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communi cation systens are w dely deployed to provide various types of
comuni cation including voice and packetqdata services. These systens nay
be based on code division nmultiple access (CDMA), time 15 division nultiple
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[1002] Wireless communication systems are widely deployed to provide
various types of communication including voice and packet data services.
These systems may be based on code division multiple access (CDMA), time
15  division multiple access (TDMA), or some other moduiation techniques. CDMA
systems may provide certain advantages over other types of system, including
increased system capacity.
[1003] In a wireless communication system, a user with a remote terminal
(e.g., a cellular phone) communicates with another user through transmissions
20 on the forward and reverse links via one or more base stations. The forward
link (i.e., downlink) refers to transmission from the base station to the user
terminal, and the reverse link (i.e., uplink) refers to transmission from the user
terminal to the base station. The forward and reverse links are typically
allocated different frequencies, a method called frequency division multiplexing
25 (FDM).
[1004] The characteristics of packet data transmission on the forward and
reverse links are typically very different. On the forward link, the base station
usually knows whether or not it has data to transmit, the amount of data, and
the identity of the recipient remote terminals. The base station may further be
30 provided with the "efficiency" achieved by each recipient remote terminal, which
may be quantified as the amount of transmit power needed per bit. Based on

the known information, the base station may be able to efficiently schedule data
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properly received. This is due to the remote terminal not being able to transmit

at sufficient power to close the link to the base station.
[1007] In a CDMA system, the channel loading on the reverse link is often
20 characterized by what is referred to as the "rise-over-thermal”. The rise-over-
thermal is the ratio of the total received power at a base station receiver to the
power of the thermal noise. Based on theoretical capacity calculations for a
CDMA reverse link, there is a theoretical curve that shows the rise-over-thermal
increasing with loading. The loading at which the rise-over-thermal is infinite is
25 often referred to as the "pole". A loading that has a rise-over-thermal of 3 dB
corresponds to a loading of about 50%, or about half of the number of users
that can be supported when at the pole. As the number of users increases and
as the data rates of the users increase, the loading becomes higher.
Correspondingly, as the loading increases, the amount of power that a remote
30 terminal must transmit increases. The rise-over-thermal and channel loading
are described in further detail by A.J. Viterbi in “CDMA : Principles of Spread
Spectrum Communication,” Addison-Wesley Wireless Communications Series,
May 1995, ISBN: 0201633744, which is incorporated herein by reference.
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May 1995, | SBN. 0201633744, which is incorporated herein by reference. WO
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cl assical gfigad ons that show the relationship between the
rise-over-thermal, the nunber of users, and the data rates of the users.
The equations also show that there is greater capacity (in bits/second) if
a few users transmt at a high rate thanga | arger nunber of users 5
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15 transmitted simultaneously, and hence a considerable variation in the rise-over-
thermal.
[1010] As can be seen from the above, there is a need in the art for a
reverse link channel structure capable of achieving high performance for packet
data transmission, and which takes into consideration the data transmission
20 characteristics of the reverse links.

SUMMARY

[1011] Aspects of the invention provide mechanisms that support effective
and efficient allocation and utilization of the reverse link resources. In one
25 aspect, mechanisms are provided to quickly assign resources (e.g.,
supplemental channels) as needed, and to quickly de-assign the resources
when not needed or to maintain system stability. The reverse link resources
may be quickly assigned and de-assigned via short messages exchanged on
control channels on the forward and reverse links. In another aspect,
30 mechanisms are provided to facilitate efficient and reliable data transmission. In
particular, a reliable acknowledgment/negative acknowledgment scheme and
an efficient retransmission scheme are provided. In yet another aspect,



particular, a reliable acknow edgnent/ negati ve acknow edgnent schenme and
an efficient retransm ssion schene are provided. In yet another aspect, WO
02/ 065664WB@TH&ISBL/ 05171 010189 4 nechani sns are provi dedTtusovesivrr ol the
transmt p@ygiggand/ or data rate of the renote termnals to achieve high
performance and avoid instability. Another aspect of the invention

provi des a channel structure capable of inplenenting the features

descri bed above. These and ot her aspectst are described in further 5 detai
bel ow. [1012] The di scl osed enbodi nents further provide nethods, channel
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t he presentasperest th@ninvehtion irovides rpclkamms asterturer capdbie afétpldraenting
description set forth bel ow when taken in conjunction wth the drawngs in

whi ch | i ke thefeateipscdessabad abioye; depserand Qtber agwaiaﬁ%ﬂw?ﬂ*ml@ﬁydwehnd
wher ei ng 1%e[£é|ipﬂedl1)w':| G 1 is a diagramof a wireless comruni cati on system
that supports a nuihber of users; [1015] FIG 2 is a sinplified block

di agr am of [40MZnboTheediscidsaal lemsipodistearitsofurtivetr provdet mdthods hahanhe016]

FIGS. 3A and 3B are diagrans, of a reverse and a forward channel . 20
struct ur e, StiEgREes; g pPpaiafys)tha @P'@me@ta\/a&%a@éﬂepfﬁ’mg%ﬁmf?@t% and

conmuni cat n, Re! 4R ihIGHTHS losh5 ) kAR gbBRRIRR! | o Lo assi on

reverse |ink supplene channe 1018] FIGS. 5A and 5B are
diagrans illustrating a data transm ssion on the 25 reverse link and an

Snd 6B18re di agrams | BRI RESCRIPTRNAFIHERRAWINGS ng w th short
20 8 o0, SEFOR SOFYE TR ibE FonkFSBBE dNBhtaods BEfle BrSiert el At
Wi th fast gRegRR!mBRe aPPANePL frohMttRCdstalied desavptionaset fGth betonivirentialdn t he
nvention, ir?r::%njuncfion with the drawings in which like reference characters identify
correspondingly throughout and wherein:
15 [1014] FIG. 1 is a diagram of a wireless communication system that supports
a number of users;
[1015] FIG. 2 is a simplified block diagram of an embodiment of a base
station and a remote terminal;
[1016] FIGS. 3A and 3B are diagrams of a reverse and a forward channel
20 structure, respectively;
[1017] FIG. 4 is a diagram illustrating a communication between the remote
terminal and base station to assign a reverse link supplemental channel (R-
SCHY);
[1018] FIGS. 5A and 5B are diagrams illustrating a data transmission on the
25 reverse link and an Ack/Nak message transmission for two different scenarios;
[1019] FIGS. 6A and 6B are diagrams illustrating an acknowledgment
.sequencing with short and long acknowledgment delays, respectively;
[1020] FIG. 7 is a flow diagram that illustrates a variable rate data
transmission on the R-SCH with fast congestion control, in accordance with an
30 embodiment of the invention; and
[1021] FIG. 8 is a diagram illustrating improvement that may be possible with
fast control of the R-SCH.



[1021] FIG 8 is a diagramillustrating inprovenent that nmay be possible
with fast control of the R SCH WD 02/065664 PCT/US02/05171 010189 5
DETAI LED WwB3ems¥6d4 ON [ 1022] FIG 1 is a diagram of a w relP€3aISowostani cati on
system 100 gy supports a nunber of users and capable of inplenenting
vari ous aspects of the 5 invention. System 100 provi des conmunication for
a nunber of cells, with each cell being serviced by a correspondi ng base
station 104. The base stations are als@gcomonly referred to as base
transcei ver systens (BTSs). Various renpote termnals 106 are di spersed

t hroughout the system Each renote termnal 106 mnay comunicate with one
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comuni cat %’éu‘Meﬁ@aé by sfd&ﬂé%hénéﬁ%@fbyas%osﬁéﬁoﬁﬂ@4.1(3(% ba& Bafohsara nal

106d is in soft ndoff and concurren communi cates with base stations
104a and 1Gdsn cohtrady refarreg $0 ambese, transbeer systemen(Bi@e)r darious resofe 102

A Ll G L A e o
achi eved Vipgay dopkthLificgté Wit BaeCenhitre (DAXE staMingh104 diPths femartnamd G 1

for si rTBI icity. The BSC nmay al so couple into a packet network, which is

typi callDy aevérsedinke iad asy pactialargmpment depanging s virten) of eitthp semoie not

shown in FI NI . r Ol | ' C I s se
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106 and users coupled to the PSTN (e.g., conventional tel ephones) and to

the packet IRKIRER, tovrangaission Bemoramaligstermin@Z1f}6 @9@@%%&9%9%&8
055, 9ue%, SIEMER RS e et T HARBABMR pofold i 106,
Dual - Mi8e WiOGbh arObcSarehd 08pe cdnduimael $tatian 104b communicates with remote
terminals 106d, 106e, and 106f. Remote terminal 106d is in soft handoff and
concurrently communicates with base stations 104a and 104b.
[1023] In system 100, a base station controller (BSC) 102 couples to base
stations 104 and may further couple to a public switched telephone network
20 (PSTN). The coupling to the PSTN is typically achieved via a mobile switching
center (MSC), which is not shown in FIG. 1 for simplicity. The BSC may also
couple into a packet network, which is typically achieved via a packet data
serving node (PDSN) that is also not shown in FIG. 1. BSC 102 provides
coordination and control for the base stations coupled to it. BSC 102 further
25 controls the routing of telephone calls among remote terminals 106, and
between remote terminals 106 and users coupled to the PSTN (e.g.,
conventional telephones) and to the packet network, via base stations 104.
[1024] System 100 may be designed to support one or more CDMA
standards such as (1) the "TIA/EIA-95-B Mobile Station-Base Station
30 Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
System" (the 1S-95 standard), (2) the "TIA/EIA-98-D Recommended Minimum
Standard for Dual-Mode Wideband Spread Spectrum Cellular Mobile Station"



Systeni (the 1S-95 standard), (2) the "TI A El A-98-D Recomended M ni mum
Standard for Dual - Mode W deband Spread Spectrum Cellular Mbile Station" WO
02/ 065664WB@THEIEEL/ 05171 010189 6 (the |IS-98 standard), PCI)uSPhiesidocunment s
of fered by ygg@gnsortiumnamed "3rd Generation Partnership Project” (3GPP)
and enbodied 1n a set of docunments including Docunent Nos. 3G TS 25. 211,
3G TS 25.212, 3G TS 25.213, and 3G TS 25.214 (the W CDMA st andard), (4)

t he docunents offered by a consortium5@glanmed "3rd Generation Partnership
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conmmuni cati on session between f base station and renote term nal and
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te i Lan,. know S t.h .
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remote ter %‘té}@dar&%byVt%'ecﬂwtéﬁ%ﬁﬁndla‘liél%boﬁ%amda@mﬁs, Uhién cyarnsﬂ)at aThess ce
210) and nessages froma controller 230) are provided to a transmt

(TX) data pt @@arézmbrmmatﬁd heneiraby refatencodes the 25 data and nessages

with one orn e c S c chene
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Typi cal | y, voi ce data, packet data, and nessages are coded using different

schemed5” amgpartst el thet lrW9ﬁB@nofFQfe% Pagiicular, camseunieation eepies dats rgket
data, and/or messages may be exchanged between base station 104 and

remote terminal 106. Various types of messages may be transmitted such as
messages used to establish a communication session between the base station
and remote terminal and messages used to control a data transmission (e.g.,

20 power control, data rate information, acknowledgment, and so on). Some of
these message types are described in further detail below.

[1026] For the reverse link, at remote terminal 106, voice and/or packet data
(e.g., from a data source 210) and messages (e.g., from a controller 230) are
provided to a transmit (TX) data processor 212, which formats and encodes the

25 data and messages with one or more coding schemes to generate coded data.
Each coding scheme may include any combination of cyclic redundancy check
(CRC), convolutional, Turbo, block, and other coding, or no coding at all.
Typically, voice data, packet data, and messages are coded using different
schemes, and different types of message may also be coded differently.

