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Background
[1001] Increasing demand for wireless data transmission and the expansion
of services available via wireless communication technology have led to the
15 development of systems capable of handling voice and data services. One
spread spectrum system designed to handle the various requirements of these
two services is a Code Division Multiple Access, CDMA, system referred to as
cdma2000, which is specified in “TIA/EIA/IS-2000 Standards for cdma2000
Spread Spectrum Systems.” Enhancements to cdma2000 as well as alternate
20 types of voice and data systems are also in development.
[1002] As the amount of data transmitted and the number of transmissions
increase, the limited bandwidth available for radio fransmissions becomes a
critical resource. There is a need, therefore, for an efficient and accurate
method of transmitting information in a communication system that optimizes
25 use of available bandwidth.

SUMMARY

[1003] Embodiments disclosed herein address the above stated needs by
providing a remote station apparatus having a quality measurement unit for

30 iteratively measuring link quality of a communication link, and a differential
analyzer for determining changes in the measured link quality.
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BRIEF DESCRIPTION OF THE DRAWINGS

[1006] FIG. 1 is a diagram of a wireless communication system;
20 [1007] FIG. 2 is a diagram of a reverse channel architecture in a wireless
communication system;
[1008] FIG. 3A is a diagram of a remote station in a wireless communication
system;
[1009] FIG. 3B is a flow diagram of a method for generating link quality
25 feedback from a remote station in a wireless system;
[1010] FIG. 3C is a flow diagram of a method for processing link quality
feedback at a base station in a wireless system;
[1011] FIG. 3D is a timing diagram illustrating link quality feedback in a
wireless system;
30 [1012] FIG. 4A is a flow diagram of an alternate method of link quality
feedback at a base station in a wireless communication system;
[1013] FIG. 4B is a timing diagram illustrating link quality feedback in a

wireless system;



5 [1016] FIG 6 is a diagramof a reverse link architecture in a wireless
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PCT/ US02/ 0$iished comraiinigation sysieMyer sends signals to a user is called a
Forward Link, FL. As each user transmts to and receives fromthe base
station, other users are concurrently comrunicating with the base station.

Each user's transni ssions OoDETAIEEDDESCRHRTION ntroduces interference
to other users. To overcome

[1020] The word “exemplary” is used exclusively herein to mean “serving as
an example, instance, or illustration.” Any embodiment described herein as
“exemplary” is not necessarily to be construed as preferred or advantageous
over other embodiments.

20 [1021] In a spread-spectrum wireless communication system, such as a
cdma2000 system, multiple users transmit to a transceiver, often a base station,
in the same bandwidth at the same time. The base station may be any data
device that communicates through a wireless channel or through a wired
channel, for example using fiber optic or coaxial cables. A user may be any of a

25 variety of mobile and/or stationary devices including but not limited to a PC
card, a compact flash, an external or internal modem, or a wireless or a wireline
phone. A user is also referred to as a remote station. Note that alternate
spread-spectrum systems include systems: packet-switched data services;
Wideband-CDMA, W-CDMA, systems, such as specified by Third Generation

30 Partnership Project, 3GPP; voice and data systems, such as specified by Third
Generation Partnership Project Two, 3GPP2.

[1022] The communication link through which the user transmits signals to
the transceiver is called a Reverse Link, RL. The communication link through
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corresponds to the Signal-to-Noise Ratio, SNR. Processing gain overcomes a
20 finite amount of interference from other users, i.e., total noise. System capacity
is, therefore, proportional to processing gain and SNR. For data, feedback
information is provided from the receiver to the transmitter as a link quality
measure. The feedback ideally is of fast transmission with low latency.
[1024] Power control allows the system to adapt to changing conditions
25 within an environment, including but not limited to the geographical conditions
and mobile velocity. As the changing conditions impact the quality of a
communication link, the transmission parameters adjust to accommodate the
changes. This process is referred to as link adaptation. It is desirable for link
adaptation to track the condition(s) of the system as accurately and quickly as
30 possible.
[1025] According to one embodiment, link adaptation is controlled by the
quality of a communication link, wherein the SNR of the link provides a quality
metric for evaluating the link. The SNR of the link may be measured as a
function of Carrier-to-Interference, C/I, at the receiver. For voice
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Station Controller, BSC 30, the Base Transceiver Station(s), BTS(s) 32,

