WO 03/ 055142 PCT/ US02/ 40419 1 EFFI Cl ENT MULTI CASTI NG FOR PACKET DATA
SYSTEMS BACKGROUND Field [1001] The present invention relates generally to
conmruni cawicomsssand nore  specifically, to transmtting medn/EsHald0419
broadcasts in wrel ess communi cati on systens. Background [1002] The field
of wireless conmunications has many applications including, e.g., cordless
t el ephones, paging, wreless |ocal |oops, personal digital assistants
(PDAs), Internet tel ephony, and satellite comunication systens. A
particularly inportant application is cellular telephqne systens for

nobi | e subscri bers. KEFILS’I;[E}%T Herér isTefie 5O8r GKE%IqAagaS%STE?/%’t em enconpasses
both cel lul ar and personal comruni cations services (PCS) frequencies.
Various over-the-air interfaces have been devel oped for such cellular

t el ephone systens including, e.g., frequency division nultiple access
(FDMA), tinme division nultiple accesaéTDlVAb,) and code division nultiple
access (CDMA). In connection tBASKGROUNDuUs donestic and international
st andards have been established including, e.g., Advanced Mbil e Phone
Service (AMPS), dobal Systemfor Mbile (GSM, and Interim Standard 95
(1S95). EigiPo and its derivatives, |1S-95A S 95B, ANSI J-STD- 008 (often
referred to collectively herein as |S-95), and proposed hi gh-data-rate
systens gr€0g] omihgapredehyinveatio edletesrgansralit icocomnuunitatipngsagiad inzareon

(TIA) and ot her wel | known, standagr.ds odies. .[1003] Cellular telephone
syst ens c%ﬁﬁ‘?'fgiﬂ"% to ntr%r&%’ﬁmé'é”a' PRt Rmrgga&aest%fln Wk@le%-%ngpé’ﬂﬁfi'gﬂ enpl oy
CDVA si gn@lstemgcessi ng techniques to provide highly efficient and robust
cel lul ar t'el ephone service. Exenplary cellular telephone systens
configured substantially in accordance with the use of the 1S 95 standard
are descr'%beigl in U S Patent Nos. 5,103,459 and 4,901, 307, WO 03/055142
PCT/ US02/ 283U whi ch are assi gned to the assignee of the present

i nvent i on[{@0R] i NOAPofisitiebfbywireless communications has many applications
including, e.g., cordless telephones, paging, wireless local loops, personal
digital assistants (PDAs), Internet telephony, and satellite communication
systems. A particularly important application is cellular telephone systems for
mobile subscribers. As used herein, the term “cellular’ system encompasses
both cellular and personal communications services (PCS) frequencies.
Various over-the-air interfaces have been developed for such cellular telephone
systems including, e.g., frequency division multiple access (FDMA), time
division multiple access (TDMA), and code division multiple access (CDMA). In
connection therewith, various domestic and international standards have been
established including, e.g., Advanced Mobile Phone Service (AMPS), Global
System for Mobile (GSM), and Interim Standard 95 (1S-95). 1S-95 and its
derivatives, 1S-95A, 1S-95B, ANSI J-STD-008 (often referred to collectively
herein as 1S-95), and proposed high-data-rate systems are promulgated by the
Telecommunication Industry Association (TIA) and other well known standards
bodieé.

[1003] Cellular telephone systems configured in accordance with the use of
the 1S-95 standard employ CDMA signal processing techniques to provide
highly efficient and robust cellular telephone service. Exemplary cellular
telephone systems configured substantially in accordance with the use of the
IS-95 standard are described in U.S. Patent Nos. 5,103,459 and 4,901,307,



reference herein. An exenplary systemutilizing CDVA techniques is the
cdma2000 | TU-R Radi o Transm ssi on Technol ogy (RTT) Candi date Subm ssion
(referredwomsimss@zn as cdnma2000), issued by the TIA The stcandaedofior
cdma2000 is given in the draft versions of IS 2000 and has been approved by
the TI A and 3GPP2. Another CDVA standard is the WCDVA standard, as

embodi ed in 3rd Generation Partnershi p2Project "3GPP', Docurment Nos. 3G TS
25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25.214. [1004] The
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el ement for “executing a set of instructions stored in the nenory elenent,

the set ofommemiaationength the: bagenstation.ndf thare were net enoyglt charpals,ghem

03/ 0551423 I?nglv;// LlJJsSeOr {13'9 lﬂélegnter??ng the range of the base station would be blocked from

accessing the services of that base station.

[1005] In certain situations, it is desirable to transmit the same data to
several users. This is particularly desirable for applications that incur a large
load on the wireless network, such as video streaming. However, cellular base
stations are presently configured to transmit the data on separate channels to
each user, regardless of the similarity of the data to each user. Hence, it could
be said that the base station is wasting channel resources every time the base
station makes multiple transmissions with the same data content. There is a
present need in the art for a method and apparatus for transmitting identical or

similar data to multiple users without using multiple channels.

SUMMARY

[1006] The methods and apparatus presented herein address the above
needs. In one aspect, an apparatus is presented for multi-cast transmissions
that minimize channel resources, the apparatus comprising: a memory element;
and a processing element for executing a set of instructions stored in the

memory element, the set of instructions for: generating an identifier for a group



of subscribers, wherein the identifier is for accessing a nulti-cast
service; using channel quality information for at |east one subscriber to
det er m newdhs/ossreng of the multi-cast service to the gr®qr/wdo2/40419
subscribers; and transmtting the identifier and the nulti-cast service on
at | east one channel, wherein the nulti-cast service is transmtted in
accordance with the timng determ ned %y the channel quality information.
[ 1007] In anot her aspect, another apparatus is presented for generating an
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DESCRI PTI
with the worst channel conditions; for scrambling a multi-cast service using a

scrambling code known to the plurality of subscribers; and for transmitting the
scrambled multi-cast service to the plurality of subscribers, wherein the
scrambled multi-cast service is transmitted in accordance with a transmission
format that is optimal for the subscriber with the worst channel conditions.