30 [1027] The coded data is then provided to a modulator (MOD) 214 and
further processed (e.g., covered, spread with short PN sequences, and
scrambled with a long PN sequence assigned to the user terminal). The
modulated data is then provided to a transmitter unit (TMTR) 216 and



30 [1027] The coded data is then provided to a nodulator (MOD) 214 and
further processed (e.g., covered, spread with short PN sequences, and

scr anbl edwwaio2loésmed ong PN sequence assigned to the user tePairnshl/0s1The
modul at ed @agfol S then provided to a transmtter unit (TMIR) 216 and WO
02/ 065664 PCT/ US02/05171 010189 7 conditioned (e.g., converted to one or
nore anal og signals, anplified, filtered, and quadrature nodul ated) to
generate a reverse link signal. The revefse link signal is routed through

a duplexer (D) 218 and transmtted via an antenna 220 to base statlon 104.
5 [1028] Acopdiionedate.an coO¥SrietH o CBRRISBIONE AnalagRignalss arerifiede dltBledan
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data processor 2 are conplenentary to that perforned at renote term nal
106. DenpdA5& r@cewes Mpn@z:eaaea(e o5 dees@adszaecmgm and pitet demeogwatasdd to
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(R-SCH). AlrgRe retangt that precasiesbfultiiecingeshcdishuf tl@élﬁf@éﬂélwde”gﬁalerhﬁl ple
renote termnals, each of which may be transmtting on a rever
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t
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processing by demodulator 256 and RX data processor 258 are complementary
to that performed at remote terminal 106. Demodulator 256 and RX data
processor 258 may further be operated to process multiple transmissions
received via multiple channels, e.g., a reverse fundamental channel (R-FCH)

20 and a reverse supplemental channel (R-SCH). Also, transmissions may be
received simultaneously from multiple remote terminals, each of which may be
transmitting on a reverse fundamental channel, a reverse supplemental
channel, or both.

[1029] On the forward link, at base station 104, voice and/or packet data

25 (e.g., from a data source 262) and messages (e.g., from controller 270) are
processed (e.g., formatted and encoded) by a transmit (TX) data processor 264,
further processed (e.g., covered and spread) by a modulator (MOD) 266, and
conditioned (e.g., converted to analog signals, amplified, filtered, and
quadrature modulated) by a transmitter unit (TMTR) 268 to generate a forward

30 link signal. The forward link signal is routed through duplexer 252 and
transmitted via antenna 250 to remote terminal 106.

[1030] At remote terminal 106, the forward link signal is received by antenna
220, routed through duplexer 218, and provided to a receiver unit 222.



conditioned (e.g., converted to analog signals, anplified, filtered, and
quadrature nodul ated) by a transmitter unit (TMIR) 268 to generate a
forward 3Wolonésesdi gnal . The forward |ink signal is routedPChrusozbsidupl exer
252 and trpapgdyitted via antenna 250 to renote terminal 106. [1030] At
renote termnal 106, the forward link signal is received by antenna 220,
rout ed through dupl exer 218, and provided to a receiver unit 222. WO

02/ 065664 PCT/ US02/05171 010189 8 Recegver unit 222 conditions (e.g.,
downconverts, filters, anplifies, quadrature denpodul ates, and digitizes)
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checked) bysampleseirggrosessdt (£gsUEspl@dddd) decevens, dnepittdtdenaodularstages
transmtted on the forward link. The recovered data is provided to a data

si nk 228,h a & iemaedidatared24elos RprddaasyBROISy rad dbe synbels A6 | fartheso.
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typically very differen bet ween, th orwagrd and reverse links. [1032] As

not ed abovélat HStW@VI‘&FL‘F‘%@ g?ﬁ?'ﬁ%gzéag\éﬁs&@t TREOVELRF FAPTSA9FSY8YnBE know

a priori “"Brﬁﬂidé@@%@n’ér@ﬂé?f@.s have packet data to transmt, or how 15
the

much. Thus, ase station may allocate resources to the renote termnals
whenever r 408t} ed Thadeusrsavink lzd somBeshanaetetistiemihat aee mexy diffetardfrom

demands . t h | i.nk £l i del 1033]..|
otor ddRce pks Hdnd ot TS T paibiuAr the oGk Tl atn Shatadinties.
ef f ecti vel yetnfaRbibhbamiviars?ldre plding htiomérisn bhe tyevers ey Miffert

resources. In one aspect, nmechanisns are provided to quickly assign
resour ces detweedndle femmard andupegisg lidsassi gn resources when not needed or

Vi supdfBhght aPSoRaRHabt et HREYAR I bR ar e P AR B PRE T
anot her  aspftinow B PN Whchafetndteqerfirmid Ral@patkétedtacbitrarisenit, atow
reliable data 25_transm ssion. In particular, a reliable acknow edgnent
schene 18nd mHch flingise fhe base station may allocate resources to the remote terminals
whenever requested and as available. Because of uncertainty in user
demands, the usage on the reverse link may fluctuate widely.
[1033] In accordance with aspects of the invention, mechanisms are
provided to effectively and efficiently allocate and utilize the reverse link

20 resources. In one aspect, mechanisms are provided to quickly assign
resources as needed, and to quickly de-assign resources when not needed or
to maintain system stability. The reverse link resources may be assigned via a
supplemental channel that is used for packet data transmission. In another
aspect, mechanisms are provided to facilitate efficient and reliable data

25 transmission. In particular, a reliable acknowledgment scheme and an efficient
retransmission scheme are provided. In yet another aspect, mechanisms are
provided to control the transmit power of the remote terminals to achieve high
performance and avoid instability. These and other aspects are described in
further detail below.

30 [1034] FIG. 3Ais a diagram of an embodiment of a reverse channel structure
capable of implementing various aspects of the invention. In this embodiment,
the reverse channel structure includes an access channel, an enhanced access
channel, a pilot channel (R-PICH), a common control channel (R-CCCH), a



retransm ssion schenme are provided. In yet another aspect, nechanisns are
provided to control the transmt power of the renote termnals to achieve
hi gh perworemerses and avoid instability. These and ot her ®EpaSIFOArE
descri bed ippgqghurther detail below. 30 [1034] FIG 3A is a diagramof an
enbodi nent of a reverse channel structure capable of inplenenting various
aspects of the invention. In this enbodinent, the reverse channel
structure includes an access channel, am enhanced access channel, a pil ot
channel (R-PICH), a common control channel (R-CCCH), a WO 02/ 065664
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channel s may be inplenented 5 simlar to _those defined by the cdma200
standard. REaWIEHR tBe scope of thenyentienanthgse ghannris drayde m'ewefﬁ@g%]
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f
may be he “comruni ca el r configurations are defined by
one of a nghbanelsfareatdisoribedbelpw.ati ons (RC). Each RC defines a specific 10

transm ssigon _format, which i h terized ' hysi I
par anet or s 40881 aoFor A0 omIMENTERan i nemcbsalh P aRRSTo Seh b eIl
characteri g tclﬁayg%][ll?s;’]éeﬂ df@)? th&e8mriiftlcatorPand TR EGHUratond S défiritsbyray be

simlar to those or the cdma2000 standard. 7 1036] The reverse
dedi cat ed omet obb ctrmbeelof (rRIDCOR)figurationd (RE) r Kashi RC defingea apecific

signaling information (e.q., | i nf Li to the b tat

dur ng 1o SFRFRBRITb O TRL Witk s R irs et AT Ocs PRYSTt RYoR
DCCH defi nefhrametbfs Gl RRO fdraeslanthle] tA87Iraheissiver satdsindrRnaBon
channel (R-FCH) is used to transmt user and signaling information (e.g.,
voi ce dat achesactadstics spseadingradier andy sa oo Tdenfadie canfigrraticns Raydpe nay

2% oony St hbeh by Fbopadapdgl e core2o0p stancard,
[I_Rfeor mat i 01j1086]9- . TRe¢keérsdaletficdted tdoatrohskamicit(RODCAH) isgusedciontaumsmiat i on.
15 user and signaling information (e.g., control information) to the base station
during a communication. The R-DCCH may be implemented similar to the R-
DCCH defined in the cdma2000 standard.
[1037] The reverse fundamental channel (R-FCH) is used to transmit user
and signaling information (e.g., voice data) to the base station during a
20 communication. The R-FCH may be implemented similar to the R-FCH defined
in the cdma2000 standard.
[1038] The reverse supplemental channel (R-SCH) is used to transmit user
information (e.g., packet data) to the base station during a communication. The
R-SCH is supported by some radio configurations (e.g., RC3 through RC11),
25 and is assigned to the remote terminals as needed and if available. In an
embodiment, zero, one, or two supplemental channels (i.e., R-SCH1 and R-
SCH2) may be assigned to the remote terminal at any given moment. In an
embodiment, the R-SCH supports retransmission at the physical layer, and may
utilize different coding schemes for the retransmission. For example, a
30 retransmission may use a code rate of 1/2 for the original transmission. The
same rate 1/2 code symbols may be repeated for the retransmission. In an
alternative embodiment, the underlying code may be a rate 1/4 code. The

original transmission may use 1/2 of the symbols and the retransmission may



R-SCH i s supported by sone radio configurations (e.g., RC3 through RCl11),
25 and is assigned to the renote termnals as needed and if available. In
an enbodwonieseaer o, one, or two suppl enental channel s (iPCE#USORICHL and
R- SCH2) ngyofag assigned to the renote termnal at any given nonent. In an
enbodi nent, the R SCH supports retransm ssion at the physical |ayer, and
may utilize different coding schenes for the retransm ssion. For exanpl e,
a 30 retransm ssion nmay use a code rateqgf 1 /2 for the original

transm ssion. The sane rate 1/2 code synbols may be repeated for the
retransm ssiserihe othermhalbet berambals e i Hindeietransidssion is donedt exteenad) be a
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on the R t'he renote termnal sends a reverse rate indicator (RRl)
symbol , whitemninabic arevdde irfogaation pestaining tadhe dpacketh@nsmigsior fateeon
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used for the RRRICH and 20 _are within the scope of the invention. The
i nf or mdbi odransmisgiee on the BeyfeHpiha Fmotedigpninal sepflna revgrseckatn irdieator r ane

transm ttedeed) LAY ARhAERbRatcO 3 Yata rate for the data frame. The remote

terminal also sends the sequence number of the data frame being transmitted,
and whether the data frame is a first transmission or a retransmission.
Different, fewer, and/or additional fields may also be used for the R-RICH and
20 are within the scope of the invention. The information in Table 1 is sent by the
remote terminal for each data frame transmitted on the supplemental channel

(e.g., each 20 msec).

Table 1
Field Length (bits)
RRI 3
SEQUENCE_NUM 2
RETRAN_NUM 2

25 [1041] If there are multiple reverse supplemental channels (e.g., R-SCH1
and R-SCH2), then there can be multiple R-RICH channels (e.g., R-RICH1 and
R-RICH2), each with the RRI, SEQUENCE_NUM, and RETRAN_NUM fields.
Alternatively, the fields for multiple reverse supplemental channels may be



(e.g., each 20 nsec). Table 1 Field Length (bits) RR 3 SEQUENCE-NUM 2
RETRAN NUM 2 25 [1041] If there are nultiple reverse suppl enental channel s
(e.qg., RWOHLoezmnd R-SCH2), then there can be nmultiple R RCCHSoheninel s
(e.g., R Rlo%lpsgand R-RICH2), each with the RRI, SEQUENCE NUM and

RETRAN NUM fields. Alternatively, the fields for multiple reverse

suppl enental channels nay be WO 02/ 065664 PCT/US02/ 05171 010189 11
conbined into a single RRRICH channel. Hn a particul ar enbodi ment, the RRI

field is not used, and fixed transnmi ssion rates are used or the base
station pélond?lﬁ%d tnfonal single RtIeHnehrinadn 0@ paitisylarembedisaent: BienRds t he
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COMVUNI CATI ON SYSTEM " i ssued January 16, 2001, U. S Patent No. 5,751, 725,
entitled " VElHOOMiDe AlstarBling rair determipaliqicmaeberachievsd feEMARDEDATA

| A VAB! AGh RALEE COMBLEATAEN 17 XSTEd WS A ABBRRARDS ©f

whi ch are aSS|gned he assi gneé o resen ication and
i ncor por at ROREDETERMININCTEHECRATELOFREEER/EBEDAT Adl I\UAa‘gARtABJIiE &ATE

cenoot o of SaMbBLAATRN VS RERL L Hestedelandarnel . GPOAr B ohEafent Noo's
structure '15{;?511@}98 CAFIRA "EPRels A drm'@bm@m%% RnéEﬁFq\ﬂmmqu

channel s. e commbn channel s i ncl a broadcast channel (F-
qui ck pagi iRATRafelRECEWED DATAolNmA YARIABLEcihhk| CWMUMIG)ATIQNI a

ol cha F. h de_a.b
ol ot dRanmer SERM. pwsgle i 15 3555 aheith aftSRENAtdp &t BSS0Ra el o
i nclude a fiHo gt Rﬁ@étﬂﬂﬁénd Fncﬁggrate% et pdncghannel (F 20 SCH), a

dedi cated auxi I I ar annel (F- , a dedicated control channel (F-

DCCH), and [4042Ki cét@cﬂlﬁa&a@amm efoan embedimentrofepiboeryd chgpnel structurer ent
capable of supporting various aspects of the invention. In this embodiment, the
forward channel structure includes common channels, pilot channels, and

15 dedicated channels. The common channels include a broadcast channel (F-
BCCH), a quick paging channel (F-QPCH), a common control channel (F-
CCCH), and a common power control channel (F-CPCCH). The pilot channels
include a basic pilot channel and an auxiliary pilot channel. And the dedicated
channels include a fundamental channel (F-FCH), a supplemental channel (F-

20 SCH), a dedicated auxiliary channel (F-APICH), a dedicated control channel (F-
DCCH), and a dedicated packet control channel (F-CPDCCH). Again, different,
fewer, and/or additional channels may also be supported and are within the
scope of the invention. These channels may be implemented similar to those
defined by the cdma2000 standard. Features of some of these channels are

25 described below.