34, and thétqv_@Bi le Station(s), MS(s) 36, 38. The MSC 28 is the interface
bet ween thﬁ((Y)éege' %E.S‘I’bm}ﬁfr&i@s‘i%ﬂet Bﬁb%lfrfr&qts f]éefsgggreggt Fgrﬁ{rﬁﬁié&ﬁo ch
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or may be Bmditepeddeaieplyone Network, PSTN 26, and the Internet 22. The Internet 22
portion of the wired subsystem interfaces with the wireless subsystem via Inter-
Working Function Internet, IWF 24. The ever-increasing demand for data
20 communications is typically associated with the Internet and the ease of access
to the data available thereby. However, advancing video and audio applications
increase the demand for transmission bandwidth.
[1027] The wired subsystem may include but is not limited to other modules
such as an instrumentation unit, a video unit, etc. The wireless subsystem
25 includes the base station subsystem, which involves the Mobile Switching
Center, MSC 28, the Base Station Controller, BSC 30, the Base Transceiver
Station(s), BTS(s) 32, 34, and the Mobile Station(s), MS(s) 36, 38. The MSC 28
is the interface between the wireless subsystem and the wired subsystem. It is
a switch that talks to a variety of wireless apparatus. The BSC 30 is the control
30 and management system for one or more BTS(s) 32, 34. The BSC 30
exchanges messages with the BTS(s) 32, 34 and the MSC 28. Each of the
BTS(s) 32, 34 consist of one or more transceivers placed at a single location.
Each of the BTS(s) 32, 34 terminates the radio path on the network side. The



| ocated. [1028] The system 20 includes radio air interface physi cal
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the digital coding and RF characteristics. [1029] As discussed herein
above, a FL is defined as a communicati@ link for transm ssions from one
of the BTSﬂ%es32, 34 to one of the M5(s) 36, 38. An RL is defined as a
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of the BTS(Igé tgé 34. According to one enbodi nent, power control within
system 20 includes controlling transmt power for both the RL and the FL.
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channel s. I\/apgll_rrgj are defined between | oglical and physical _channels.
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may be ref to’as an “Access erer’n an | ce
provi di ng gahercconirtt forwayd talosed Bdbplpeier Arontrdl,neic. beReverse cddph lebR
conput | ng device, such_.as a conputer, or it
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PCT/ US02/ 0%%04:?0] FIG. 2 illustrates the architecture of a RL of system 20 of FIG. 1
according to one embodiment. The RL or reverse channel is composed of two
20 types of logical channels: access and traffic. Each logical channel is a
communication path within the protocol layers of either the BTS(s) 32, 34 or the
MS(s) 36, 38. Information is grouped onto a logical channel based upon criteria
such as the number of users, the transmission type, the direction of the transfer,
etc. The information on a logical channel is ultimately carried on one or more
25 physical channels. Mappings are defined between logical and physical
channels. These mappings may be permanent or may be defined only for the
duration of a given communication.
[1031] Note that for data services a remote station may be referred to as an
Access Terminal, AT, wherein an AT is a device providing data connectivity to a
30 user. An AT may be connected to a computing device, such as a laptop
personal computer, or it may be a self-contained data device, such as a
personal digital assistant. Further, the base station may be referred to as an
Access Network, AN, wherein the AN is network equipment providing data

connectivity between a packet switched data network, such as the Internet, and
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and transmitted perlodlcally with relatlvely low latency to reduce any impact on

20 available bandwidth on the RL. In one embodiment the link quality message is
transmitted once every 20msec. In addition, a differential indicator is
transmitted to the base station on the RL when the link quality indicator is not
transmitted. In one embodiment the differential indicator is sent ever 1.25
msec. As illustrated in FIG. 2, the traffic channel further includes the differential

25 indicator sub-channel. In contrast to the link quality indicator and quality
message, the differential indicator is an indication of relative changes in the
quality of the FL pilot channel, which is sent much more frequently. To
determine the differential indicator, a comparison is made of successive C/i
measurements of the FL pilot signal. The result of the comparison is

30 transmitted as a bit or bits indicating the direction of the change. For example,
according to one embodiment for an increase in successive C/I measurements

the differential indicator is positive, and for a decrease in successive C/I
measurements the differential indicator is negative. The differential indicator is
transmitted with little or no coding, and therefore provides a fast, efficient, low



transmtted with little or no coding, and therefore provides a fast,
efficient, |ow WO 02/067461 PCT/ US02/ 02142 8 |atency feedback nethod. The
di f f er entwaelo2ioedbrat or ef fectively provides continuous fast/dSeratiark to
the base station regarding the state of the FL. The feedback is sent via
the RL. Note that in contrast to power @&ntrol commands which typically
have an opposite polarity to the C | neasurenent, the quality 5 nessage
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nessage 20 gpr fréE RS (ATWB R rsceohtiegPs (+<dB) et 2atyenaidtRbl effodaghdkethe he
base station and renote station. For exanple, consider a renbte station

