wireless communication device such as a portable
phone, a cellular telephone that is connected to a laptop computer running 1P-
based, Web-browser applications, a cellular telephone with associated hands-



nobil e stations may be any type of communi cation unit.. [1023] The nobile
stations 12a-,12d may advantageously be configured to’ perform one or
nore wrel ess packet data protocols such as described in, for exanple,
the EIA/TIA1S-707 standard. In a particular enbodi nent, the nobile
stations 12a-12d generate | P packets destd ned for the | P network 24 and
encapsul ate the I P packets into franes usi nm poi nt -t o- poi nt protocol

(PPP). 110%p dar kitse aepensonabdata nesistanh ¢Py) runningsiP-baged Web-brawsepsn

20, tge hPDggB J S cou to the I\/SC @%@g@lgsﬁpﬂ@%ﬁ lﬁ'ﬁ%qoéjt,?g'%f SC
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e.g., E, Thwitelgsslvcahivop dfrmeb‘reeawbgsys(eﬁ Mn tHePmoBPgenarabembadimsnt,
HDSL, ADSL or xDSL. In an alternate enbodi rent, the BSC 16 can be
coupl ed di rmb:lp&t@tmsemamgewmmenmwlﬁa P ¥Nital operation of the
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[1025] During typical operation of the wireless communication network 10,
the base stations 14a-14¢ receive and demodulate sets of reverse signals from
various mobile stations 12a-12d engaged in telephone calls, Web browsing, or
other data communications. Each reverse signal received by a given base
station 14a-14c is processed within that base station 14a-14c. Each base )
station 14a-14c may communicate with a plurality of mobile stations 12a-12d by
modulating and transmitting sets of forward signals to the mobile stations 12a-
12d. For example, as shown in FIG. 1, the base station 14a communicates with
first and second mobile stations 12a, 12b simultaneously, and the base station
14c communicates with third and fourth mobile stations 12c, 12d
simultaneously. The resulting packets are fomarded to the BSC 16, which
provides call resource allocation and mobility management functionality
including the orchestration of soft handoffs of a call for a particular mobile
station 12a-12d from one base station 14a-14c to another base station 14a-14c.
For exarﬁple. a mobile station 12¢c is communicating with two base stations 14b,
14c¢ simultaneously. Eventﬁally. when the mobile station 12c moves far enough



route the received data to the MSC 18, which provides additional routing
services for interface with the PSTN 22. If the transmssion is a
packet - based transm ssion such as a data call destined for the IP
network 24, the MSC 18 will route the data packets to the PDSN, 20,

which will send the packets to the IP nétwork 24. Aternatively, the BSC
16 will route the packets directly to the PDSN 20, which sends the
packets to &way from eee/irtkebase|stations 1 4c.sthacaliomihbe bandedh off o theother
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packet dat ?ﬁﬁg@ﬁrﬁs%gcmp?%ly referred to as data traffic

channel s. Voice traffic and data traffic are typically encoded,
modul at ed, [0@8] spTéedfdoeard tink frans the base station tdar rentote fstatien dperating
reverse I|nk

h|n tne range of the base station can comprise a plurality of channels. Some
of the channels of the forward link can include, but are not limited to a pilot
channel, synchronization channel, paging channel, quick paging channel,
broadcast channel, power control channel, assignment channel, control

‘) channel, dedicated control channel, medium access control (MAC) channel,
fundamental channel, supplemental channel, supplemental code channel, and
packet data channel. The reverse link from a remote station to a base station
also comprises a plurality of channels. Each channel carries different types of
information to the target destination. Typically, voice traffic is carried on
fundamental channels, and data traffic is carried on supplemental channels or
packet data channels. Supplemental channels are usually dedicated channels,
while packet data channels usually carry signals that are designated for different
parties in a time and/or code-muitiplexed manner. Alternatively, packet data
channels are also described as shared supplemental channels. For the
purposes of describing the embodiments herein, the supplemental channels and
the packet data channels are generically referred to as data traffic channels.



encodi ng, nodul ation, and spreading can be inplemented in a variety of
formats. In a CDVA system the transm ssion format ul ti mately depends
upon the type of channel over which the voice traffic and data traffic
are being transmtted and the condition of the channel, which can be
described in terms of fading and interf& ence. [1030] Predetermn ned
transmt formats, which correspond to a conbination of various transmt
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encodi ng scm%ahaqﬁteﬁgfgmbe selectively inplenmented are convol utional
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(QPSK), 8-ary Phase Shift Keying scheme (8-PSK), and 16-ary Quadrature
Amplitude Modulation (16-QAM). Some of the various encoding schemes that
can be selectively implemented are convolutional encoding schemes, which are

| implemented at various rates, or turbo coding, which comprises multiple
encoding steps separated by interleaving steps. |
[1031] Orthogonal and quasi-orthogonal codes, such as the Walsh code )
sequences, are used to channelize the information sent to each remote station.
In other words, Walsh code sequences are used on the forward link to allow the
system to dveriay multiple users, each assigned one or several different
orthogonal or quasi-orthogonal codes, on the same frequency during the same
“time duration. '
[1032] A scheduling élement in the base station is configured to control the
transmission format of each packet, the rate of each packet, and the slot times
over which each packet is to be transmitted to a remote station. The
termihology “packet” is used to describe system traffic. Packets can be divided
intp subpackets, which occupy slots of a transmission channel. “Slot” is used to
describe a time duration of a message frame. The use of such terminology is
cornmon in cdma2000 systems, but the use of such terminology is not meant to
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limt the inplenmentation of the enbodiments herein to cdma20DO systens.
| npl enentation in other systems, such as, e.g. WCDMA, can be acconplished
wi t hout affecting the scope of the embodi ment's descri bed herei n. [ 1033]
Scheduling is a vital component in attaipning high data throughput in a
packet -based system In the cdma2000 sys?em t he scheduling el enent (which

is al so referre to phed | er' trol th i ng .of
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The C'1  vaitscof memmpatkew; OHentky thebattuahgansmission rdte ofrtheditsocar| Gel )
synbol, wherein the fifth bit is reserved. Hence, the CA val ue can have

one of si xtditfarenyfrem thedatathiaugheyt rate03s] Since the renmpte station is
not presci §4paaj " the"Bhfediiy YerhbA I the base station uses an open-loop