[1043] The forward common power control channel (F-CPCCH) is used by
the base station to transmit power control subchannels (e.g., one bit per
subchannel) for power control of the R-PICH, R-FCH, R-DCCH, and R-SCH. In
an embodiment, upon channel assignment, a remote terminal is assigned a

30 reverse link power control subchannel from one of three sources - the F-DCCH,
F-SCH, and F-CPCCH. The F-CPCCH may be assigned if the reverse link
power control subchannel is not provided from either the F-DCCH or F-SCH.



fewer, and/or additional channels may al so be supported and are within the
scope of the invention. These channels may be inplenented simlar to those
defi ned byotokeessdra2000 st andard. Features of sonme of the®eTalsanedals are
25 descri bgdohgl ow. [1043] The forward common power control channel
(F-CPCCH) is used by the base station to transmt power control
subchannel s (e.g., one bit per subchannel) for power control of the
R-PICH R FCH R DCCH and R-SCH In an2enbodi nment, upon channel
assignnent, a renote termnal is assigned a 30 reverse | i nk power contro

subchannel [104# onkn an emhcestmeahrtbe@vaﬂab{e bitspodpe F-FPEGH maydbeusedt. The

ot provi adl i o s byler BoRRAPSaFrare. RED ATt oB AR ERD e 1 21
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be used to f,ormone or nmore power contral subchann? whi ch may then be
assi gned f slefingdr apd siged, éxrs POWSF copiiahiol a Nukbeie Pt severskelink Shenpels.
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reverse |ink channe OWer "co
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23, “1o00. exiliegneso G HANNELS PR CONTRAC dreien N irben 24nd 998, ™'
i ncor por at edsheRI 1 9K ad, s‘?éﬁ'éeeGFf?le ﬂr@séﬁtoéﬁ’[}hdaﬁoﬁ%oslﬂ%iﬁdr ed herein by

|nplenentat|o an 800 ps power control subchannel controls the pomer of
t he reverse‘efereme channel (RPICH. Al reverse traffic channel S (e g.

he R E h i | evel |
R B ot Il 1EPe SpRcHb yMBleTyentalin P BP0 S Holver Gsiiss SubShrheL,
bet ween tw&h@mmé ;ﬂo%vé?fdfetherr‘éfvéfsfeeéllétocﬁénrﬁéle(]R-Pﬁﬁlf-l?]C AIPreWe'rQé tF#fic 0. 15

The traffic-to-pilot ratio (i. ower |eve e reverse traffic

channel rd@hanngls (&g htherRPFCH, BDCHE andiR-&Ch),. have shgimpoweobigvele base
sLatton TRURAE T AR PIERSPA g Bl = B0 R B RRIORS, D PO
In an enbathgeitio bétweenRwaCthaonéals i€ oftenakfsivdid e asahe arffic-ed-pildtheatic: SCH
relative 20.to the RRPICH In another enbodi nent, the R-SCH power contr ol
subchaffe| The traffic-to-pilot ratio (i.e., the power level of the reverse traffic channel
relative to the R-PICH) can be adjusted by messaging from the base station.
However, this messaging is slow, so a 100 bits/second (bps) power control
subchannel may be defined and used for power control of the R-SCH. In an
embodiment, this R-SCH power control subchannel controls the R-SCH relative
20 to the R-PICH. In another embodiment, the R-SCH power control subchannel
controls the absolute tfransmission power of the R-SCH.
[1046] In an aspect of the invention, a "congestion" control subchannel may
also be defined for control of the R-SCH, and this congestion control
subchannel may be implemented based on the R-SCH power control
25 subchannel or another subchannel.
[1047] Power control for the reverse link is described in further detail below. -
[1048] The forward dedicated packet control channel (F-DPCCH) is used to
transmit user and signaling information to a specific remote terminal during a
communication. The F-DPCCH may be used to control a reverse link packet
30 data transmission. In an embodiment, the F-DPCCH is encoded and
interleaved to enhance reliability, and may be implemented similar to the F-

DCCH defined by the cdma2000 standard.



controls the absolute transm ssion power of the R-SCH [1046] In an aspect
of the invention, a "congestion" control subchannel may also be defined
for cont rwb oef6ishe R-SCH, and this congestion control sulpcharsosbdsimay be

i mpl ement edypaged on the R-SCH power control 25 subchannel or anot her
subchannel . [ 1047] Power control for the reverse link is described in
further detail below. [1048] The forward dedi cated packet control channel
(F-DPCCH) is used to transmt user andqgignaling information to a specific

remote termnal during a comunication. The F-DPCCH may be used to control
a reverse [1048lpackable3d “Gtﬁ'@etfﬂ%l%rfOl’s§|Sﬂ$C|fIQ1fC&ﬁ13érﬂfdherﬁsﬁ)tPCQHe In- @PCcH
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target ed. HESSd
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wi Il checkmd@dlifa d@rﬁu‘n@awrméﬁlt&f tlﬂ bﬁahnElr armea ﬂn@%@%%ﬂtlscmre’died FRbage
Quality Indicator 16 Encoder Tail 1050] The be used to

transmt nipairticuarstegecte temainaband hserecerV@d Q%'fﬁiqflﬁdthl@yl thﬁ&%@h‘ﬂ@@bgc&t andar d.
For exanple, the F-DPCCH may be

Table 2
Field Number of Bits / Frame
Information 24
Frame Quality Indicator 16
Encoder Tail 8

15 [1050] The F-DPCCH may be used to transmit mini-messages, such as the
ones defined by the cdma2000 standard. For example, the F-DPCCH may be
used to transmit a Reverse Supplemental Channel Assignment Mini Message
(RSCAMM) used to grant the F-SCH to the remote terminal.

[1051] The forward common packet Ack/Nak channel (F-CPANCH) is used

20 by the base station to transmit (1) acknowledgments (Ack) and negative
acknowledgments (Nak) for a reverse link packet data transmission and (2)
other control information. In an embodiment, acknowledgments and negative
acknowledgments are transmitted as n-bit Ack/Nak messages, with each
message being associated with a corresponding data frame transmitted on the

25 reverse link. In an embodiment, each Ack/Nak message may include 1, 2, 3, or
4 bits (or possible more bits), with the number of bits in the message being
dependent on the number of reverse link channels in the service configuration.



used to transmt a Reverse Supplenmental Channel Assignnment M ni Message
(RSCAMM) used to grant the F-SCH to the renote termnal. [1051] The forward
common pawket/ogssksd Nak channel (F-CPANCH) is used 20 by treTh®sroavration to
transmt (Bhomeknow edgnments (Ack) and negative acknow edgnments (Nak) for
a reverse |link packet data transm ssion and (2) other control information.
I n an enbodi nent, acknow edgnents and negative acknow edgnents are
transmtted as n-bit Ack/Nak nmessages, wWith each nessage bei ng associ ated
with a correspond%\%data frame transmtted on the 25 reverse link. In an

i

embodi ment T binAckblrknmessagde magyi b Ilgek coded tp ingreage yetigbilibr or
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in power use o send the .Ack/Nak mes e Wmle the sane
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repeat the exact sanme cod may use I ncrenental redundancy

Tr ansni ssi satransmissiona tkeriAskiNak mfGSSage migykraneat the dxacirsapeicode Ward Iosr

det ai | I 1053] .S trol. f i nk
o coniPol e usPaperaBeldtiretyRiansy .l aneieneR A1 feflatifeldb it ife ' "
channel regqugsitiaikritIdedbridRl. in AsttdvadetbiPbew ever se | ink data transm ssion,
power control of the data 15 transm ssion, and possi bl%/WOt hers. [1054] The

reverse | i ft0B3l bSevpka dyres obcanirat are usad an e fvwiard diskial cantrol the base
station rel gvé.r)é? i O Y thdeoggg@llst ﬂﬁr%ued ?{n%\‘\'f’ I @wédr@f (dghast Qnge
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is used for real-tine traffic that
transmission, and possibly others.
[1054] The reverse link may be operated to maintain the rise-over-thermal at
the base station relatively constant és long as there is reverse link data to be
transmitted. Transmission on the R-SCH may be allocated in various ways, two
of which are described below:

20 e By infinite allocation. This method is used for real-time traffic thét
cannot tolerate much delay. The remote terminal is allowed to
transmit immediately up to a certain allocated data rate.

e By scheduling. The remote terminal sends an estimate of its buffer
size. The base station determines when the remote terminal is

25 allowed to transmit. This method is used for available bit rate traffic.
The goal of a scheduler is to limit the number of simultaneous
transmissions so that the number of simultaneously transmitting
remote terminals is limited, thus reducing the interference between
remote terminals.

30 [1055] Since channel loading can change relatively dramatically, a fast

control mechanism may be used to control the transmit power of the R-SCH

(e.g., relative to the reverse pilot channel), as described below.



cannot tolerate nmuch delay. The renote termnal is allowed to transmt

i mredi ately up to a certain allocated data rate. By scheduling. The renote
term nal woendsesmm estimate of its buffer size. The base eCatisomoxiet er m nes
when the reupigg termnal is 25 allowed to transmit. This nmethod is used for
available bit rate traffic. The goal of a scheduler is to limt the nunber
of sinultaneous transm ssions so that the nunber of simultaneously
transmtting renote termnals is limtagg, thus reduci ng the interference
between renpbte termnals. 30 [1055] Since channel | oadi can change
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[ 1056] A cosmairi d@rtnhéxﬁt tpedeasnist faenlitenng ¢hé eommeh chatinelswithttati slottéd
establish a connectign may be achieved as follows. Initial I£ the renote
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transm ssi gnessudestertile basehstation rexp.mgagta)retcbanbam of takilimk. rieqeginsey a

reconnectlon of the link. In response, the base station 3{ i?end%g ];ressage
fed® taRE

speci fyi ng hﬂ@%ﬁ%%?@yﬁ?r@eﬁ‘ aggrspecifyng dhenparane
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Ext ended Channe nment Message a 10 specia efi ned nessage,
or sone ot leay rtmssagtawaTlansEm&emd@g!e Glaqnlmieésfsggnnnevet MwmgngCAM)g ANC
-1 D for .each maqb he renote ter subset..of the
At ve 180t SPeREIAenen niSssagay of sbFeryenagssedsn ShiTeREadh mRYARECHY ni
15 \Whet herthétp@oﬁ"ﬁ&a-l or RFCH is used on the reverse link. For the

F- CPANCH, the spreadi ng (e.g., Walsh) codes and Active Set to be used.
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recei ved by the subset e.ff merAmtwaISetTrﬂa\esMﬁ@_ang later used for addressing on the
forward link.
15 e Whether the R-DCCH or R-FCH is used on the reverse link.

e For the F-CPANCH, the spreading (e.g., Walsh) codes and Active Set to
be used. This may be achieved by (1) sending the spreading codes in
the ECAM, or (2) transmitting the spreading codes in a broadcast
message, which is received by the remote terminal. The spreading

20 codes of neighbor cells may need to be included. If the same spreading
codes can be used in neighboring cells, only a single spreading code
may need to be sent.

e For the F-CPCCH, the Active Set, the channel identity, and the bit
positions. In an embodiment, the MAC_ID may be hashed to the F-

25 CPCCH bit positions to obviate the need to send the actual bit positions
or subchannel ID to the remote terminal. This hashing is a pseudo-
random method to map a MAC_ID to a subchannel on the F-CPCCH.
Since different simultaneous remote terminals are assigned distinct
MAC _IDs, the hashing can be such that these MAC_IDs also map to

30 distinct F-CPCCH subchannels. For example, if there are K possible bit
positions and N possible MAC_IDs, then K = N x ((40503 x KEY) mod
2%/ 2'®  where KEY is the number that is fixed in this instance. There



20 codes of neighbor cells may need to be included. If the same spreading
codes can be used in neighboring cells, only a single spreading code may
need to bwoOleMm63664 For the F-CPCCH, the Active Set, the chaemaiSor/erantity,
and the bityspesitions. In an enbodinent, the MAC_ID nmay be hashed to the
F- 25 CPCCH Blt positions to obviate the need to send the actual bit
positions or subchannel IDto the renote termnal. This hashing is a
pseudo- random nmethod to map a MAC I D tgqga subchannel on the F-CPCCH.