havi ng an idiffarealial indiedtor jnghedes guiliile bitspwhareig the bilgehave: sigrifieanasmiont .
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station and the base station are out syn zat'i on.
transm ssi timeofo emeoden do diatsqitalaindytondecoage bus ittalsm takeast epl léss enargy ioabl e
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I'n one enbged MeNbading is also reduced. The periodic transmission of a quality message
20 prevents and/or corrects synchronization problems between the base station
and remote station. For example, consider a remote station having an initial
quality message corresponding to 0dB C/I measurement. The remote station
continuously measures the link quality and proceeds to transmit three
differential indicators, each corresponding to 1dB increments. Thus, the remote
25  station has calculated a projected C/I of 3dB. The base station may decode two
of the differential indicators correctly, and have a decode error on a third. The
base station has, therefore, calculated a projected C/I of 2dB. At this point, the
remote station and the base station are out of synchronization. The next
transmission of the encoded quality message is transmitted in a reliable manner
30 and will correct the synchronization disparity. In this way, the quality message
re-synchronizes the base station and the remote station. In one embodiment
the quality message is encoded using a very powerful (5, 24) block code,
interleaved, and transmitted over 20 ms. Note that the quality message is used
to correct any synchronization errors that could have occurred in feeding back



the quality nmessage is encoded using a very powerful (5, 24) block code,
Interl eaved, and transmtted over 20 ns. Note that the quality nessage is
used to woreeectuerny synchroni zation errors that coul d hareTasouoxier in
feedi ng back WD 02/067461 PCT/ US02/02142 9 the differential indicators,
and therefore, the quality nessage can t®lerate relatively large

| at enci es, such as 20 ns. [1035] The differential indicator is applicable

i n wirel es$he odliffargniial iipgicaioyst and herefgre.adhe |qualitysdagisadeosan etsieratfies

that requirg_t.he.r i YEr | y feedback the | atest channel
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appl i cabl e [1035] eeTthacdiffererfial QhdichRrRs ebplicklie Bt alikledsn cainBuisieatidites,
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RL avai | aStaler 8} datg gervicess link aﬁé@"@@?”ﬂ&’%%w BECWYE o ﬁl@nﬁﬂf\é’agfﬁ'f'%o%‘dzoo

for use in S hSiaht | ; A5 o I hg 5k tion
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ant enna( s) jnfarrdafior-tpr thee basagstaiion etiony. thehetatee ofi the FLi using tdiffecogial

' | | t . th t 1 at.i 200 the FL, i di
But o011 Ear Fhani by el el diefng dpelbodh, ey, T29opY SBlibi ed
to quality niRRawmedEIRy 1o Phaxide Fhalysttah Pefon@ant8e THealisd Yof Aediffbfordial
measurenment of the pilot signal. In"the exenplary enbodi nent, the quality

measur enentndigaior zedugasaloading eméhecHL, dherehy inereasingdtheLcanacdy ofita@ddl The
quality rreé%ﬁ%ggqéya%gq%ﬁc cur_ C1i, is provided to differential analyzer
|

206. The énti al anal'yzer 206 is responsive to a predetermnm ned

qual ity ne$se88] pArportion MEESAGEe Matibh 200dohusgii iHeysystsa 20ds iRistrated t he
differential analyzer 25 206 prqvi des one projected, C/| neasurenent,
pr oj _C15, % Fi5) BAk H‘L&F‘P’Wte statier 208rinelydes feeojue CHPWEES%Q%EEW <NGledes t he

lity : ; i ipel g t Wle lit
M cat or . Trer o inich! 10'6h, arfERRERE! AR e Bl Ao . el e Y
sector of tlreuitnya202 grogedses sigrisirecdived tabdhe rremaite déationf 200@rpthe BH, t he

quality nealar]sctf&&rggrbtut %%ittiim%tgé tg rtl(w)é/ ipﬂgts si%HgEe'?ﬁie Yfgceive circuitry 202 is coupled
.to quality measurement unit 204 that determines the quality metric
20 measurement of the pilot signal. In the exemplary embodiment, the quality
measurement unit 204 measures the C/| of the received FL pilot signal. The
quality metric measurement, cur_C_|, is provided to differential analyzer 206.
The differential analyzer 206 is responsive to a predetermined quality message
period, Tuessace. Within each quality message period, the differential analyzer
25 206 provides one projected C/l measurement, proj_C_I, as a link quality
indicator for further processing to form the quality message. The further
processing includes encoding the link quality indicator, including application of a
cover identifying the transmission sector of the measured pilot signal. For the
remainder of the period, the quality measurement unit 204 provides successive