[1009] In another aspect, a method is presented for generating an identifier
for a group of subscribers, wherein the identifier is for accessing a multi-cast
service; for identifying the subscriber with the worst channel quality by analyzing
a plurality of channel quality feedback indicators from a group of subscribers; for
selecting a timing and a transmission format of the multi-cast service so that the
multi-cast service will be received by the subscriber with the worst channel
conditions; and for transmitting the identifier on a first channel and the multi-cast
service on a second channel in accordance with the timing and the transmission

format as determined by the subscriber with the worst channel quality.



[1010] FIG 1 is a diagramof a wreless comunication network. [1011] FIG
2 is a flowhart of an enbodi nent for selecting the timng of a nulti-cast
transm sswan3/pidi2] FIG 3 is a flowhart of an enbodi mremctiusozaediect i ng
the transm ssion format of a multi-cast transm ssion. DETAI LED DESCRI PTI ON
[1013] As illustrated in FIG 1, a wireless comunication network 10
generally includes a plurality of nobi4 e stations (al so call ed subscri ber
units or user equipnent or renote stations) 12a-12d, a plurality of base

stations (also cal BRIERDESCRIPTION:-ORFHE'BRAVINGS Node B).

l4a- 14c, a base station controller (BSC) (also called radi o network
controller or packet control function 16), a nobile swtching center (MSC

or switc a ket data serving.npde PDS r _i.ngerpetworking
Punct1 on P13 “2BFET lnpfidbram ot i RS sohumanalinbPhRe Ty 22

(typical Ijoqqf el EREODGs GPfIBRENAr Rl ambbrirREmefor Bersctingl the (tiffhgneftavor k 24
(typi cal I[y the Internet). For purposes of sinplicity, four nobile stations

12a- 12d, mhltiezash fraaspissiorons 14a- 14c, one BSC 16, one MSC 18, and one PDSN

20 are s It uLd b nder.s L I ] dihat

t here coﬁﬁm% aﬁwngﬁ%gﬁlog\fcqﬁgbéf?%?S%ngﬁ%ﬁtl@? Sﬁ!ﬁ‘ta?gngtq Q%?@thﬁszté'g@SCs 16,
M5Cs 18, fafidafiiNmudilcastitsdimiksioane enbodi nent the w rel ess conmuni cati on
network 10 is a packet data services network. The nobile stations 12a-12d

may be any of a nunber of different types of wrel ess conmuni cati on device
such as a portable phone, Z?LI!!' r Eﬁ mgﬁ at is connected to a

| apt op conputer running | P—ﬁ% Lé% § r Q |ications, a cellular

t el ephone with associ ated hands- free car kits, a personal data assistant

(PDA) running | P-based, Web-browser applications, a wreless communication
nmodul e i {donBpr ated illustratesl por F&B! !, eonyiieless communication | Beiwmorion10

comuni cat i on nodul e, such, as,.m ght found i a_W.re . . p or
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The nobile stations 12a-12d may advant ageously be configured toaﬁerform

one or nusadledi base statiopatsaraceingrs (s Nodadp)- ddadtdera hage; sfatippy
exanpl e, éom?rolﬁlefa‘/(gée/) l(acfsg%élled radio network controller or packet control function

16), a mobile switching center (MSC) or switch 18, a packet data serving node
(PDSN) or internetworking function (IWF) 20, a public switched telephone
network (PSTN) 22 (typically a telephone company), and an Internet Protocol
(IP) network 24 (typically the Internet). For purposes of simplicity, four mobile
stations 12a-12d, three base stations 14a-14c, one BSC 16, one MSC 18, and
one PDSN 20 are shown. It would be understood by those skilled in the art that
there could be any number of mobile stations 12, base stations 14, BSCs 16,
MSCs 18, and PDSNs 20.

[1014] In one embodiment the wireless communication network 10 is a
packet data services network. The mobile stations 12a-12d may be any of a
number of different types of wireless communication device such as a portable
phone, a cellular telephone that is connected to a laptop computer running 1P-
based, Web-browser applications, a cellular telephone with associated hands-
free car kits, a personal data assistant (PDA) running IP-based, Web-browser
applications, a wireless communication module incorporated into a portable
computer, or a fixed location communication module such as might be found in

a wireless local loop or meter reading system. In the most general embodiment,



standard. [1015] In one enbodinent the IP network 24 is coupled to the PDSN
20, the PDSN 20 is coupled to the MSC 18, the MSC is coupled to the BSC 16
and the W®IlN/B242and the BSC 16 is coupled to the base strtl/seg/4dda- 14c
via wirelines configured for transm ssion of voice and/or data packets in
accordance with any of several known grot ocols including, e.g., E, T1,
Asynchronous Transfer Mdde (ATM, |P,2PPP, Frane Relay, HDSL, ADSL, or
xDSL. In an alternate enbodi ment, the BSC 16 is coupled directly to the
PDSN 20, raobilé seatdne Hayilse angttypeurf eammonidatioRDSNE. ZThe [ngiile] siatio'nsng
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or othe a co nications everse signal received by a given base
station Jfanddld.is processed within that base station 14a-14c. Each base
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noves far Fomone o e stations 14c, the call wll be
handed ofdottoouiplei taiﬂherP[bSNQQstatlon 14b. [1018] If the transm ssion |s a
conventlonal t el ephone call, the, BSC te the .receiyved ato

