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Field [1001] The present invention relates generally to co i I 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

W rel ess communi cati ons has many applications including, e.g., cordless
t el ephones, paging, wireless |ocal |oops, personal digital assistants
(PDAs), Internet tefEPEYRAND HREHOPAFRR | ESORTRRATE SEEBBRRCKSy st ens. A
particularly inportant application is cellular telephone systens for
nobi | e subscribers. As used herein, the term"cellular" system
enconpasses both cellular and personal communi cation services (PCS)
frequencies. Various over-the-air interfaces have been devel oped for
such cellul ar tel ephone systens including, e.g., frequency division

.multiple access (FDVA), tinme divigy | access (TDMA), and code
division multiple access (CDWA). ﬁﬁ@&ﬁ@ﬂ(ﬁp therewi th, various
domestic and international standards have been established including,
e.g., Advanced Mbil e Phone Service (AWPS), d obal Systemfor Mbile
(GSM), and gigfgeri m Standard 95 (1S-95). 1S-95 and its derivatives, IS

95A, 1S-95B, ANSI J-STD-008 (often referred to collectively herein as
| S-95), ar[d0p1bpoTbd fresgntdaventiont elates gemsraly do pommugieations) yarchmore

Tel i cation I ndustry Associatign (Tl d, at L1 kr
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el ephone swmmmonicatisespsteny. cel lul ar  tel ephone systens configured
substantially in accordance with the use of the 8 AUG 2006 2 |S-95
standard are described in U S. Patent Nos. 5,103,459 and 4, 901, 307,
whi ch are I o the assignee of the present invention and
I ncor por at gg&@?&%&

[1002] The 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 multiple access (FDMA), time division mulitiple
( 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 (IS-95). 1S-95 and its derivatives, IS-
95A, 1S-95B, ANSI J-STD-008 (often referred to collectively herein as 15-95),
and proposed high-data-rate systems are promulgated by the
Telecommunication Industry Association (TIA) and other well known standards
bodies.
[1003] Celiular telephone systems configured in accordance with the use of
the 1S-95 standard employ CDMA signal processing techniques to provide
highly efficient and robust celiular telephone service. Exemplary cellular
telephone systems configured substantially in accordance with the use of the



reference herein. An exenplary systemutilizing CDVA.techni qu%mr@ 5
cdma2000 | TU- R Radi o Transm ssi on Technol ogy (RTT) Candi date i H

(referred to herein as cdnma2000), issued by the TIA The standard for
cdma2000 is given in the draft versions of |S-2000 and has been approved
by the TIA and 3GPP2. Another CDVA starglard is the W CDVA st andard, as
enbodied in 3rd Generation Partnership Project ''3GPP", Docunent Nos. 3G
TS 25.211,1538% tardard1ate déschibeddin? LS. PateriNGS 83081459 lahd04,901(807,
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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 transmissions
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 fink transmissions, such as
the carrier-to-interference (C/) 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 transmission,
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



3 which transm ssions are sent, by transmtting data in forn&hgtthat can
carry nore information bits. For exanple, if the channel condi AUGSZ&EE
bad, data can be transmitted in a transm ssion format wi th redundancies
so that corrupted synbols are nore |likely to be recoverable. Hence, the
data throughput is lower than if a trankm ssion format without
redundanci es were used instead. [1007] The base station can also use this
channel i nwhigltiransmissigas #1ecsemeby iting=dataoin fomats dhatganccarry
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needs state ove. |In one aspect, an apparatus is presented for

schedul i ng [1008Fr din | coramunication s systems t that apger fdedback mmechamisms: to

menory el engnt; .and a rocessi el ement configured to execute a set of
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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/l 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,



AUG 2006 4 wherein the plurality of increnental channel quaki a
are received sequentially; and selectively updating ‘a regi ?‘&Mﬁ hb@s
channel quality estimate, wherein the channel quality estimte is based
upon the full channel quality value and the plurality of increnental
channel quality values. 11010] In anotheq aspect, a nethod is presented
for estimating forward link channel quality froma full channel quality
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values are nultiplexed with the full channel quali val ues, [1012 n
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di agr am of refte station in comunication with a base station. 8 AUG

2096 comprising: a re-synch subchannel generation system for generating full
channel quality values; and a differential feedback subchannel generation
sysiem for generating a plurality 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 quaiity 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. |



5 [1016) FIG 4A FIG 413, FIG 4C, and FIG 4D are tinelines %f UG 2006
different inplenentations of the re-synch subchannel and the 1 A
differential feedback subchannel. [1017] FIG 4E is a table illustrating
different values arising fromdifferent interpretations of the

i nformation received on the re-synch sufchannel and the differenti al

f eedback 18) FI 5 i h illustrati dvant

of the * aclHiHBIa cFiG#Ra G B, G WanarddeiG, 4B dtimaines bl alftront G
6A and FI G; dj | _el f [ ti
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transiti onsubchamialr subchannel. [1020] FIG 7 is a graph illustrating an