. algorithm to adjust the data rate and scheduling of forward link transmissions.
The open-loop algorithm adjusts transmissions in accordance with the varying
channel conditions typically found in a wireless environment. In general, a
) remote station measures the quality of the forward link channel and transmits
' such information to the base station. The base station uses the received
channel conditions to predict the most efficient transmission format, rate, power
level and timing of the next packet transmission. In the cdma2000 1xEV-DV
system, the remote stations can use a channel quality feedback channel -
(CQICH) to convey channel quality measurements of the best serving sector'to
the base station. The channel quality may be measured in terms of a carrier-in-
interference (C/l) ratio and is based upon received forward link signals. The C/|
value is mapped onto a five-bit channel quality indicator (CQIl) symbol, wherein
the fifth bit is reserved. Hence, the C/I value can have one of sixteen
quantization values. o
[1035] Since the remote station is not prescient, the remote station transmits
the C/I values continuously, so that the base station is-aware of the channel -



the CA val ues continuously, so that the base station s -aware of the
channel 10 conditions U ever any packets need to be tFansmitted on the
forward link to that renote station. The continuous transm ssion of
4-bit CA values consunes the battery life of the renote station by
occupyi ng hardware and software resource$Q in the renote station. [1036]
In addition to the problens of battery |life and reverse |ink | oading,
there is al gonditions!il ever@nyl packets/ ned@d to be transmitied ioartharfdrarddimkdorthat
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or may fail jh the emdteistatiori.i mel y manner to a new situation. 11037] For
- the above reasons, the conmunication network requires a nechanismto
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differential feedback, subchannel. [1039] .In addition tq iInprovenents i
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' [1038] The embodiments described herein are directed to improving the
feedback mechanism for conveying channel information, such as C/l, from the
remote station to the base station while reducing the load of the reverse link. By
improving the feedback mechanism, the embodiments improve the ability of a

| base station to schedule transmissions and the data rates of the transmissions )
in accordance with actual channel conditions. The embodiments are directed
toward generating two subchannels on the CQI channel in order to carry
channel information. [t should be noted that other channels could also be
configured to carry the subchannels described herein, but for the sake of
expediency, the terminology of the CQI channel is used henceforth. The two
lsubchannels are referred to hereafter as the re-synch subchannel and the
- differential feedback subchannel.
[1039] in addition to improvements in the feedback mechanism at the remote
station, improvements at the base station can also be implemented to optimize
the interpretation of the channel information received from the remote station. A
scheduling element in the base station can be configured to implement task



the interpretation of the channel information received fromthe renote
station. A scheduling elenment in the base station can be configured to

i npl ement task functions in accordance with information received from

ei ther subchannel or by selectively discarding information received from
ei ther subchannel. [1040] In a general dbscription of the enbodinents,

full CA valpes . ,are, transmtted on, the re-synch subchapnel ile
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{1041] The values sent on the re-synch and differential feedback
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regi st er i solhedyakeshakas walh whare K isl a systermdefined $teprsizesynch and

- differential feedback subchannels, and represents the renote station's

best estinate of the CA value that the base station wll decode. [1042]
. . ed within a renote station
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{1042] In a first mode, channel elements can be placed within a remote

~ station to generate the re-synch subchannel and the differential feedback
subchannel over the CQI channel (CQICH), wherein the re-synch subchannel

-) occupies one slot of an N-slot CQICH frame and the differential feedback
subchannel occupies all slots of the N-slot CQICH frame, so that an incremental

1-bit value is transmitted in each slot. Hence, in at least one slot of the N-slot

CQICH frame, both a full C/l value and an incremental 1-bit value are
transmitted to the base station. This concurrent transmission is possible
through the use of orthogonal or quasi-orthogonal Spreading codes, or in _an’
alternative embodiment, by time interleaving the two subchannels in some
predetermined fashion. In an altemnate first mode, the re-synch subchannel and
the differential feedback subchannel are not sent in parallel. Instead, the re-
synch subchannel is transmitted over one slot and the isystem refrains from
transmitting the differential feedback subchannel in that_ particular slot. FIG. 2A
is a timeline illustrating the transmission timing of the re-synch channel and the
differential feedback subchannel-operating in parallel in the first mode.



is atinmeline-illustrating the transmssion timng ofythe re-synch
channel and the differential feedback subchannel -opérating in parallel
in the first node. 12 [1043] In a second node, the channel elenents are
configured so that the two subchannels are generated with the re-synch
subchannel operating at a reduced rate.12The re-synch channel operates at
a reduced rate when a full CA value is spread over at |east tw slots of

an . Msl ot M [3048]anmdn arsecenchmnde, the ighanpel elements are oanjigyeed $@ that theed
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-bi t val ue. diissufieirigefroat anfafekitle Thdanel dondiiidnsr fnonal erhbedieit, the
subchannel occupies all of the slots of the Mslot frame except for_ the

first slot.base statiom dotesmings theseverse distkdchamnrl, canditions apd érﬂnsms a
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N-slot frame. FIG 2B and Care tinelines illustrating the
transm ssi oreducedi ralp oF nQie N&I’B%\tﬁlysmﬁcm{ﬁﬂ@l stationtean berpregammed to