the MsC 1d91Ghi cPysiney hipicsl é’cﬁ’&?@tf%gf %I?%mlrerl%ss §8W%B%atf°6‘r netyalk ke with
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PCT/ US02/ 4 transm ssion such as a data call destined for the IP

net wor k 2gridusemibBile B8atigns| 12a-12d engaged in telephone calls, Web browsing, or
other data communications. Each reverse signal received by a given base
station 14a-14c is processed within that base station 14a-14c. Each base
station 14a-14c may communicate with a plurality of mobile stations 12a-12d by
modulating and transmitting sets of forward signals to the mobile stations 12a-
12d. For example, as shown in FIG. 1, the base station 14a communicates with
first and second mobile stations 12a, 12b simultaneously, and the base station
14c communicates with third and fourth mobile stations 12c, 12d
simultaneously.
[1017] BSC 16 provides call resource allocation and mobility management
functionality including the orchestration of soft handoffs of a call for a particular
mobile station 12a-12d from one base station 14a-14c to another base station
14a-14c. For example, a mobile station 12c is communicating with two base
stations 14b, 14c simultaneously. Eventually, when the mobile station 12¢
moves far enough away from one of the base stations 14c, the call will be
handed off to the other base station 14b.
[1018]  If the transmission is a conventional telephone call, the BSC 16 will
route the received déta to the MSC 18, which provides additional routing
services for interface with the PSTN 22. If the transmission is a packet-based



route the data packets to the PDSN 20, which will send the packets to the
P network 24. Alternatively, the BSC 16 will route the packets directly
to the PB8N3AGB5140hi ch sends the packets to the | P networ kCMUSORAGAY] | n
some communi cation systens, packets carrying data traffic are divided into
subpacket s, which occupy slots of a transm ssion channel. For illustrative
ease only, the nonenclature of a cdma®000 systemis used herein. Such use
is not intended to limt the inplenentation of the enbodi nents herein to
cdma2000 tsyshrission Bubhdisredain calrddsdinedpbethenPenetinorio PhethesMSCeh® Will such

as, e.g., WCDVA, without affecti scaope of th nmbodi, ment s,, _descri bed
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code channe a packet data channel. The reverse link froma renote
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traffic it§ &mh&2600 @psienin| Embddimentmioanlise implapaerikted idaitherc bystegiss.
Suppl enental channel s are usual |y dedj cated channels, _while cket data
channel s suchaeBy &8rnr WePYHal withauk aliestipg sthgnseeee  of ﬂaﬁ'f?erg‘%lfne'B%rt i es

in ati ey %quggq%-réml ti pl exed manner. Alternatively, packet data channels
are al so descrrbed as” shared suppl enental channels. For the purposes of
descri bi [g020F efhedoneatdsliniefrermthet base statioantena aemoteustaiion eprratinge

ket data ch | i cal | f dt d t i |'s.
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channel, dedicated control channel, medium access control (MAC) channel,
fundamental channel, supplemental channel, supplemental code channel, and
packet data channel. The reverse link from a remote station to a base station
also comprises a plurality of channels. Each channel carries different types of
information to the target destination. Typically, voice traffic is carried on
fundamental channels, and data traffic is carried on supplemental channels or
packet data channels. Supplemental channels are usually dedicated channels,
while packet data channels usually carry signals that are designated for different
parties in a time and code-multiplexed manner. Alternatively, packet data
channels are also described as shared supplemental channels. For the
purposes of describing the embodiments herein, the supplemental channels and
the packet data channels are generically referred to as data traffic channels.

[1021] Voice traffic and data traffic are typically encoded, modulated, and
spread before transmission on either the forward or reverse links. The
encoding, modulation, and spreading can be implemented in a variety of
formats. In a CDMA system, the transmission format ultimately depends upon

the type of channel over which the voice traffic and data traffic are being



7 transmitted and the condition of the channel, which can be described in
ternms of fading and interference. [1022] Packet data systens traditionally
transmt dat@/ossi4eenote stations, fromone to ten statiorrCTarsoa404ioe. Dat a
transm ssion occurs froma base station on a shared data traffic channel,
whi ch i s acconpanied by control information. The control information can
conprise parameters of the data transnission, such as nodul ation, coding,
and power, which are adjusted by the base station usi ng channel quality
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message tpy 0‘1)'35 ofohd eplégennotfeccsﬁt%tl iR %malif thbf §s EHsHTEUbdnk" ARGt the

station is a medium access control identifier (MAC_ID). MAC_IDs are assigned
to remote stations in accordance with a unique International Mobile Station
Identify (IMSI) when the remote stations enter the communication system.
Hence, the channel that is dedicated to the remote station can be identified by
the MAC_ID that is assigned to the remote station.

[1024] Some packet data systems offer services such as multi-cast and
broadcast. In a multi-cast, the same transmissions are sent to a group of
remote stations. In a broadcast, the same transmissions are sent to all remote
stations in the range of the base station. For example, a video broadcast would
require the system to transmit the video stream to all users subscribed to the
video streaming channel. However, as mentioned above, packet data systems
are configured to transmit data to only one remote station at a time. Hence,
multi-cast and broadcast in current packet data systems requires an
independent transmission of the same data to each remote station. If N remote
stations were present in the system and the system needed to broadcast the

same message to all of the remote stations, then the system would transmit the



WO 03/ 055142 PCT/ US02/ 40419 8 sane information N tines, each transm ssion
tailored to the needs of each renote station. [1025] The sane infornmation
is sent i wdep@asiant|y to each renpte station because a t rrTEUS02804m t O
each renpote station woul d propagate through different channel conditions.
The condition of each channel will vary in accordance to distance to the
base station, fading, and interference fromother channels. In order to
ensure dellvery of the information within a desired quality |evel, such as
a frame eyanes iffetmaliGicRY tirhes$,eeach Himmsiniggion Hailoredi wudhe meads ofseadn
paranmeters can be adjusted. As a sinplistic exanple, if the channel