30 C/lI measurements to the differential analyzer 206.
[1037] Continuing with FIG. 3A, during each time period Tuessace the quality
message is generated once and multiple differential indicators are generated,
wherein each generated differential indicator is referred to as “diff.” Note that
the quality message and the differential indicator are generated at different



30 U1 measurenments to the differential analyzer 206. [1037] Conti nuing
wth FIG 3A, during each tinme period TMESSAGE the quality nessage is
gener at edworemeand nmultiple differential indicators are gecgnsbrai42 wherein

each generated differential indicator is referred to as "dill."™ Note that
the quality message and the differentialOindi cator are generated at
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306 the C1 is measured and stored as a current nmeasurenent in a_ variable

"cur C_|" iMmeasHremsent o verablenwieiaC_ti atreiprM02a Staphpa? i gadnitializadioap 15
308 th t: gn?|
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adj ust ed |m@sumrdemseareva'mhablleefocarmpmpasleonat step 310. The adJ ust nent
tracks cha th [ ity . an therefore, if cu |s reater
than proj _ qufs%] éb‘tv'gf*‘ éﬂ)ért@g REOL- d—é F%I,Seté%ﬂﬂngﬁg a5 the W@?‘E’a

di fferenti ak giapi | BFmdaSutdcP BRI ibR% ﬁé a?tcﬁﬂ'eap n%a%uré{m%?irf‘ aDl FF

has been determ ne y t he conpari son of cur proj _C1. Note that
DI FF pr ow vadakle “cudiCzdt toheafsadhier daremental obﬁferenaalg@ompamsqnis Ausiepty. In

one e t DI wherein a I tive v orresponds
0o an Ther Ba8dneiieretd.Ardeed.Aln col PRES Bua T 3o PEC Tt ol ar e
polarity smla&cammgw | Al ieorRNy e thedgaria®id phsj_ Guns @djjasi@dtm dceordance
represent DI FF, which provides an indication of the anount of chanqe in

addi tion twithHbedrarapatisan et stere 3dRanbee Fdiwsioenidracks whanges timdhprlipkess
det erm nes qhéhﬁ/ %%d?‘ﬂ‘?érb?é?e,”ﬁ%?ﬁ_g@_lt |er?'eater than proj_C_1, the value proj_C_lI is

increased and vice versa. The differential indicator, DIFF, is transmitted at step
20 312, wherein DIFF has been determined by the comparison of cur_C_| and
proj_C_Il. Note that DIFF provides an indication of the direction of change in link
quality. In one embodiment DIFF is a single bit, wherein a positive value
corresponds to an increase and a negative value corresponds to a decrease.
Alternate polarity schemes may be implemented as well as multiple bits to
25 represent DIFF, which provides an indication of the amount of change in
addition to the direction of the change.
[1040] At step 314, the process determines if the quality message time
period has expired. Within each quality message time period one quality
message is transmitted, while multiple differential indicators are transmitted. On
30 expiration of the quality message time period, the process returns to step 304.
Until expiration of the quality message time period, the process returns to step
306. In this way, the remote station provides a quality message with the full
projected C/I information, i.e., proj_C_l, and successive differential indicators to
track changes to the projected C/I. Note that in one embodiment, each



period has expired. Wthin each quality nessage tinme period one quality

nmessage is transmtted, while nultiple differential indicators are

transm t two.02@n7480 expiration of the quality nmessage ti nmepgarisoz)2iehe

process returns to step 304. Until expiration of the quality nessage tine

period, the process returns to step 30481 In this way, the renote station

providesa ality nmessage with the full jected 1 information,
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i ndicators are BI otted as a function of tinme, as illustrated in FIG
The qual i t Po%ewhaKeQUALETY 1 i aniustedibased ppdalFFL, The precessahen reiias & n no
25 qual i tysrg@&%gges are transmtted at other tinmes within each period
Trmessage. )

[1042] According to one embodiment, the quality message is transmitted on

20 a gated channel, wherein transmissions are made once each time period
Tmessage:  Differential indicators are transmitted at a higher frequency on a
continuous channel. A diagram of the signal strength of quality messages and
the differential indicators are plotted as a function of time, as illustrated in FIG.
3D. The quality messages are transmitted at times ti, 1o, i3, etc., wherein no

25 quality messages are transmitted at other times within each period Tmessage-
The differential indicators are transmitted continuously. In the exemplary
embodiment, the quality message is transmitted for predetermined time duration
T+. The differential indicators are separated by time duration T,. Ideally T, is
greater than T, wherein no differential indicator is transmitted within the time

30 duration Ty for transmission of the quality message. In this way, the base
station does not receive a differential indicator and a quality message at a same
given time. In practice, if a differential indicator overlaps a quality message in

time, the base station uses the quality message.