of the remPBRelaR dsteREpaihdsRendnfi {he firat. second or AP oot
dependi ng opyoaach | W gm&ﬁﬁﬁon'o‘i theé seSshd fnb%ﬂhé fwasatidhannels work
enbodi nent, “the“ful | e can also be sent at unschedul ed sl ots,
whenever t hparaliebata seduoemhadbmanelnea;ftﬂlr@ﬂ value is/spread over all slots of a A-
slot CQICH frame and each slot also carries an incremental 1-bit value. In an
alternate second mode, the differential feedback subchannel occupies all of the
slots of the Atslot frame except for the first slot. In yet another altemate second
mode, the differential feedback subchannel and the re-synch subchannel are
not sent in parallel at all; the re-synch subchannel operates first over M slots,
and the differential feedback subchannel operates over the next N-M slots of the
N-slot frame. FIG. 2B and FIG. 2C are timelines illustrating the transmission
timing of the re-synch subchannel and the differential feedback subchannel
operating in the second mode. The internal register of the remote station may
be updated in the first, second or M" slot, depending on which operating mode
is in use.
[1045] In another embodiment, the full C/l value can also be sent at
unscheduled slots, whenever the remote station determines that the C/I
estimate kept at the base station is out of synchronization. This embodiment
requires that the base station continuously monitors the CQICH to determine
whether an unscheduled full C/l value symbol is present or not.



estimate kept at the base station is out of synchronization. This
enbodi nent requires that the base station continuously nonitors the
COCH to determ ne whether an unscheduled full C/1 value synbol is
present or not. 13 11046] In yet another enbodirent, the full CA val ue
Is only sent when the renmote station del®rmines that the CA estinate
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differential feedback subchannel, wherein the channel information from

each subchafehaduled intep@ls.o nake transni ssion deci sions that account for
the state of the channel. The scheduling el enent can conprise a
processing el enment coupled to a nenory elenent, and is conmunicatively
coupl ed to | r@lﬁﬁbwdi&ﬁiéh&ﬁﬁélqmorﬁiaﬂohfé@atBé’éHSStaﬁﬁnon subsystem of the
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eI enents descri are located, transmts” suc
forward |i nhndhtmtrahsnnﬁmmsmhsymmmﬂnmbamstm@a stati on 310. [1050] I n

t he enbodi ts_descri hed herein, the scheduli el enent 314 can be
oo e T8I o hIch o o Bldek ciabrim o, Some eﬂﬂreehm'&%eaabwmn@e@s dhch
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transmissions are de-spread, demodulated and decoded. A scheduler 314

receives a decoded C/l value and orchestrates the appropriate transmission
formats, power levels, and data rates of transmissions from the transmission
subsystem 316 on the forward link.
[1049] At the remote station 300, a receiving subsystem 302 receives the
‘) forward link transmission and determines the forward link channel
characteristics. A transmission subsystem 306, in which the channel elements
described by FIGS. 6A and 6B are located, transmits such forward link channei
characteristics to the base station 310.
[1050] In the embodiments described herein, the scheduling element 314
can be programmed to interpret the channel information received on the re-
synch subchannel together with the channel iﬁformation received on the
differential feedback subchannel, or to interpret the channel information
received on the re-synch subchannel separately from the channel information
received on the differential feedback subchannel. The scheduling element can
also be configured to perfofm.a method to alternate which subchannel will be
used to update channel information.



received on the differential feedback subchannel. The,scheduling el enent
can also be configured to performa nethod to alternate which subchahnel
will be wused to update channel information. 14 (10511 Wen the renote
station transmts the channel information using the first node, a
serving base station will receive the ful4 ¢l val ue over one slot and

i ncremental val ues over all slots of the frane.
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~ subchannel over the M slots. In another embodiment, this “accumulate and
add™ method can be performed concurrently with an independent action for “up-
down” bits, which updates the C/l value stored in the register as directed by the
incremental values. Hencs, the register storing the current channel condition ‘ )
information is updated each time an incremental value is received, and the
register is then updated with the accumulated value added to the fult C/l value.
[1053] FIGS. 4A, 4B, 4C and 4D are timelines describing the embodiments
above. FIG. 4E is a table of C/l values stored in a register at a given point in the
timelines, using the embodiments described above. In the timeline of FIG. 4A,
the remote station is transmitting the re-synch subchannel over a single slot of
the CQICH frame and the differential subchannel over each slot of the CQICH
frame. The base station is configured to update the register that stores the
channel state such that parallel incremental values are discarded, ie., the
parallel incremental values are not used to update the register. Hence, at the
interval t, — t3, the channel state information stored in the register is 4 dB, which
is the full C/l value transmitted on the re-synch subchannel over interval t, — to.



frame. The base station is configured to update the register that stores
the channel state such that parallel increnental values are discarded,
i.e., the parallel increnmental values are not used to update the
register. Hence, at the interval t2 - t3, the channel state information
stored in the register is 4 dB, which i1§the full CA value transmtted on
t he re-synch subchgnnel over interval tj - t2 15 The coptri bution of, the
differenti al™ %W'%ﬁn@e araptial, tgedback ?"laﬂr@? 3l ylevabd: 1 des# In
the tineli G 4B, the renote station is transmtting the re- synch
subchannel over mulftiple slots (4 slots in this exanple) and the

di fferenti f1054pchannhé tonelinecoic FIG! 4B, tHe réywold Statibhastranimitting theerdase
station is confrgured to update the register that stores the channel state

such tlhat synch| Iwbﬁhameh,lrr@m?mulﬁpleess Qlse (41 sotsr dr dthisaxaspla} ank the
11 6B, wni ifiptential Siine AR Svel SheF, 18t 2 o SeQicK drdifi . abRE, Mg ppse" ' ©
interval t Gyatiéh _i@ﬁ;@tﬁﬁ%ﬁ@dtdaeuﬁdﬂéﬂﬁewe I%er fH&ttéﬁeBQﬁb%nnelTbﬁllté iicht er