condi ti ofeéMpe &tali9A; t hen the base station would transnit information to a

remote S{3bhan UShA%dnd SARRaNEN TS sURt fdBBbRLAIRS scameRlislookba [n e

packet . t he recerving i ne any corrupt ed dat a
synbol s thecattai a trlaasmrssg:matb eatorieatdte nstatione wenld ifropagate hivieegh

conditions_are t hen,.t he basge st atj. onculdtr S f on to a
renote stdiereRt nr'i‘&l LBHANS- ¢ nhie eS@‘é‘E %gq@eiy\wl ?é&aﬁs'# nce the
receivi ngacﬁ Bfdahdesto dllsiéﬁ%bﬁottﬁert%%@' étﬁtldmﬂ‘auihgobhdﬂh@feﬂ@rﬁ@a fiymbother Hence,
although the same information is bei ngtcarrled to the renote statjons, the

t ransm ssthamngts: nigt grdef to eneumd@hvsaua he m@rébaiﬁnr\élmif‘@ desifacdoauality be

di fferent 1026 An ex n t
i 11 or endeyelr cen, ok SRS Blol "By L FERE M, RIS G0 o) ERpELS o
Table 1. t%s@m%’i@'ﬁebaﬁrﬁael@rcaﬁodé wugte&{’bdlﬁlmta tsrlnplmlbeemdmﬂleotlfs tRacket

(kbps) 38.4 16 1024 1/5 QPSK 76. 1024 1/ 5 3.6.4 1024.1 /5 QPSK
307. 2 2 leheangl songidans avese pad, ib?m '19 bagpgiation 09'%%962@"‘1”%@“ 614. 4

2 2048 1/8 Fedffote’ Atk uélnaoad'ﬁ)rﬁ{a% wilerdata symbols are repeated often in the

packet. Hence, the receiving party could soft-combine any corrupted data
symbols to attain the original information. However, if the channel conditions
are good, then the base station could transmit information to a remote station
using a format that does not repeat data symbols, since the receiving party is’
likely to receive the uncorrupted data symbols. Hence, although the same
information is being carried to the remote stations, the transmission formats of
the data packets to each remote station can be different.

[1026] An example of the different transmission parameters at different rates

that can be used by a communication network is shown in Table 1.

Data Number | Bits per |Code Rate | Modulation
Rate of Slots | Packet
(kbps)
38.4 16 1024 1/5 QPSK
76.8 8 1024 1/5 QPSK
153.6 4 1024 1/5 QPSK
307.2 2 1024 1/5 QPSK
614.4 1 1024 113 QPSK
307.2 4 2048 1/3 QPSK
614.4 2 2048 1/3 QPSK
1228.8 1 2048 2/3 QPSK
921.6 2 3072 1/3 8-PSK
1843.2 1 3072 2/3 8-PSK




921.6 2 3072 1 /3 8-PSK 1843.2 1 3072 2/3 8-PSK WO 03/ 055142

PCT/ US02/ 40419 9 1228.8 2 4096 1 /3 16-QAM 2457.6 1 4096 2/3 16- QAM

Tabl e 1 Fewomsrodsidz nk Modul ation Parameters [1027] It shoulrCToesSonaoad t hat
Table I is nmerely an illustrative exanple of just sone of the transm ssion
paranmeters that can be different for a transm ssion to one subscriber
versus a transnission to other subscri%ers. Qther paraneters, such as
synbol repetition and transm ssion duration over multiple franes, are not
shown. [1028] The12e&8ent erthodi mend@9aar e| di rlédt ed |t dGa@Ad el j mi nating t he
wast e of channel—tresqurees—resultipgfromthemtpltatty | dent i cal
broadcasts to rm?‘ﬁ%ée reci{pi ents.AM ong er‘?Z%di manﬁ,e"@ﬁ‘yba e station
generates a special TfeMFYAVERI LMK MbHaMtion Paramatérsd of renote _
stations, rather than a single renote station. For each nulti-cast service

avai | abl e[1027¢or ttsshmidibeqadeed thati Tablntis meralywan illystsative examplatdddustror

exanpl e, MAC 1 D,00203 coul.d be reseryed for ' t 1.0g: Q. a

tel evi si oﬁorﬁﬁéﬁﬁw TeRgHTROL PA{FBRE™S magrﬁaﬁgb % gﬁﬁe&@qﬂ@é%{{qgﬁ%ﬁé@g‘\?ﬁs’t?on
channel vjge 5hBs&BEFVErS@ bomenSHissiom twther sab&sibarde Otber barmmsetevs,ce, and
wat ch for MAC_|I D 00203 in the control signaling information. 10{23?9% Si nce
the MAC | ughdastsymbsd repetjtiashand Heansenissiondufaiion guer H&Hﬁ!ﬁiﬁlfﬁ&?ﬁ’

decoded b%{ tasg}logirre subscri bing renote stations, enbodinents for enabling
each remot'® 'on in the subscription group to denodul ate and decode the
channel a[1®928] so Ttespreskatiemtiogimentslae directedatdwards lediminétong theewasiei ng t he
timng of a multi-cast to M supscri bers. At . Iet 2f0.0, ﬁ%chedalir{gt el enent
in a baseokehannal GEOBIGASHESURY EARNHIG Mylitp |Cf§ FleidghLER PREPEAFDC  from
M subscri nﬁtﬁ;‘laé 9eaR§‘r‘llt§.' 16 %He 8RIbYBH[Eent it HaBE LA fg;@héfmé‘é aC§peciglonpr i se
a menory elenent ahd a processing elenent that is configured to execute

t he met hoMAS dPsvaleechabétbrtifiesiangraup ohecrantsodtations, ratheathareaesingleof

channel interferepce I f the forward |Iin | . SJ ._1IServes
as channel®Rig §i8 '?'e&:g&a‘lélg?‘l W&!I}qusgrsgrwg? ag/@ﬁaﬁlggg?@qrﬁéép%%dmﬂ i
' MAC_ID value is also generated. For example, MAC_ID 00203 could be

reserved for the video streaming of a television channel. Remote stations

wishing to receive the television channel via the communications system would
subscribe to this service, and watch for MAC_ID 00203 in the control signaling
information.

