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conputer, a laptop conputer, 25 or a personal data assistant (PDA), or it
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II. Description of the Related Art

15 Mobile computing and data access is steadily becoming available to an
increasing number of users. The development and introduction of new data
services and technologies that will provide continuous data connectivity and
full access to information is presently occurring. Users can now use a variety of
electronic devices to retrieve voice or data information stored on other

20 electronic devices or data networks. Some of these electronic devices can
connect to data resources through wires and some can connect to data
resources through wireless solutions. As used herein, an access terminal is a
device providing data connectivity to a user. An access terminal may be
coupled to a computing device, such as a desktop computer, a laptop computer,

25  or a personal data assistant (PDA), or it may be physically incorporated into
any such devices. An access point is equipment that provides data connectivity
between a packet switched data network and access terminals.

An example of an access terminal that can be used to provide wireless
connectivity is a mobile telephone that is part of a communication system

30 capable of supporting a variety of applications. One such communication

system is a code division multiple access (CDMA) system which conforms to
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Given the growing demand for wireless data applications, the need for
very efficient wireless data communication systems has become increasingly
significant. The IS-95 standard is capable of transmitting traffic data and voice
data over the forward and reverse links. A method for transmitting traffic data

20 in code channel frames of fixed size is described in detail in U.S. Patent No.
5,504,773, entitled “METHOD AND APPARATUS FOR THE FORMATTING
OF DATA FOR TRANSMISSION,” assigned to the assignee of the present
invention and incorporated by reference herein. In accordance with the IS-95
standard, the traffic data or voice data is partitioned into code channel frames
25  which are 20 msec wide with data rates as h.iéh as 14.4 Kbps.

A significant difference between voice services and data services is the
fact that the former imposes stringent and fixed delay requirements. Typically,
the overall one-way delay of speech frames must be less than 100 msec. In
contrast, the data delay can become a variable parameter used to optimize the |

30 efficiency of the data communication system. Specifically, more efficient error

correcting coding techniques which require significantly larger delays than
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The transm ssion delay required to transfer a data packet and the average
t hr oughput vahieeforfthe ecmnmtascaftthe speachifeames. drpeurmmt,éos datagervicenshee t he
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15  the transfer of a predetermined amount of data, hereinafter referred to as a data
packet.

Yet another significant difference between voice services and data
services is that the former requires a reliable communication link which, in the
exemplary CDMA cofnmunication system, is provided by soft handoff. Soft

20  handoff results in redundant transmissions from two or more base stations to
improve reliability. However, this additional reliability is not required for data
transmission because the data packets received in error can be retransmitted.

For data services, the transmit power used to support soft handoff can be more
efficiently used for transmitting additional data.

25 The transmission delay required to transfer a data packet and the
average throughput rate of a communication system are parameters that
measure the quality and effectiveness of the data communication system.
Transmission delay does not have the same impact in data communication as it
does for voice communication, but it is an important metric for measuring the

30 quality of the data communication system. The average throughput rate is a
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idealized cellular system with hexagonal cell layouts and utilizing a common
frequency in every cell, the distribution of SINR achieved within the idealized

cells can be calculated.
In a system that is capable of transmitting data at high rates, which will
be referred to hereafter as a High Data Rate (HDR) system, an open-loop rate
20  adaptation algorithm is used to adjust the data rate of the forward link. An
exemplary HDR system is described in U.S. Patent Application No. 08/963,386,
entitled “METHOD AND APPARATUS FOR HIGH RATE PACKET DATA
TRANSMISSION,” assigned to the assignee of the present invention and
incorporated herein by reference. The open-loop rate adaptation algorithm
25 adjusts the data rate in accordance with the varying channel conditions
typically found in a wireless environment. In general, an access terminal
measures the received SINR during periods of pilot signal transmissions on the
forward link. The access terminal uses the measured SINR information to
predict the future average SINR over the next data packet duration. An
30 exemplary prediction method is discussed in co-pending U.S. Patent
Application No. 09/394,980, entitled, “SYSTEM AND METHOD FOR



ACCURATELY PREDI CTI NG SI GNAL TO | NTERFERENCE AND NO SE RATI O TO | MPROVE
COVMMUNI CATI ONS SYSTEM PERFORMANCE, " assigned to the assignee of 2t/h§EP 2004
present invention and incorporated herein by reference. The predicted

SI NK det eMR Pé®162he naxi num data rate that can be 5 suppoPCEISEH1338E
forward link with a given probability of success. Hence, the open-I|oop
rate adaptation algorithmis the nechani sm by which the access term nal
requests an access point to transmt thesnext packet at the data rate

det erm ned by the predicted SINR The open-1oop rate adaptation nethod has

proven to b G@%&H&tﬁ@lﬂlb}%\&@%mm JINFEREERFINGE pavkeNOBR

hi ronment RARe S, IERONE COMRERRATIORY aris Bl pRRRMSANEE ! <°
of "the rat P B ME iR ORE R BRRARLR S Heblphidfod HERGH S "

problemis gfaefcdaThe pragitteCHNR detetfiiifled HA MaXNRNAE dh Rl Y.hatt&k'ﬁbe
requiri ng the access térmnal to 15 update its requested data rate several
ti mes per sﬂqumdted onghe foirveand lHDRWlﬂyatgmen aneb&inht:;ssf swroess) HMervaey bl make
appr oxi mat el updat per. second reasons exist, for not

i mpl ementin e?&}% & %’rhtbgbt‘%t SrP" Ipsp which #hecaccese

open-loop r y of
the SI NR %hﬁl.s‘?ﬂ H@‘&'@ B RS BHRL ol B ARSLRE)

the access d&efthitdld by die a@d SINRE cm@o?&anﬂgi itk adhpRtiof mkfbd has
under |l yi ng channel statistics. One factor that would I'ead to inprecise

channel st aplios’tenctg hesvaryeffestivbirc Rrajading @Ilhsghu tvetighpot packod elata eystam
f eedba del a access, ter,n na redi ¢t a supportable data rate
in the ear F@e VEES U lest chanpe LF‘&F@&H’ aélal‘iﬂog ¢ FRRLRme Rﬁot her
factor 25 that vaglveratle LSe bFRH Gk m@sha aBonthbdi§ ilrired by

o) cel ved ata

unpredi ctabl e, bursty "nature ata ets n a pac

cel lul ar sy&bmnplmtcf&edﬁu&d:tdelaycasme:awﬂd&ﬂm &k@.aﬂgmnismwmf thetrated mqmce
| evel s seen at the access termnal. The_ unpredictability of the
i nt er f er encigedback to heracsesspoiat. f ais dmplicit-delay preblemis expcerbased avhen

| Anat h f I
pur o open- | 45EnAERBhBIAR. SRR il PSS hed AR e e R T
ef f ect g 50f c[aQé Sts Eﬁu@mh& ratb QRvERg tinés PeF RO A0/ 1§Pi%? HDR

PCT/ USCL/ 15381
system, the access terminal would make approximately 600 updates per second.

Other reasons exist for not implementing a pure open-loop rate
adaptation method. For example, the open-loop rate adaptation method is
highly dependent upon the accuracy of the SINR estimate. Hence, imperfect

20  SINR measurements would prevent the access terminal from making a precise
characterization of the underlying channel statistics. One factor that would
lead to imprecise channel statistics is the feedback delay discussed above. Due
to the feedback delay, the access terminal must predict a supportable data rate
in the near future using past and present noisy SINR estimates. Another factor

25  that would lead to imprecise channel statistics is the unpredictable, bursty
nature of received data packets. In a packet data cellular system, such bursts
cause sudden changes in the interference levels seen at the access terminal. The
unpredictability of the interference levels cannot be efficiently accounted for by
a pure open-loop rate adaptation scheme.

30 Another reason for not implementing a pure open-loop rate adaptation

method is an inability to minimize the effects of errors. For example, when the
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termnal to transmt indicCator nessages to the access
15  but the retransmission request is generated only after detecting a gap in the

received sequence number space. Therefore, the RLP protocol requires the
processing of a subsequent received packet after the incorrectly decoded
packet. This procedure increases the overall transmission delay. Some
mechanism is needed to implement a quick retransmission of some or all of the
20 code symbols contained in the data packet, wherein the mechanism would
enable the access terminal to correctly decode the packet without incurring
excessive delays.
Hence, there exists a present need to modify the open-loop rate
adaptation method in order to minimize transmission delays and to maximize

25  the throughput rate as discussed above.
SUMMARY
The present invention is directed to a novel and improved method and

30 apparatus for modifying an open-loop rate adaptation algorithm to produce a
hybrid open loop/closed loop rate adaptation scheme. An access point
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enbodi r@nt of a ata conmmuni cgé} OtE:gSyStem forward |ink data transm ssion
occur s 3Pr onlPBEe™: YOHiE ascessor@ing it accerdance with 4he tisping@f dat a
rate reques&‘ggrﬁyaltgﬁhg%ﬁess termnal (s). Reverse link data comunication

can occur fromone access termnal to one or nore access points. Data is
partitioned into data packets, with each data packet being

BRIEF DESCRIPTION OF THE DRAWINGS

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

identify correspondingly throughout and wherein:

20 FIG. 1 is a diagram of an exemplary one-slot gap interlaced structure for
multi-slot packets;
FIG. 2 is a diagram of an exemplary uniform N- slot gap interlaced
structure for multi-slot packets;
FIG. 3 is a diagram of an exemplary non-uniform N-slot gap interlaced
25  structure for multi-slot packets;
FIG. 4 is a diagram of an exemplary STOP control indication for a multi-
slot packet;
FIG. 5 is a diagram of an exemplary EXTEND control indication for a
multi-slot packet; and

30 FIG. 6 is a block diagram of an exemplary embodiment of the invention.
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access t er nlinkl dataf trangmissioei oenirpiftan engratess paihbite ene Pk atetehbidied

add threshold ar bel ow g predeterm ned drop threshold, the access

term nale§ r emagrﬁt dhe aaﬁaﬁétea@a@ggte Thihe asgessdemamal(sh sBaverse finkdatae
access poin ' 1 o C t ' { dd or_delete the access point
to or fromE?lg?{lggtE?'{l/%?sc g{q,&r%ég pfgécrgel \5@% f‘.cg%% %'Trmt'ﬂagr go i°8en gt JaP% ?Scegénd,
the access peﬁt&.naﬂ)afaeisupm?citidhedniﬂt6|&tﬁtﬁé&e%%iﬂéiéﬁﬁrﬂéﬁuﬁ&\ﬁet bein
transm ssion of data rate information to the access point(s): I'e %he
access t er nitapsmitted Averend o mose Hme slotse Atearhdimersitntie aeessophinaary
monitors tRhe control channel fromone or nore agcess points in the active
set for pag?ﬁa& ﬁ@@sgf&@@“%’ﬁ }0 {3 Bcqess Wg%émﬁm“ﬁﬁ‘%

access fer j@aks pdipg data is sent by a central controller to all access
points in the active set and stored in a queue at 2 7 SEP 2004 WO 01/ 89162

PCT/ US01/ 15381 9lnitally) thecesesspetminal fesptdishgs toseR@Richon Reth @nhcda¥s one
or nore access points to the access termnal on _the respective control

channel s. TRRMLUSIRS apBredetormined rachessi pracerusesc inpdis nonnedtedgéateathe he
sanme time ints._ _in order t.0 ensure.recepti on even
when t he ag%cfggs;sst{a %?‘ﬁgc%‘n?é&g‘ﬁg%%ilﬂ >88he goptnel gssages Wﬁ%@“&%ess
terninal depaieylanices Mltcleansng dhe m&lsﬂ%@.' EnPBorftil HesdiRes t& PRE AQess
channel s to receive the paging nessages. Upon decodi ng the& paging
nmessagd®, aPRint-orTheageresy tasminalt thent fonithes the forward link for transmissions

from the access points in the active set of the access terminal. The active set

contains a list of access points in communication with the access terminal.
Specifically, the access terminal measures the signal-to-interference-and-noise
ratio (SINR) of the forward link pilot from the access points in the active set, as

20 received at the access terminal. If the received pilot signal is above a
predetermined add threshold or below a predetermined drop threshold, the
access terminal reports this to the access point. Subsequent messages from the
access point direct the access terminal to add or delete the access point to or
from its active set, respectively.