The differential indicators are transmtted continuously. In the exenplary
enbodi nent, the quality nessage is transmtted for predetermned tine

dur ati on wob2/odnel1 di fferential indicators are separated bycCwiuse2/einati on
T2. ldeally T2 is greater than T1, wherein no differential indicator is
transmtted within the tinme 30 durationldl for transmission of the quality
nmessage. In this , the base stati S not receive a d_ifferggtial
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result after application o ntira cators, e resu I'S aaj ust ed
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station, whegasunemest was oftby e€ciB, thenvibercurguripirojgciedsnegewesant could

differ ti@l .1ndi caa%? wo vari abl es, QUALITY1 and 20 QUALITY2, are
initialYze ealf'c@fiéﬁ th the first received quality nmessage. During

recei pt of [pogBJal | OMeREPAAE is iiNBtratddith HIQ! a8, idisdddbbd hékeipbelolle F@rt of

the link quality neasurement at the nobile station is maintai ned wthout
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adj ustment o{ Qi@ ntthFihbiRbhtdr§ 6F b\l MAiSN, Wisrefit'Blddap MBS R8hr bdfifed 0CeSS
quality messages and differential indicators. Two variables, QUALITY1 and
20 QUALITY2, are initialized at step 402 with the first received quality message.
During receipt of a quality message, the value stored in QUALITY1 at the start
of the link quality measurement at the mobile station is maintained without
change until the quality message is completely received. This allows
adjustment for any DIFF(s) received during the quality message. The process
25 400 determines if receipt of a link quality measurement has started at step 404.
The base station has a priori knowledge of the scheduling of link quality
measurements at the remote station. If a quality measurement has not begun
the process continues to step 406 to determine if a DIFF has been received. [f
no DIFF is received processing returns to step 404, else QUALITY 1 and
30 QUALITY 2 are adjusted based on DIFF at step 408 and then processing
returns to step 404. Additionally at step 408, the QUALITY2 value is provided to
a scheduler for implementation of a schedule of transmissions. From step 404,
if a quality message has started, step 410 determines if a DIFF is received
during a quality message, i.e., a DIFF and a quality message are both being



25 400 determnes if receipt of a link quality neasurenent has started at
step 404. The base station has a priori know edge of the scheduling of

| i nk qualwow2/oemesur ements at the renote station. |If a quacCTtusoreasur enent
has not begun the process continues to step 406 to determne if a DI FF has
been received. If no DIFF is received ¥ ocessing returns to step 404, else
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base station of the quality message and DIFF(s). As illustrated just prior to time

20 t;, the values of QUALITY1 and QUALITY2 are equal to A. The quality
message receipt begins at time t;. DIFF(s) are then received at times t, through
ts, with values indicated in the table of FIG. 4C. Note that for each DIFF
received, the QUALITY2 value is adjusted accordingly, while QUALITY1
remains unchanged. At time t; the quality message completes and sets

25 QUALITY1 equal to B. The value B is the quality message value transmitted
from the remote station at or prior to time t;. The variable QUALITY2 is then
adjusted according to the difference (B-A). This difference is added to the value
of QUALITY2 at time 1g. In this way, the base station has a corrected value of
QUALITY2.

30 [1047] FIG. 5 illustrates a method 600 used in one embodiment for
processing the feedback information at the base station. At step 602 the base
station receives the quality message from the mobile station, wherein the quality
message relates to the FL pilot signal strength. The quality message received
is stored in a memory storage device at step 604. The base station provides



recei ved, the QUALITY2 value is adjusted accordingly, while QUALITY1

remai ns unchanged. At tine t7 the quality nessage conpletes and sets 25
QUALI TY1 wowalo6m461 B. The value B is the quality nessage vacuasoz/eaism tted
fromthe renote station at or prior to tine t1l. The variable QUALITY2 is
then adjusted according to the differelte (B-A). This difference is added

to th | f OUALI TY2 at ti . In thi t b tati h
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received, I.e., the systemis currently in the tine between tinmes t1 and
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616 ¢ i pr Bl Seped B L s PerTditaBF R 480, 61, HbUerir &' ©P
menmory. Thguslktp mesksaigel is r¥cetess ag stapse Balihespredesd tdturreaiohsiep @odrierstereof a

differential indicator. The stored quality nessage is replaced on the
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are applicafte JuRRhkE oS Y LifBRchtial indicator. The stored quality message is
replaced on the occurrence of a quality message.