-advant age of using_the re-synch subchannel and the differential feedback
subchannel [B1uanfiG.a¢Ede 2 itablesillustrring differ@iSGRUES 1amsing 63 diferent

I 1l ustrat eg,,l , .rel ess conmmuni cation network 10 may generally
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subscri ber diffdréstifl Ted@dckeSUbcRARRS) 12a-12d, a plurality of base stations
(also called base station transceivers (BTSs) or Node B). 14a-14c, a
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t hree base stat.ions _14a-14c, one BSC 16, one MSC 18, and one P 8 are

ihown. It YBUsHoRindigaker sulyehanpelt nose skilled in the art that there
oul d be f rol r ' tations 12 base.stations 14
BSCs 16, RE(??OTS, Fg ggg% 95@?“ %‘lﬂ%@ng’érﬁ&"éﬁ‘hﬂﬂ of rsing dhe, Bepvssh
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stations 12a-12d may be any of a nunber of different types of wreless

comuni cation device such as a portable phone, a cellular telephone that

appl i cat1ons, & el tular ¢ ol DEHAMLER BESCRIRTRN anas ~ "
[1021]  As illustrated 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

1+ = called base station transceivers (BTSs) or Node B). 14a-14c, a base station

controller (BSC) (also called radio network controller or packet control function
16), a mobile switching center (MSC) or switch 18, a packet data serving node

( (PDSN) or intemetworking function (IWF) 20, a public switched telephone
network (PSTN) 22 (typically a telephone company), and an Internet Protacol
(IP) network 24 (typically the Intemnet). 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 IP-
based, Web-browser applications, a cellular telephone with associated hands-




AUG 24006 6 free car kits, a personal data assistant (PDA) running

| P-based, Web-browser applications, a wireless comunication nnpa RU? 2006
incorporated into a portable conputer, or a fixed |ocation comunication
nmodul e such as mght be found in a wireless |ocal |oop or neter reading
system In the nost general enbodinent, gnobile stations nay be any type
of communi cation unit. [1023] The nobile stations 12a-12d may

advant ageoufrby dae Kt ai Bt56Ralt dataPadsistam (PBA FuRA IPLHRLES WELH ata
prot ocol s such as descrllmbfgd in, for exarrg:'FB P §NT IAT5 707 kst
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22, and t hemidbile $tationsamay bednytypoof bemenuricdtionnenif.4a- 14c via wirelines

conflgured for transm ssion of volce and/or data packet s |n accordance
with any of1023}er dib exmﬂmep‘it@ﬂ%ﬁ?arm Ma;ng dvan tggeously bergonfigured to
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the PDSN 20gxdrhple2the BIA/MA/ISYADT $lanBBR]. 2l 8haHicilae eHibolirRé™, the mobile
comruni cati on netvvork 10, the base stations l4a-14c receive and
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mobi lity man _ﬂ@rrent functionali Eiy includi ng_the orchestration of soft
handof fs of (ATMh IP.f PR Framechelay.nbPSle ADSA: i en xDRL. 120 rfary Altematease

station 1434#8diMer! e BEC TS Ean bl douplet dirdetfy 1o the PDSN 20.

[1025] During typical operation of the wireless communication network 10,
the base stations 14a-14c 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 12¢, 12d
simultaneously. The resulting packets are forwarded 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-14¢ to another base station 14a-14c.
For example, a mobile stati’on 12c is communicating with two base stations 14b,

14c simultaneously. Eventually, when the mobile station 12¢c moves far enough



For exanple, a nobile station 12c is comunicating with two base SW%UB
14b, 14c sinultaneously. Eventually, when the nobile station 12(:1

far enough 18 AUG 2006 7 away from one of the base stations 1l4c, the

call will be handed off to the other base station 14b. [1026] If the
transm ssion is a conventional tel ephone/call, the BSC 16 will route the
received data to the MSC 18, which provides additional routing services
for interfawaydrom oneoPfibase stationset4c; the calt wilbbeitandedaafk ta theasther
transm ssiqQn suci&ﬁs data call destined for the IP network 24, the MSC
18 will r Slalion 32 packets to the PDSN 20, which will send the
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traffic are divided into subpackets, which occupy slots of a
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channel s. channeé arries ere t ypes of rmation to the

target destambodimants herelalid xdma2000 sysrirhs.C Implepfdrtatishsoin othengystenisal
channels, and data traffic is carried on supplenental channels or packet
data channegush asy©:0-e MEGEPMA gambe ascomepli withoulaffecsingdhesspne|of the

whi |l e packeémgg&iﬁ\eﬁl@agg&ﬁ)ébs*@ew carry signals that are designated for

di fferent
[1028] The forward link from the base station to a remote station operating

within the 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 channe!, 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-multiplexed 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.