. [1029] Since the MAC_ID identifies only one channel that will be
demodulated and decoded by all the subscribing remote stations, embodiments
for enabling each remote station in the subscription group to demodulate and
decode the channel are also described herein. FIG. 2 is a flowchart for
selecting the timing of a multi-cast to M subscribers. At step 200, a scheduling
element in a base station determines the chahnel quality feedback indicators
from M subscribers to a multi-cast service. The scheduling element can
comprise a memory element and a processing element that is configured to
execute the method steps described herein. In one embodiment,
measurements of channel interference (C/1) of the forward link common pilot
signal serves as channel quality feedback indicators. At step 210, the
scheduling element selects an optimal time for transmitting the multi-cast on a
channel marked by a special MAC_ID. The optimal time is selected by
determining when the subscriber in the worst location has good channel

conditions or the fransmission delay of the data becomes too large. For



schedul i ng el enent selects an optimal time for transmtting the nmulti-cast
on a channel marked by a special MACID. The optimal tine is sel ected by
det er m ni wg ashossu4 he subscri ber in the worst | ocation has ryaodsochennel
conditions or the transm ssion delay of the data beconmes too | arge. For WO
03/ 055142 PCT/ US02/ 40419 10 exanple, the channel conditions could be
unfavorabl e for a subscriber who is thaveli ng at extrenely high speeds
near the base station. The high speed could cause random but short-lived,
deep fadesxarGpleh tishchanhelveahditimepcéudds uniavoralile fan austieesbabwbodiannel

dition that Id d the data th hput of — t h t
590. 1t ho BALDNG A G TR TERIY SUBLSRars et the bess st Thé Mt ¥aeed hadtt, o\ F
al I ow recé‘él}ﬁ'e%na nﬁ_’bﬁ%ﬁ%@ﬂ@@%?d@é‘@k&d&ﬁé.|Sl\!é14l sRYrtlined, 868 faddearomit h t he

wor st channel condi ti ons. ase station t hen scranbl es the encoded
nul t i - casbe datunfaorableesanng! epndition thatavasld deceease theadata $hreHgbput afy al |

subscri bers, and trgnsmits.A t the sgl.ect ti on | . specified
by the MAGS] ﬁ.’sq%" s?@ﬁ%@g&d htgeb &F gfaéppoﬁﬁqorcge%‘;met E‘E‘E@‘F%{a@%@ Modul at i on
schene anghapRBEthAERUIl halloid! reddptite suBHCachbeptabld Mudlity Wevelt by fthenel
conditions to receive the broadcast at_an acceptable quality leve]. An

addi t i onasubscsbenweitbrihetvwonshehanme)morgitionss theebase station thep S¢AMAIEScode

that is cgmm f ar J i :

subscr  bel® atgdelnledit W5 o8 fiebes Sy iR S pRyae 86e i Radan
embodi menpy afl gUBSEribdrenans traasirits iCAl thesselduted dinsmorlthe chbnngl speeifisdck

I ndi cator, the scheduling el enent determ r{es en the .wopst | ociitt.i on
subscri bebY #2e MYedlLbhAirier Z504ithe gﬁ%‘a At aRs s r‘rb?"lgeg}e gLt ket s

to the wo catd A SHPRK/ ! e oAt tHd 6 cRahh&e from
t he \Aorstgﬁa%ecdé?i%i\d g{ﬁnscrﬁ@! éﬁ%}ﬁﬂagckﬁ\%{]gg‘éemntﬂ?i g}:\éa?i@igndi_qati ng the
successf utorntitimtiutcatdceivesihe kfoaddasigt ah adeeptaiie quatity Ipwelk An additional t he

hedul i ng el t the multi:cast, [1031] | t
21 t o nat | (RNt LAe MR ERS &t Menies PE Resirampld ods LR, Aihmens ac ke s
to all supscyi asseriBBES, Wt domimeh tack BeMLEgaRIEst sabaititess ivhonhave paid

predeterm ned percentage of the subscribers. The percentage coul d be
anywher e far@xira ssirvipé® majority of the subscribers to 100% of the

SubSCr ! Dl fi30y] " Taashe UndtREA FodeHE AP InaH Ry e CA 88" tHen9
channel quality feedback indicator, the scheduling element determines when the
worst location subscriber has good channel conditions by transmitting test data
packets to the worst location subscriber until acknowledgement signals arrive
from the worst location subscriber. Once acknowledgement signals indicating
the successful demodulation and decoding of the test data packet arrives, the
scheduling element can commence the multi-cast.