25 If there is no data to send, the access terminal returns to an idle state and
discontinues transmission of data rate information to the access point(s). While
the access terminal is in the idle state, the access terminal periodically monitors
the control channel from one or more access points in the active set for paging
messages.

30 If there is data to be transmitted to the access terminal, the data is sent by

a central controller to all access points in the active set and stored in a queue at



data transmi ssion is conpleted, the access term nal neasures the 5 NRPof
the forward link signals fromthe access points in the active set, as
received at the 10 access termnal. The SINR of the forward |ink signals
can be obM™IMN&'¥y neasuring the respective pilot signal ECTHIBVESS eSS
term nal then selects the best access point based on a set of paraneters.
The set of paraneters can conprise the present and previous SINR
measurenents and the bit-error-rate or pfcket- error-rate. For exanple,

t he best access point can be sel ected based on the 15 | argest SINR

nmeasur enent .eaéh@ccsé%ﬁ%tt & PREIRE Mawage detheniseas bymnearsmone aecsss ppisitsit

Cher e nar t ef0 e adells RAREEY S5, (e ESSechTe thnftof fidtiiel, STEE Redess pOmEFRAY
channel  ( hengkRaf ﬂ?éu&%ﬁﬁ?%&s@a@% thhe %e%ﬁ?%@fc%sa gg—gﬁraa%g?oﬁ&?% can

contain the requested ate, alternative

forward. | i nin adrdendb &Bure. pceptidre elKwiras tienioéssi teflihal i @witching
bit-error-rate, or the packet-error-rate). |n the exenplary enbodi ment,
the acceds PefgeRafccesh PeiRtEct Theeaacesn iermyinab demyidulates desedese the a

specific ac i t he use ,of a l.sh code,that . uniquely identifies
t he access g%ﬁfi[ts%% ‘%EEE"H%% @%ﬂﬂ%ﬁéoﬁ??“@(ﬁ}%&%?‘&& d ( XOR)
with the unique ahdéodihe Bid ﬁﬂ%c %%:ES i At t | M et
of the access tetrﬁr%\bnal S i':’clentﬁg e %ﬁa ni aﬂg ij\a/’\gl‘:'lsaﬁhco g,aﬁé)tln\\'{@u?ﬁ%é

sel ected adatesgapshissiontis chigdefed; tise hbmss derntinabime¥itespihe SINRNofithe hat

performed b the access termnal, wth the correct. Wal sh code, can
correctly dé%&@égt]“\i‘ sigals E’é’égégﬁ.acqfﬁé pointedy theagtive sels asrecaivedat the r ol
iinf or megd on Eﬁ.%-ﬁa]ac S rm pal fi.cliently tra 1t forward
i nk da%oa aétiéctge%;l I ghest q%%sgl e(;Pr %@f@ﬁﬁt@éﬁé‘ﬁ%ﬁ?@%"fﬁe ess

poi nt can sgieasiring Yheofespitivegsiist sags SThé RFdE:s @rinihsl thdAlsalekfsaRs He§S1 ON.
The access point then determnes the data rate 2 7 SEP 2006 WO 01/ 89162

PCT/ USOL/ 153%essipoingbasgel em atset of pamameterscThieset ofopahimeteisananawnaprises s

term nal baged t.he nost. re val ue of the ssage received from

t he access @gr%%ﬁeé}t.and@’iﬁvt‘?"bsn ,m?*’r?gre&'gﬁ%té‘?nﬁlc?&%%ﬁﬁﬂ%‘éﬂﬁ ?rdB?l‘(Eiieﬁ es a

transm ssi ogrb@rale PaFdr ble, W€ Dst h&ltd PRIntdYarp PREM %Iasédtjﬁﬁt fevi N9
n the

preanble to a data packet rected 5 to an‘access term nal.

exenpl akdy elabgast GENR, medsirpmentrb Theiascesp tearlinall therg ideniifies lthe bdst ddeads
uniquely identifies the acces teim' nal. In the exenplary enbodi nent, the
forward | i nROPLARE FIngRuts ke thaisglected access point a data raté control message

(hereinafter referred to as the DRC message) on the data rate control channel
(hereinafter referred to as the DRC channel). The DRC message can contain the
requested data rate, or alternatively, the quality of the forward link channel

20 (eg. the SINR measurement itself, the bit-error-rate, or the packet-error-rate).
In the exemplary embodiment, the access terminal can direct the transmission
of the DRC message to a specific access point by the use of a Walsh code that
uniquely identifies the access point. The DRC message symbols are exclusively
OR’ed (XOR) with the unique Walsh code. Since each access point in the active

25  set of the access terminal is identified by a unique Walsh code, only the selected
access point which performs the identical XOR operation as that performed by
the access terminal, with the correct Walsh code, can correctly decode the DRC
message. The access point uses the rate conirol information from each access
terminal to efficiently transmit forward link data at the highest possible rate.

30 At each time slot, the access point can select any of the paged access

terminals for data transmission. The access point then determines the data rate



transm ssion systemis determ ned by the data rate requests of the access
termnals. Additional gains in the forward |ink capacity can be achi ¢RI

by 10 using directional antennas and/or adaptive spatial filters. An

exenpl ar y“g(?%‘t’?%@ and apparatus for providing directional PCTASSMi38i ons
are disclosed in copending U S. Patent Application No. 08/575, 049,
entitled "METHOD AND APPARATUS FOR DETERM NI NG THE TRANSM SSI ON DATA RATE
IN A MILTI - USER COMMUNI CATI ON SYSTEM', ¥l | ed Decenber 20, 1995, and 15

U.S. Patent Li.catjon Serial,No. 08/925 521, entitled "METHOD AND
APPARA'?'Ugn Fégz’%ﬁfé}}fl ¥ %@Fﬁ#\é&w ¢ to ﬁ%ﬁe?leﬁﬁéx&m%g@@@all e, bagsed qm theamosis”
filed Sept 9 i ' f th t

vent on STaeht Salhg Db i 'DRE MBRALLO b P SR IhE actelf REERVL o

Control Adapidelitiermally) theatdess ppaitamiqastydHentilieOR akmiaiaPidh paridadiem
uses a fast feedback channel to allow & transm ssion of a DRC nessage

. from an acceesess eominaldly appending eaddenifying pheédmblette aatata paclmtiditected
concurre;;ntlétransnﬁs a-d tgh_‘a acket to the access term nal_ on the
f orwar d “dat ¥ 13 RcCeSettERUNg emplare embesliment the pieambleris spiseds s

int ot . ¢ . _ - bl :
'ggl:(r)]r dagcgI emaﬁ% aact ua%l glglﬁgatc%ﬁl | 1;&)%%?‘519 8%%86%8%5r@]9ﬁ§%ai'zgggslsnt erm nal .
In an exenpl ary Mﬂmibmﬁplaryh@nbadhn&gﬁ(m@(ﬂsrﬁwmﬁk bfpacit§ st #He Gadal Y

extra information as described bel ow. e forward link gata’rates in an
HDR syst em Fapsmussion sestamk ipdetesmiped by ke Mais . rafh eeguests iob rthef aceessh

paCket L SR AR00 ARARP Bl L BRI ot e B S S 04
10 1800 A i P SRS AR S SRR
Rate Data Raethosuaribeppatatupéor providing directional transmissions are disclosed in
copending U.S. Patent Application No. 08/575,049, entitled "METHOD AND
APPARATUS FOR DETERMINING THE TRANSMISSION DATA RATE IN A
MULTI-USER COMMUNICATION SYSTEM", filed December 20, 1995, and
15 U.S. Patent Application Serial No. 08/925,521, entitled "METHOD AND
APPARATUS FOR PROVIDING ORTHOGONAL SPOT BEAMS, SECTORS,
AND PICOCELLS", filed September 8, 1997, both assigned to the assignee of

the present invention and incorporated by reference herein.

20  Fast Closed-Loop (FCL) Rate Control Adaptation

In an HDR system, an open-loop rate adaptation scheme uses a fast
feedback channel to allow a transmission of a DRC message from an access
terminal to an access point while the access point concurrently transmits a-data
packet to the access terminal on the forward data link. Hence, the access

2> terminal can command the access point to either terminate or extend the
current transmission in accordance with actual SINR conditions at the receiving
access terminal. In an exemplary embodiment, the fast feedback channel is
used to carry extra information as described below.

The forward link data rates in an HDR system vary from 38.4 kbps to

30 2.456 Mbps. The duration of each packet transmission in number of slots as well

as other modulation parameters are described in Table 1. In this embodiment, a
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predicte bateg on received SINR of pil@t and traffic
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ré_d@t ermi neagégta sl o¥s and tH¥4 predetéérm' ned 95§K5| ols are
anzal Teynaggong PRt tegn. TS mooqrmens Wit '@psf(er red to
a gne-s|l ot gap pattern. Milti-s]ot
4 153.6 4 1024 Y QPSK
5 204.8 3 1024 Y QPSK
6 307.2 2 1024 Y QPSK
7 614.4 1 1024 Y QPSK
8 921.6 2 3072 3/8 QPSK
9 1228.8 1 2048 ¥ QPSK
10 1843.2 1 3072 o] 8PSK
11 2457.6 1 4096 7! 16QAM

Table 1 Forward Link Modulation Parameters

In an exemplary embodiment, the structure of the multi-slot packets is

modified to carry data in predetermined data slots, but not in predetermined

gap slots. When the multi-slot packets are structured in accordance with the

exemplary embodiment, the access terminal that is receiving the multi-slot

10

packet can utilize the duration of the predetermined gap slots for other

purposes. For example, the access terminal can use the time between the data

slots to decide if the packet can be correctly decoded with the soft code symbols

accumulated thus far. The access terminal can use various methods for

determining whether the data slots have been correctly decoded, these methods

15

including, but not limited to, checking the CRC bits associated with the data or

estimating a predicted SINR based on received SINR of pilot and traffic

symbols.