20 [1049] Link quality feedback methods are applicable to packet-switched
communication systems, such as data and voice systems. In a packet-switched
system, the data is transmitted in packets having a defined structure and length.
Rather than using power control to adjust the amplification of transmissions,
these systems adjust the data rate and modulation scheme in response to the

25 quality of the link. For example, in voice and data systems, the available
transmit power for data transmissions is not defined or controlled, but rather is
dynamically calculated as the remaining power available after satisfaction of
voice transmissions. An exemplary system having a reverse link illustrated in
FIG. 6 uses a data rate control and an additional sub-channel to transmit quality

30 messages and differential indicators, respectively. As illustrated, the reverse
link, or reverse channel, has two types of logical channels: access and traffic.
The access channel includes sub-channels for a pilot and data, wherein the
access channel is used while the traffic channel is not active. The traiffic
channel includes sub-channels for pilot, Medium Access Control, MAC,



comuni cation systens, such as data and voice systens. In a packet-sw tched
system the data is transmtted in packets having a defined structure and

| engt h. Watohese746han usi ng power control to adjust the ampCirfisozoilen of
transm ssions, these systens adjust the data rate and nodul ati on schene in
response to the 25 quality of the link. 1Bor exanple, in voice and data
systens, the avall bl e ransm t power for dgma transm ssions i s not
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[ 1051] Varipysyf | Afods SRRNY S8efifod A Silspked hHE G a'fsfsddriath,

scenari o,
the DRC information is transmitted continuously, wherein one DRC message

20 may be repeatedly transmitted to increase the accuracy of receipt. As
ilustrated, DRC(j) is a four slot message, wherein the message DRC(i) is
transmitted in time slots A, B, C and D. The four slot message is transmitted
during time duration Tprc. Subsequent to time slot D the next message,
DRC(i+1) will be transmitted. Prior to time slot A the previous message, DRC(i-

25 1) was transmitted. In this scenario, the quality message is implicitly included in
the DRC message and is transmitted continuously. This scenario wastes
bandwidth and thus reduces the capacity of the reverse link. In a second
scenario the DRC message is transmitied on a gated channel, the DRC
channel, once during Tprc. The differential indicator is transmitted on a

30 continuous sub-channel having a period of Ty The differential indicator either
increments or decrements the index of the DRC message. In this way, the
access network is able to accurately track the available data rates, etc., quickly,
as the differential indicator is an uncoded bit or bit(s). Note that while the quality



the DRC information is transmtted continuously, wherein one DRC nessage
20 may be repeatedly transmtted to increase the accuracy of receipt. As
il lustratw,020RE6i) is a four slot nessage, wherein the nmP€IAFE2/OR i) is
transmitted in tine slots A, B, C and D. The four slot nmessage is
transmitted during time duration TDRC. 18ubsequent to time slot D the next

message, DRC(i+1) wil] be trangmtted. Prior to ti sl ot A the previous
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procesigs wi.hhi t he system Additionally, several DRC nessages corresponds
to transm ¥4 ﬂlﬁ;\%ﬂﬁ er sets that are not available or are invalid. These
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functions 15 wthin the system [1053] In an alternate enbodi nent, the

qual i ty mepsegmblesof eachutiaasmissiane Tpe dliffereatialfindigaiors eae diansyided ome
differenti %lonjtiﬂgé)&sag%-%hgﬁﬁely rﬁ‘bsmﬁte}&%a?%(ﬂcators are provided at a frequency
to assist the transmitter in accurately tracking the channel quality experienced
20 by transmitted communications.
[1054] One embodiment of a packet-switched system utilizing the DRC table
of FIG. 8 is illustrated in FIG. 9. A portion 500 of an access terminal includes a
DRC table 502, coupled to a DRC calculation unit 504. The DRC calculation
unit 504 receives a FL signal within the packet-switched system. The DRC
25 calculation unit 504 analyzes the received signal to determine a channel quality
metric. The quality metric is a data rate. The DRC calculation unit 504 selects
a transmission parameter set from the DRC table 502, wherein the set
corresponds to the calculated data rate available for the FL. The set is
identified by a corresponding DRC message.
30 [1055] The DRC calculation unit 504 provides a measured DRC to
differential analyzer 506. The differential analyzer 506 generates the projected
DRC message for full transmission once every DRC time period, Tpre. The full
projected DRC message transmission is gated according to Tpre. Additionally,



continuous sub-channel. The differential indicators are provided at a
frequency to assist the transmtter in accurately tracking the channel
qual ity ewpeeiensed 20 by transmitted conmuni cations. [ 10EZJUSQe2142
enbodi ment of a packet-swi tched systemutilizing the DRC table of FIG 8
is illustrated in FIG 9. A portion 50018f an access terminal includes a
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information to determine a scheduling policy, as well as implementing the policy,