parties in a tinme and/or code-nultiplexed manner. Alternatively piﬁket
data channels are al so described as shared suppl enent al channe1 5 6r 2006
the purposes of describing the enbodi ments herein, the suppl enmental
channel s and the packet data channels are generically referred to as
data traffic channels. AUG 2006 8 [10294 Voice traffic and data traffic
are typically encoded, nodul ated, and spread before transm ssion on
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within communication systems are the Quadrature Phase Shift Keying scheme
(QPSK), 8-ary Phase Shift Keying scheme (B-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 overlay multiple users, each assigned one or several different
orthogonal or quasi-orthogonal codes, on the same frequency during the same
.time duration. '

f1032] A scheduling element 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
terminology “packet” is used to describe system traffic. Packets can be divided
into subpackets, which occupy slots of a transmission channel. “Slot” is used to
deécribe a time duration of a message frame. The use of such terminology is
cormmon in cdma2000 systems, but the use of such terminology is not meant to
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channel coﬂmdfémnomqhgﬁatﬁnﬁoﬁ@q)mate_ efficient transm ssion format,
rgt & Ioower[103411 The scheduling element in 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/1) ratio and is based upon received forward link signals. The C/|
value is mapped onto a five-bit channel quality indicator (CQI} symbol, wherein
the fifth bit is reserved. Hence, the C/l value can have one of sixteen
quantization values.
[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
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i mprove t hechdnndltgnvifonment. In addition, the aforementioned mechanism should
reduce the drain on battery life of the remote station and the load on the reverse
fink.
[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 CQIl channel in order to carry
channel information. 1t should be noted that other channels could aiso 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
‘subchannels 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
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transm ssions in accordance wth actual channel conditions.
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represents the remote station’s best estimate of the C/l value that the base

station will decode.
[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 CQl 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 alternate first mode, the re-synch subchannel and
the differential feedback subchanne! are not sent in parallel. Instead, the re-
synch subchannel is transmitted over one slot and the System 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.
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alternate second mode, the differential feedback subchannel occupies all of the
slots of the N-slot frame except for the first slot. In yet another altemate second
mode, the differential feedback subchanne! 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.
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transmissions are de-spread, demodulated and decoded. A scheduler 314

receives a decoded C/I 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 channel
characteristics to the base station 310.
[1050] In the embodiments described herein, the scheduling element 314
can be programmed to intérpret the channel information received on the re-
synch subchannel together with the channel information 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 perfo'rm.a method to alternate which subchannel will be
used to update channel information.
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number of slots over which the full C/l value is spread out. This accumulated
value is then added to the full C/I value, which was received on the re-synch
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. Hence, the register storing the current channel condition
information is updated each time an incrementa! value is received, and the
register is then updated with the accumulated value added to the full 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 siot 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, i.e., 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, —



f eedback subchannel fromthe second slot to the Uh slot, where Mis the
nunmber of slots over which the full CA value is spread out. Thi 318 AUG 2006
accurmul ated value is then added to the full CI value, which wa

received on the re-synch subchannel over the Mslots. In anot her

enbodi nent, this "accunul ate and add" &t hod can be perforrred
concurrently with an i ndependent action for "up- down" bits, which
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15 The contribution of the differential feedback channel | nterval t]
=2 is di symtwlsdbcmarmiuuntrhstmhch iis1the instarfcemvii®n tttea'e-symh@ﬂruablesnm i on
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this exanp rfferential subchannel over each slot of the MCH
frame. Aga f Juratesl; el hat
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C/1 val ue st vaheein thel degisteciei \edB. From interval ty — t;, the 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 t; — t4 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 C/I 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.
[1056] in the timeline of FIG. 4D, the remote station is transmitting the re-
synch subchannel over rhultiple slots (4 slots in this example) and the
differential subchanne! 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 paralel incremental values to the stored C/|
re-éynch value, as each incremental value arrives at the base station.
[1057j “In an alternative embodiment, the base station can be configured to
update the register that stores the channel state, wherein the update includes



[1055] In the tineline of FIG 4C, the renote station is transmtting the
re- synch subchannel over a single slot and the differential s tﬂ:lﬂlﬁ@[}[}ﬁ
over each slot of the COCH frane. In this exanple, one of the benefits
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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/ 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 5, a deep fading condition commences. Due to incremental
step commands, the base station slowly models the fade, as shown by the
double-dashed line. At time t;, the remote station transmits a measured C/I
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/|
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 t;, wherein the C/|
value is fully processed, the base station resets its estimate of the channel
conditions.
[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



allowm ng the base station to nore closely nodel the event of a deep fade.
Rayl ei gh fading, also known as multi path interference, occurs {])G 2006
multiple copies of the sane signal arrive at the receiver in a
destructive manner. Substantial nultipath interference can occur to
produce flat fading of the entire freqliency bandwi dth. If the renote
station is travelling in a rapidly changing environnent, deep fades
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601 are input into an encoder 602 at rate R = 4/12 so that 12 binary symbols

are generated for each slot. 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 siot. 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 subchannet 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
spréading element 626 to form the differential feedback subchanne! 620. The
symbols sent on the re-synch and the differential feedback subchannels are
transmitted 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 afternate configuration is discussed
below in conjunction with the new transition indicator subchannel 630.