5 packet 100 is transmtted froman access point to an access ter 'pgtp 2004
with data contained in alternating slots. For exanple, if the acces

term nal | tga smtting in accordance with Data Rate 2 from Table 1,

t hen ther('!f'?%ﬂ"é9 data slots in a nulti-slot packet, and E&TASRBLIE! be
carried in slots 1, 3, 5, 7, 9, 11, 13, and 15. Slots 2,4,6,8, 10, 12, 14,
and 16 would not be used to transmt portions 10 of the nulti-slot packet.
A DRC nessage fromthe access term nal ddn be transnitted to the access

poi nt during ti i 0dg. clate LLh gt h ty .slots..lp the gbove
exanple, it shOtrJTFI Jg ﬁ{eisc?g{aa%ﬁ%aé%n&ae\ﬁﬁég@; Bﬁ?'ﬁ{ggéﬂ Wﬁtﬁﬁﬁlﬁguﬁmﬁﬁ%
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eane e

i ndi cates a preghwall be retesre ereattes ag araRendet gap pattermii dulbrslot

nmessage [ hRE e t TOR_| ndi cat or ssages .qr ,EXTEND
oot o PaQRa08 s Blénsfitiod i 3 dchesR ating R Befes SRR Bt ot
nmessages hei@itiindd dgS alteRREinkOsIdHi S adh ﬁ?m PR fmil ® her
enbodi nents that follow Inn nSHDR syf?'ltirfa)msj code gf;/%gl gédteﬁi?%are 1 8

t ransmi t t edirapsmitpagkotacaerddate withaDat Rdte 20ftoth Kidple 1atherbiecmarer & datpeat s

of the code .synbols that are tranpsmtted jp a packet at 614.4 kbps. | Eli
I n gener al ,SIH%‘%“‘O‘F‘ ’H'éi‘%td?fgk%/ﬂ’a‘é taz‘goﬂda%ﬁ?%‘{eédnﬁlptﬁlgs@%%l y 18r e

hifted | |t LNt l; t of
The. packet | SFhEST Sy 2k 8 R a2 LA Be SR veSieltle chiehf Bbreoy, '

pr obabi 10 t yofotheparakleislet patketHe ACBRC imésig@ de@f SthieeidtesiA kerndfble b4 NRS
t hat channel conditions are not favorable, the access termnal wl|

transnmit a ethesrnsess poigt dutingdimetperisisassedated withshe Bimptyccess
30 int w t t ) | ti-slot kets i d ith th
strhoture SscBYThe PR lantie! ssfindia BEGES R Aol RARR G GORBT ons
| mprove o drftiherddtSPRRAS MO A GRtiEreht 4eElds lnARingd uddle tRE Gaps

I y Specifi by

term nal needs fewer tepeated code synbols than origi nal
t he open- | cipisrasariatedpyithithmtrahsmpissiohrof thé8-siotrpacketr exatesler i bed in FIG 1

L CHRIER R CHTUERIEL IR
of indicator messages from the access terminal to the access point, which
indicates a reception status of the access terminal, such indicator messages
including, but not limited to STOP indicator messages or EXTEND indicator
messages. It should be noted that the usage of indicator messages herein

20  described for this embodiment are applicable for other embodiments that
follow.

In an HDR system, code symbols that are transmitted in a packet at data
rates of 307.2 kbps and below are repeats of the code symbols that are
transmitted in a packet at 614.4 kbps.[E11 In general, most of the code symbols

25 transmitted in a given slot are shifted repetitions of the code symbols
transmitted in the first slot of the packet. The lower data rates require a lower
SINR for a given low probability of packet error. Hence, if the access terminal
determines that channel conditions are not favorable, the access terminal will
transmit a DRC message requesting a data rate below 614.4 kbps. The access

30 point will then transmit multi-slot packets in accordance with the structure

described in FIG. 1. However, if the actual channel conditions improve so that



5 FIG 2 is a diagramthat illustrates the use of a STOP indicator 004
message. An access point transmts a data packet 200 in accor dande \§AEH|

t he inter{y aveg structure of FIG |I. Slots n, n+2, and n+4 are slots
carrying 8IK2DRC  message 210 is received during sl ot 5’5/,11,5%1#,1811 so
that data in slots n, n+2, n+4, and n+6 are scheduled for transm ssion in
accordance with the requested data 10 rate. A STOP indicator nessage 220
is transnmitted by the access terninal b&cause the access terninal has

{gcgia;/g?lrjnen %%E regeti,ti ns afe{mté{em%%geeq&gools |]gr§mgtﬁs n, n;q%eg nd n+4
STOP | nat &% e, BB foon Sfe MhBEN CRBdsthe, the SEAYuleladbfiR i K 47, 5

n+5. Upon rwilkaléw @hé hecesd (2niingl 1oatrAsriR 98 A68icAESk mebda@edifcBSs L9TOP Wi | |
cease transmtting repetitions in the remaining allocated data slot n+6

and begi n tindicatrmpessagecon tfe ravenselinktfaeqiaaskathannek| ot n+6. Unused

al | ocat slots n_he r ass ed .o anot her pac ssion directed
toward any acce &tg |Llu??'5ﬁ’ﬁ’érthe Sﬁlogée%ltéﬁ "Péféﬁﬁsage

adapt ati on
congi tions %\ql ow ?@?’%%W%% ﬁ}i@gettzﬁ t g&gr%‘gggagﬁ P'?ele ?I n
original DBRadcweselEiGasedSlots gshirdphrd rﬁf@ﬁf@bldt@f&di Hatd.n AHBRC

exanpl e above, an_ effective data rate 4/3 tines hi her than the Ol‘lgl nal
request ed dBessageRll issrecaivrisisingslotpedodg-1tse tha tarim}.ansmn+225+ M

anot her asp t hi nt, an_.indicator, nessa an be

The. acceos g nfnate seheRR faionfibipRop SEhisades RET %é@%ﬁ%ﬁ?&aﬁ the
code sygbol M e STEIP tiRdicAErURlespdMPR) i€ tdishlifba cﬁé‘sfst Q?H\éﬁﬂ
estimated channel conditions. The iI"ndi cator nessage can be referred to as

an  EXTEND beqaliseative aveessa¢ermiAaio hier regeivefloenamgli-Xfepifitionsli efatlee coelesage

30 arises mhe Qne sl ot pa ket ncorrectly decoded by the access
Cerm nal . 1SYmhdl &0 e i He aeeés%’rfi dPniletsruRg, the cAmRlete, date ekt

j[ Egl :’:Zt ?ansm SSI1 On Oirrtﬁ}l']’:rg %ﬁggﬂ%}%’ rg%llé-% I ﬁgaTFS%-[ID-/eCI &é’(]j-é\% %ﬁé#%&mr%e?gr e

of FIG | abhdysotroeei®eatss daed.ntSTOP ifdicattinirlesidpe 220 & oreiviel Borthe next
slot, referred to herein as an extended data slot, follow ng the decodi ng

of  t hdSEXREsSs ipeitcdwdng wodstige . Uppreivingthei STQR indication message 220se

for an the access point will cease transmitting repetitions in the remaining allocated

data slot n+6 and begin the transmission of a new data packet in slot n+6.
Unused allocated slots can be reassigned to another packet transmission
directed toward any access terminal. In this manner, a closed loop rate

20 adaptation can be performed to optimize resources when actual channel
conditions allow for a higher data rate than the one specified in the original
DRC message based on estimated channel conditions. In the example above, an
effective data rate 4/3 times higher than the original requested data rate is
achieved by sending the STOP indication.

25 In another aspect of this embodiment, an indicator message can be sent
from the access terminal to the access point to enable more repetitions of the
code symbols whenever the actual channel conditions are worse than the
estimated channel conditions. The indicator message can be referred to as an
EXTEND indicator message. Another use for an EXTEND indicator message

30  arises when a one slot packet is incorrectly decoded by the access terminal. In

this case, the access terminal may transmit an EXTEND indicator message



5 EXTEND i ndi cator nessage. Data packet 300 is constructed in accdr d8aeejis
wth the structure of FIG 1, so that alternating slots are designated

gap slots. nmessage 310 is received by the access point that
provi des tvﬁéof?gg%r red rate for data transmitted in data BGUSHASBAta is

also transmtted in slot nt2 in accordance with the requested data rate.
However, an EXTEND indi cator 10 nmessage 320 is received by the access
point that orders data repetition at dat¥ slot n+4 due to an error in

decoding th apried in slot n+t2.. 1n another aspect of this
embodi nent , ?%ﬁ%%ﬁggsftbe[ r%ﬁmﬂﬁﬁyo%éhe dedrded Red hestfies: plokt eThel NR

i ndi cates astaekies GFIFIEPA A i S Stonl €8
probability of packet success %ftﬁése%g/?oggzgﬁpon Sﬁépﬁil%eeﬁggh}ége very
si ngl e- sl ot npsicstet, refenredatockeasirt &9 am ertendad @Q@ﬂo@@oﬁ%@ﬂﬁé‘&ém of L O
t he access &OBLE% requesting retransm ssion of the packet; if the frrst

single- slo S dieton sagssage: 0 Q. Soisr are tllystrakivirs ofi his ctseofort dre
enbodi t nt age _of an.inpro data throughput rate, which
s achi eyedERTENT indC AR En g, PRt PRk B i trtafed Piaceordance wit
accordance weldhridhife SMICHIINEN L e{-rﬂﬂ-irlrg 3 Seeldr LSS5I n be
adj usted according to act uaPﬁghgﬁﬁg co ﬁ??sﬁéaeéngtegﬁ%&% ﬁj?g{cgt es
thi s aspectmessagesdlilnisereteived byf theecdRPointedaapeoddes tas preferéd sabdor
request of 307.2 Kkbps éh_en data is transmtted in slots n and n+2 at the
request ed r&tt@. “FB&&U@?, iy dak sliptcls s Data nsnalso deanemistesh in j sieh ev@nimt i n

th h I 11l t 1.nal d 330
carrying o YEORricelUTh W BSERa BB,  FOWRRR A ENTENR R i
a si ngl ¥ s| mkssage a0 tredeiPedBRsthe MmcsbsBtpdifb thaWrles: dhe rb*:é@ti@t? apelgd ed

with the gap slot n+6, the access ternmnal detects a deterforation in the
channel ccﬁ@l’i’ﬁ%ﬁ@?t%ﬂ@ﬁmren@lgsﬁdmgdbeméa catiedriasiatgisdn of the data in

slot nt5. A E ND nessage 340 js,fransmfted and the access point
retransmts the ‘da %ﬁﬁf g‘?%?ﬁ s?%)t +§Hﬁ:ﬁ’ tfnimgi‘?'gl?t? 52(1}8%’ WS
01/89162 P : ' .