[1031] In another alternative embodiment, the scheduling element transmits
test data packets to all subscribers and waits for acknowledgement signals from
a predetermined percentage of the subscribers. The percentage could be
anywhere from a simple majority of the subscribers to 100% of the subscribers.
The actual percentage value can be chosen by the serving system. In a system
wherein acknowledgement signals are scheduled to arrive at predetermined
times, this embodiment can be adjusted so that the multi-cast occurs when at
least one designated subscriber has transmitted an acknowledgment signal.
The at least one designated subscriber can be chosen so as to maximize the

probable receipt of the multi-cast by the majority of the subscribers.



wher ei n acknowl edgenment signals are scheduled to arrive at predeterm ned
times, this enbodi nent can be adjusted so that the nmulti-cast occurs when
at | eastwans/odeiz gnat ed subscri ber has transmtted an ackroawsedgomant
signal. The at |east one designated subscriber can be chosen so as to
maxi m ze the probable receipt of the nulti-cast by the majority of the
subscri bers. WD 03/ 055142 PCT/ US02/ 40419 11 [1032] It shoul d be noted that
it is unlikely for a subscriber in a good |location to not successfully
recei ve tH@3Rgst lidsticulpdekedted dhattinis unikely-foaatsubstribeiasegosd indationdoes

t know ed t f t
o1 obabi ¢ a6t PHEASELNTSERENEHNEOER! (A PesErecon M uRash clldhRtos: gna
rather ! Nadia dUBsUGERR BN BRI Mar flo fHis SLBBaibdry ttige

(}trﬁé’ntfg
subscriber.” "Hence, 1t 1s nore 1nportan ncent rate on acknow edgnent
signal s fmone prabableitsatthe base wtatiorplost thetrenersesinkadkeowiedginenizignalber s

wi th favorabl e channel s 3 a flowchart, f t he
transni ssfaReTHRRSAN B@Sléccl‘?%?g\? é%%{ett ofttge,\/p%zbrg ggal lﬂ?{hset g'f)ﬁsf%'bgp
schedul | ”Heﬁ&@ﬁ?&tmbfb AnPEEantIbadrRBntrae 61 abmbhgrr@mergeﬂalm@m thy

f eedback Icators from M subscribers to a nulti-cast service. Based upon

the channsiibspuibiers with @@obabanneialra’dnebtmn suhscribersewiin favprableraannglst er mi nes

the tine d foft ta. At
step 510, MR scifi i BPBsBRt EPebbdE R BabRmissl Rrpnaltof iR . |
al I ow t hecgdtheCs b@msawelrst hat w.ypsso& harsehledalimglilément tro ar leases stationhe
original data. At step t ebase station tran m't the mylti-cast in
the trandatessings ther ﬁh?mé%ll geality Tepdpaek ars r%ﬁsmkmér A the

mul ti - Cas}‘nulﬂ adt’ ﬂ?ett%%sga 7 thé Waﬁp%ﬁﬁéﬁgse dBQé’k"nﬁ’dléﬁtoP@ttﬁ@ t hat

t he ot her scr ers have di ecodi ng the multi-cast
using t hescl&*&iwng @ﬁbmeahdmesmlrms ﬂhertrme sensitetyadl datarand thebsansrissionhad

Che mul ¢ 1 s pbheatanaion 10, e SRl eltesil et fadingath' >
subscri befo?rqa[t H4Win bﬂo@qﬁbtéu%cﬁ@ert\ﬁ% Heeworsl @hahhBesbridrs totréover

schedul i ng el enent coul al so send re-transm ssions in the formnat
desi gnat ethebgriginal daﬂascAt Istap 3)2[31 thet hasawstationctransiaits Hunmuli-east in the

e oAb aRRH Paeh pHeM o R SRR B SR I LR "

the recei Vse'tren§b1ﬁ&5d susidtpta Bavuge IMATC ID. It should be noted that the other
subscribers would not have difficulties decoding the multi-cast using the
selected transmission format since all other subscribers had better channel
conditions. As an alternative to using the single MAC_ID, the multi-cast is
scrambled by a scrambling code known only to the subscribers.
[1034] In addition to the steps described above, the scheduling element
could also send re-transmissions in the format designated by the subscriber
with the worst channel conditions. Re-transmissions are redundant
ransmissions of the information, which have already been transmitted.
Through the process of “soft-combining” at the receiver, symbols that have been
corrupted during the transmission of one packet can be combined with symbols
that have been corrupted during the transmission of another packet. Hence, the
“good” symbol bits from the separate transmissions can be used together to
recover the original data information.
[1035] As mentioned before, it is possible to have multiple special MAC_IDs
for each possible multi-cast service. It is envisioned that the embodiments

described above can allow a service provider to offer multiple multi-cast



corrupted during the transm ssion of one packet can be conbined with

synbol s that have been corrupted during the transm ssion of another
packet. Hewcw/osshe "good" synbol bits fromthe separate tRGaANSSIAGI1ONS can
be used together to recover the original data information. [1035] As
nmentioned before, it is possible to have multiple special MAC_IDs for each
possible multi-cast service. It is eniisioned that the enbodi nments

descri bed above can allow a service provider to offer nultiple nulti-cast
VO 03/ 055deficBSTsudb0as 49 wdéiheerspoctes stozs:lscﬂuodes nebas , witheatt rsecrifigpor t s,

stock quotes, t |f| n cha [esq t.hat d be

ot her wi sech?é@@ fQﬁOW%%&#%‘?C%’ W\gﬁ‘? Hé?@go" 33'98 fﬁ?]aln &Tdi%gé# Those

of skill éc} tihgr@rt woul d understand that information and signals may be
e

r epr esent using any of a variety of different technol ogi es and
t echni queld.03Bpr é’haeploéskdianahelartgucuidturtﬁi%standfﬂh@MIB)rm DB rafgh signals