woul d have had a nodel that would be | ess accurate then the nodel created
by the current enbodi ments. [1061] The use of two subchannel 4 §AUG 2006
descri bed above allows the base station to react to the changing
environment in which the renote station is operating while mnim zing
the reverse link |oad. The reverse linkgygoad is reduced because the
majority of the slots will be carrying fewer information bits than
continuous transm ssions of full CA values. For exanple, in the case of
the second node, one full CA value is being conveyed over all N slots of
the CO CH Bﬁﬁﬁﬁ!&ﬂd!wﬂhe transm ssion of N full CA val ues over
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[1064] The s#t] and $he eariaining set oBueda the vatzbieinajuts ehwireless medium, doe e
ranking of base stations is a dynamic process.
[1065] The embodiments described herein are directed to data traffic
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 remole 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
signafing messages. The Walsh code to be used by covering element 612 is
selected based on the index corresponding to the best base station in the active
set. In FIG. 6A and FIG. 6B, the Walsh spreading is applied only to the re-
synch subchannel and not to the differential feedback subchannel. This
embodiment has the advantage of conserving Walsh-space, since only
differential subchannel symbols are sent for a majority 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 Waish function is
applied to a transition indicator subchannel, which is described below.



6A serves the purpose of indicating the best base station detected by the
renote station, i.e. the base station with the highest forvvarﬁﬁlAUB %ﬂﬂ
val ue, for the purposes of packet-based transm ssions. It should be
noted that the process of choosing a best base station for packet-based
transm ssions on a data traffic channelfgis different fromthe process of
choosi ng the best base station for voice transm ssions on a fundanental
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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 station can generate re-synch subchannel symbols and differential
( feedback subchannel symbols that correspond to the current base station’s C/|
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 symbois per slot in FIG. 6A and 12 binary symbols per slot 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 iliustrates a transition

indicator subchannel with Waish 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.



[ 1067] In another enbodi ment, the WAl sh spreading is applied to %oth t he
re- synch subchannel and the differential feedback subchannel, 1 uAUGhamﬁ
base station index indicator can be extracted fromeither. [1068] In
anot her enbodi ment, one of the Walsh functions is reserved for spreading
the differential feedback subchannel sympgols, while the remaining Wil sh
functions are used for spreading the re-synch subchannel synbols to
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sent on t hHéx‘F&'Wi]éﬁ‘%ﬂe.are transmtted at a rate of 1.2288 Mps.
[1073] In one embodiment, all 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 Subchannel Information at Quantization Limits
[1074] As stated above, the C/l value is transmitted as 4 bits of information;

hence, 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 schehe can be defined as having a minimum bit sequence
value “0000" set equal to -15.5 dB and a maximum bit sequence value “1111"
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start of a transitional period to the current base station. T UG 2006
transitional period is indicated by setting a bit in the transition

i ndi cat or subphannel. The transition indicator subchannel may be
transmtted in a code-nmultiplexed or tiBe-nultiplexed fashion. Code-
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val ues f or trahsmiZsionslome the [uifferentiall foadbagk subichanng! (8 aftiectadli oin soHeene
Is a systemdefined paraneter that can be altered wthout affecting the

scope of tR¥ampihA famole sfation delgrmings that theycondition ofthedforwarsk ik isor

the dynam gehiaP ¥arthé Hiakirunt Huktizatish YBfud ShiS5d Hankfife HEP hieximum
quantization value over the re-synch subchannel. In addition, the remote 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, — t3, then up bits would have been sent in interval t; — t,,
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 t; —t; and t, — t5.
[1077]) The base station decodes the full C/I 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 channel 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.



one quantlzatlon schenme can be defined as having a m ninmum bit sequence
val ue "0000" set equal'to -15.5 dB and a naxi mum bit :sequence {8 AbG' Zﬂﬂﬁl
" AUG 2006 21 set equal to 5.5 dB. A question arises as to the -
appropriate course of action at these two extrenes. [1075] Using the
above enbodinments, if the channel condibpons are extrenely favorable at
8 dB over a long period of tine, then the only value that the re-synch

subchannel [?IB‘?B r alpg @nt idﬁtl&a'i difbodiffnt, et @nwdtatdt ibrP aBte’%ﬁ'ﬁrﬁ@ihat ttl@e

conpensat e hi s ytransmttlng I ncrenent a bits to the
base stat mnndutim\af/ﬁm forwardblinieisswatsecthanshe amnimuml quarmzmae valuer andnt
actions for a channﬁhﬂcondltlon of. 5.5 dB‘Hvers ﬁ I\/breB%/er tI
decodi ng er§®Hanseits the mipimum guanzation vaiys Qverihe re ﬁypch sabehaingly In 34