20 for multiple users. In this way, the feedback information may be used to
optimize the entire transmission system.
[1058] As discussed hereinabove, the periodic transmission of the quality
message allows synchronization of the remote station and the base station. In
an alternate embodiment, the base station transmits a projected C/I as

25 calculated at the base station on the FL. The remote station receives the
projected C/I from the base station and re-synchronizes with the base station.
The transmission may be a coded message or a signal transmitted at a
predetermined power level. For example, the transmission may be a dedicated
pilot or a PC bit.

30 [1059] In addition to providing the link quality feedback, the remote station
may indicate the sector that is currently being monitored by applying a cover or
a scrambling code to the quality message and/or differential indicator. The
cover identifies the sector of the measured pilot signal. In one embodiment,



provi de feedback that nmay effect nore than sinply the renote station
generating the feedback. The access network may use the feedback

i nf or mat iwo oko6det er m ne a scheduling policy, as well as ipeplesomotieng t he
policy, 20 for nmultiple users. In this way, the feedback information may be
used to optimze the entire transm ssi®® system [1058] As di scussed
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illustrative components, 15 blocks, nodules, circuits, and steps have been

descri bed ha&mr@e@ermﬂvyamndepends upon the particular apphca‘uon and design
constrainis imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
20 implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.
[1062] 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),
25 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
30 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. Wether such functionality is inplenented as
har dware or software depends upon the particul ar application and design
constrai rwe mopased on the overall system Skilled arti sameTresyg2/ioamt enent
the described functionality in varying ways for each particul ar
application, but such 20 inplenentati on@eci sions should not be interpreted
as causing a departure from the scope of the present invention. 't[béOGZ] The
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di scl osed etrzodmipodimards wiiboutiddparding from the spirit or scope of the invention.
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 thé
20 principles and novel features disclosed herein.

[1065] WHAT IS CLAIMED IS:



enabl e any person skilled in the art to make or use the present invention.
15 Various nodifications to these enbodinents will be readily apparent to
t hose skiwbedosmet he art, and the generic principles defimea/user/eim may be
applied to other enbodi nents wi thout departing fromthe spirit or scope of
the invention. Thus, the present inverBQon is not intended to be linited
to the enbodi nents shown herein but .is to be accorded the w dest scope
consistent with the 20 principles BEANMS  features disclosed herein.

[ 1065] WHAT | S, CLAI F/ED 1.S; WD 02/ 067461, PCT/ US02/ 02142 20 CLAIMS 1. A
remote sta iorfo‘é‘f)'ﬂ)‘g & P10 APPAIAVR GOMPNISNGal i ty neasurenent unit for
iteratiyely measuri Q%ublﬂ’?‘ﬁﬂ@&é\h’eh%én@hnﬁ fof REFDENahbasurrg ik @u"&ht}ﬁoﬁa
differential analyzer fof determ ning changes in’the neasured

quality. 2. The renpte amamubigation inlgiandl, wherein the link quality is

ctation of cl ai m 2. e Bt eV ERERF oS bR RhRbes e maduplick T ©

quality netric, and whejglify.t he renote station applies a sector cover to
the quality metric. 4. In a wirel ess communication system a net hod
conprising: 2 generating quali ty nmessages at a first frequency, the quality
nmessage provi di i u Li.nK;
and genera ?I ng gﬁ f%ﬁﬁegng%% &8 orﬁsq ‘gbb@fgce%(e)ﬁ@kf m%y, tsngéh 8|S

di fferentiearrientd mélcber!enced)faabt:engedlsgr@tias in the qual ity of the

communi cation |link, wherein the second frequency is greater 8 than the
first frequency. 5. The method of claim4, wherein each quality nessage

i ncl udes carri eThéoren?otbnétspaﬁrcﬁnaslmrﬁ%ﬂ@ﬁé.ﬁﬁhef%@am PHRbaSombAN il a
receiver 6. The nethod of aimb5, wherein the received signal is a pilot
si gnal .2 7. gaheratest lmoduality ainetrie, Andwivbeedin thec tendotef statinni applieadk ssctor i s at

least one 2 bit. quality metric.

4. In a wireless communication system, a method comprising:

2 generating quality messages at a first frequency, the quality
message providing information on the quality of a

4 communication link; and
generating differential indicators at a second frequency, the
6 differential indicators indicating changes in the quality of the
communication link, wherein the second frequency is greater

8 than the first frequency.