@hLed KoBEH tHe estimaRIPSENR %Hﬁ?}%s%h%ﬁ%r&btggﬁ%f of % Tket

termnal may be allowed to send up to Na,. sages
per packet ,sufgrssefar—gxaniple, a.probabitity 0€ padketssiicoessnsf 81-90%e Haztd dratles

illustrated in Table 1. The & ocedure described above for a dosed | oop
rate addpt JEFTKE smgle-slot packet, the access terminal can send an EXTEND indicator

to the access point, requesting retransmission of the packet, if the first single-

slot packet has not been decoded correctly. This aspect of the embodiment has
the advantage of an improved data throughput rate, which is achieved by the
initial transmission of a high data rate. In accordance with this embodiment,
20 the high data rate transmission can be adjusted according to actual channel
conditions. FIG. 3 also illustrates this aspect of the invention. If the DRC
message 310 carries a data request of 307.2 kbps, then data is transmitted in
slots n and n+2 at the requested rate. However, if the access terminal detects an
improvement in the channel conditions, the access terminal can send a DRC
25 message 330 carrying a data request of 1.2 Mbps. The access point will then
transmit a single-slot packet at 1.2 Mbps in slot n+5. During the time associated
with the gap slot n+6, the access terminal detects a deterioration in the channel
conditions, which necessitates the retransmission of the data in slot n+5. A
EXTEND message 340 is transmitted and the access point retransmits the data

30 fromslot n+5 in slot n+7.



5 exenplary in transm ssions where the data packet conprises one 7%?9@2[][”
slots. It should be noted that the extended data sl ot carries code

synbol s t%wzsrgi%dreepet itions of previously transmtted ﬁgg(%ﬁ-éx{}})‘%ls and

t herefore synbols in the extended data slots

advant ageously soft-conbined with the previously received code synbols
prior to the decoding step in order to 10 inprove reliability. The

i dentification of which code synbols arddto be transnitted in an extended

data slot is an j n ' | n not effect theusco of
this invent on FhonfasphBild edEhRlnad e ARt Wemial ity hESUPIRE oove
can be i rrpb@{ﬂ&% e8 NLO.(1) gmmntiﬁai@mnteg@geé Esﬂpa&é&tﬁk}ﬁaﬁeﬂﬂ used byjthe
open loop 15 rate adaptati on schene, but it shoufd be noted that ‘anhot her
separ at e cheomedpomaly talose of thaBeth Rates ithhstrated in Tablddsed | oop rate
adaptati on nmet hod w t hou alter] ng the scope of the invention. Another

aspect of inpl enthe RIPEeAREE describgel alpeye dor af cloped ilpep cateadapiationyds. | n

mossage o iDL R gttty MeBLURL AESRGER colfsch She pFIwEIPER, ©
the system neg@duld®Heynsted 9Ae thd extehdedr datat )8t tAdies 2baE §¢hablte

messages carry nultiple bits for rate sel ection and access point

i denti fi catiepetitionhstof apieyiously ivansimittadectele symbald eadether&oaR thedeads or
nmessage or an END indiga ssage if the systemdiscrimnpates the
cont ext of St}ﬁﬁg‘ﬁgﬂn @b‘b ﬁx‘iﬁgéﬁ‘i %ra%r‘rglp&? a{?f’p‘?‘g‘fa%%g‘?% Yc%RfS‘Fog\kfn‘?fiwlﬁb

desi gnat ed ' . S’ﬁfb% ] nt e e t he
FCL bit fro%%alr% eEcce SE?%%I%%gﬁd?% S otlS E?io?ht{e)ﬁ&tet éecagc sss Pp%f?lg&%oﬁ
interprE tingproGe beliabilitya JHPidadifiation oeswhith icbde syahbols sdret tofbe

mul ti-slot packet directed to this access terminal is schedul ed for
transni ssi ofaRsmittest inan extgpded slata slos is apdsplamentatign detaiiandodees npk FCL
bit as 30 L.ndi.ca age if a packet scheduled to this access
term nal an féggj@;&:& %g’#@%&%&gted data rate ended exactly in slot

n-1. Aternativelbe fidieldsed ﬁ%&?&@%d@tﬁﬂibﬁ%@&ﬂé&é@@e&léﬁﬁk thn wECess

point can also interpret the bit as an EXTEND i ndicator nessage if a

previ ous EXWENEmentict wmly mesthagememfzst feedback ehamndnisedibgnthefoperslasp of a
TP, Al S SEL o o 558 B T TN iR
are may also be used to implement the closed loop rate adaptation method without
altering the scope of the invention.
Another aspect of implementation is the formulation of the indicator
messages. In an embodiment wherein only two indicator messages, the STOP
20  indicator message and the EXTEND indicator message, are designated in the
system, the system needs only use one bit to carry the indicator message. DRC
messages carry multiple bits for rate selection and access point identification,
but only one bit is needed to indicate a STOP indicator message or an EXTEND
indicator message if the system discriminates the context of the bit upon usage.
25 For example, an indicator bit may be designated as a FCL bit. If the access
point detects the presence of the FCL bit from an access terminal in slot 1, then
the access point will interpret the FCL bit as a STOP indicator message if a data
slot of a multi-slot packet directed to this access terminal is scheduled for
transtission in slot n+1. However, the access point will interpret the FCL bit as
30 an EXTEND indicator message if a packet scheduled to this access terminal and

according to a requested data rate ended exactly in slot n-1. Alternatively, the



5 applicable, then the bit can be discarded as a false alarm 1In a”?tfrﬁernm.
enbodi nent, the indicator nessages can be transmtted on the sane

f eedback eserved for the open | oop DRC nessages by usin one of
t he reser\c}*e)gr‘.%géé‘S odewor ds. However, in this enbodinent, g@”ﬂ%‘!ﬂgs

term nal cannot simultaneously transmt a DRC nessage and an indicator 10
nmessage such as a 5.'.'OP indicator nessgge because only one nessage can
be transmtted at a tinme. Hence, the act®ss termnal will be prevented

f bei . i he f | d af h
Srop © el o fSEsY B Gh Mo BRGEEL. AR A ERTERI i Gt eseae it dod
in the fi rSFr@h@hs E)@E‘@E%dfd&%ﬁﬁfés%@‘@hs@fi %@'é&ﬁ{{%ﬁf&@“&f h%léth&ﬂ

maxi m zed i t he access poi nt 15 servesS nmany access since t

pr obabi | i ty5p¢ca&1ecquaokes ekactly igi sloh n-dcaed dese tiarmn N, WENTEND 1nd1cator
cont i guousl ﬁ'l sched |l ed is reduced. | n another enbodi nent, the indicator
messages ca ﬁ\'?qeécpli%’efée%f@ﬁéh@tléa%y éﬁ@@l&‘:héﬂﬁ%ﬁ sitylatiohs aa; be

ted l'i nk. Thi h
has ¢ he “oxt ?ISP%‘&’%%%%%W@P?A kP A PRted FEe B¥SH5R0r i nat o control the
reliability of tmaﬁ%@muﬁ&fa&s@w@%@ £ theBhes Lih bOGrarRERANATRO! S

descri bed above, it should be observed t hat y one access term

shoul d be t#wrseme faedback clamnaj; iresemved rer th'thmaf Ivop, DRC inesdagas bhheirigd

I ncrease the al | oc ]g ransm :ﬂ;{ he 1 ndi cator nessage wt hout

af fecting r%%?é\@‘q FERRY adi ?‘5)1'@ vievesy Hyihés empodiment; theaerepni nt
can maxi m zg gkl Ch;ﬁ-ﬁﬁ% a access_term nal s
during the tgap slots. I%}h% %agram o%l gﬁe%@%%% %nta r%@&o

struct Ufe fmessagetsuchlasta & D@dkﬁicﬁcatwheﬁ@sﬁl% b@cﬁs@dﬂﬂ?@ﬁeﬁﬂ@sﬁ%&%ﬁ'ﬁé !
and the predeterm ned gap slots are interlTaced in a uniform N~ -sl ot

pattern. THTaNIRbRG sehhng |fence, the acqessitarmigal will bepreverded fiven bairfgor m

N-sl ot gap acket Q,1s access
point to and%g{é%cgégopwréar%}% %Bflﬁ‘gttﬁ‘g %‘é? glot gl e&??fgf’r@?r %hfsgﬁb?n@%

01/ 89162 PGFa4/sedr. 1 F3SWeddr, dthefubdks Nermfrla?é beSidtlad ah tl'%a?{]s?ls%ts
wherein the access termnal may use the delay associated wt

slots to atrelasge. The efficienayraf thisteanbedienansds tiven mheinpized iftbe a&aésap@lum As
Is wellL.known in the art, lgl ocks, of  dat b| may be transmtted W t h

codi ng 19, SHEYFS-MANY peress ffermungls sipge agui e ithah pagkets for a given

access terminal would be contiguously scheduled is reduced.

In another embodiment, the indicator messages can be transmitted on a
separate assigned channel, which can be created using extra Walsh functions on
the reverse link. This approach has the extra advantage of allowing the access

20  terminal to control the reliability of the FCL channel to a desirable level. In the
embodiments described above, it should be observed that only one access
terminal should be transmitting at any given time. Therefore, it is feasible to
increase the power allocated to transmit the indicator message without
affecting reverse link capacity.

25 As noted previously, the access point can maximize efficiency by
transmitting data to other access terminals during the gap slots.