to the ”a% :‘i’%@rr?g%fe Bh"dehbﬂ?at&? thstHﬁtsd& §'18'thé ng@bﬁﬁéﬁ

guanti zati on n one aspec the enbodi nents a

base stati cstaﬁm thrbrighbet meatiurat@nolhat this urdhmbleeclmmml concitlw exists.
differential feedback subchannel a threshol d CA val ue reache

and a pr edethe tiasegstation slecodes the am% IG/!; yaluesog the He- synphes agnel an

dot er i nes JaidNes Miatae P (S O, BAGET M6 B rRRh AT iy g
e Ve e e e ot oarety o

del i ber at el thenr teceiviessamy downsbits ihaeba,sa staugnuasuogtaanm tonredtaind@mt he
duration tha thl f avor ab ann condi,tion exi st

of up bit s WiasneLihe BARISIS RalABRE g BT Srinel eiidiiond gt IR Hle
bits to trag)f Jdife & ARV l‘hB?doé@‘i’io‘i‘%élHﬁ‘{ﬁe thigsRb Viuba Hodeuer! [Fthé,

I f the fad| ng curve i s above the threshold amount at intervals t] - t3,

t hen up bi tisaseostatidmvecdives) upe bits; themitbe vbase jstation? ppdates thevregisters

woul d have been ,seB’n ininterval t2 - t3. However, using the enbodinent
described HERAAINGYn v up bits vvoul d have been sent in the intervals tj

- t2 and tibgﬁnm@b O,T@aliééﬂwe%éﬁ«ﬂ%fméﬁ\ bBﬁhéth' Afrdirg b'ﬁrv@rlsthe

re-synch eterm nes that theful CA val ue 1's equal
t he t hr eshoshbwiv @gainstvaittresieald neslge X0 Bt olftthe iaﬂmdrpmbedﬂwdhefthtes@old

O e | 2 Benghe  atite atation transmis the rapresentation of the threshoid valde X' ®
on the re-synch subchannel and down bits on the differential feedback
subchannel. If 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 te.synen. 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 received at point te.symch. 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 useﬂof 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,



refrain fromupdating the registers that store the current ch e
conditions until a full CA value is received that is not thea'|[nﬂ mcﬁﬂﬁﬁ
val ue. However, if the base station receives down bits, then the base
station updates the registers accordingly. 18 AUG 2006 22 [1078) In an
addi tional enbodinment, the renote stati B8 deternmines that the condition
of the forward link is worse than the m ni num quanti zation value and so
transmts tiselateidnbituthatisadifferenti tsamy theuexpecied; senstant gtreams obbitsriaean | n
addition, the renote station deliberately transmts down bits to the
serving bad¥rst ati on throughout the duration that this unfavorable

channel co qlom N $hb %f ski e tHPER widuld Pﬁgteﬁ?ﬂymt}immﬂﬁén &hd slsgéiéailq%af”

t he re-syn channe determ nes val ue |

to the thr emarpltmb waprasenmd ajsmgcan}es:bomdmﬂemytuedlﬂerenurwmm anick
dynam c ran If t he_base stati,on then receives aaéedown bi.ts, the base

station is BehjaueseSUPramply; data, dmtf%@ﬁﬁi REMmMands; dntormation, h$ignalsor e
h h d
hat Cdoes IS TR0, i, s, 1al 13 °bgs fefettricad“thikBbHiful Iné PEBLYE

recei ves upddstctitiors ifdy beeareprssentddiby GditEgeat @nrdrite, elegtroimaghetic waves,
accordi ngly. [10791 FIG 7 illustrates the benefit of these embodinents.

A fadi ng cunagnetic fields.er sparticles, optinak fialssdoy particlesdrr ary tgeebinationsi ps
bel ow t he ttF%'%%EOI d, then the renote station transmts the
repr esent at f the threshold value X dB on the re- synch subchannel

and down bi[yegZp t Whosk féfesiamticlid ffarHbRcipresiarehBRlahe Variduie ilkiewativi t S
where taken into account, then a situation arises wherein up bits could

e transni tlegicabblosks, moslulasacirauits;i and efgaritems steps gesgrbed in @ennaetion

unt ;| he WEFLJE empeaEnh SRbBes setdin B £ iulePhertEh a0 @etonis,o
down bits Hpawarscondpaer Bmal%c@ﬁ%hblﬁéﬂﬁhstéﬁdth amu&aﬂp rlltﬁfratéotlﬁ& ts
woul d commence at point tup. The estinmate of the fade would fol low |ine

710 until tinterchangpability of hardware Wc&@%ﬂﬁatvam@uﬁt llluslg@tmcompooemrmy
o | et b Bl A SRph B BeSh Abrhal diuBoRdd 4 4 "
of the basqeshdtdfothdiP fin@ihaliye WRBIRr su@Ndhdtionality is implemented as
hardware or software depends upon the particular 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. '