IS not updated wt val ue ‘carried by the re- synch subchannel until
t5, which itbat paralietincneraentat valuies are-discarted’ Hensepat thasnterealrt) Uk, the

: ived. 11055] . In the tineli f.. FIL.G 4C, .th t tat | '
o 1 vt et 5iaB St Goapoie el 0B, 9l Bt of
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shown cl earihytheFregistent &healegister is not updatddasithvineuvalue danded dyi Bieere-i s

10 dB. Frominterval tl - 12, the value in the register is dB. Lf the
r'@synch s UayneRRubchaaRelntd & wdich isdhe dnstance tﬁﬁéwgpgiiIvaEfvaWéS

. over the i <~ H3 and t3 - U would be the sane as for the
tinmeline %\@/@"i{g&e%@@ver, I f the re-synch subchannel cannot be

decoded cor(1@85]Y. Intthertimdéliner 60FIG.c4Cy tthel eemote stdtion isrtransmitting the- re-3
and t3 - t4 would be 10 dB and 11 dB, res ectivel%/'iﬂér%%gcher than 4 dB, and

5 dB. Even $yighgsubahaane| pverca single slot and tha different Banne| Qves&@ahel |

t he i ‘ I ' ‘ o Qi I-al b b I
can sti1 1 ouotely e TRIGHC . POt s, SHaETong, of GRP? Befefis-r e
feedback susmbadimténtsalesefibed herein bapdtsl hbivn cléartyeFrom-intenval 1§ e htnenel

to update the channel state information registers. [10 56] In the tjneline
of FIG 4D, lashealueriathe segistesis 19 dB. ahmmiintenl the tz.dbe value in the register

is 11 dB. If the re-synch subchannel can be decoded correctly, then the register
. values over the intervals &, — t; and t3 — t, would be the same as for the timeline
: 'in FIG. 4A. However, if the re-synch subchannel cannot be decoded correctly,
then the register values over the intervals t, — t3 and t; - t, would be 10 dB and
') 11 dB, respectively, rather than 4 dB and 5 dB. Even though, the full G/l value
‘ is lost on the re-synch subchannel, the incremental values received on the
differential feedback subchannel can still be used to update the register.
Hence, the differential feedback subchannel can be used independently of the
re-synch subchannel to update the channel state information registers.
3 056] In the timeline of FIG. 4D, the remote station is transmitting the re-
synch subchannel over multiple slots (4 slots in this example) and the
differential subchannel over each slot of the CQICH frame. The base station is
configured to update the register that stores the channel state, wherein the
update accounts for the addition of paraliel incremental values to the stored C/I
re-éyn'ch value, as each incremental value arrives at the base station.
[1057] " In an alternative embodiment, the base station can be configured to
update the register that stores the channel state, wherein the update includes



synch subchannel over nmultiple slots (4 slots in this.exanple) and the
differential subchannel over each slot of the COCH frane. The base
station is configured to update the register that stores the channel
state, wherein the wupdate a ccounts for the addition of parallel

i ncremental values to the stored C1 retgynch value, as each increnental
val ue arrives at the base station. 11057] In an alternative enbodi nent,
the base st g aocwmauldtiencoinfiegparafiel incrementat values thyitss dhen raddesh tor the

t he channel state, wherein the update incluydes 16 the accupplation of
the paral | estared C/hEersynch ¥aluss imparticylarnthe ageurmulate apd a‘ﬂl@r qrmed

a1 ) nor emoheio YLirRmeGH Shiuds SxREF 11 ficBRferaf o fEarsRitiad i o 1.

the first gfRAchdrad Sfot Withithe'all OMl ValGé. Bashyraralieldhcrefenitalelalue i zdded al
value is added to the stored C I re-synch value as each arrives, and the

aggr egat e ofo the storesk Efkere-synchvalie asxeagh armives;iand the aggiegale: of the
w iyed C | | t t5 [1058] .Th ' t '
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nodel the eéent of a deep fade. Rayleigh fading, also known as nultipath
interference€, occurs when nultiple copies of the sane signal arrive at

the receive{1088]a dFiss rembodiments: describelitaboxet seventiier ppactical puepaser ehce
can occur to_produce flat fading of the entire . frequency. bandw dt |f
the renote SHawingnthes basa,dafion 4o W%erc&?ﬁth yned n&%nﬁveéhﬁ’frao\ﬁlﬁﬁﬂﬁadaeep
fades coul d h a ] Sig | e C i

it cunmt anc Eeyigh 3acf 0 KAoknas Thfipath iidMarentlBochiéClingn multple
allows it teopiescobdheesamensighak iamive abithiel yecaivbraire @ alestryctiven manner.

second node, the .bislse stationgr ecei ves a reduced rat gﬁ‘gél Jval Lﬁ over.

more than ofdbstantial myliipath dniegerenge,¢an Reetospioduce ading ot the entire

fade befor ef@ggsé?{;,g gfva;«g%mi Sif b bridig Shatish R Bavéilifg TH'd radiflySidriging

FIG 5is a curve superinposed over a t ca
used to il epidrenment)cdaey faiee cduld ocsur atrboheduled tranbatisdionttimesre When a

e Lo TS sueh aupirosanas dreutss s bese siahan e chaoiel BIGRIER HEF.
Pesuens +hi BRI BRI IARGRRERLE, QNS et I sdoond
mode, the base station receives a reduced rate C/l value over more than one
slot, but the base station can still compensate for the fade before the C/i value
is fully received over the multiple slots. FIG. 5 is a deep fading curve
superimposed over a timeline that can be used to illustrate the purpose of this
embodiment. |