Since different sinultaneous renote termnals are assigned distinct

MAC | Ds, the hagiengaruathes hagbunelians: thet savike ysesl &mcgdlaﬁaapsmasmsucbt i nct
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conput er al gori thns. 57] I'n an enbodi ment, the nessage fromthe base

station5(e. |gd|patehwhe1EeA|vy niot the paiateeters eatabzlls“pmblrfﬁh@ lfaS’Sed:aneDSEn Ar®tSERY
CONFI G us di cat e whet her ara ters e blis
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used to obvseatdem@@ém%é @@nné@tnmetsbég§arpdrpeecsa?m&ﬁbnwﬂﬁ@mnam@duce
reconnection, which ghre uce delay in re- establ i shing the connecti on.

[1058] Oncelelaein renestablishing e connredtiant i al i zed the dedicated channel, it

10, cont nugRoghP! BHRAPS, cifofieREHIIRECHAD iHENEATHRO Wi ARkl 0RO A5

not ed abov € reverse |nk f esour cés nu

achi eve@ Ifcddﬁﬁué@&‘@ﬂéﬂﬁﬁplb@@sh@s@ﬂb@dlirytl'@ ¢dma2@eD siandestied and i f
available. In a wreless éand es eC| g bile) environment, the |jnk

condi tions [c'lgﬁ?] nuésinpted p EY%?H% fchPz§9V$rﬁed'lnk6€§@Lﬂrﬁas I’T@bﬁ‘? ces
may result d lé\foé?zcﬁltﬁé‘?@sc;tﬁcéé laRAd gﬂlcﬁﬂﬂélﬂfca%@% neggfégi and'if

wi th an aspec t he i nvention, ani'sns are provi to quic Fy aSS|gn
and de- assilgra wirglese if@md espe@alanlmjbﬂe) en‘ﬁﬁﬂ]mﬁitﬁhefmnlsccmdﬁmgrmntmually
|ITustrati q%c?uat%m%rg ?c?r%é %%Igyewea P)capﬁgrr%ré%urces may result in inaccurate
15 allocation and/or usage. Thus, in accordance with an aspect of the invention,
mechanisms are provided to quickly assign and de-assign supplemental
channels.
[1060] FIG. 4 is a diagram illustrating a communication between the remote
terminal and base station to assign and de-assign a reverse link supplemental
20 channel (R-SCH), in accordance with an embodiment of the invention. The R-
SCH may be quickly assigned and de-assigned as needed. When the remote
terminal has packet data to send that requires usage of the R-SCH, it requests
the R-SCH by sending to the base station a Supplemental Channel Request
Mini Message (SCRMM) (step 412). The SCRMM is a 5 msec message that
25 may be sent on the R-DCCH or R-FCH. The base station receives the
message and forwards it to the BSC (step 414). The request may or may not
be granted. If the request is granted, the base station receives the grant (step
416) and transmits the R-SCH grant using a Reverse Supplemental Channel
Assignment Mini Message (RSCAMM) (step 418). The RSCAMM is aiso a 5
30 msec message that may be sent on the F-FCH or F-DCCH (if allocated to the
remote terminal) or on the F-DPCCH (otherwise). Once assigned, the remote

terminal may thereafter transmit on the R-SCH (step 420).



term nal and base station to assign and de-assign a reverse |link

suppl enental 20 channel (R-SCH), in accordance wth an enbodi nent of the

i nvent i orwwOTR@6Ie66SCH may be qui ckly assigned and de- assi gRed/se2/mdeted.
Wien the regpigg termnal has packet data to send that requires usage of
the R-SCH, it requests the R SCH by sending to the base station a

Suppl enent al Channel Request M ni Message (SCRW (step 412). The SCRW i s
a 5 nmsec nessage that 25 nay be sent onqfhe R-DCCH or R-FCH. The base
station receives the nessage and forwards it to the BSC (step 414). The
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2 Rever se. SIPEPOMIRa NS EAIM, HEUAgR e PP “Fhidue % deiiagopotng™
418) . The RESGMYNPE AGK_SER, MSE SEQESTRACK REQUIREMEINTfieldy), 14 8it- FCH
or F-DCCH (if allocated To the reéenote terninal) or on the F-DP

(ot her wi se)f leyele 3afisidgnamd twe resaptasl bitsrthahare migot yradfon paddingnasi t on
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enbodi ment astdefinddGAM icdma2006 stamddrd. of | ayer 2 fields (i.e., the
MSG TYPE, ACK SEQ MG SEQ and ACK REQUI REMENT fields), 14 bits of |ayer
3 fields, and two reserved bits that gpg|eaBso used for padding as 5
described in C S0004_and C S0005 _The layer 3 (i.e _ signaling |ayer) may
be as defined in the cdma2000Fsglgndard. Tabl e Behgth @Bhgpgth (Bits)

MG TYPE 3 ACK SEQUENEE—2——VBG—SECUENCE—2—ACK—RECUREVEN REV. SCH ID 1
REV_SCH DURATI ON 4 |RESCsEXPETART TIME 5 REM SCH NUM BI TS I DX 4 RESERVED 2
ACK_SEQUENCE 2

MSG_SEQUENCE
ACK_REQUIREMENT
REV_SCH_ID
REV_SCH_DURATION
REV_SCH_START TIME
REV_SCH_NUM_BITS_IDX
RESERVED

NifR_JOI ||

[1062] When the remote terminal no longer has data to send on the R-SCH,
10 it sends a Resource Release Request Mini Message (RRRMM) to the base
station. If there is no additional signaling required between the remote terminal
and base station, the base station responds with an Extended Release Mini
Message (ERMM). The RRRMM and ERMM are also 5 msec messages that
may be sent on the same channels used for sending the request and grant,
15  respectively.
[1063] There are many scheduling algorithms that may be used to schedule
the reverse link transmissions of remote terminals. These algorithms may
tradeoff between rates, capacity, delay, error rates, and fairness (which gives all
users some minimal level of services), to indicate some of the main criteria. In
20 addition, the reverse link is subject to the power limitations of the remote
terminal. In a single cell environment, the greatest capacity will exist when the
smallest number of remote terminals is allowed to transmit with the highest rate
that the remote terminal can support -- both in terms of capability and the ability



[ 1062] When the renote termi nal no | onger has data to send on the R SCH, 10
It sends a Resource Rel ease Request M ni Message (RRRMV) to the base
station. wDotkexses i s no additional signaling required betwegnusohesirenot e
term nal gngidgase station, the base station responds with an Extended
Rel ease M ni  Message (ERW. The RRRW and ERW are al so 5 nsec nessages
that my be sent on the sane channels used for sending the request and
grant, 15 respectively. [1063] There ang many scheduling al gorithns that
may be used to schedule the reverse link transm ssions of renote
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transm ssion r
While scheduling may be able to take some of this into account, scheduling may

not be able to react sufficiently fast enough. For this reason, aspects of the
" invention provide fast power control techniques, which are described in further
20 detail below.
[1065] An aspect of the invention provides a reliable
acknowledgment/negative acknowledgment scheme to facilitate efficient and
reliable data transmission. As described above, acknowledgments (Ack) and
negative acknowledgments (Nak) are sent by the base station for data
25 transmission on the R-SCH. The Ack/Nak can be sent using the F-=CPANCH.
[1066] Table 4 shows a specific format for an Ack/Nak message. In this
specific embodiment, the Ack/Nak message includes 4 bits that are assigned to
four reverse link channels - the R-FCH, R-DCCH, R-SCH1, and R-SCH2. In an
embodiment, an acknowledgment is represented by a bit value of zero ("0") and
30 a negative acknowledgment is represented by a bit value of one ("1"). Other
Ack/Nak message formats may also be used and are within the scope of the

invention.
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[ 1065] An aspect of the invention
acknow edgnent/ negati ve acknow edgnent schene to

reliable data transm ssion. As described above,

negative ackngw edgnents (Nak) are sent by the
base station for data 25 transm ssion on the R-SCH The Ack/ Nak can be sent

using the F-CPANCH [1066] Table 4 sfatle 4 specific format for an Ack/Nak
nmessage. | p—this—specitftcenbodiment—the /—\\,g IE\Id.IJ&-I messgyge Tnetudes 4 bits
that are agsigned to four rexgrn ﬂdélg c¢hann 't he R FREFCR-d(ecH
R-SCHI, and R-SCH2. In an enboé N BeeHeagten! Lhreprgsegt ed by
a bit val ug of Descoipfio®') 4gn gr vdifﬁﬂdﬂﬂ)\umbrr r& h%gr {’é%e nt ed
by a bit value of one ("1"). B 7 NalNuvabeadEyper e d e% he
used and ane within the scqpe o 103 'a’) | nvent i Qﬂnahw 02/ 0656&l
PCT/ US02/ 0%t+++—0616189—19—Tabte—4—AH anmretsRFEH—R-FCH—and—Ysed
R-DCCH, and ARDBFCdsed Ddscri ptsh Nurbler Ty R scHI | Used l%ber Type
(binary) Nuph¢ rlygg (binarly) (blx;a,a‘r y) ACK R- F%*}(XXO x><x0 xx%&491 NAK R- FCH
XXX1 XXXl ¥ H—ACK—RPECHPEB—0cOK BK—R—-BecH—odx—pod—x¢ ACK—R-SCH1
XxOxx OOkx (BOK_RNARCK SCHI x| xx XI® 11xx ACKXEOSCH2 Ckxx - -~ NAK R BCH2
I xxx - [ 1( WAK Il-\nD@@Henbodl ment, ,tfie Ack/|Nak nggsage is|sent bl ock cogled
but a CRCHs ysed—+to—gheck—tor—erroers—Fhts—keeps—the—AekiNak—re$sage
short ACK R-SCH1 X0xx 00xx 00xx

NAK_R-SCH1 X1xx 11xx 11xx

ACK_R-SCH2 Oxxx - -

NAK_R-SCH2 1xxx - -

[1067] In an embodiment, the Ack/Nak message is sent block coded but a

CRC is not used to check for errors. This keeps the Ack/Nak message short

and further allows the message to be sent with a small amount of energy.

However, no coding may also be used for the Ack/Nak message, or a CRC may

be attached to the message, and these variations are within the scope of the

invention.

In an embodiment, the base station sends an Ack/Nak message

corresponding to each frame in which the remote terminal has been given

10

during frames that the remote terminal is not given permission to transmit.

[1068]

permission to transmit on the R-SCH, and does not send Ack/Nak messages

During a packet data transmission, the remote terminal monitors the

F-CPANCH for Ack/Nak messages that indicate the results of the transmission.

The Ack/Nak messages may be transmitted from any number of base stations

15

in the remote terminal's Active Set (e.g., from one or all base stations in the

Active Set). The remote terminal can perform different actions depending on

the received Ack/Nak messages. Some of these actions are described below.