5. The method of claim 4, wherein each quality message includes carrier to
2 interference information of a received signal at a receiver

6. The method of claim 5, wherein the received signal is a pilot signal.

7. The method of claim 4, wherein each differential indicator is at least one
2 bit.



WO 02/ 067461 PCT/ US02/ 02142 21 8. The nethod of claim4, wherein
generating differential indicators further 2 conprises:. conparing a
current |Iwplo2gembity neasurenment to a projected |ink 4 q®ealritusy2/02142
measur enent; decrenenting the differential indicator when the current |ink
quality 6 measurement is |ess than the2brojected link quality

nmeasurenent,; 8 incrementjng the differential i.ndigator . when. the current
o o8y TSRt 8P clalR et R0 Beraling it Bt Bics s SUARET
10 qual ptycomprigesment; and transmitting the differential indicator. 9. In

a W reless cormunication system for processing voice 2 conmunications and
packet - swi t ched conf@mpedng ohsurrenbligle quadity sreastisepentiag projeeiedi ink
circuitgy operative to i ve Si .on a reverse link, including a
qual i tyﬁrressage and di fé@@@ﬁheﬁh%r&t ors, the 6 quality nmessage
periodical |y provi disgremeringi thg diférentiaPindfeaher Wakd the durrer @iRRIqualitie
differential indicators track the quality 8 netric between successive
qual i t yY8nessages; a menbegsdieniatie Binilesopdhan i et drejested aligk alquglity
nmessage 10 received O”mteggurre?ﬁ’eef{se link; and a differential analyzer to
update the quality nessage stored in the 12 nenory storage unit in
responsg to the difinerementing ithalidifierential indiBatofhehdmsiee suatenbiinkfqualigi m 9,
further conprising: 2 a schedul er unit operative to schedule | .
packet - swi t ched comman‘@é?‘i"@l%erltn'Stgf@a&é}sF@ﬂ Oh eRGHJAsEe: Brojerteddinki ty 4
messagggstored in the ”ﬁ’u"%lﬁ&’rr%fa%?&ﬁeﬁ{f‘éﬁd WO 02/ 067461 PCT/ US02/ 02142 22

11. The base station of 'clalm10, wherein the quality netric is a data rate
2 control nessage. tansmitingtwedifesntiahindfcatdrai m 11, wherei n:

9. In a wireless communication system for processing voice
2 communications and packet-switched communications, a base station

comprising:
4 receive circuitry operative to receive signals on a reverse link,
including a quality message and differential indicators, the
6 quality message periodically providing a quality metric of a
| forward link, wherein the differential indicators track the quality
8 metric between successive quality messages;

a memory storage unit operative to store a quality message
10 received on the reverse link; and

a differential analyzer to update the quality message stored in the
12 memory storage unit in response to the differential indicators.

10.  The base station of claim 9, further comprising:
2 a scheduler unit operative to schedule packet-switched
communications in the system in response to the quality
4 message stored in the memory storage unit.



2 each data rate control nessage corresponds to an entry in a data rate
control table; and 4 each differential indicator points to a neighboring
entry in wbe2detderl rate control table. 13. In a wrel ess ®@ocmmsnd/easi on
system for processing voice 2 communications and packet-sw tched

communi cations, a transceiver corrpri siéﬁg 4 a data rate control table
listing data ra contr ol assocj ated f{.ranspm ssion

| nfor mat | ofl1- 6 3PadRERS SIAORLLRRY | gn WIHTBTCIST AUAIY SRR G Hafarate
controlo tag{)ﬁzl,r |trH§SSéab@a rate cal cuI ation unit operative to select a data
rate contro % messdge in response to a received signal at the
transceiver; and 10 a differential analyzer coupled to the data rate

calculatio tlve generate differential indicators pointing to
a next anﬁ'@e ibﬁg 1 %ftfﬁ%‘?@ ’o"?ﬁlﬂ‘?rgl'n't abl e.
each data rate control message corresponds to an entry in a data
rate control table; and
4 each differential indicator points to a neighboring entry in the data

rate control table.

13. In a wireless communication system for processing voice
2 communications and packet-switched communications, a transceiver

comprising:
4 a data rate control table listing data rate control messages and
associated transmission information; |
6 a data rate calculation unit coupled to the data rate control table, the
data rate calculation unit operative to select a data rate control
8 message in response to a received signal at the transceiver;
and
10 a differential analyzer coupled to the data rate calculation unit

operative to generate differential indicators pointing to a next

12 entry in the data rate control table.