I b nb I d chi
Zlbgcg Sde@@lylt é@, Y %ggaﬂga(g:e'@&z (tghaby,a t8£) (ﬁﬁg@%?ctggpﬁ&wfégh%& the
el ect r oma@RRAhigtcYRVIEST exdMPREdaRa f indlrdstichs, RRnihehes, infgrimatiah, sighlatts or

particles, or any conbination t her eof . [1037] Those of skill V\D@Z)I d further
appr eci at lpitsy, haymbhls vand ockips | thait mayi \be retggeregd pheuahoukp

circuits and orlt ti ] di ment s
i sol osodt RTERTIEY B REPEERTEY Watges, FARRAE. 'Pbumthachedeuaie:

sof t war e, mRgneftfighdd icrnpaaicldwt bptickd fidldsardry palticles, rat @nyhtsmbination

| nterchan%eabl lity of hardware and software, various illustrative
conponent®eredfi ocks, nodules, circuits, and steps have been described above
general | y[éléﬂ%?lt erTrl% af of gEi'IIrWB RCHIrRA & Fﬁeﬁgc%ttﬁﬁlr tr?éi%rlf)uélqnuﬁfﬁlk/bt yis

I mpl ement a har ware or so tware de s upon the particular

appl i cati |@g|cxa|h(ﬂ>laiﬂxsl mbdut«msd:lrcmltat andraigsmunmstapﬁedewrbﬂdl ins ggnreatioski | | ed

arti sans rra |an nt the d functional.t var for
each par tYVE qdc‘fﬁ?'ﬂ‘i?n seglugﬁreln rfﬁ%&%%t'gﬁ%rﬁeﬂtgﬁ é %‘?@é@ul d not
be inter pﬁ&rto?\%résc&ﬁt!ﬁﬂeﬁ‘%oﬁ\n%‘?@%ﬁétfrﬁb'héﬁ@hs b Bo; OP6 chdarlylifustrate ehis

I nvention The various illustrative |ogical blocks, nodul es, and

circuits nhw’chammiablllty efohaestvarenand tseftwaee e b lsialive (GORRRANENES-ei n may
be i npl englrc])cﬁs, modules, circuits, and steps have been described above generally in

terms of their functionality. Whether such functionality is implemented as
hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from
the scope of the present invention.

[1038] The various illustrative logical blocks, modules, and circuits described
in connection with the embodiments disclosed herein may be implemented or
performed with a general purpose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate array
(FPGA) or other programmable logic device, discrete gate or transistor logic,
discrete hardware components, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may also
be implemented as a combination of computing devices, e.g., a combination of

a DSP and a microprocessor, a plurality of microprocessors, one or more



performed with a general purpose processor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC), a field

progr ammabicensgaszarray (FPGA) or ot her programmabl e | ogiRCTdESORG@L19

di screte gate or transistor logic, discrete hardware conponents, or any
conbi nati on thereof designed to perform the functions described herein. A
general purpose processor nmay be a nﬂéroprocessor, but in the alternative,
t he processor may be any conventional processor, controller,

m cr ocontmigrbgocessorst at ecomjohciien Withr @ce38Br ¢mig, absoanpeoingpl sHetht ed as
a conbi natign of, conputing devices, e.g., a conbination of a DSP and a

mi cr opr oc¥EIgHAtONG| yral ity of m croprocessors, one or nore WO 03/055142
PCT/ USOZM%Q@ FRe HtepoBF ‘écr%?rﬁfoso# Blg%ﬁerHfHéstﬂBec\j\ﬂlﬁ RoAnESIRrCwite ther any
ot her su nfiguration. [1039] The steps of a nethod or al gorithm
descri bedermbodiorenis tdisslosed Hneme rr@rybbeuemh@@ledu diseeiedn Mardwarend) de

nbodi ed di tl har d
grogelsgorsI eé:rPHXQdQS 31 Wchgny&priqgg %%@ﬁa@&ﬂb%a@éﬁ%}%ﬁ%t\&éyar eside in
RAM Wemryoﬁv&érésllﬂoam@may REMETHNRAM m@ﬁw ﬂE@WWemEE,PRWan@WW,
regi sters, hard disk, a renovable disk, a or BA glsErmof

storage neBR@M knemary, EERROM tmemﬁ%iéﬁ*ﬁt%fﬁyha@( Gﬁsﬁg@ R ofipled to
the br ooessacakel d0oREPERAREY 3B Furh RAGWTHIE o O cRefpiy!

i nformati ternative, the sto age medi um
may be i ndtogHd nigditimeispicoaplesioto tleélEpropesm:Essmh dhel prioeessarr agre raedi um nay
reside in an ASIC. The ASIC ngé/ @)eépg a user, termn

tiR Pag

al t er nat i EOrmaiienpfreRbs 8B WH » & SiRTaesy ‘éi‘ﬁ'e Ln gpgcr ete
corrponengglté nﬁog\,éls e ts%rggeahea;[ %4%ayﬂ}f‘e RRiYrAUE Gtﬁécbrcraesear of Thie

di scl ose S 1S provi enabl e any person skilled in the art
to make oprd:;eescbmancﬂ)rtbeemd)ragnvmedlwn mayaresdeslnrramASlé‘at i 0165 ASICt maye

enbodi ment s be readil.y apparent to thos nd t he
generic p'quffg 1 Es USRS %{BHX er Eﬂ ihenaite B%atyspft‘h%ﬁpéé%%[ h%}c} %@érﬁgﬁt s

Wit hout  dgRaf i eyl Fé%iﬂéé’@d%@fététcoﬁip&fé‘ht@mcﬁ ub&etermireNt i on.  Thus, the
present invention’is not intended be limted to the enbodi rrents shown

herei n bu[1048]t o The raremu@ehaacmtw @éthe diselosed arahedigmntsyjs; proyided to
princi pl esnaag]g é‘r%}’ %ergoenatsﬂlllga ﬂ' ﬁ'\ce %?teﬂ) rf‘r?élfé Br use the present invention.