[1069]

If an Ack is received by the remote terminal, the data frame

corresponding to the Ack may be removed from the remote terminal's physical

20

correctly received by the base station.

layer transmit buffer (e.g., data source 210 in FIG. 2) since the data frame was



5 and further allows the nessage to be sent with a snmall anount of energy.
However, no coding may al so be used for the Ack/Nak nessage, or a CRC may
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corresponding to each frane in which the renote term nal has been given 10
perm ssion to transmt on the R SCH, and does not send Ack/Nak nessages
during franes that the renpte term nal R® not given permission to transmt.
[ 1068] Duri ng a packet data transm ssion, the renote term nal nonitors the
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may be ret rtﬁilsﬁgfat £y nalRenseBBER disEdrdeal by fthetrenfots! ferhindINitt RRyPHYSI cal
| ayer transmt buffer. In an enbodinent, there is a one-to-one
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reversg link data frane. The renote termnal is thus able to identify the
sequen 8 ndf8P- of the data frame not received correctly by the base

station (i 9711n_t hg Réififetda rRdke hobas afhkowabheckhark theravats BevBrail Mkt was
received. If this data frane has not been discarded by the renote

terninal, iRossibje petionsfardhe remotaitemingle InOne reasibatHcEon; the datadrarae,
whi ch i1 s WQ'rﬁ?i'n'té‘mé&ein”tﬂét h);ﬁ(?ce(lrlaggr tJai‘xQ%fgq bhffepﬁhﬁ%?ra%'%[rﬁﬁgd.noﬁ tRe Nak
n vpera nex I bl e s for € renpte

was received, ere‘are se pOSSs action

term nal . Irstrapsmiegsddtacirameiiothert berrdetyardoeiveel ati therset stathersl thentthe
physi cal layer transmt buffer and retransmtted. |f trhe,; retransmtted
dat a fame Nase; iaHor dransenits, apceh.vdipan cerechireeirt at fum Agkadhe ramote

terminal discards the data frame. This would be the best approach if the base
station did not receive the reverse link transmission.

[1072] Another possible action is for the remote terminal to discard the data
frame if neither an Ack nor a Nak was received. This would be the best

20 alternative if the base station had received the frame but the Ack transmission
was not received by the remote terminal. However, the remote terminal does
not know the scenario that occurred and a policy needs to be chosen. One
policy would be to ascertain the likelihood of the two events happening and
performing the action that maximizes the system throughput.

25 [1073] In an embodiment, each Ack/Nak message is retransmitted a
particular time later (e.g., at the next frame) to improve reliability of the Ack/Nak.
Thus, if neither an Ack nor a Nak was received, the remote terminal combines
the retransmitted Ack/Nak with the original Ack/Nak. Then, the remote terminal
can proceed as described above. And if the combined Ack/Nak still does not

30 result in a valid Ack or Nak, the remote terminal may discard the data frame and
continue to transmit the next data frame in the sequence. The second
transmission of the Ack/Nak may be at the same or lower power level relative to

that of the first transmission.
|



15 base station transmts an Ack. Upon correct receipt of this Ack, the
renote termnal discards the data franme. This would be the best approach
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Anot her posghhlge action is for the renpte ternminal to discard the data
frame if neither an Ack nor a Nak was received. This would be the best 20
alternative if the base station had received the frane but the Ack
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15 during frame k+1 (step 518). The Ack/Nak may be transmitted from one base
station (e.g., the best base station) or from a number base stations in the
remote terminal's Active Set. The remote terminal receives the Ack/Nak during
frame k+1. If a Nak is received, the remote terminal retransmits the erased
frame at the next available transmission time, which in this example is frame

20 k+2 (step 520). Otherwise, the remote terminal fransmits the next data frame in
the sequence.

[1077] FIG. 5B is a diagram illustrating a data transmission on the reverse
link and a second transmission of the Ack/Nak message. The remote terminal
initially transmits a data frame, in frame k, on the reverse link (step 532). The

25 base station receives and processes the data frame, and provides the
demodulated frame to the BSC (step 534). Again, for soft handoff, the BSC
may receive other demodulated frames for the remote terminal from other base
stations.

[1078] Based on the received demodulated frames, the BSC generates an

30 Ack or a Nak for the frame. The BSC then sends the Ack/Nak to the base
station(s) (step 536), which then transmit the Ack/Nak to the remote terminal
during frame k+1 (step 538). In this example, the remote terminal does not
receive the Ack/Nak transmitted during frame k+1. However, the Ack/Nak for



[ 1076] Based on the received denodul ated franes, the BSC generates an Ack
or a Nak for the data franme. The BSC then sends the Ack/Nak to the base
stati on(swo(enewp6b16), which then transmt the Ack/ Nak toPChaSomoure

term nal 1%4¢dwgd ng frame k+1 (step 518). The Ack/Nak may be transmtted
fromone base station (e.g., the best base station) or froma nunber base
stations in the renote termnal's Active Set. The renote term nal receives
the Ack/Nak during frame k+1. If a Nak 22 received, the renote term nal
retransmts the erased, frane @Oftrhe next avai | abI e transm ssjon t| nme,

whi ch in tﬁhe data "éet@nﬁm ame K iscteansipigipd aserand tme dusingrfeamee
term nal ’?@Qrs%” %Q@envéébyQHé?eﬁqb?é%rhﬂwal 591%{35@46'59@@&1\1%%?%%;@%@225 I's

a diagrami a data transm ssion ever se
second tranemais |t@rmn|afal tdimnsmdsth arased framel betheematt@viadabfertednsmiasibhal | y

transmts data, frane n fra on th r [ i ste 32 The 25
bhon’ ot ot JMe BBl thit Sxeote & frate ki éﬁ 5@) Hheisg dBs Thinots
derodul &t eqgih Pt Ashiie tRehdxd (ela 3 @ ceSOAé shammﬁfmd BSC
may receive ot enodul ated frames for t ere tetermna from ot

base st at |tbe$ecpud1mnsmwdnmﬁ thenAckiNak veptodesriithtedinbity ohﬂnesfeedbaclBSC

gener at es 30 Ack . .ar.a Na or The BSC.then sends the Ack/ Nak
U0 the. basdindeah feSh oraP R oriancBot e RPRRIAR o Ack/ Nak to t he

remote ternoad] dwi aRdalterABBv& BndcdiRnb 3Bk ddth ﬁé“rhés@?érfﬁt%en‘t *becketavt e
term nal does not receive the Ack/Nak transmtted du frame k+1.

However, tHBeMBRCNARME e hEs® starsandthy esbmwswqen @Fopp the basaat a

frame t1 ansgf%@ ed in frame k is transmtted a second tine during frame
k+2, an gLi ved by the renpte termnal (step 540). If a Nak is

recei ved, tneso]enpi@. BArlglarkﬁbgn‘a@h ilRRtatihg dnecieiondedyrhearedieridiny Wikt
available transm ssion tine, which in this exanple is franme k+3 (step
542). O hershash ackmewiesigmentsdelay i Fag r?mierfﬂrana{hémhé&x tipRsEitsy ar@tan t he

sequence. As, SRy, | s %: qc%Bnum;H%?éﬁ"iiﬁBdn{f msah%?%v&&% ﬁ%/(é\lgb

| mproves the rel 1 abi can’ resu N
per f or mances f)r Ftdrethrsemeamplel itimk dafalfhZfle lbrreaelvadtmrelnmrlatehebbed|snaatiﬁn the
datafr% ar e he BSC fromth q_%se station,

t
Ack/ NaKi s \%@ﬁg,ﬂgg%agga%%W%dggggtframe +1 (step 614? e remote termina aso
monitors the F-CPANCH for an Ack/Nak message for each data frame

transmitted on the reverse link. The remote terminal continues to transmit a
data frame with a sequence number of one in frame k+1 (step 616).
[1081] Upon receiving the Nak in frame k+1, the remote terminal retransmits
20 the erased frame with the sequence number of zero, in frame k+2 (step 618).
The data frame transmitted in frame k+1 was received correctly, as indicated by
an Ack received during frame k+2, and the remote terminal transmits a data
frame with a sequence number of two in frame k+3 (step 620). Similarly, the
data frame transmitted in frame k+2 was received correctly, as indicated by an
25 Ack received during frame k+3, and the remote terminal transmits a data frame
with a sequence number of three in frame k+4 (step 622). In frame k+5, the
remote terminal transmits a data frame with a sequence number of zero for a
new packet (step 624).
[1082] FIG. 6B is a diagram illustrating an acknowledgment sequencing with
30 long acknowledgment delay such as when the remote terminal demodulates the
Ack/Nak transmission based upon the retransmission of the Ack/Nak as
described above. The remote terminal initially transmits a data frame with a
sequence number of zero, in frame k, on the reverse link (step 632). The data



10 station. [1080] FIG 6Ais a diagramillustrating an acknow edgnent
sequencing with short acknow edgnent delay. The renote terminal initially
transm t swe odatsmes frane with a sequence nunber of zero, i RCrrEsaBoH71 on the
reverse linfKo{sstep 612). For this exanple, the data frane is received in
error at the base station, 15 which then sends a Nak during frame k+1 (step
614). The renote termnal also nonitors the F-CPANCH for an Ack/ Nak
nmessage for each data frame transmitteg3on the reverse link. The renote
termnal continues to transmt a data frane with a sequence nunber of one

in frame k-flanetiepesaigpd inaysar atuhenbase stationy whieh NBRn isendsaadNakistep he

of 2eror | BRI adodE BRble; HhcSe e ohbBE Rrdtes il Bo B R KB 1
was recei veehraerk & tlaynsnated it fdmay k+2n Fek remoté \tednital icootifiuesnto k+2,

and the renote termnal transpmts a data franme with a sequen;:f nunber of
two in frarf@nsmt pgdaly fegrog wity aisegpepce pyabesAf o indameishister §36)

frame kg2 ' : alel Q&ezp@z”f‘s.‘fe | ved during
frame k 3,%&?%@?@%@'&% g%&ﬁhﬁgpéépgﬁfy%??gﬁgoﬁﬁra rame V\Fnstgﬁgja sequence
nunber of t[h088] i nFbr thie ekarhplestthe ré@dle tdrmihalaeeeives theé INak indrarhe A&+2; m nal

transmts data fra with a sequence nmber zero for a, new packet
(step 624) bu oo abico TSt DecTasAt AT &f i EXLFRaRRIss R aRTuAL
sequenci ng mg%gfjéﬁ{é }me%s}gﬁ%ha Ergagﬁ.ﬂs %@Wra?ﬁé%ﬁﬁa%ﬁﬂ?hé@nbﬁ%%f

term nal deno tes the A transm ssi on based upon
ret ransnm sdhme ioffrarhe kASKAERKO4AD). Addeané ked, thieoemotd erminaloetanemits tiae

initially t it ta f ith of zerq, in.f
" on-tihe 1459858 Farnd P seuence Tethe S 4ER BN BRDl s Bee Ak dpR 181 "
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a Nak (step 6 . For this exanple, because of the |onger processing
del ay, the framefin3. Andrginge ithe datan Feime danamitted) i frame k+2 waneeeaived e

term nal contj S tr 1 t..a t J | e n one
in frame k+é%tnies%t“§paé§%5“0§?é§1 aandégg r??é‘&é%%&d;ﬁgg%ugﬁ ’egﬁ%%‘gﬁgﬁ}o(?%m in
frame k+2 (tstrimab3Bnsmitsl @8FtaFpamehwith ex aepuence humisebe zery famal new
receives the Nak in frame k+2, but is not able to retransmt the erased

frame 4P t Heackekister 844hi ssion interval.
[1084] As shown in FIG. 6B, the erased frame may be retransmitted at any

time as long as it is still available in the buffer and there is no ambiguity as to
which higher layer packet the data frame belongs to. The longer delay for the
retransmission may be due to any number of reasons such as (1) longer delay
20 to process and transmit the Nak, (2) non-detection of the first transmission of
the Nak, (3) longer delay to retransmit the erased frame, and others.
[1085] An efficient and reliable Ack/Nak scheme can improve the utilization
of the reverse link. A reliable Ack/Nak scheme may also allow data frames to
be transmitted at lower transmit power. For example, without retransmission, a
25 data frame needs to be transmitted at a higher power level (P4) required to
achieve one percent frame error rate (1% FER). If retransmission is used and is
reliable, a data frame may be transmitted at a lower power level (P2) required to
achieve 10% FER. The 10% erased frames may be retransmitted to achieve an
overall 1% FER for the transmission. Typically, 1.1-P2 < P4, and less transmit
30 power is used for a transmission using the retransmission scheme. Moreover,
retransmission provides time diversity, which may improve performance. The
retransmitted frame may also be combined with the first transmission of the

frame at the base station, and the combined power from the two transmissions



Instead, the renote termnal transmts a data frane with a sequence nunber
of three in frame k+3 (step 640). At frane k+4, the renpte term nal
retransmwe o2hesedd erased frane with the sequence nunmber @CTASPL0{13t ep 642)
since thisghg@ge is still in the physical layer buffer. Alternatively, the
retransm ssion may be in franme k+3. And since the data frame transmtted
in franme k+1 was received correctly, as indicated by an Ack received
during frame k+3, and the renote termpal transmits a data frame with a
sequence nunber of zero for a new 15 packet, (step 644). [1084] As shown in
FIG 6B, tfeakalsedmpreberagmaice. eThereQﬂmblamgamam}lovwa%raé@dﬁfﬁ{ge 8 it
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10% er ased dlpaated arEyFtlabl oref DO therdthedm-4dPCevemay beousedita sandppBRIf or
the trgpsm ss < P1, and less transmt 30 power is