[ 10801 The use of a threshold for updating the channel state ir;’mrmiﬁﬁ
regi sters has an additional benefit: the effects of bit errors 6
differential feedback subchannel are nmitigated because the base station
can be configured to recognize the pattern of constant up bits or
constant down bits on the differential o4eedback subchannel. In other
words, if the threshold value is transmtted, and the increnental val ues

are constargtqagl 5M_| ditggéb% ﬁ\@ﬂ‘iodBPalsdohi fuaséﬁwaggggﬁngeg i H.thé hen

t he base st w that an occasional, 0 AUG sol ated
bit that i sembbliiments disclosed deraipentaydbecembodied directiyrirothandware, snaa
error. [1081] Those of skill in the art woul d understand th?it' I nformat i on

and si gnal sSoftwgrepmogile- execytadibya REPCESSOTOF iN @eombination of the two,

technol ogi e | : ﬁml agal | REMBRAS
I nf or mat i On?o@%ﬁa@“%wreggﬁﬁs, an C“hi:l g'sﬂ?ﬁgt%ér@?htqugg erenced
t hroughout EPRGMAanemoisSEEPROM mémvnhaegisrareshaidcdiskya \relriowgble, disk, a
currents, el ectromgnetic waves, nagnetic fields or particles, optical

fields or paPrROMsorany elher tasmbohstorage medlisna knowniodhe ar, A exemplary |
Id furth i.ate.that ' i ]| i | ogi cal ,

hodul s ci SoAGE mewims s ePhpked o’ 38 WdckidicHicH, e probRsl ol HRED;

enbodi ment Sipférﬁ?dtfb‘he‘i'rdﬁ%r ahl Wite DRIAIARIIBAE NS, © thet Sst6laget meediem. hairivwhse,

conputer software, or conbinations of both. 'I_’o clearly illustrate this
i nt er changealtérnative,othéhsstosagee mediumoimawrhe integralutp itheupracessoe The
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Sbove gener RIGEESHA apd A8 e aoRe MBI AR T8PKEy D FRAATILr S ASIC May
functional i fagide ih P LEEE WrRfnAS Mﬁé’%fe?nétrvewﬁmb&s&ﬁ%wgﬁbrhps

particul ar application an esign constraints i sed on the overal
system Ski irlegliuramhays residenay discpéte mompadneats ihex aseitedninahct i onal ity in
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f th ' ' 11 T ' ' L\e; jical
oF onks. moaanBRB°ER, detGisBd  fean R nida 8ysd Wi drBlartCinbartisr?
enbodi nent svdrieas mnedifi¢etions ntontiesb eembpdienonts evill de raadily @ppadenti tohthose

general purgl(ziﬁeed ICt)rrm ?ﬁee Sé?‘t?rdndathgi ggértlgrlic Sirir%lgigllespéeoffnee%st?éregnD%Pezy be applied to
other embodiments without departing 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 1o be accorded the widest scope consistent with the

principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



an application specific integrated circuit (ASIC), a field progr mlc@%
gate array (FPGA) or other progranmabl e |ogic device, discret G

transi stor logic, discrete hardware conponents, or any conbi nation

t hereof designed to perform the functions described herein. A general
pur pose processor may be a nmicroproddssor, but in the alternative, the
processor nmay be any conventional processor, controller,

m crocontroller, or state nmachine. A processor may also be inplenented
as a corddhatéstclabmedd$: conmpufing devices, e.g., a conbination of a DSP and
a mcroprocessor, a plurality of mcroprocessors, one or nore

m cropracessors- in caonjunctjon wth a DSP core, o n t her such

Cont | guriat | o™ AR B8 TR ApeT ARG (UEE oG SfesdBEat T g ¢ hin
descri beaehtibm coapriségt i on with the enbodi nents disclosed herein may be
enbodied directly in hardware, in a software nodul e executed by a
processor, or in a conbination of the two. A saoftware nodul e may reside
i n RAM menor y,FeFYn&% pibrhanps! generatinn syalam for, eenaeatiner/fibeshaing! quelithrehig: dthor v,
regi sters, hard disk, a renovable disk, a CD- ROV or any other form of
storage nedi d N § nedj I upl ed
to the pr oceggg'lﬁ@g%rl] f?ﬁé’%r%@@s&lg@? ggﬁz;eﬁmralég%é{e'}] ﬁf?&gﬁr&ﬁt@%@f Pgl}n%h@arglﬁ wite
i nf or matinesemants| valhes, sthereiagtbe phuehlionef inpremensal values pm amulijplexed vdthsthe fullge

medi um I |50 the processor. The processor and the storage
nediun1Eﬁ%mgggpﬂie?%ggwhASIC. The ASIC may reside in a user termnal. In
the alternative, the processor and the storage nedium nmay reside as

di scret e conponaniiiter o tramsatitibgenina fidl chandd Sqialitfhealyer end ohes plesityr bpt | on

of the disclosed enbodi nents i.s.provided to. enahle an erson skilled in
Che. art PETIRE "t Q0 THE Sy aS il A, SRt e PGy ol BB PRufs Lo

t hese enlixoatdaichytthe biase dtatioe. readi | y apparent to those skilled in the art,
and the generic principles defined herein may be applied to other

enbodi ment s t hout departing fromthe spirit qr. scope of the invention.
Thus, tHe pr \é\dé'érﬁpp‘i"ﬁt\'}%r?? i%"rﬁ’"i‘s Wgﬁ'tfe‘l‘ rfﬁ%ﬁg’éﬂ“% 896%“?‘1‘ S@lUEY 2fen gode-

enbodi mafdiple:@MOMA tHadiilPiHandRVquali§y velRe.be accorded the w dest scope
consistent with the principles and novel features disclosed herein. WHAT