FIG. 4 is a diagram of an exemplary interlaced structure for multi-slot
packets, wherein the predetermined data slots and the predetermined gap slots
are interlaced in a uniform N-slot pattern. This embodiment will be referred to

30 hereafter as the uniform N-slot gap pattern. Multi-slot packet 400 is

transmitted from an access point to an access terminal with the data contained



5 existence of any errors in the data transm ssion. An exanple of ,such a
coding technique is the generation of cyclic redundancy check ( SEP 2004
synbols. In one _aspect of this enbodi nent, the delay caus t he

d I
uni form i WEMEEH of gaps enables the access terninal topﬁgegégl“é‘ﬁb bits

and to determine if the data slot was successfully decoded. Rather than
sendi ng i ndi cator nessages based on 10 S| NR estimation, the access
term nal may send indicator nessages base€d on the actual success or

failure of | atyg s gl t .Y ded
to decode dg:fgﬁ’&fﬁ;%g [ yﬁplr%g%rﬁeo%ﬁapggtvﬂ?g%u@%eér&%s tte%:kﬁpc?trlrr@gggbi ts
cont ai ned i thd d€lapaciRiated With tlee gﬁp@lbté fb diedthpt decddig DA re€l@véd it e
packets require nore tinme for decodi ng. When determ ning an 15 opti mal

val ue for Nthe previoussdasslet. dkdy walkknisentinkbe artybiocks of data bite may be

selecting the interlacing period. Ip another aspect of this enbodi nent,
the delay cHaoem PR SRR B erAble ﬂ}eoﬁczﬂlerg% thendptacto faieragne dhe

del . ; . FRETRY |
Shots ardi ¢ eaateredoR G lerdis shARE Saion o] SRR EAE IERth Bleddify 021 2
slots. of de} {82hé REAELAIDN Of &frticFllihd Slcytcheak KERC) eymboRh| B bhe

access termnal to transmt additional nessageS to the access point. 1In a
manner si ni aspect of this embedinerd; the delay by theswufpem insertidreobgaps| ot

gap pattern_enhodj. nent TOP. i ndi cat or, es and END . i,ndi cag or
nessages Caﬁnqﬁeqjttgoaqc{epsﬁﬁmﬂg cRée Eﬁ@gﬁ’ba‘b@f? determyine g%ﬁ? éﬁ?ﬁ@"it he
formul ati on LA S | ' YaPNe
it 1t ne ey SPeress il AbaelE  RARRS AN SRAER ST Ahckaidbaiiof)
exanpl €10 afINRestiaiationpthe amyssieradsilgnay eehdindicdtél mksageb basdtbontleess

poi nt detects the presence of the FCL bit froman access term nal in slot
n, then theagdakbsuccess o i ¢4 d?«?ﬂdéasraefla&awiotcﬁ @ﬁi@e@@#@ﬁﬁhm%at or

Corm nal 1 stainaReied 1o ool Hotn g n R SrofobRilal et Byt pieftRS B8,
PCT/ USOL/ 1538drrhSitt bits doweMAsd ihthe PueR6E PREd)tasWebh th a1 Sthet HIGhECL

bit as an EXTEND indicator nessage if a packet scheduled to this dccess
term nal , adatar titagpadkets requjpegnere dune fontdecodinged Whent dateimindhgtan

T R R B o SR T 80 o S
selecting the interlacing period.

In another aspect of this embodiment, the delay caused by the uniform
insertion of gaps enables the access terminal to determine the estimated SINR
during the reception of the data slots and transmit a DRC message

20  advantageously.

In addition, extra slots of delay can be inserted in the multi-slot packet to
enable the access terminal to transmit additional messages to the access point.

In a manner similar to the transmission of indicator messages for the
one-slot gap pattern embodiment, STOP indicator messages and EXTEND

25 indicator messages caﬁ be used in the uniform N-slot gap pattern. In addition,
the formulation of the indicator messages can be accomplished using only one
bit, if the system discriminates the context of the bit upon usage. For example,
an indicator bit may be designated as a FCL bit. If the access point detects the
presence of the FCL bit from an access terminal in slot n, then the access point

30  will interpret the FCL bit as a STOP indicator message if a data slot of a multi-

slot packet directed to this access terminal is scheduled for transmission in slot
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5 also interpret the FCL bit as an EXTEND i ndi cator nessdge if a previ ous
EXTEND i ndi cat or nmessage caused the retransm ssion of a slot of a 27 SEP 2004

specified‘wgg et _exactly in slot n-p+l, and less than N.,R EXTEND
i ndi cat or have been processed for this packet. IPCTAEI 1B t hese

situations are appl icable, then the bit can be discarded as a fal se
alarm 10 FIG 5 is a diagram of another exenplary interlaced structure
for nmulti- slot packets, wherein the prekfet er mi ned data slots and the

s enboc tady By i ScbdsePURF i M Emlet sF moln Bkoar vor EXIENT2
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that delays interlaced betwe data slots 15 are a
rate. The nueduestest dgmase arsledesyactly tihbbitwep-m deliéreirs p Q4 &@faeﬁo@%ﬁl%ﬁé at

rate i, say N(i ed and knovvn by all access termnals and access
point. Alt haiﬁé#%ﬁé ﬁgéﬁF%ﬁtaCéﬁf’rSotﬁgmﬂml tAltematively; the acoess phintcam at e

packet t® b er of constraints that the
access p%i n?l 12#‘ ls[ :?{Ijg}?é 1%]2 ba}ggﬁ ﬁﬁg‘jlﬁiﬂe"ﬁwg{ dnesspge r‘gr?sﬁ’ff%‘é‘PB‘h.
One 20 SUCEXTENDD rlﬁdﬁhtdrsrﬁeﬂﬁglér&\ﬁgéﬂ 'I:Hla“r ar%é%%élaﬁ%fngsﬁtcﬁ %%@&%&Cﬁs an
exanpl e of the non-uniform sl ot” pattern, nessages of can

be used to packetexacdpta slot sfm@ganddem&tem [\ N E)OTENB irdieaWr emedddges

message 510, requests thatdd ta transmtied in slots n-2, n+2, and n+6 be
transnitted &y %A‘ b Hapnenfitbese sitwafionsearg applicable,

transm ttedyda th Qrsbd\dik 6 kbps. DRC nessage 530
requests that datﬁsﬁrangmtg%gl AoSFOL H+8 at 1.2 Mops. Al t hough the

i ndi vi dithl DRC rBiSxaissa ditegafros @ﬁi‘th@déxférﬁpl@fly‘i e ALORE strhBerP 864 AAIG- !
transm ssions are conbined to create an aperi‘odic, non-uniform pattern.
It shoul d b¥OhPRGKELS [¥aherei the predetersined datmelotsand thépretietermiieticgap

gap 1 bet w2 TRelRaritest i) 2 BoAMENB.HPR HRuFE bebhe wEhedianen o g n
transni ssi ofvahtidht Wil bé rdferfddt toRhreffteras Hie hﬁg Rt enPJ Qﬁg lg%ﬁ @ﬁ?ﬂeggg WO

01/89162 PCT/ U501/ 15381 19 begun at n, then t

woul d have M@él;trsltot@v@keit S0isattrisdtated soHdiat delay inkailated beewene dagglets t he
message 510. In a manner simlar to

data slat patte e W t h

the tramsni asrgl r?g 433 2 petesLgnumber pﬁgap slots required between data
slots of a packet at rate i, say N(i), is fixed and known by all access terminals
and access point. Although this embodiment allows for the latency of each data
rate packet to be minimized, there are a certain number of constraints that the
access point must satisfy when scheduling the packets for transmission. One

20 such constraint is the prevention of overlapping data slots.
As an example of the non-uniform slot pattern, the DRC messages of
FIG. 5 can be used to transmit data in staggered patterns. In this example, DRC
message 510 requests that data transmitted in slots n-2, n+2, and n+6 be
transmitted at 204.8 kbps. DRC message 520 requests that data is transmitted
25  inslots n+1 and n+3 at 921.6 kbps. DRC message 530 requests that data is
transmitted in slot 7+8 at 1.2 Mbps. Although the individual DRC messages
are for periodic transmissions, the periodic transmissions are combined to
create an aperiodi¢, non-uniform pattern. It should be noted that there is a
constraint as to the data pattern initiated by DRC message 520. A two-slot data
30 packet with a one slot gap in between the pair of data slots could have been
scheduled to begin transmission at n+1 or n-1, but not at n. If the pattern had



5 one-sl ot gap pattern enbodi ment, STOP indicator nessages and EX‘EJEII'S)
I ndi cat or nessages can be used in the non uniform N-slot gap patt SEP 404
addition, the formulation of the indicator nessages can be acconpli shed

using onMPWARIBIt, if the systemdiscriminates the contB¢T/USPUIA® b ¢

upon usage. For exanple, an indicator bit may be designated as a FCL bit.
I f the access point 10 detects the presence of the FCL bit from an access
terminal in slot n, then the access poltt will interpret the FCL bit as a

STOP indicator nmessage if a data sl ot f a l,t.i -sl ot packet directed to
This accessDeERTALIIthes the uEraNElof gt3 data Heild diagis hesnarapsmitted ﬁo‘«i@ver,
t he access ' ol g bj Role]

nessage i f '2‘9%3’%‘&124‘ ds’%%@ﬁ% ‘gé(’jgﬁ%ﬂ%ﬁ)lesﬁ C{'gg c%%%%foet r%ﬁ@gd{é@go%ﬁ@{% a
request ed dﬁ\{egsa?gtsqg_ ended exactly in slot n-N(i), wherein N(i) is the

nunber of gap slots required between data slots and i indicates a data
rate index nuntera manmernsitrilalty, theheansneissionpof mdicator ahessages forpthet t he

ﬁecés?ig,te < auaaelor ey eniiai AR Bies, STOPomdFata clserges g Eﬁ?tfﬁéﬁ;g tly
! e i gl Fae
processed (ATt ssERds i BELsR py ei ARRel TR o AP FRERL R, 2"

then the bijddionpetossrlsifsh abthe ihdlcafrahassageyeahn Geacacvplibiet asidige
achi eved when using the uniformslot gap pattern over the non-uniform

sl ot gap paenlgromedrit) if theesystersadisgximinatesthesiongextsof the hihupen msagetFarap
pattern coul d achi eve paxj sl ot, ef.fi.ciengy b t aggefri eriadic
patterns ac?’@é‘g(’iﬁd fn 4q ?0% may. a‘?ﬁ)fi%‘%lg??{ea al?nélf @Tﬁgaﬁ? é‘ﬁ% agm POt

slots mq 1ld'éeﬁ:t9'f§e presence R ThA RO INE Fron? aANSLcBES BFFih &Y 6 8181 n, therfaRNd
erm na 9 . hird

access t can'be assigned slots n+l, n+5, n+9, . ., athir
access ter nadeds paiatwild irterprentie BChbit as-a5TOR isdicatarGmessage if, a datal stot
fourth access terninal can_be 30 assi gng_g slots n+3, n+7, n+l1l

this mannerof al mwltiglat a"faék?‘ijlq-‘{FCtﬁq 1P 2 Stécceﬁﬁptﬁé%’é"éalt He Séhﬂ@?@né%fl gf
S RS, o HABIORE b e B o
non- uni f or NS EXTERND iRdidagsmeb&ige i€ a0padiet sdhediiedhiogthis prests dairinal,
transm ssions, only one slot of data is transmtted with |arge anpunts of
code sylfbol acordingiela reguested idada satecerwled exactly in slot n-N(i), wherein N(i) is
the number of gap slots required between data slots and i indicates a data rate
index number. Alternatively, the access point can also interpret the FCL bit as
an EXTEND indicator message if a previous EXTEND indicator message caused
the retransmission of a slot of a specified packet exactly in slot n- N(i) and less
20 than N, EXTEND indicator messages have been processed for this packet. If
none of these situations are applicable, then the bit can be discarded as a false
alarm.
Various advantages are achieved when using the uniform slot gap
pattern over the non-uniform slot gap pattern and vice versa. A system using
25 the uniform slot gap pattern could achieve maximum slot efficiency by
staggering periodic patterns across all slots. For example, in a uniform pattern
wherein slots 1, n+4, 148, . . . are assigned to one access terminal, a second
access terminal can be assigned slots n+1, n+5, n+9, . . ., a third access terminal
can be assigned slots n+2, n+ 6, n+10, . . ., and a fourth access terminal can be
30 assigned slots n+3, n+7, n+11,. ... In this manner, all slots are fully utilized to