|
used f aCPPE{ﬂQW%%@D{B‘ﬁ f&ﬁ%%‘?mn? transni ssi on scheme. Moreover,

retransm s§4087]Pr oM 8ge |ﬁ1'plé?néhféﬁbﬁl ihe (e¥hi, d00"BYs) power eoReof eiamivies The
retransmtted frame may al so be conmbined With the first transm ssion of the

frane at thsegdoadiysttherfransmeit pﬁweé@ﬁ@%é@/%éﬂélﬂkfnﬂmn tfhe trapsmit power
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power d8nt b8l a‘ﬂJgSt@S’p@'@f‘géﬂ'th the pilot hshexdetip foregel nosyRilgt el maAvsbean be
achi eved Vigya40&h0-sigitifig. This implementation does not provide flexibility to quickly

adjust the transmit power of different channels.
[1088] In one embodiment, the forward common power control channel (F-
CPCCH) may be used to form one or more power control subchannels that may
20 then be used for various purposes. Each power control subchannel may be
defined using a number of available bits in the F-CPCCH (e.g., the m™ bit in
each frame). For example, some of the available bits in the F-CPCCH may be
allocated for a 100 bps power control subchannel for the R-SCH. This R-SCH
power control subchannel may be assigned to the remote terminal during
25 channel assignment. The R-SCH power control subchannel may then be used
to (more quickly) adjust the transmit power of the designated R-SCH, e.g.,
relative to that of the pilot channel. For a remote terminal in soft handoff, the R-
SCH power control may be based on the OR-of-the-downs rule, which
decreases the transmit power if any base station in the remote terminal's Active
30 Set directs a decrease. Since the power control is maintained at the base
station, this permits the base station to adjust the transmitted power with

minimal amount of delay and thus adjust the loading on the channel.



bps) power control channel, which may be partitioned into a nunber of power
control subchannels. For exanple, a 100 bps power control subchannel my

be defi newoandéissed for the R-SCH |If the renote term nal Poagisonosibeen

al l ocat ed @¢frggCH or F-DCCH, then the F-CPCCH may be used to send power 10
control bits to the renote termnal. [1087] In one inplenentation, the
(e.g., 800 bps) power control channel is wused to adjust the transmt power
of the reverse link pilot. The transmt2gower of the ot her channels (e.g.,
the RRFCH) is set relative to that of the gllot (i. particul ar
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Active 30 %eﬁb@tulﬁ@itswe dedcRanRel ﬁiaycsetdsedomﬁre@olﬂw ebmicte reiMinail ned at
the base station, this permts the base station to adjust the transmtted

power with temmrwy sirpURaNYPisgiay Adin Net anafhest emhedm%raﬁ e dgmaie
channel . ﬁﬁ %@?xﬁ’%ﬁ appg[ey/ el %eﬂ? btdce &Q%Sdlﬁelrgﬁplntg Eaﬁngqgté}gﬁﬁr
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st th
transmlp pamyeroponifel Rulaghanyel amﬁar%"F’@u‘P%rp%{Hﬁﬁﬂ?é‘('Bt%a nymjgr of "sub-

subchannels”, each of which may be used in any of the manners described
above. The sub-subchannels may have the same or different bit rates. The
remote terminal may apply the power control immediately upon receiving the
command, or may apply the command at the next frame boundary.

20 [1090] The ability to reduce the R-SCH transmit power by a large amount (or
down to zero) without terminating the communication session is especially
advantageous to achieve better utilization of the reverse link. Temporary
reduction or suspension of a packet data transmission can typically be tolerated
by the remote terminal. These power control schemes can be advantageously

25 used to reduce interference from a high rate remote terminal.

[1091] Power control of the R-SCH may be achieved in various manners. In
one embodiment, a base station monitors the received power from the remote
terminals with a power meter. The base station may even be able to determine
the amount of power received from each channel (e.g., the R-FCH, R-DCCH, R-

30 SCH, and so on). The base station is also able to determine the interference,
some of which may be contributed by remote terminals not being served by this
base station. Based on the collected information, the base station may adjust

the transmit power of some or all remote terminals based on various factors.



5 dB, or sone other value). In another enbodi nent, the subchannel may be
used to direct the renote termnal to reduce or increase transmt power by
a large wWOep/¢®oy., 3 dB, or possibly nore). In both enb@dirnsnt/esi7t he

adj ust ment g¢piggt ransmt power may be relative to the pilot transmt power.

I n anot her enbodi nent, the subchannel nmay be directed to adjust the data
rate allocated 10 to the renpote termnal (e.g., to the next higher or |ower
rate). In yet another enbodinment, the 28bchannel nay be used to direct the
renmote termnal to tenporarily stop transm ssi on. in yet another
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the transmrefgromes. of sonme or all renote term nals based on various
factors WD 02/ 065664 PCT/ US02/05171 010189 26 For exanple, the powe
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perfor mancene RGHHH (dNA@NPHe b3BE SBtiBR- mEBSURAMMe level of the R-PICH,

compares it to a threshold, and then determines whether to increase or
decrease the power of the remote terminal. The base station transmits a bit to
the remote terminal instructing it to increase or decrease its output power. If the
20 Dbit is received in error, the remote terminal will transmit at the incorrect power.
During the next measurement of the R-PICH level received by the base station,
the base station will determine that the received level is not at the desired level
and send a bit to the remote terminal to change its transmit power. Thus, bit
errors do not accumulate and the loop controlling the remote terminal’s transmit
25 power will stabilize to the correct value.
[1094] Errors in the bits sent to the remote terminal to control the traffic-to-
pilot ratio for congestion power control can cause the traffic-to-pilot ratio to be
other than that desired. However, the base station typically monitors the level
of the R-PICH for reverse power control or for channel estimation. The base
30 station can also monitor the level of the received R-SCH. By taking the ratio of
the R-SCH level to the R-PICH level, the base station can estimate the traffic-to-
pilot ratio in use by the remote terminal. If the traffic-to-pilot ratio is not that

which is desired, then the base station can set the bit that controls the traffic-to-



control is perfornmed in a manner to achieve the desired system goal s.

[ 1092] Power control nay be inplenented in various nmanners. Exanple 5

i mpl ementwDiooneS6ed € described in U S Patent No. 5,485, 486 pcenisnr/bzaad " METHOD
AND APPARATIY81950R CONTROLLI NG TRANSM SSI ON PONER IN A CDVA CELLULAR MOBI LE
TELEPHONE SYSTEM " issued January 16, 1996, U.S Patent No. 5, 822, 318,
entitled "METHOD AND APPARATUS FOR CONTROLLI NG PONER | N A VARI ABLE RATE
COVMUNI CATI ON 10 SYSTEM " i ssued Oct obe2713, 1998, and U. S Patent No.

6, 137, 840, itl "NVET. ND. APPARATUS.FOR ,PERFORM NG FAST..P )
oo %) R et TocoR T A PleRrep i TS NG B SETCoRBLioRde bt |

assi gned t qytd8. assi gnee of the present application and incorporated herein
by reference. 15 [1093] In a typical nethod of power control that is used
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another embodiment, the congestion control subchannel is implemented as a
"sub-subchannel" of the R-SCH power control subchannel. In yet another
embodiment, the congestion control subchannel is implemented as a
subchannel different from the R-SCH power conirol subchannel. Other

20 implementations of the congestion control subchannel may also be
contemplated and are within the scope of the invention.
[1097] The remote terminals in the group may have the same category
service (e.g., remote terminals having low priority available bit rate services)
and may be assigned to a single power control bit per base station. This group
25 control based on a single power control stream performs similar to that directed
to a single remote terminal to provide for congestion control on the reverse link.
In case of capacity overload, the base station may direct this group of remote
terminals to reduce their transmit power or their data rates, or to temporarily
stop transmitting, based on a single control command. The reduction in the R-
30 SCH transmit power in response to the congestion control command may be a
large downward step relative to the transmit power of the pilot channel.
[1098] The advantage of a power control stream going to a group of remote

terminals instead of a single remote terminal is that less overhead power is



pilot ratio to correct for the discrepancy. Thus, there is a
self-correction for bit errors. [1095] Once a renpte term nal has received
a grant fwpoeleséRr SCH, the renote termnal typically tramemiuss2/egi7t he
granted ratogo{sor below in case it 5 doesn't have enough data to send or
does not have sufficient power) for the duration of the grant. The channel

| oad fromother renbte termnals can vary quite quickly as a result of
fading and the like. As such, it may be28ifficult for the base station to

estimate the | oadin recise I p advance. [1096] I n, enbodj, ment
eongest i ofeaiBse endbR Povaltnin b BUFSHE e BoWES conel SederD Baner Be
group of 1 g{Rb® thAMtAL AP pbWer SREITAB powér édHtFol st@afh ch betagLAf a
single renote termnal nonitoring the power control subchannel to control

t he R-SCH, ta the qowert of tepnermalrpowen eomtbeli steeam Hisedctntheocortigictharpilat .

{ransht soi GangeElorPhE EABOREtactth tfartinbines MR uffs Rl okt Bimsres 1
i's i npl gnenstgbrivtam deReninf\Bie PMBtEQErmnBFIARBYYroup Bthifrequiréeitd Geltest! n

anot her enbodi nent, the congestion control subchannel is inplenented as a
" sub- subch@mvedringts paena Bavepheorirolceiraans|anstheiHse (this| ppwedt toaliansrait
enbodi nment , | : Is inplenmented as a
subchannel tgéE?g{é@%ﬁﬁﬁbt@?g%%@Ergaqﬁggﬁé\fe@gﬂﬁ Ifol subchannel . Qher 20

i mpl enent at[i1099] of Fike Tdsgestidvwndizgranolthat bithstrates sayarbble bate data
contenplated and are within the s_co?e of the invention. 1097L6The_ renot e

terminal s itRNSAUSHPBAY feyRreE Wik fastRonggslign coNrel iy AEEOTIENGE WiKteAB! o
Lerm nahs, RRbOAma 8 IRl idverfeRt | ZhlrcPie eRrSECER)ine RISERY (e

assigned to a single power control bi ase station. roup
control bagerhale termimall teampsmits incetaostasce evith [ibe fdatasrate ngraated @n tthat

the rever sdyare Syolezaansl Gighasl A4S SoBmRaL iy UesSads SREMMihey ! "
direct this,gLeWratt &Eamt6n is PYeMnittdd ohtheRUSEH! §é refiodd $éinhinBP YRRy OF

their data rates, or to tenporarily stop transmtting, based on a single
control cortrensthit ahany eoe of aownbentdfpermitedSdatatratasni t power in response

oo e AENSRHAET, RO R R o s S8 SR BB e
control st rmiod8uBehadnal, HiéhAnGn eATBYEMeher thieN@infotenehatl @td)'@s@itﬁel e
renote termnal is that | ess overhead power is WO 02/ 065664 PCT/ US02/ 05171
traffic-to-pilot ratio based upon the bits received in the congestion control
subchannel. If variable rate operation is permitted on the R-SCH, the remote
terminal checks the current traffic-to-pilot ratio. If it is below the level for a lower
20 data rate, then the remote terminal reduces its transmission rate to the lower
rate. If it is equal to or above the level for a higher data rate, then the remote
terminal increases its transmission rate to the higher rate if it has sufficient data
to send.
[1101] Prior to the start of each frame, the remote terminal determines the
25 rate to use for transmitting the next data frame. Initially, the remote terminal
determines whether the R-SCH traffic-to-pilot ratio is below that for the next
lower rate plus a margin A, at step 712. If the answer is yes, a determination
is made whether the service configuration allows for a reduction in the data rate,
at step 714. And if the answer is also yes, the data rate is decreased, and the
30 same ftraffic-to-pilot ratio is used, at step 716. And if the service configuration
does not allow for a rate reduction, a particular embodiment would permit the

remote terminal to temporarily stop transmitting.



010189 28 required on the forward link to support the power control
stream It should be noted that the transmt power of a bit in the power
control swopeamswen be equal to the power of the normal peeEUSenoRIrDI
stream use@1dmot he control the pilot channel for the renpte term nal that
requires the nost power. That is, the base 5 station can determ ne the
renote termnal in the group that requires the greatest power inits

nor mal power control stream and then us@Sthis povver to transmt the power

Tt 111 ust1408E oBook RBRD 1 4R Sam stk ool rafo [snSlvesth ol e

congest i on kO RkPlower HA& PRI theiafgiAh ] QMhaﬁm iheltiRaddugnbi on.