[1059] At time t, a deep fading condition commences. Due to incremental
step commands, the base station slowly models the fade, as shown by the
double-dashéd line. At time t,, the remote station transmits a measured C/l
ratio at a reduced rate over multiple slots of the re-synch subchannel. The
remote station concurrently transmits incremental “up” commands on each slot
to the base station. The base station starts demodulating and decoding the C/l
value on the re-synch subchannel. Since the 1-bit “up” command is relatively
simple to demodulate and decode, the base station can immediately start
modeling the fade using the received up commands. At time tz, wherein the C/|
value is fully processed, the base station resets its estimate of the channel
conditions. o

[1060] As shown by FIG. 5, without the use of the differential feedback

channel, the base station would have continued to pursue a model of channel

J



renote station concurrently transmts increnmental "up" commands on each
slot to the base station.” The base station starts denodul ati ng and

decoding the C1 value on the re-synch subchannel. Since the 1-bit uup”
command is relatively sinple to denodul ate and decode, the base station
can imedi ately start nodeling the f add 7usi ng the recei ved up comuands.

At tinme t2, wherein the C I  value i g@ful li/ processed, the basge station
resets its @anditigns: that ishsubephimal. Bathar: thans a mosieb wills a; pesitiveysippe;
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that is subbetieeBpoinf3t; Hrid thaMoreduetelising! theaReSmuIE aFdoRsd” HIRINGEN
the points ti and t2, the m)éel woul d have "had a negative slope between
points t, aihe hase stationwoyld bei abjettncestimaiara higher aalesoithenchannel statpe

ctate. ¢ narhaRdNe e afvad bnic BN 1o Temote elayi. sFiafioe e, iaaSiation
base stat i oRoui¥Have had & madeldn Sbldtﬁ@ies%gﬁls 1hér hefioderédatéis By' he

nodel created by the current enbodi nments. e use of two
subchannel stheculimnt emibodiimentse al | ows the base station to react to the

a1, T S koSN s o R oo
- Pecause o el 1 Va4 R 00 piceraien 8.

of the secoparating ewhitenenihimizinGAthealreerse lirek hgad. onViy adverser link |lodd sisot s
of the COCH,K frane, rather thap the transm.ssion of N full, C1 val %ﬁs
oﬁr N sl otf@duped becausesthesmajarity of tha glats will bewcarrying:iewer inforpatier bitgat

can inple i ' c V. CA
ot o var uadan EonindBes FahisichorPER Jetuds PEPERIPhIs R eeR e e
12 binary ssetordamode corgefillrGN edlubds being corivelyed Gver all Nbsloty of thgr@QICHar e
spread with a Wal sh code generated by a covering el ement 612. Covering

el ement 61ZraBeetBeiRaN the rangmissinetiNdpll EdbvaldesavenNsiQitences based
o e oot DB . “F30L B, & W Rl o Fhebhet BRoaRIY BALARF InpRia.
by an adderthg@Ghoties idesornléd aboveriny asodmazoom axEVLDY system.oG/pwitid valmeshe
adde.r 004 |éso1rrg|?£ (iargpl.lltr;nt% gl? %%&r 602 at rate R = 4/12 so that 12 binary symbols
are generated for each siot. The 12 binary symbols are spread with a Walsh
code generated by a covering element 612. Covering element 612 selects one
of six allowed spreading Walsh sequences based on cover symbols 610 to
_ indicate the index of the serving base station. The output of the covering
) . element 612 and the encoder 602 are combined by an adder 604 to form 96
binary symbols per slot. The output from the adder 604 is mapped in a mapping
element 606 and then spread by a Walsh spreading element 608 to generate
the re-synch subchannel 600. Concurrently, incremental 1-bit values 621 are
input into a repeater 622 to form 96 binary symbols per slot. The repeated
symbols are mapped in a mapping element 624 and then spread by a Walsh
spfeading element 626 to form the differential feedback subchannel 620. The
symbols sent on the re-synch and the differential feedback subchannels are
transmitied at a rate of 1.2288 Mcps.
[1063] FIG. 6B is an alternate configuration wherein the concurrent
incremental 1-bit values 621 are input into a repeater 622 to form 12 binary
symbols per slot. The rationale for this alternate configuration is discussed
below in conjunction with the new transition indicator subchannel 630.



el ement 606 and then spread by a Wal sh spreadi ng el enent 608 to generate
t he re-synch subchannel 600. Concurrently, increnental 1-bit values 621
are input into a repeater 622 to form 96 binary synbols per slot. The
repeated synbols are mapped in a mapping el enent 624 and then spread by
a Wal sh spreading el enent 626 to formtHe differential feedback
subchannel 620. The synbols sent on the re-synch and the differenti al

f eedback subchannels are transmitted at a rate of 1.2288 Mps. [1063]