IS CLAIMED I S: )
3 The apparatus of claim 1, wherein the plurality of incremental values are time-

multiplexed with the full channel quality value.

4, The apparatus of claim 1, further comprising a transition indicator subchannel generation

system for generating a flag that indicates the start of a transitional period.

5. The apparatus of claim 4, wherein a Walsh spreading element is used in the re-synch

subchannel generation system and not used in the differential feedback subchannel.

6. The apparatus of claim 4, wherein a common Walsh function is used in the differential
feedback subchannel generation system and the transition indicator subchannel generation

system.

7. The apparatus of claim 6, wherein the common Walsh function is used to indicate a base

station index.

8. A method for transmitting channel information from a remote station to a base station,

comprising:



18 AUG 2006 25 What is clained is: | . An apparatus for transntting
channel quality values over a feedback channel to a base st at‘inﬁ)nﬁUG 2035
conprising: a re-synch subchannel gene Gtion system for generating a ful
channel quality value; and a different f eedback subchannel generation
system for generating a plurality of increnental values, wherein the
plurality of increnental values are multiplexed with the full channel
qual ity val ues; and rans er forﬁ%ransnitting the full channel

qual ity val uearyingadulhshanng TF yyplueapty erent al  val ues over multiple
slots in a franme, wherein the plurality of increnental values are

di scarded by gteﬁk‘?atﬁésaeplﬁrta%'d?rlncrgmen-trah%hﬁlﬂ@ad'uﬂlﬁt%'ﬁraﬂgs GielR the ll‘(@?@ﬁeﬁian the
plurality of 1 ncrenental val ues are code- lexed wth the f

channel <efe Ctuyhtw!aeéaresﬂulmgeawhffatfﬂlbclmnebcntahtmvalue Whérein the pI ur ality
of increnental values are time- nultiplexed with the full channel quality
value. 4. The Se Of i i 1t

i ndi cat or subcﬁﬁﬁ ?H%%%gfg ng(ﬁh&;§%§%§ trhegenera ﬂge@@?*igﬁkﬁggp

i ndi cat esultleslstan @ fameawharein shet plaaliy Of)élmemdmal&alu't'haedi;paddt bislieofasec| ai m
4, mherq%&oﬁ Wal sh spreading elenent is used in the re-synch subchannel
generation system and not used in the differential feedback subchannel.
6. The apparatus of claim4, wherein a cormmon Wal sh function is used in
t he di f fer entThalmetfodadutairs 85 whekianhe Inc@megiladharmgl guatifyevil@s dret deferated
transition indicator _subchannel generation system 7. The apparatus of
cl ai m 6, YRH8t'E lﬁ'ﬂﬁgﬁﬁ%ﬁnnn Wal sh function is used to indicate a base
station index. 8. A nmethod for transmtting channel information froma
renote ﬂmatlqmehﬁﬂ@dbﬁﬁﬂmsiﬁﬁh&&ompﬁﬂﬁprlSIng 18 AUG 2006 2-6
generating a full channel quality value; and generating a plurality of
increnental channel quality val ues, wherein the increnental channel
qual i ty val uegnes#tiagmiransitnendientas vhereim theftiansitionHediener imaltiplexedythtbe  and
transm tihd Bentdd @hdnHél! qu&lh@r\’lﬂﬁés sﬁlHQll\e' ful c“a?'llnHeuniﬂg vhile ail 4NRld bYindilate a

i ncrenmental val ues over
transition period for the base station.

1. Apparatus for transmitting channel information from a remote station to a base station,

comprising:
means for generating a full channel quality value;

means for generating a plurality of incremental channel quality values, wherein the

incremental channel quality values are multiplexed with the full channel quality value; and

means for transmitting the full channel quality value and the plurality of incremental
values over multiple slots in a frame, wherein the plurality of incremental values are discarded by

the base station.
12. The apparatus of claim 11, further comprising:

means for generating a transition indicator, wherein the transition indicator is multiplexed
with the incremental channel quality values and the full channel quality value and is used to

indicate a transition period for the base station.