During the transmssion on the R-SCH, tThe rénote termnal transmts in
accor dance whethet tree %S@H bfafflogiroaprlcﬁdatm is rgaeeaﬂée\tbms ¢hBupp tieereiext higbieannel

Assignrrentég Wg/é e (RSAMM.. va{ bIe eration is permtted

on the R SEAta % 3 dRRRdiA GRnT 16t 1aige HRSWET 4 NFfe? of
' d I

perm tt§ t%%té&rﬁlﬁéﬁén |slﬁla[dje1\96 thek tﬁ%%ﬁanneFSnﬁ@rEhBﬁ AlISWEf ﬁ?b%‘ahﬁ&eg%’n

assi gne congestion con n an e i ment
renot e ter rim rhiag cmdha wstes dt fsdep t726f f And tifothe ianJ$weratS| alsbasesd thg tnanshesdion s

received in the congestion control bchann varjable r oper ation
o per m t t dateoks IDRBAREYCRNY e SARIRRMCHEHIGR It el SEsl BN ST 2endihd
traffic-toypb 's%Fwéé‘beﬂ?drfatlbﬁ does bRt Aol T8r he¥Rl inkRiase, ltr%ﬂf?émafé @athfhd at e,

then the renote termnal reduces its transmssion rate to the lower rate.
If it is edwsismits airthelwovrent ratel evel for a higher data rate, then the

renot e eases tts transm.ssion rate tp.the hi her it
nas suffi clinf8t . B SRR dipdtaly BSPRst LRk PeRghinal ek BLBRRSPIEHEN | he
renot e ter ph§iedorflR) VFThE ST CibtHeeft frAmes Qithelt ARRRsST dontrdd of fife Rext
data frane. Initially, the renote term nal det er mi nes whet her the R-SCH

traf fic-to-gfHothe Hsewves-themnaal atHhe Base stedionasaries| oaee widely, grxeeedingar gi n

ser vi ce. cont Jeries e RRTG o Te¥ei iy, 211Gk piRoDRL it e (R, 11
714. And lfmé%&e@tm\mrpér&:rﬁiéﬂﬁe)’dégretdwoﬁafoa that gatiastrdesmésstamts frond théle 30
sanme traffic-to-pilot ratio is at step 716. And if the service

confi gibat .r@mot@é%rgnlﬁals),aamwalhm uadeafiesw@tauiéeTqy@r-ﬂaerﬁ@ltlﬁ\ﬁl|ta'_raém@ai ment
woul d permt, 508 in B 6iHe?itdtdAted Reb@TRG iR Uhb¥r-SHifRbh BTN Hldide link

resources). In contrast, on the right frame, with fast control of the R-SCH, the
rise-over-thermal at the base station is maintained more closely to the desired
rise-over-thermal level, which results in improved reverse link utilization and
20 performance.
[1104] In an embodiment, a base station may schedule more than one
remote terminal (via SCAM or ESCAM) to transmit, in response to receiving
multiple requests (via SCRM or SCRMM) from different remote terminals. The
granted remote terminals may thereafter transmit on the R-SCH. If overloading
25 is detected at the base station, a "fast reduce” bit stream may be used to turn
off (i.e., disable) a set of remote terminals (e.g., all except one remote terminal).
Alternatively, the fast reduce bit stream may be used to reduce the data rates of
the remote terminals (e.g., by half). Temporarily disabling or reducing the data
rates on the R-SCH for a number of remote terminals may be used for
30 congestion control, as described in further detail below. The fast reduce

capability may also be advantageously used to shorten the scheduling delay.



WD 02/ 065664 PCT/ USO02/ 05171 010189 29 [1102] Back at step 712, if the
R-SCH traffic-to-pilot ratio is not above that for the next |ower data
rate pl uswohe/nemsgin A,. W a determnation is next nmade a®crwsSompEarher the
R- SCH traf fohotdgo-pil ot ratio is greater than that for the next higher data
rate mnus a margin Ahigh, at step 718. If the answer is yes, a 5

determ nation is nade whether the service configuration allows for an
increase in the data rate, at step 72030And if the answer is also yes, the

transm ssiqQn te i s ipcreased, and the sane traffic-to-pilot ratio is
used. at 5448085, “Wikn e FERBH i PiinelScaRy PoL N se asBE et b ohisdr o
rate increagsiodd e dRRidiedR Nithich! FNS térmAhal e tABT iRJat ddlatadéd
[1103] FIG 8 1s a diagramillustrating inprovenent that na_l\{abe possi bl e

with fast (efficiant) tootise te FeVETHe litk capacityefriayt bamadenst theuBTanyT eagtost
control of e R S t he. rise-oyer-thermal h stati rLes
e i dol FTiGRRGteie i ey i bEdHad o kiRt iy s ShelEpke:
amount 5n 8ROy AREdled. Wit rerfiBle tefitldl sighaRethbosrtrories Sedliaptbaen for
the data transm ssions fromthe 15 renote termnals), and falling under

desired ri s¥-possiblyt Wbemsomeoier pgmate targénal bgsomes mareseffisiest.Hbe ack¥e ances

(resulting.i - Ot i L l; er. i

Cont rast | oRMAtE el phA ey He ASHOEYTHEoe KharhERTef fitkgasd the

ri se-over - tthejugihbubdf theaebase likati on is nmaintained nore closely to the
desired rise-over-thermal |evel, which results in inproved reversg | i nk

utilizatiod1406l 20 genirashdREa Usuabspt up %aeﬁ@%a!ﬁﬁﬁﬁﬁys&e@aﬁ% & on

may schgdul et ha I i | :

anoniD - farBiSsoR Ead Mty SEIP S iBb IRyl 5imesbi, Widimap ke, )
from di f f erseweralefratnest from cahposiite to glesudinl ragntheerémote terhnalaio get
thereafter transnit. Qqn the R-SCH |f overloading 25.is,detected at base
Satton Ch dorass ToigdonsdHaa Ceustn ABRTRS GO, 21 the RaSE SfAten &' BSEY

di sable) a fisi t Al o ; haal ) .
N tornat i vapSorRiwitrETRIEsS BB tongdr o el B e B
rates of tremate teytrénalis chanales cordition (6. Hbefrgversedipktanget pilefi Ee(tNoHg) or
reduci ag t he d:;[\ at es,,on the

el S S i 0 e e SRl DRl b D™
l@ﬁe; 3|S|t né‘?fddigiiﬁgi 'tﬁépb%*%@ dthiomRY tikd TPdbEr idsaty aeenshon veedréncs Biriceea t he
remote terminal often claims it has a large amount of data to send to the base
station when requesting the R-SCH).
[1107] Referring back to FIG. 2, the elements of remote terminal 106 and
20 base station 104 may be designed to implement various aspects of the
invention, as described above. The elements of the remote terminal or base
station may be implemented with a digital signal processor (DSP), an
application specific integrated circuit (ASIC), a processor, a microprocessor, a
controller, a microcontroller, a field programmable gate array (FPGA), a
25 programmable logic device, other electronic units, or any combination thereof.
Some of the functions and processing described herein may also be
implemented with software executed on a processor, such as controller 230 or
270.
[1108] Headings are used herein to serve as general indications of the
30 materials being disclosed, and are not intended to be construed as to scope.
[1109] The previous description of the disclosed embodiments is provided to
enable any person skilled in the art to make or use the present invention.

Various modifications to these embodiments will be readily apparent to those



WO 02/ 065664 PCT/ US02/05171 010189 30 [1105] Wien the renote termnals
are not in soft handoff wth other base stations, the decision on which
renot e t ewoiopabsebs t he nost advantaged (efficient) to usecrhsor/eser se |ink
capacity mayof¥® nade at the BTS. The nost efficient renote term nal may
then be allowed to transmt while the others are 5 tenporarily disabled. If
the renote termnal signals the end of its avail able data, or possibly
when sone other renote term nal beconmes3fdore efficient, the active renote

term nal can_quickly be ch ed. These, schenes_may .i hcy ease t he hr oughput
of e 1 evEKIEY ke FL108] W GeBRTE RTINCHIGT O2TTN oS Ty b aRo B 000
system a RyitbmbBalrh S WRTA MRS ionF 4K Spift of seBo¥Ict the¥fVention,
nessaging,ﬁahlc mkggrﬁakequngra mgﬂéén?ron1€ohposin8 to gecoé?ng at the
renot e terdims, the pgesentdoverstion Ehnet Indended dzbaylinied éds the srhizadimentg e. g. ,
at the base station .or, BSC) to work w 1). less reliable, |pnger-term

ot edi ot | onShRGLNETHE BRY 1oy Brordhs e WigeSE Sehpnfonsiuenh (e the’
condi tign ( 'tn%ipl?]é hRd heveriestdred bidchiseathdtbinot Ec/ (No+l 0) 15 or set point),
or (2) gaps in'the reverse link utilization when a renote term nal _
notifies the base station of the end of its data (a commbn occurrence since
a renote t Lnal .af aj it.ohas a large anobunt of data to send to

t he base Jﬁi?ygn “ﬁé&$?§3ﬂé§ﬂﬁﬁgl§he R-SCH). [1107] Referring back to FIG
2, the elenents of renote termnal 106 and 20 base station 104 nay be
designed to inplenent various aspects of the invention, as described
above. The elenents of the renote termnal or base station may be

i npl enented with a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a processor, a microprocessor, a controller, a
m crocontroller, a field programmabl e gate array (FPG), a 25 progranmabl e
| ogi ¢ device, other electronic units, or any conbination thereof. Sone of
the functions and processing described herein may also be inplenmented with
sof tware executed on a processor, such as controller 230 or 270. [1108]
Headi ngs are used herein to serve as general indications of the 30

mat eri al s bei ng disclosed, and are not intended to be construed as to
scope. [1109] The previous description of the disclosed enbodi nents is
provided to



enabl e any person skilled in the art to make or use the present invention.
Various nodifications to these enbodinents will be readily apparent to

t hose WO WD/00B&®64 PCT/ US02/ 05171 010189 31 skilled in wea/sor/osiand t he
generic prigieidsl es defined herein may be applied to other enbodi nents

w t hout departing fromthe spirit or scope of the invention. Thus, the
present invention is not intended to be limted to the enbodi nents shown
herein but is to be accorded the w dest 32cope consistent with the 5
principles and novel features disclosed herein. [1110] WHAT IS CLAIMED | S:
WD 02/ 065664 PCT/US02/ 05171 010189 RLAMSMS 1. A channel structure
capabl e of supporting data transm ssion on a 2 reverse link of a wirel ess
comuni cati on system conprising: a reverse fundanmental channel

configurable to {r a”%&"chaﬁﬁélastﬁﬂﬁuredf ééélﬂé”o'f 30p Gﬁﬁwge%étﬁ"@éﬁﬁmgélﬂh orfa

reverse suppl enental channel assi gna e and con Igurable to 6 transmtted
packet @at aenersehmkraf\aewselelssm:lomraumneabmrseysiem comptisingiel configurable to
transmt signalin ntrol

Chane ! conl oLty TRl tal B Ceeﬁgﬂwb‘?ﬁv%pg@s“@ﬁﬁa| -

for the4r evysglingl dikthiedrevardealidid; cul ar renote termnal, wherein 12 the
first power contfol streamis used to control the transmt power of the
reverse suppl enghtr@vessargiiplpmesdabioianneh assignable ansdt eandigurablet fer

reverse I| n the s nd control streamis used to
control E%ﬁgﬂﬂ?gp?QQ%%tQCWeﬁggFV%%gmhe reverse suppl enental channel.
2. The channel ¢ roeérseecontrel dhahiel vbsfigurabld@oSREASRIPSIYREING BPNhéE Ol
streamis used to control the transmt power of the reverse suppl enent al

channel 8r elrgYerse link; @8Adt of a desi gnated reverse |ink channel .
a forward power control channel configurable to transmit first and second

10 power control streams for the reverse link for a particular remote terminal,
wherein
12 the first power control stream is used to control the transmit power
of the reverse supplemental channel in combination with at least one
14 other reverse link channel, and
the second power control stream is used to control a transmit

16 characteristic of the reverse supplemental channel.