increase the efficiency of the network. However, in certain circumstances, it



ter,rﬁ. nal would require a relatively long duration to decode the reggmctgm
~caode 5 synbols. Hence, the inplenentation of a uniformslot patter I
require r dingly large periods with |arge anmounts of gap sl|ots,
vhi ch muﬁgboglgﬁgge efficient. Under this circunstance, a %H-ﬂﬂﬁﬂ?’@l‘m gap
slot pattern may be preferable. FIG 6 is a block diagram of an apparatus
for performng FCL rate 10 control in an HDR system Access termnal 701
performs SINR estimation and prediction2at SINR estimtion el enent 722

based on the_strength of the . received forward |ink signal from access
poi nt  700. :b s’gﬂrg Cﬁ‘?sb‘i‘?ﬂ%ﬁ m Rh® BAN-uitoren slot gapapatterant Foo

open |l oop r t ; t , [ ' nts . the open op rate
cgnt r ol gl g%?(igl'tllﬁir#i ﬁg%)lpgler o] sgé%écfﬁﬂ% ?éf'%ﬁ?%?%%r norch%I?%a? eoé%a% th the
resul ts frortrafbidRted twitht ia@ge elnfdmits o?%deTgﬁanBEU Bk %E&s?‘ﬂ‘fl% 59&{(95%

I'n o]

el ement 723 generates a DRC nessage to be sent over the reverse
the accesst vooud TrquibRe rebaiierle ling decatited tatetdde (HeGeddcatiesdd’ 13
and the -re élsar sent.ta the scheduler 712 _so that the access point

700 can 2ch ce thedmrlemsntaion aka ynifarm glot patigas wewld sequire) t he

sl ot fol | oweh& o di t d_ be.not ed, that
the el enents sggétg}cgﬂﬁﬁgg#Fgg% 1.{z;ﬁ);rdéﬁ @PW {ﬁ%gs 8{)?%5 I%goo ngcg wouPd
adapt ati on abybe effivierde s tiridee ¢thisatinienstdie, E@or-aifoiA Fap Blot P68 tndy

i npl ement ed b\é tfhe cheduler 712 with the generation of interlaced
packets as be E‘??Eﬂ@ge-above and the closed loop rate control elenent 725,

whi ch opti |1 I t i nal__701 t 25 i npl FCL
ot o adapt at i on’ T Biie & £1o8€ ARaSeEIoR AT apkerebR fof parbivano ok pyte

schedul 80 73chtta] inS@T DR W0sREE € 3% cdsS teinidab 761 BEHbARS SHRYestilfitdn e |
access point 700 maint ai\gg two i ndependent bung#s, transrﬁsﬁéﬁper A 710

and transni Presiigtion aESINR estimationcdement 722 besad ont the strergtisyfrthe recenvastied
to generate ew,slot. 30, repetition qr t . extensjon. It _shoul d be noted
that nore tfroz‘hvgﬁ%flth%i;@% 5T achess paing %@ it ed@é‘éfrt%igwé'é SHNRrestimation
enbodi nent sgj ' | / 121
clegeat 7hedrbSERT b oferl 1%?3(&99@:1%9&11{ 723 Gdilbhedaifl

Access point 700 transmts a et to access
recei vi ng tthe apendoppaiaé conthel dgorittan imbrilanto stldct aRjats ead ih Becor@sadd S

fromt S stimation el nt 722 to _the closed | oop rate control
el ement 25W§F the resuilts from SINK estimation element 722. The open loop rate control
element 723 generates a DRC message to be sent over the reverse link to the
access point 700. The DRC message is decoded at the DRC decoder 713 and the

results are sent to the scheduler 712 so that the access point 700 can schedule

data transmission at the specified requested rate in the slot following the
20 decoding of the DRC message. It should be noted that the elements so far
described are performing the open loop rate adaptation algorithm described
above. The FCL rate control process is implemented by the scheduler 712 with
the generation of interlaced packets as described above and the closed loop rate
control element 725, which optionally allows the access terminal 701 to

25 implement an FCL rate adaptation.
In FIG. 6, a one-slot gap pattern is implemented by scheduler 712 to
serve two access terminals simultaneously. Thus, the access point 700
maintains two independent buffers, transmit buffer A 710 and transmit buffer B
711, in order to maintain the code symbols needed to generate a new slot
30 repetition or slot extension. It should be noted that more transmit buffers may

be utilized in accordance with the embodiments described herein.



alternatively, the access termnal 701 may feed the results fromthe
decoder 720 5 to the closed loop rate control elenment 725. Buffer 7723F e
be insert %?%d in the ordered delivery of decoded information from

t he decod % the upper layer protocols, which will PREUSBEIEScri bed
herein. The closed loop rate control elenment 725 can use results from

ei ther the decoder 720 or the SINR estipation elenent 722 to determ ne
whet her to generate an indication 10 meé’éage The indication rressage is

transmtted on t ed
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713, and the FCL 1ndi cator decoder 714 at access oint 700 can
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rocessor and menor Li kew se, coder 72 buf fer 721,
gsti mat i on F%H%HYE%Q‘E H5EFP lieawaﬁggi D&@hfqeél{ gresHlts fromahe éﬁ@dﬁﬁeno

cl osed Isoopr t c
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conpute long termerror statistics. The results of such statistical

conput at i orlQY%faPrib@CQbed\’hJ@h wdl avati be desenbed thepaginanthe rdoaeblalocx;amaﬂee

'oop rat o CORIOLIEREREALS 138 bsacreahles B pither S decoeril paflie SINE-
adapt at i on &%}Mmaﬁeﬁt Gl Sabtdemi: WML OB YonBFRES WP inHERARS

STOP i ndi cat or nmessage or an EXTEND cat or ness an access

poi nt. 10hi smesshped Bhaundﬂsuanfmessa(gerlselﬁ:hmttaaiechaﬂhesméﬁedﬁﬂp%%be for
I naccur aci es of the oop rate control scheme_ A nulti-slot_ packet

transni ssi GYCeRPYBL %Qyp‘ﬁ greipman Kk indicatorsdgeprer éM4 deepidss rﬂa@ iphicator

Dacket 1 albastgt and REHRIE (baed ifithuof poBlall i F A Syt 217, 0Re
guar ant eed.scReduleER12 ODRO/\ﬂb@iti’eB %Q?af&ﬂ&%ﬁéﬁ&lo?&eeoﬁé? 7hElat aRE&sS

adapt ation nmethod al so inproves the throughput rate by allow ng the open

| oop rate c}itsmltrmo S@‘hbﬁﬂr@eménfggwwemmm omgpmhe*mplemeqtadket s
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SINR estimation element 722, open loop rate control element 723, and the

closed loop rate control element 725 at the access terminal 701 can be
implemented as separate elements or can be combined on a single processor
with memory.

20 Outer loop rate control element 724 may be inserted to compute long
term error statistics. The results of such statistical computations can be used to
determine a set of parameters that can be used adjust both the open loop rate
control element 723 and the closed loop rate control element 725.

As discussed herein, the FCL rate adaptation method may decide to send

25 an indicator message, such as a STOP indicator message or an EXTEND
indicator message, to an access point. This method provides a fast correction
mechanism to compensate for inaccuracies of the open loop rate control
scheme. A muiti-slot packet transmission can be stopped when there is
sufficient information to decode the packet. Alternatively, a slot of an on-going

30 multi-slot packet transmission can be repeated when successful decoding is not

guaranteed.



transm ssion of an extended slot of data if a high rate packet cannot be
decoded 5 successfully. Throughput is also inproved when the FCL rZat 8P 2004
adapt atioW Fﬁggq d stops a nulti-slot packet earlier than_expected by the
open | oop Q ntrol algorithm For exanple, an open | & YRS Bhnt r ol
schenme can be designed so that the open |loop rate control selects high
rates usi ng one-sl ot packets wwth a 10 packet error rate (PER) of
approximately 15% after the end of the f%rst slot and a PER of at nost 1%

of average 9 NR RRCAS (i PRIGEEE e uihenithe BRTRy”
| oss reduct alewirt theTpén iG0pkatd aGiedSschbh B adReRivAirerafitstifly one-

algorithmecan target a PER of 1% at the nornmal end of the packet. - Hence,
t here 15 wosiblpbekeds hthhighepratbaisidetthe FCLratkadaptation sethod allowsfie dhe

nunber of sjots,, which corre ds a higher than expected. rate. ,In
addi tion, a W&EHOE%?XWE&Y Q%Pgaﬁﬁé?agu&&ﬁtﬁmﬁkﬂiWFb%?@seé%dul
decodi ng; i f : (o] . ' I .

ot ranor ool SREAREY: THMERARINTAIRS hittal i WARTRRE 1L 3l Relation
efficiency wmiethod atopsas aniii-€let pheket Rarli@r ihansexpcteadyy dhé @pehel@)bp} RS

i npl enented in the network, so that the possiblé inplenmentation o
various Sl Nentsehpdgorthmhr eshol d val ues are not intended to linmit the

scope of the enbgdi nents, described herein. In addition, the.decisio n

Whether 10 gener AP SSAEPlS AN REANBOP Jnte, onti e sShefae T b ABSEB6Y S8l R

cal cul ati onghes Bge&k cioagt A8 CHREYL %%&@Sﬁilgﬁlerate@%sﬂzg]%msﬁﬁ ?Q&é@& QPRRIAT LY
woul b e probabi a

of packet error 1E)e dom nat ed by Ity th t he cl osed

| oop ralle cpatkedermirgatd (PER) of hppraximateby 353 aftes tineend bithefipclattancba be

correctly coded. The evious descriptiaon_of the preferred enbodi ts
is provi degﬁl{ﬂg O?éﬁé‘m% I%@ﬁ %@F&é@f&? extegded s eAd}%XtFW?ﬁ’FER]@tdYOIHQ@E e
present inv, LQn. e . : [ dj § h-cat i . he ' will
e eadi |y oiseBhs, dBCor Hieldde SR TR 4AdiEBh, £ Sng ifnd B eLIRY Sl
principl es }dﬁﬁ%lmmk' 23‘ gheise irédﬁ@ibrbeF@:pﬁidlﬁchlétO?ickeﬂs, th&bPer 186p Watd tH8E562

u

PCT/ USO1/ 1 ] ot her enbodi nents wi thout the use of the inventive
facul ty. Thlgorithie gandaegat a FER ehlYomt the ngomal endbafithe pasket Hemceetiers t he

embodi nRnt s, 3Neye geltféenplbotgab}hsfy of packet success with a reduced number of slots,
which corresponds to a higher than expected rate. In addition, an extended slot
would provide an extra margin for successful decoding if necessary, thus
reducing the requirement of a delayed retransmission. It should be noted that
SINR values for optimal efficiency will vary according ‘to the wvarious
20 modulation techniques implemented in the network, so that the possible
implementation of various SINR values as threshold values are not intended to

limit the scope of the embodiments described herein.
In addition, the decision on whether to generate a STOP, EXTEND, or no
FCL indication based upon SINR calculations should not be very aggressive,
25 otherwise the probability of packet errors would be dominated by the
probability that the closed loop rate control algorithm will erroneously assume

that a packet can be correctly decoded.