FIG 6B is an al ter naj e ccinf.i rration wherein the concurrent increnental
1-bit val ue%ﬁ%&?—hﬁ@ﬁ%ﬂgﬁg@—a repeater 622 to form 12 binary synbols
per slot. T thﬂiﬂWﬂ@ﬁ spréading iRfeRicedoBy Codering iehmbht éﬂﬂt‘dlsﬁgdre

bel ow in cohjunCtion with the new Yransition indicatdor subchannel 630. 18
Base Stati 0B6Al sesves!thei patpmse| oh ddicating Wie diest hased stajionndetegtat: bybihe

covering elenent 612 of, Figure 6 erve he r e of i.ndicati t.he
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packet-baseg{bf?gﬁés%ég:bgr{g&ﬁ Eé%%duﬁd} Ee '%%P g%l t(rl:latE H?ﬁlg‘sggr géteegst%i%t ®
choosi ng a pruiesbasfechuiosirigoa best hasekstationer packetbasesi transmissionsdan &
traffic channel is different fromthe process of choosing t best base
station fordd daffic ﬁh%’ﬂﬂés'ﬁo‘i’i&emtngan@'QnBWFsc%aﬁmsgnﬁgﬁeab%iIE%SB
transm SSi ORy.pd." St at.bon. 1 h t i ang f id St
base stati g‘r?“? 0 ygg@'g%d%%g‘g@"és s oanﬁavn'\%S Iff"hg§®?g¢1%'gb b%‘?%éel' t rg?'?iacalv(aql c%eﬁ]
both base ghasmiEsiorsta remotastationthat transiionsehont it eangefaf adirstobase
Each base station operating within the network-is assigned ahZI%-gRit

i dent i fi cat F@opaloua, segand as?émwimllge@n@egpemméﬁ_ 5 Withhoth fase,e )
set, the canflydk S IRb s el 8 Hrocost callldf!soft hahBBR! NEdEh Hake stiffor ©
the variabl e hature of Wreless nedi um the Tranking of base stations Is
a dynami c. ppersing. withintfhe hbtverkbisdassigried de20+bib idbritification avatue)i aret isd
to data traffic channels {hat exchange Eackets directed to iﬂ"di vi,dHBI
base st ati ofdkeghig grQU{JﬁéefQ{@dﬁ%aﬁfthg@@ e 58t thecgandidale set; the,peignbeg
sel ect the t b Al ' i SOt
station mn??graﬁgg\)\%@#'ﬂglgegi % %sbewﬁeg@n%rrﬁ?hgg@éq%t@ |l8%1§;??ér1 a > the
desi gnat ed rankimgy of b&se stafions #cd dypamicpracess.*active set” for a

Packet-based das] "~ The. embotiments desenbed” herein ‘are directed 15 dsta’ Sraffi

channels that exchange packets directed to individual base stations, due to the
nature of addressed packet data. In order to select the best base station to
serve the remote station, the remote station monitors forward link signals from
all base stations in a designated “active set.” As used herein, the "active set” for
a packet-based transmission differs from the “active set” for a voice - )
transmission. .
[1066] Each member of the active set is assigned a different 3-bit index,
which is conveyed to the remote station from the serving base station through
signaling messages. The Walsh code to be used by covering element 612 is
selected based on the index cofresponding {o the best base station i.r_m the active
set. In FIG. 6A and FIG. 6B, the Walsh spreading is applied only to the re-
synch subchannel and ndt to the differential feedback subchannel. This
embodiment has the advantage of conserving Walsh-space, since only
differential subchannel symbols are sent for a maijority of the slots. Thus, the
Walsh functions are used infrequently and are resources that can be directed to
other purposes. In one aspect of this embodiment, the extra Walsh function is
applied to a transition indicator subchannel, which is described below.



" one. However,

transm ssion. [1066] Each nmenber of the active set is assigned a different
3-bit index, which is conveyed to the renote station fromthe serving
base station through signaling nessages. The WAl sh code to be used by
covering elenent 612 is selected based on the index corresponding to the
best base station in the active set. INM¥IG 6A and FIG 6B, the Wl sh
spreading is applied only to the re- synch subchannel and not tao
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[1070] When the new best base station is a sector of a different base station,

a transitional period for allowing a new forward link to be set up is desirable. In

one embodiment, channel elements are configured to generate a transition

indicator subchannel. The transition indicator subchannel is set up so that a

-remote staiion can generate re-synch subchannel symbols and differential

_ ) feedback subchannel symbois that correspond to the current base station’s C/l

‘value. This allows the remote station to utilize the existing forward link from the

current base station. The transition indicator subchannel is shown in FIG. 6A

and FIG. 6B. Concurrent to the re-synch subchannel and the differential

feedback subchannel, mismatch flag bits 631 are input into a repeater 632 to

form 48 binary symbols per slot in FIG. A and 12 binary symbols per siot in the

alternate configuration of FIG. 6B. The repeated symbols are mapped in a

mapping element 634 and then spread by a Walsh spreading element 636 to

form the transition indicator subchannel 630. FIG. 6A illustrates a transition

indicator subchannel with Walsh function W, while FIG. 6B illustrates a

transition indicator subchannel with Walsh function W,;*. The symbols sent on

this subchannel are transmitted at a rate of 1.2288 Mcps.



renote station can generate re-synch subchannel synbol.s and differential
f eedback subchannel synbols that correspond to the current base station's
C/1 wvalue. This allows the renpte station to utilize the existing
forward link fromthe current base station. The transition indicator
subchannel is shown in FIG 6A and FIG 28B. Concurrent to the re- synch
subchannel and the differential feedback subchannel, m smatch fIa |ts
631 are i np@‘lO?ﬂt o TBhe dapsition iadicatos subohanng indinatep the istart of pdransy
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| [1073] In one embodiment, ali re-synch subchannel symbols are transmitted

at a reduced rate throughout the switching period to aid reliable detection of the
switch from the current base station to a new base station. To improve time
diversity in fading channels, the reduced rate repetitions may be performed in
non-consecutive slots. This aspect of the embodiment reduces C/l tracking )
performance by introducing additional delays in the full C/I update, but
increases the reliability of detecting the base station index indicator, which is of

higher importance.