multiple slots in a frame, wherein the plurality of incremental val ues
are discarded birdie base station. f 9. The nmethod of claim & 8vAliE <2006
the increnmental channel quality val ues -are generated over each slot in
the frame. 10. The method of claim9, ¥Urther conprising: generating a
transition indicator, wherein the transition indicator is multiplexed
with the increnental channel quality values and the full channel quality
value and is used to indicate a transition period for the base station.
11. Appai3at usA frgthod ferrtensnitting ghaninelrinfeimatiod Gomet ieontefstation ® & bavostatient at i on
to a basc%"@;igﬁé:on, conprising: nmeans for generating a full channel
qual ity value;” neans for generating a plurality of increnental channel
qual ity val ues, wherein the increnental channel quality values are
mul ti pl exed wetdnatinge fulllchanaélaqaiey vajuakiad Jeterdining; saidnidll RRmAE dugltty value
transmtting the full channel qualjt alue and. the.plurality of
i ncrement' s Q/Q’feﬂ@?x'w’&v Ir‘fqr%F'ge‘Jstiy%tflémF AU ?fé{’?@ﬁmgmer ein the plurality
of increnental values are discarded by the base station. 12. The
appar at us of geheditifg bt inchdmiehPénafRIBEAlIS] VAGie ah® BRifg §4d indRARHAVaRE aan
transition indicator, wherein the transition indicator is multiplexed
with t he'PriResBsrbMalug Whersin saif figpgisiin spsneatele @idgstermBgt ul | channel quality
value and is used to indicate a transition period for the base station.
18 AUG 2006 miipidihg i [RefchiRfhafcRintf RARYLAL B BOAIN Gl GRTALLLR, f oM @
renote station to a base station, ¢ ising: generating a tull channel
qual i ty foan thanneghmfametanfprtrangmissidndromaald remhete stetionguisdid bage statione  exceeds a
fi xed maxi num val ue represented by a finite nunber of data bits;
generating an, ingr tal _.channel lity yalue and fi.xipg said .
e emental VA od B ey AE SEiPas iBriaifn Sm iraPRR s B4 Pt Mooy 1
responsecomprissg:d determ ning; nultiplexing the increnmental channel
quality value with the full channel quality value to form channel
information for traniflrlwl}ssion fromafaid renote statjon to said base

station. 14. SRMinRAdulf efraneg gealiy Yalue 289 determmine ffBI?ﬁ'ﬁ’N‘% AuFOYANS 1} enpt e
stati on Hefowoa MRS thisinahivalle repLdTRAIbLS & figite number of data bits;

generating an incremental channel quality value and fixing said incremental value as a

down-increment value, wherein said fixing is in response to said determining;

multiplexing the incremental channel quality value with the full channel quality value to

form channel information for transmission from said remote station to said base station.

15. An apparatus for transmitting channel information from a remote station to a base station,

comprising:

means for generating a full channel quality value and determining said full channel

quality value exceeds a fixed maximum value represented by a finite number of data bits;

means for generating an incremental channel quality value and fixing said incremental

value as an up-increment value, wherein said fixing is in response to said determining;

means for muitiplexing the incremental channel quality value with the full channel
quality value to form channel information for transmission from said remote station to said base

station.



generating a full channel quality value and determ ning said full channel
quality value is below a fixed m nimum val ue represented by 3 8'41!8 006
nunber of data bits; generating an incremental channel quality value and
fixing said increnental value as a dowi2Encrenent val ue, wherein said
fixing is in response to said determ ning; nultiplexing the increnental
channel quality value with the full channel quality value to form
channel information for transm ssion fromsaid renote station to_said
base st aki on.Amapparatys pEasEitiRG shapnek ipfraation frm g repin Faionitn e Basaditiotn from
a renot gombading®n to a base station, conprising: means for generating a
full channel quality value and determ ning said full channel quality

val ue exceeds a fixed maxi num val ue represented by a finite nunber of
data bits; nereass foorgeppatmgaat fuligchamnel nealigneaiteadndcdetanmimingogaid fullycherriele and
fixing saLd. | . I ] - ener ein said
fixing oty ALEERRLE nxed Bl Ao SRR piib S L 1 T

i ncrenental channel quality value with the full channel quality value to
f orm channel meahoforgeremting an iricfefiemall thanr@nNqfatigmataiafd fieiiptsaid Sicdmennl t 0

said base, station. 18 AUG 2006 . ~S 16. An apparatus, for transmtting
channel Y2Kf8t %W"&HC'F‘F'%@“%‘%F‘SS@?ﬁt"f‘%ﬁ‘?E?P‘%“?fé%%a'%%eé“t'ﬁnmg’ conpri si ng:
nmeans for generating a full channel quality value and determ ning said

full channel m&hakdrtnfuM@blRy the RGEAMA chim@dqualify vERD YAk We hlpdesRnt ed by
a finite nunber of data bits; neans for generating an increnental channel

qual i ty Svality¥alunie feimy chagned ifermation fanisansmission, fpry said EemetesBation itaidobastt

val ue, whgbgi n said fixing is in response to said determ ning; means for
mul tiplexing the incremental channel quality value with the full channel
quality value to formchannel information for transm ssion fromsaid
renote station to said base station.