2. The channel structure of claim 1, wherein the second power
2 control stream is used to control the transmit power of the reverse supplemental
channel relative to that of a designated reverse link channel.

3. The channel structure of claim 1, wherein the second power

2 control stream is used to control the data rate of the reverse supplemental

channel.
4. The channel structure of claim 1, further comprising:
2 a forward acknowledgment channel configurable to transmit, on the

forward link, signhaling indicative of received status of the packet data

4  transmission on the reverse link.



3. The channel structure of claim1l, wherein the second power 2 control
streamis used to control the data rate of the reverse suppl enent al
channel . W0 o0Theséehannel structure of claim 1, further compCirdisnzos121 a
forward ackpeweedgnent channel configurable to transmit, on the forward
l'i nk, signaling indicative of received status of the packet data 4
transm ssion on the reverse |ink. WO 02/065664 PCT/US02/05171 010189 33
5. The channel structure of claim4, wh8Bein the forward 2 acknow edgment
channel is configurahle to transmt an ackpow edgnent or a n gat]j ve

\é\‘(gl @1 forward

acknow edgnment for eadte t FARLALL (tUEtHIe PFa rzﬁhé‘_”?%’\%ms _
suppl emgnt aéckfxB@?%l?dfneﬁt cHahdl hé%ﬁ&gé@é)ﬁ?ﬁ‘ 'Er%n@hi%ﬁ'd&ﬁow%r@é({ﬂ &g

acknow edgnen negative ackno or each transmt dat a
frame is tmegativet ackrowlgdgnednitt fpr cdadh ressoittededdtar frame aokihewresdgsent
channel . 7. The chanpel structure of claim1l, wherein the reverse control
2 chann8l i%‘%&ﬁ‘?@@ﬂé‘ﬁ@@o transnit signaling used to assign and
de-assign the reverse supplenental channel. 8. The channel structure of
claim1l1, further conprising: 2 a reverse rate indicator channel

confi gurabl e to &ransie channdlstiuciuwresd claimmk, whergindlée esknewledgmend oa

packet data transm Ssio n the reverse link..9, A channel. struct.ur

capabl e“of 'X?t?%%ggagmeéﬁsfﬂ{ £&C ntr%rﬁsrgltte? P@\tﬁe?rsaén?i'ﬁar%s 'H\?Agr%l ess
comuni cat IgikafiiSdfaihes 6ARKE $orddird @ckﬁ&@l@ﬂ?ﬁéﬂﬂ@hﬁﬁﬁél@' channel
configurable to'transmt data and 4 signaling on the reverse link; a

reverse suppl enental channel assignable and configurable to 6 transmtted

packet data on le oMl 3RabhBK sifich e Eiaffl | RnefFORANER (SRILL Uil e to

transmt signalirng on i nky "and ‘a’ T orwar d power —contr

channel 2cordhagnenisl eoriflyuraiblesiol trarfgmis sighating eseddo ddsigroaad desassigh tisé r eans
for the reverse link for a particular renote termnal, wherein
reverse supplemental channel.

8. The channel structure of claim 1, further comprising:
2 a reverse rate indicator channel configurable to transmit on the reverse

link information related to a packet data transmission on the reverse link.

9. A channel structure capable of supporting data transmission on a
2 reverse link of a wireless communication system, comprising:
a reverse fundamental channel configurable to transmit data and
4 signaling on the reverse link;
a reverse supplemental channel assignable and configurable to
6 transmitted packet data on the reverse link;
a reverse control channel configurable to transmit signaling on the
8 reverse link; and
a forward power control channel configurable to transmit first and second
10 power control streams for the reverse link for a particular remote terminal,
wherein
12 the first power control stream is used to control the transmit power
of the reverse supplemental channel in combination with at least one
14 other reverse link channel, and
the second power control stream is configured to control a

16 transmit characteristic of a group of remote terminals.



12 the first power control streamis used to control the transmt power of
the reverse suppl enental channel in conbination with at | east one 14 other
reverse |wol2obsannel , and the second power control streampc3/usornéilgured to
control a gkpidoransmt characteristic of a group of renote termnals. WO
02/ 065664 PCT/ US02/ 05171 010189 34 10. The channel structure of claim9,
wherein the second power 2 control streamis used to simlarly control the
transmt power or data rate of the grogg of renpte termnals. 11. The
channel structure of claim9, wherein the second power 2 control streamis
used to enabl e and di sabl e transm ssions on reverse supplenental channels

assi gned 10 the g5 0UPHR cHERRBP shERIZbE olaith of (TRIBRS thE"sddfR Bbvet N

data on a reverse 'link of a Wwreless 2 communi tati em co I'SI ng:
transm 2t i nnérol stteamaoit weddomimilady ceniolsthel trarksmit powed at aatzheateaf the 4
tenporarily retaini ng t he dat]a frame in a buffer; nonitoring for a nessage
on a forwardoVP Ok "eRAICRITNAIS: received status of 6 the transnitted data
frame; and processing the data franme based on the received nessage. 13. The
met hod of claim 12, wherein the processing includes; 2 retransmtting the
data frane if tHd.nesEBegehandet stresturkaof cham Oy aviseriein dbe deaconid powenas

i tl ived. 14. Th th f cl ai. , . Wh in th i
ol uded:  PANGS ey 5 aisat I 1SHARS 2 S diRROE HRBEMSions nlcEpEse 0
i ndi cates tdigplerh&tal £RdMTEIS b@@lgﬁi@&@ofﬁeagﬂ%uwlréﬁfdt@férwnélepei ved. 15. The

met hod of claim 12, wherein the processing includes; 2 retaining the data
frame in the buffer if the nessage is not properly detected. 16. The

{ranam asi on of e rbstafies BRBRTAENS PR Ch B a8 Wirelnes
based op onwnwfuARaton éygt@ﬁﬂiﬁ%ﬂfbr@@ages for the data frane.
transmitting a frame of data on the reverse link via a data channel;
4 temporarily retaining the data frame in a buffer;
monitoring for a message on a forward link indicating a received status of
6 the transmitted data frame; and

processing the data frame based on the received message.

13.  The method of claim 12, wherein the processing includes;
2 retransmitting the data frame if the message indicates that the
transmitted data frame was incorrectly received.

14. The method of claim 12, wherein the processing includes;
2 discarding the data frame from the buffer if the message indicates that
the transmitted data frame was correctly received.

15.  The method of claim 12, wherein the processing includes;
2 retaining the data frame in the buffer if the message is not properly
detected.

16. The method of claim 12, further comprising:
2 monitoring for a second transmission of the message;

wherein the processing of the data frame is based on one or more
4 received messages for the data frame.



WD 02/ 065664 PCT/ US02/ 05171 010189 35 17. The method of claim 16, further
conprising: 2 conbining the received nessages for the data franme to provide
a nore rwbitabbsmwesressage. 18. The net hod of claim 12, furPherusevosari sing: 2
identifyingips transmtted data frame with a sequence nunber. 19. The

met hod of claim 18, further conprising: 2 transmtting the sequence nunber
of the transmtted data frane via a signaling channel. 20. The nethod of
claim12, further conprising: 2 identifybng the transmtted data franme as
either a first transm ssion or a retransm ssion. 21. A method for
transmtting data on a reverse link of a wireless 2 conmmunication system

conprising: trangm tttH@m’étﬁd@Bﬁclgfmqu ﬂjrméfrtrcgﬁgr%w@:se link via a data

channel; 4 tenporarily retaining the data Ina buffer; nonitoring
for a nmBssage orcambiningathe leicekvednliessagesyfer thecddata dithnse 40 ywotie smdre
transmtted att)a frame; retransmtting the data frane if the nessage

i ndi cat es t/RAROIEARESSEOE: ansmitted data frame was incorrectly received:

di scarding the data frane fromthe buffer if the nessage indicates that 10
the transmtted data frame was correctly received; and retaining the data
frame in the buffér i1thh@thmtebq&nnézn%mfmr@pmﬂr&singlz detected. 22. A

reverse? i ni of ey aodb8 e Bhretedo B e EENERR FBRRED 02/ 065664
PCT/ US02/ 05171 010189 36 receiving a first power control streamfor

controlling the transmt power of 4 the supplenental channel in
conbi nation witH%t I'wsmedhnd of¢aim A8y Rither comerisittinnel ;

2 transmitting the sequence number of the transmitted data frame via a

signaling channel.

20. The method of claim 12, further comprising:
2 identifying the transmitted data frame as either a first transmission or a

retransmission.

21. A method for transmitting data on a reverse link of a wireless
2 communication system, comprising:
transmitting a frame of data on the reverse link via a data channel;
4 temporarily retaining the data frame in a buffer;
monitoring for a message on a forward link indicating a received status of
6 the transmitted data frame;
retransmitting the data frame if the message indicates that the
8 transmitted data frame was incorrectly received;
discarding the data frame from the buffer if the message indicates that
10 the transmitted data frame was correctly received; and
retaining the data frame in the buffer if the message is not properly
12  detected.

22. A method for controlling transmit power of a supplemental channel

2 in areverse link of a wireless communication system, comprising:



6 receiving a second power control streamfor controlling a transm t
characteristic of the supplenental channel; and 8 adjusting the transmt
power andwohawessteri stic of the supplenental channel bas@edTarsovbda7first
and second qaovger control streans. 23. The nmethod of claim 22, wherein the
second power control stream 2 controls the transmt power of the

suppl enental channel relative to that of a designated reverse |ink
channel . 24. The nethod of claim 22, vvh@Sei n the second power control

stream 2 controls a datg rate of the s nment hann 25, The t hod
o ora 29 WhaPeR e NSk BT SSREP! SERRPIPT SorEalinG T apaal PRer of
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22, wherein the transmt power the 2 supp enent annel 1s adjusted
by a | ar gerchainepl;i n response to the second power control streamthan for
the first power control stream, 27 d of wher.ei n the

| ai m 2
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term nal s. C@,%_fa&gﬁst@émg RippfarAbMal8hatidy S suppl enental channel s for
the 2 plurality of rempote termnals are controlled in simlar manner by

t he secénd pOWEdettSilfﬂg cthe drarsmit powenandneharacteritticadf ithe sugpiplemestal
conmuni cat i syst e LiSi tra gcessor configurable
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channel , WD 02/ 065664 PCT/ US02/ 05171 010189 37 packet data on an assigned

reverse suppl enental channel, 6 signaling on a reverse control channel,
and i nf or mat i on 4%| atEhe mﬂ@PCbe:R'é‘tm et W'lef%!ﬁsihﬁ serond gawer capisplseream

ndi oat o1 SRR ind RSIY Boflet BrAASTRRREAR LAMRAB] Felbfld FE BaCora

pl urali powe streans power ~con annel

and a cont rdgsigitated es\asrse dihly chanpéled to the transmit and receive data 12
processors and configured to control one or nore transmt characteristics
of the

24.  The method of claim 22, wherein the second power control stream

2 controls a data rate of the supplemental channel.

25. The method of claim 22, wherein the second power control stream

2 enables and disables transmission on the supplemental channel.

26. The method of claim 22, wherein the transmit power of the
2 supplemental channel is adjusted by a larger step in response to the second

power control stream than for the first power control stream.

27. The method of claim 22, wherein the second power control stream

2 is assigned to a plurality of remote terminals.

28. The method of claim 28, wherein supplemental channels for the
2 plurality of remote terminals are controfled in similar manner by the second

power control stream.

29. A remote terminal in a wireless communication system,
2  comprising: '

a transmit data processor configurable to process and transmit
4 data and signaling on a reverse fundamental channel,



reverse suppl enental channel based on the plurality of power control
streans. 30. The renote termnal of claim29, wherein the receive data 2
pr ocessorwp2fersbher configurable to receive, on a forwar@caaknpodiedgnent
channel , siggo@bi ng i ndi cative of received status of a packet data

transm ssion on 4 the reverse suppl enental channel.

37
packet data on an assigned reverse supplemental channel,
6 signaling on a reverse control channel, and
information related to a packet data transmission on a reverse
8 indicator channel;
a receive data processor configurable to receive a plurality of power
10 control streams on a forward power control channel; and
a controller operatively coupled to the transmit and receive data
12  processors and configured to control one or more transmit characteristics of the
reverse supplemental channel based on the plurality of power control streams.

30. The remote terminal of claim 29, wherein the receive data
2 processor is further configurable to receive, on a forward acknowledgment
channel, signaling indicative of received status of a packet data transmission on

4 the reverse supplemental channel.