Interpretation of Suﬁchannel Information at Quantization Limits

[1074] As stated above, the C/l value is. .transmitted as 4 bits of information;
hénce, there are only 16 possible values for the C/l value. The dynamic range
of this quantization scheme is a system-defined parameter that can be altered
without affecting the scope of the embodiments, i.e., more or less bits can be
allocated for the dyhamic range of the C/l values. As one illustrative example,
one quantization scheﬁ'né can be defined as having a minimum bit sequence
‘value “0000” set equal to -15.5 dB and a maximum bit sequence value “1111"



switch fromthe current base station to a new base station. To inprove
time diversity in fading channels, the reduced rate repetitions nay be
performed in non-consecutive slots. This aspect of the enbodi nent
reduces C/'I tracking performance by introducing additional delays in the
full C/'1I update, but increases the rel i<dbi lity of detecting the base
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the C/1 val ' rqg‘ﬂ.g' ed as 4 bits of information; hence, there are
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t he maxi num quanti zatl on va ransmts the nmaxi num quanti zation
val ue over bdtterr thasytheh nmaximban gebntizationddalueoand tsoe trapsmits the atmaximum
deliberately transmts up bits to the serving base station throughouyt the
duration a/uantlzatlon value over the re-synch subchann ? fn addition, the remo'iI station
deliberately transmits up bits to the serving base station throughout the duration
.. that this favorable channel condition exists. The transmission of up bits only is
contrary to the practice of transmitting up and down bits to track the slope of the
fading curve. Referring back to FIG. 5, if the fading curve is above the threshold
) amount at intervals t, — ta, then up bits would have been sent in interval ty — ta,
and down bits would have been sent in interval t; — t;. However, using the
embodiment described herein, only up bits would have been sent in the
intervals ty —tz and tz — t5.
[1077] The base station decodes the full C/l value on the re-synch
subchannel and determines that the full C/l value is equal to the threshold
value, which corresponds to the maximum value of the dynamic range. If the
base station then receives any up bits, the base station is programmed to
refrain from updating the registers that store the current channe! conditions until
a full C/l value is received that is not the threshold value. However, if the base
station receives down bits, then the base station updates the registers

accordingly.



that this favorable channel condition exists. The tragsm ssion of up bits
only is contrary to the practice of transmtting up and down bits to
track the slope of the fading curve. Referring back to FIG 5, if the
fading curve is above the threshold amount at intervals tj - t3, then up
bits would have been sent in interval ti22t2, and down bits would have
been sent in interval t2 - t3. However, using the enbodinment descri bed
herein, onl {1078)i t amddtmtimalaebmdnment. the remote istationvdetermjnes thahithe t 2
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on the re-synch subchannel and down bits on the differential feedback

subchannel. [f the down bits where taken into account, then a situation arises
wherein up bits could be transmitted before the transmission of the full C/l value
on the re-synch subchannel. The estimate of the fade would follow line 700
until the re-synch message is received at point tresynch. However if the down bits
were not taken into account, then the transmission of up bits would commence )
at point t,,. The estimate of the fade would follow line 710 until the re-synch
message is recéived at-point tesyncn. As one may observe, line 710 is a better
approximation of the fading condition than line 700. Hence, implementation of
this embodiment improves the ability of the base station to track the channel
conditions. '
[1080] The use”of a threshold for updating the channel state information
registers has an additional benefit: the effects of bit errors on the differential
feedback subchannel are mitigated because the base station can be configured
to recognize the pattern of constant up bits or constant down bits on the
differential feedback subchannel. "In other words, if the threshold value is
- transmitted, and the incremental values are constant for the duration that the
" threshold value is exceeded, then the base station will know that an occasional,



subchannel . If the down bits where taken into account, then a situation
arises wherein up bits could be transmtted before the transm ssion of
the full C1 value on the re-synch subchannel. The estinmate of the fade
~would follow line 700 wuntil the re-synch nessage is received at point
6~yrich. However if the down bits were &bt taken into account, then the
transm ssion of up_bits would conmence at point tup. The estinmate_ of the
fade woul d {sglatedybit that4sditferant frama th@-@sn?@ﬁﬁd,rﬁ%'% stearacef ity im@n
poi nt twsrxg"ops one may observe, line 710 is a better approxi mation of
the fading condition than line 700. Hence, inplenmentation of this
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conditions. [1080] The use of a threshold for updating the channel "state
i nf or mat i onMaye§ies represemtedansingdianyootila varnety ©f differasts techpolegiesi and

errors on t iffereptial _feedback.subchannel are nmitigated. because the
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exceeded, then the e station will_ kno hat an occasional, 23, . .
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i nformation and signals may be represented using any of a variety of

di fferent tHO82) odiheseaot skillewbuid) firtherFappreciateithat thee avarioostilustratives,
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described & acl)r\c/ﬁva ee ngrr e%;lcblfﬁ:vain_ra] depends upon the pa‘rticular' application and design
constraints imposed on the overall system. Skilled artisans may implement the
.~ described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from
the scope of the present invention,

) [1083]) The various illustrative logical blocks, modules, and circuits described
in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also
be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors™ in conjunction with- a DSP core, or any other such
configuration. '



terms of their functionality. Whet her such functionality is inplemented
as hardware or software depends upon the particul ar application and
design constraints inposed on the overall system Skilled artisans may
i npl ement the described functionality in varying ways for each
particul ar application, but such inplengtation decisions should not be
Interpreted as causing a departure from the scope of the present
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circuits described in connection with the enbodi nents disc]osed herein
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to other embodiments without departing from the spirit or scope of the lnventuon
' Thus, the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



enabl e any person skilled in the art to make or use the present

I nvention. Various nodifications to these enbodi nents will be readily
apparent to those skilled in the artj&gnd t he generic principles defined
herein may be applied to other enbodid®nts w thout departing fromthe
spirit or scope of the invention. Thus, the present invention is not
intended to be [imted to the enbodi nents shown herein but is to be
accorded the w dest scope consistent with the principles and novel
features disclosed herein. WHAT ISCHMMRED I1S: ).5 CLAIMS 1. In a