The previous description of the preferred embodiments is provided to
enable any person skilled in the art to make or use the present invention. The
30  various modifications to these embodiments will be readily apparent to those

skilled in the art, and the generic principles defined herein may be applied to
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to be accorded the w dest scope consistent with the principles andﬁp@ggpzwg
features disclosed herein. 5 WVE CLAM Z 7 SEP 2004 24 CLAIM5 1. A method
for increasing the data throughput rate of a communi cation network,

conpri si nd¥@ Me8Ne%eps of : generating a plurality of data sIRSTEUSNASIEL
plurality of gap slots at an access point, wherein the plurality of data
slots are interleaved with the plurality of gap slots to forma plurality
of packets; transmitting the plurality & packets to an access termi nal at

a particular ,data rat.e; and..,detectin e plurali f ckets at the
B eroes Cor abit einhodiGient Hathaut Bia uidleh e Avenfe Hedty. PRRHS iBe Dosment
Cndi oat t. . . ¢ ) ;

with ot o] caEiveRHn 8 rbb fudfdetin BOlilited o B dlddTidiil SRS RTRIGh A

nunber of gap bRl atdorted et widdstedopy domeist@itawithl ehe PrindiledBArD cha¥iel
Claim1l1, wherein the plurality of data slots are interleaved with the

plurality ofeagaresslisdesedheseinal t ernati ng pattern. 3. The nethod of Caim
1, wherein the plurality of data slots are interleaved with the plurality
of gap ots such that every Mih slot is a gap slot. 4. The method of
Claim1, “h?h9biﬁ .plurality of data slots are interleaved with the
plurality of gap slots in accordance with an aperiodic structure 5 A

met hod for increasing the data throughput rate for transm ssions from an
access point to an access termnal, conprising the steps of _ generating a
plurality of data packets at the access point for transmssion to the
access termnal, wherein each of the plurality of data packets conprises
at |least one slot, and the access point designates each slot in each of
the plurality of data packets as a data slot or a gap slot; transmtting
the plurality of data packets to the access termnal at an initial data
rate; determning a set of estimted channel paraneters at the access
termnal; transmtting a data request nmessage to the access point based on
the set of estimated channel paraneters, wherein the step of transmtting
the plurality of data packets to the access termnal is perforned in
accordance with the data request nessage;



determ ning a set of actual channel paraneters at the access term'?a;l SEPZB[]t
transmtting an indicator nessage to the access point if the set of actual
channel paraneters passes a predeterm ned quality anount, wherein the
step of transmtting is performed duspjing a tinme period associated with at
| east one gap slot, wherein the nunber of gap slots is determ ned by the
data rate; and nodi fying a subsequartApdsa packet for transm ssion TO the
access termnal in accordance with the indicator nessage received at the
access point. 6. The nethod of Claimb5, wherein the indicator nmessage is a
st op i ndilcat oA methedder iifcreasing thetdatf hawighpit miracielcomanaivet@r aetwotk, cat es
a noi se kempiisitgrhs stepeoof: a noi se | evel associated with the set of

estimat ed chapemetatipgaoptedalitysof dara Jlbe avEtd phirality 6} gipl6is avaf ra8iels phiat,

i ndi cat ofwheRis el urslig rof Atacists kRtintakdled Wﬁﬁﬁ@tl%lurﬂf‘f%bhgapsﬂbtﬂf) fored b,'a|
channel pRiFANPbEESkdfldi cates a noi se | evel greater noi se | evel

associ ated W irhoshlh engqte rﬂ%hfﬁﬁk&@t&iﬂ%@&k (e b BArficuldr dara3ats; &904 25

S. The net hodagledfrly ali 6K gakierd Bernk Bl COLALiniIERR ;ﬁ@EE&E&sS: Ea
{ﬁgewﬁggﬁﬁiﬁtﬁ uga‘éfb mﬁmgg edshge e%e%&:&% g t %pn
wher ei n nga?fﬁ:l@@; {h lded 1 nlgatit e su%sggﬁsen ta pac e réﬂﬁrqé%glm ssion

to the access term na conprises the steps of deciding the b|t is a
NI o R i B L A
bit is a)breq}llj.s or re ransm ssgi on It an al r eady transmtted packet ended
115 or evioun TRadadbr e T B ttﬁe By, e 58 i i ' "
transmtte téc &P S °ts§qc thﬁ ‘f"’é Wﬁﬁh a predetermned number of
e o U S LB
packets; \é%

sati sfi ed’{i“'“_gI ty? BPCEIraacs; SHU¢™ME- i ndi cat or nessage
cach 51 ot n hiog EF e E}%t% Sﬁt‘s’élmuaa%% RE BB o e aper od p.
wher ei n tﬂ?e“ &8 FH26FSS o ent data packet for transmi ssion
to the access P& PI% IS%Q "ssaf QoS PARIPLIFAREMmIsHER b the pecess
request fgEmInal, ?FF‘l‘ﬂ"a‘taF‘bﬁf Ay At datagpackets somprises plileash opy sighandfhe ¢ he
plurali tfc'c"ﬂss B%PPEA designples cach §l°&1“r°é%th9f‘§%ﬁléfﬂ¥ﬂe?fdﬁ@@4§he§tasﬁﬁim slotgeeBafi ng

the bit %% Ya request for retransnmission if an al ready transmtted packet
ended transmitting the plurality of data packets to the access terminal at an initial data rate;

determining a sct of estimated channel parameters at the access terminal;

ransmitting a data request message to the access point based on the set of estimated
channel parameters, wherein the step of wansmitting the plurality of dara packets to the access
terminal is performed in accordance with the data request message;

- determining a set of actual channel parameters ar the access terminal;

tTansmitting an indicator message to the access point if the set of actual channcl
parameters passes a predetermined quality amount, wherein the step of transmitting is
performed during a time period associated with at least one gup slot, wherein the number of
gap slots is determined by the data rate; and

modifying a subsequent data packet for transmission to the access terminal in
accordance with the indicator message received at the aceess point.

6. The method of Claim 5, wherein the indicator message is a stop indicator message if
the set of actual channel parameters indicates a noisc level less than a noise level associated
with the set of estimated channel parameters.

7. The method of Claim 5, wherein the indicator message is an extend indicator message
if the set of acmal channel parameters indicates & noise level greater than a mnoise level
associated with the set of estimated channel parameters.



transmssion in slot n -p+]; deciding the bit is a request for

retransm ssion if a previous indicator bit caused a retransm ssidny GEP a0l
already transmtted packet in slot n -p+1l, and fewer than a predeterm ned
nunber of retransm ssions have been abgeady processed for the plurality of
data packets; and deciding the bit is a false alarmif no conditions are
satisfied. 10. The nethod of Caimb5, wherein the indicator nessage
conprises a bit received during a slot n, wherein the step of nodifying

t he subsdquentThapetheshek laimo?. wherisnihe Sidicatdromedsiye ABGRISE & Vithicbaved
conpr i seslirRg aslad s and thechocdsel prigt tésigmiies each storis gueliraliglof MataGfalkdiddl O Of
transmi sgicemddree avithegetliaraing ghttanewhéreintthe spp W Modifying theddbieqpagkihs i S

al ready abketifirdrdnsmissicr oitheactess eminl egnprizes dé biepsofa  equest T or
retransni ssi odedifinghesbit Badypquesefos BidringiiipR 6keinsARRH if 4 fHARTH HF i:)ﬁ)cFotj n
sl ot n- N{thg platadiryeifidati(pagketsss hifady solediledfor Q8P 51;0t s between data sl ots and
| Lndicates aeddhg tieieisindqrsiiel Reiansiilofi i A oy Raberdiedpd RIUER T OF

r et r ans mwsmimissibh insi@me}i ous i ndicator bit caused a” retransm sSion of an
al ready transmisitiag RABKS! airByusllor Recdbinissi@NSt { GG, BAR.A, RYedeterni ned
nunber  ofretrdisi@dH1 of $h WS adiAVMsHRRD FALEE A YoPL9 &%Sﬁr{}:?fdfﬁ@m dlj ty of
data packgiber ofterand@fskidhdghvl BEeriiteadySorBeek ATl or 19 %fé‘ . are
satisfied 11. a8@inguictats Qka1ld AR iPn {ﬁmzfr;gﬁﬁ%g o G822 BaF<cisteltinel

paranmeters conprises a signhal-to-intertrerenceé oise ratio. 12_ The
t hod ofg Cl ai 5.0 det.er m ni t. of actual ch I
i et PR D Bt sl
the accesscdridd Rk £ ot ehate) Sach Jorap “yvﬂféqa@iﬂﬁémpacket
error evmgikgggﬁg;ébgn el Eéé}ﬁ tgf% oF meg ARE D suBreanens datacpacket farc ket
oS %Q,f)éjﬂ? guésﬁ‘gg ; %.fig:B?c’ aim.12, wherejn the step of
e1s1.

e 0

. e
(rjggggit Ingnté1 Zu{éﬁ- i ok % apion bt o if; arepstion of gR%PE ses

t he steps %?: Falcferal 'tﬂi‘f"i@ gsc %T", ; .F](Q,.t’f"'d ndancy check (CRC) bits;
and conpaghhgisiBenteso0ed,. bl ur a |°¥3r/c F it 28 “&Fﬁﬁ“&?ﬁ“@gﬂl’?& Enershl ity
metric, V\/nergw-'bqhee" T tgg qutatlit metric.is conputed fromthe set of
est i mat eq.¢hanRs f& {E FeduesLror ﬂ%‘lj“J P@F‘;F?ﬁ@‘m%ﬁé?‘eqahse@rﬁe step
f transmtl grﬁﬁ P2l Jn%a %?ﬁsﬁétstéda}’ T8 WP HE andtevspihar a pesdppimipad ¢ he
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transm ssion error

10._ The method of Claim 5, wherein the indicator message comprises a bit received
c!unng a slot n, wherein the step of modifying the subsequent data packet for transmission to
the access terminal comprises the steps of: '

deciding the bit is a request for a termination of transmission if a repetition of one of
the plurality of data packets is already scheduled for slot n+7:

.dc.cid.iaag the bit is a request for retransmission if an already ransmirted packet ended
transmission in slot n-N(i), wherein N(i} is the number of gap slots berween dara slots and i
indjcates a data rate index number;

d{:ciding the bit is a request for retransmission if a previous indicator bit caused a
retransmission of an already transmitted packet in slot n-N(i), and fewer than a predetermined
number of retransmissions have been already processed for the plurality of data packets; and

deciding the bit is a false alarm if no conditons are satisfied

1.1. the method of Claim 5, wherein the set of actual chammel parameters comprises a
signal-to-interference and noise ratio.