W rel ess comuni cation system an apparatus for scheduling forward |ink

t ransm sti onsin & wirpless cagmuaicatiarosystam care apparatus for snheddingi fogvasd dinkent
conflgur%ﬁﬂﬂﬂﬁSEWEchﬁpﬂﬁnget of instructions stored on the nenory

el enent, the set of instructions for: receiving a full channel quality
val ue and a pd oneedoryt giemént; amd enent al  channel quality values froma
renote station, wherein the plurality of incremental channel quality

val ues are rexpiocessieglemant odrifiguredtd exet s tai 36t loy inshrdétions Gtdted ofithd er

Wi th a cihemoslelemeait] thy sesdfiimsiuctionstiér ei n  the channel quality estimate is
based upon the full channel quality value and the plurality of
increnental channgbedivad id Yull 3hatfil qlality NRIEPRAG 8 Lb“b.lrﬁlft‘r (dfainBrementiner €i n
sel ectively updandiH@akth9ali8gireme reMotdsthiish, mmeu@‘mfh g8l bf/m&%HeHPaie

conprises: sedhdfrdligabiity valded 88 rétiivell sahde dtlTaWyQ d! ncrerre al channel
quality values to the “contents of the register; and resetting the

register with the daldelivéil apasing B Addidter Wit Hech\.?{nﬁé] ﬁiyf '«Un YaRlin val ue
d. |
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val ue. 4. The app ratus 0 ereln sel ectively updatlng t he

T gigﬁgigzggggghhés%agﬁﬁéﬁeﬁu@%{a 4 TMEL

contents

sequentially adding the plurality of incremental channel quality values to the
contents of the register; and

resetting the register with the full channel quality value when the full channel
value is received.

3. The apparatus of Claim 1, wherein the full channel value is received concurrently
with more than one incremental channel quality value.

4. The apparatus of Claim 3, wherein selectively updating the register with the
channel quality estimate comprises:

sequentially adding the plurality of incremental channel quality values to the
contents of the register;

resetting the register with the full channel quality value when the full channel
value is received;

summing a portion of the plurality of incremental channel quality values; and

adding the summed portion of the plurality of incremental channel quality values
to the full channel quality value set in the register.

5. A method for estimating forward link channel quality from a full channel quality
value and a plurality of incremental channel quality values, comprising:

decoding the full channel quality value over a plurality of slots;



resetting the register with the full channel quality value when the full
channel value is received; summng a portion of the plurality of

i ncrenental channel quality values; and adding the sumred portion of the
plurality of increnental channel qualrlky values to the full channel
quality value set in the register met hod for estimating forward
l'ink channel quality froma full channel quality value and a plurality
of increnental channel quality values, conprising: decoding the full
channel qual iincferpentally wrdating apthanael; tate segistpowith thenpluesiitynefane zmep@btl ng a
channel ohaane! qualily skaiyeswiwheraimeaph of dhe tplurality ioh dncsermental charng pedliual ity
val ues, VAluesareregeived aﬁpatratelypwerr%qcmoythgfpluramv efralots;c@ndchannel qual ity

val ues are received separately over each of the plurality of slots; and
resetting theesdttingnthe chaanet stateregfister with thetfoke charinel quadityhediue whken the val ue
when t hdull ¢hanhelctuality eblug isefully gecodedie is ful ly decoded. 6. The nethod of
Caim5, further conprising: sunmng a portion of the plurality of

i ncrenerg.al Cimemiethodiofatibiy/s, fadthes sompiging: addi ng t he sunmed portion of the
plurality of increnental channel quality values to the full channel

qual ity val uguminfihgd pbAiioh '&?th@%ﬁé\ﬁ)l« oﬁﬁ&éﬁeﬁtﬁ%rﬁhﬁél quthy hgedhgod of
Claim5, further conprising: sumﬂ ng e plurality of incremental channel

quality valu r i nel
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state register. erein | f the full channel

quality aIu e sing the plurality of increnental
channel %(;ual i {%ﬂ%ﬁ%%@@g%ﬁggﬁ%&é&@nm#q nk channel quality. 9. Apparatus
for estimating faqr hannel oma full, channel quality
val ue and a &g 5\?,\?&?p&"fra'ﬂY]Bf'Bﬁ‘EWFﬁﬁaﬂéﬁé‘ﬁﬁ'éiuaﬁfﬁé{F'F?? aM| ues, conpri sing:
nmeans for decodlng the full channel quallt¥ val ue over a pl urallt of
slots; and rRdding thersunieed Rty ol jpgrements &hé'l*féﬁlnr?é'la"txt"éib@srt@dh%tf@? with
the pl urdRnie) agality yalue é‘ﬁ@‘i‘t'ﬁf‘hmﬁh%lﬂ%@lglsﬁﬁy val ues, wherein each of the
plurality of increnental channel quality values are received separately
over eadh of Theempthoda0fi €lpiny 5, wherein dhthef tull chaseelt quality valvue canmatee st at e
r egi st erdegpded, then asing thehplurabty of irdrementaiathasneliuality valueg|as tha derward

qual i ty linkghannel guality. | y decoded.

9. Apparatus for estimating forward link channe! quality from a full channel quality
value and a plurality of incremental channel quality values, comprising:

means for decoding the full channel quality value over a plurality of slots; and

means for incremental updating a channel state register with the plurality of
incremental channel quality values, wherein each of the plurality of incremental channel
quality values are received separately over each of the plurality of slots and for resetting
the channel state register with the full channel quality value when the full channel quality
value is fully decoded.