12. The method of Claim 5, wherein the step of detennining a set of actual channel
parameters comprises the step of decoding the plurality of data packets at the access terminal
to determine a packet error event, wherein the packet error event indicates 2 good data packet
reception or a bad data packet reception.



transmtting 'an extend indicator nmessage if the probability val ?? 29520[]!.
transm ssion errors is greater than a predeterm ned anmount. 15. "Th
met hod of Claim 12, wherein the indicator nessage conprises a bit received
during a slot n, and the access point;gesignates each slot in the
plurality of data packets in accordance with an alternating pattern,
wherein the step of nodifying the subsequent data packet for transm ssion
to the access term nal conprises the steps of. deciding the bit is a
requesti1y or 1@yetysdid ' L SSi £ 4l on. of ope of the
DT ol TR 7, vAANAR S2h Bl PEPSLIY Ak o8l g (e
bit is a reqyesdind Liuff Dqg dleSed o c r&_&%@&%_transmtted packet ended
t ransm ssi Orl:ohﬁmglé Nals @iurihgﬂ d %kt& a EgﬁeStdf or .retransm ssion
if a prﬂ{ér%Hs Lndixat or Dl alﬁi (PEnE 28, SHmaled Ayality  metge,
transm F Lo pRskermadsguglity, Hetlq) is coppyteq {rom gt ptmatet changpber of
retrans?ﬁrgg?tgrﬁ's have been already processed for the plurality of data
packets, and_ decjding the bit is a false alarmif no conditions are
satisfitl 16 _%@L?FL?E%‘&%E herpimthesten gf draesriting ¢he indicatax messagesto alre
conpr i s#EC% PO compprisey g steBi®f ng a slur. n, and the access point designates
each sl ot i nPTPFESIEE epdgisymipolpio derrrmingadkebabilifyrvalug fouradsmisdomertdrs;anger i od p,
wher ei n t he TAEPUERE BB ¢Kiepd ndiedier medsagegifahe pubstility awket fof aransmissers ni ssi on
to the BESFEreasrhana predsiepmingdampims. st eps of : deciding the bit is a
request for a termnation of transmssion if a repetition of one of the
plurali iy of Temmathod o cFlaini $2,aWhereidythe iidiciuk eksfage compdises wlbit eeived ng t he
bit is duingpelot nfand theaccassprintsiesignités aach slbr mably plutdins 6§ ddteackas et ended
transmi esiophnémwith an alremating preetrdiwigrdimh ehehsitdp Jf mEdfyRGURS butfseduent data
r et r ans packst fon ridfsmissjamev ieascasneimiatlaomptifes aruspslo retransni ssion of an
al ready t r anderiditgthe bitdk @ trequast $b104 tefmipation o REnsndvRin if A adpetidt 6@k f M ned
nunber eie platliz o dats packas iduleedibertdulddtesty nprocessed for the plurality of
dat a packet s gecididg e idnequehtdobictraistiRichal SealRhdy Wnshira padiRdidd-@ns are
sat i sf i eslnsniigsioninaloratod of C aim 12, wherein the indicator nessage
conprises a Medidingaiai bied: a dyubn ForretteSmibsion WAGT&IiShstihGcfbCR: fusiPdi f Vi Ng
t he subsegmenissidatof apakiwly Wadimitted packeS il Mt r-L and e B8 $Spr &
conpr i sammblaeofstiepsmiziiogeitavel birg ArBelytirdcedstd for iR PURAIy bPdatPpdcRLiagat i on of
transni ssi on dedidiag B0t & 08 armANes @hditbhCarPtais@dd ty of data packets is
al ready scheduled for slot n+l; deciding the bit is a request for
retransriéssi heishetidd 8f CRaAY12! ARG HeGHdiPAGKREssBRIGRhpisE2N B S&iRA | N
sl ot n- Murihg ah@reiafid Meiabedss paint 4EOG0Eagaby: 34 AleSibetveen daLa.slgts and
i indi cat@bante Giilba paidA b Wiksteil URDRED of modifying the subsequent data packet for
transmission to the access terminal comprises the steps of:
deciding the bit is a request for a termination of wansmission if a repetition of onc of
the plurality of data packets is already scheduled for slot n+1;
deciding the bit is a request for retransmission if an already transmined packet ended
ansmission in slot n-p+1;
deciding the bit is a request for retransmission if a previous indicator bit caused a
rerransmission of an already wransmitted packet in slot n-p+1, and fewer than a predetermined
oumber of retransmissions have been already processed for the plurality of data packets: and
deciding the bit is a false slarm if no conditions are satisfied.

17. The method of Claim 12, wherein the indicator message comprises 2 bit received
during a slot n, wherein the step of modifying the subsequent data packet for transmission to
the access terminal comprises the steps of:

deciding the bit is a request for a terminarion of transmission if a Tepetition of one of
the plurality of data packets is already scheduled for slot n+1;

deciding the bit is a request for reransmission if an already ransmitted packet ended

I'rar!smissiou in slot n-N(i), wherein N(i} is a number of gap slots between data slots and i
indicates a darta rate indeX number;



2 7 SEP 2004 27 deciding the bit is a request for retransm ssion if? ASEP 0

previous indicator bit caused a retransm ssion of an already transmtted

packet in slot n-N(i), and fewer than a predeterm ned nunber of

retransm ssi ons have been al ready proQ?ssed for -the plurality of data

packets; and deciding the bit is a false alarmif no conditions are

satisfied. 18. A systemfor increasing the data throughput rate of

transm ssions froman access point to an access termnal, conprising a

processor atyad; | ' -to..generate. g pluyrality of

T e e AL R A,

t ransmi_ss] L access ot ermin ?crmvﬁll%[r""l : B WEfihEt 2 grdepinedot s s
e oft in 18 %ﬁ a%eb ‘“ﬁ’ Cesse go i ﬁq -

det er mi negggxcf.ﬁ?aﬁtb abflaist [ OU aPtr% 4 &pr thepluraliey O gt packetsiiang 1 8,

further conprisiAg @ pfoces 09 FRRopL . S3UShRR nal  configured to

decode tghe pl ur Ii%ﬁ.of i.nterl eaved data slots and gap slots, determne a

qual i t '3 valtd &8 feating e fate AUkl 08 Tapsgpssions Tamaagscepupaiat t o t he

access £&p Fé?f e rQIETISIE APTPHEROr b fifcasreshaink genfigttsd torgawesate ssi on i n

accord Hyiof FRUeriraves AR slgps 3l 490 slofyig ag altesmating pattomeifor Sewsmissiemsages i n

accor dATEEs Hrehal pdersinthe aymbes of gap sigteisdeirrined bydi¢ dats trouzbpeage. | s

generated and transmtted to the access point during a tinme period

associ at’ed wWbehsystem ef$laimnd8. fuamhers boynprish@ a Fhecessopar alieuscceds Shrinad 19,

wher ei reonfigutgdi dacpde/tap plurdlity dibintsrlaived datayloss aidagep slots) dirtinenglality

i nt er f eYabuscssqaiited with rammissipnsafrerh ube afce @i 1bShe whtedsekimindl Sgdieate t Y

val ue idataiateseqiasonedssges fy arbmission inraccorddntewhin e quality Vilge, ded Sehesice

pl ur al i indicator deswgssl int ecordhee Aritharp apualing svafue) whehpidthé fglicater AiRefgt ROP rate

cont r ol gqprnatrdsed tramminsdsioniy: aceess phintidiring atimeperind 666&6atROWith af Bkst sgnedul i ng

a pl ur agaptsjotof interl eaved data slots and gap slots in an alternating

pattern for transm ssion to an access termnal at a particular data rate

wher ei n2@.he Therdppuratk ofy@lirs L Rtvherein ety MAte RMcRAiAtELY Adi@nnathgEei N t he

schedul snd isterferenq vathet 0 at | east one buffer that stores data to be

transmtted on a forward link channel; a data rate request nessage decoder

coupl ed2t.o tMe: gphacilof Cliarodebedinthe qualiyValld i Here@{indly, f&ﬁé’cgﬁx

mes s agesaluebaed gl detbde@panliey dfidata siaannel , and for inputting data rate

request information to the schedul er; and an indicator nmessage decoder

coupl ed22.0 t e apsh@Gd o idjlsbihg S EEAI 1B&D faloRkdl pRdckdsYedtlprisinpdi cat or nessages
recei ved on i behellvesisa akbéesk &Hﬁ@ﬁ?&ﬂﬁgfaoﬁluﬂapgé}giﬁﬂt&iaaﬁgwgoéw. cat or
messagegag slotshig af GReRbid padsd- fo RardBRA{RAH Sin f0des ahl' 409 p3RicBRE Harh OOP
rate CORdté MheRirOBe SEmBRTHTTgaS k136 is AbeeAShEBY 10R.E EHBAL AL 1lNE AGLESS
t er m nakodpkd Wat Radtiond Bidifed titidbret ¥arX & BASr-ASSREA 8h £ frward link channel;
2 data rate request message decoder coupled 1o the scheduler for decoding a plurality

of data request messages received on a reverse link channel, and for inputting data rate

request information to the scheduler; and

o indicator message decader coupled to the scheduler for decoding the plurality of

indicator messages received on the reverse link channel and for inputting decoded indicaror

messages to the scheduler,

23.  Anapparatus for adjusting an open loop rate control process comprising:

an estimation element at the access terminal for determining a quality value associated
with a forward link channel;

an open loop rate contro} element coupled to the estimation element for generating a
plurality of data rate request messages, wherein the open loop rae control element uses the
quality value received from the estimation element for the determiniog the conients of the
plurality of data rate request messages;

2 closed loop rate control element coupled to the estimation element and a decoder for
gererating a plurality of indicator messages based on either the quality value from the
estimation element or an error value from the decoder, wherein the decoder is confi gured to
decode a plurality of interleaved data slots and gap slots in an alternating pattern received on



with a forward |ink channel; an open |oop rate control elenent co Igﬁ{tg
the estinmation elenent for generating a plurality of data rate r§§ 100
nessages, wherein the open loop rate control elenent uses the quality
val ue received fromthe estimation elggrent for the determ ning the
contents of the plurality of data rate request nessages; a closed | oop
rate control elenent coupled to the estimation el enent and a decoder for
generating a plurality of indicator nessages based on either the quality

al ue e degoder,
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to the decoder and the estimation elenent for enabling the closed | oop
rate control elenent in accordance with a set of threshold val ues.