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
other embodiments without departing from the spirit or scope of the invention.
Thus, the present invention is not intended to be limited to the embodiments
shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



VWHAT IS CLAIMED I S: WO 03/055142 PCT/US02/ 40419 14 CLAIMS 1. An apparatus
for nmulti-cast transm ssions that m nimze channel 2 resources,

conpri si ngo @/oselRry el ement; and 4 a processing el enent frROT/ES0@ULIPNG a
set of instructions stored in the nenory el enent, the set of instructions
for: 6 generating an identifier for a group of subscribers, wherein the
identifier is for accessing a nulti-cégt service; 8 using channel quality
information for at |east one subscriber to determine the timng of the

mul ti-cast service to the group of subscribers; 10 and transmtting the
identifier and the multi-cast servi@ ?ﬂlﬁt | east one 12 channel, wherein
the multi-cast service is transmt A ccordance with the timng
determ ned by the channel quality information. 2. The apparatus of Claim1,
wherein transmtting the identifier and 2 the nulti-cast service on at

| east one chanpel mbtaéﬁéiustfbﬁ?rﬁﬂﬂi—bbbﬁﬂahé\ﬂisismtt'HeiteﬁinOnize Eharstel
channel; and 4 transmtting the nmulti-cast on a second channel. 3. The
appar at ugesdurCes, ¢conaprisih@r ei n t he processing elenent is 2 further for

executing instructions for,: iyng the nmulti-cast service before
transmtting the mfl Fieme tel&ﬁégg%\lrl]?ce on the second channel, wherein the
scranfling i s perfq priteB¥ingusliengnt forodgedutiogra set pf instiuictions staredfin

subscribers. 4. The apparatus of C aim1, wherein using channel quality 2
i nf or mat itae Memont elpewst, thaset GhSiUEHPNS rdet er ni ne the tining of the

ChannBl qual Tty | nioS e o I Rt e et 1 on
associ at ed wi tidemftifier $s1fas @ocbssing e mblteeastwerdee,channel
8 using channel quality information for at least one subscriber to
determine the timing of the multi-cast service to the group of subscribers;
10 and
transmitting the identifier and the multi-cast service on at least one
12 channel, wherein the multi-cast service is transmitted in accordance with

the timing determined by the channel quality information.

2. The apparatus of Claim 1, wherein transmitting the identifier and
2 the multi-cast service on at least one channel comprises:
transmitting the identifier on a first channel; and

4 transmitting the multi-cast on a second channel.

3. The apparatus of Claim 2, wherein the processing element is

2  further for executing instructions for:
scrambling the multi-cast service before transmitting the multi-cast
4 service on the second channel, wherein the scrambling is performed by

using a code known only to the group of subscribers.

4. The apparatus of Claim 1, wherein using channel quality
2 information for at least one subscriber to determine the timing of the multi-cast

service comprises:



6 conditions; and determining the timng of the nulti-cast service in
accordance wwth 8 the subscribers with the worst channel conditions. 5.
The apparwtus/sf14€] ai m 4, wherein the channel quality inf@amadoeno412 is a
measur enent of the channel interference of the forward |ink comon pil ot
signal . 6. The apparatus of Caim4, whgrein the channel quality
information 2 is derived fromthe transm ssion power |evels of a base

statiop. 7. The appa at us_of e n q

information 2 is a b?ﬂ?'ggl ?*}%&%‘?&ﬁ%ﬁ@@@@ﬂws%@%%&”@ “%eé%gﬂ 8 at us
of Gaim7, whegugiity isfoanatios asbeciateannieh tisiahbscyibers with efi@®iorstrehinnehe
subscri bers with the worst channel conditions conprises: transmtting a

pl uraI@ty of teendifans; Putkets to the group of 4 subscribers; waiting for

a plurality of aCkn?ﬁe@ﬁgﬁrﬁQHp%glﬂﬂ@éﬁ ftﬁé) t Eanré@al{?lchm R rl&%%%'tvﬂﬁf s in

response to the plu ta pac transm t| ng

mul ti -8ast ser e subdcribees piththad migystodharhehcdmditdresigment  si gnal s i ndi cat es
a response froma predeterm ned percentage of the group of subscribers. 9.
The apparatus of Caim1, wherein using channel quality 2 information for

at | east one sy bscrWﬂ%rﬁpﬁcﬁﬁ%edf'ﬁlaﬁnMh@vﬁérgp”(ﬁe%ahﬁ@lg&'éﬁﬁl ¥BhatiGter Vi ce

conprises: 4 choosing t nnel ~qual 't ormation o e subscri ber
with the vwwagheasuremssit of dinelichaonsl; m&rﬁ&r&memﬁthegfdﬂvverd link egnuhon hpdlot

mul ti -cast service in accordance with the subscriber with the worst
channel ‘ion. WD 03/055142 PCT/ US02/40419 16 10. The apparatus of
Caim9, V\/nerel n the channel quality information 2 is an acknow edgnent
signal fromthe subscriber with the worst channel condition. 11. An
apparatus for Mul ti Theaapparaivwsrofaind, whereinithe mhasnehawaldy informalisur ces,

conpri 3 ' "% derived from the transmission power levels of a base station.

7. The apparatus of Claim 4, wherein the channel quality information

2 is a plurality of acknowledgment signals.

8. The apparatus of Claim 7, wherein choosing the channel quality

2 information of the subscribers with the worst channel conditions comprises:

transmitting a plurality of test data packets to the group of
4  subscribers;

waiting for a plurality of acknowledgment signals from the group of
6 subscribers in response to the plurality of test data packets; and

transmitting the multi-cast service if the plurality of
8 acknowledgment signals indicates a response from a predetermined percentage

of the group of subscribers.

9. The apparatus of Claim 1, wherein using channel quality

2 information for at least one subscriber to determine the timing of the multi-cast
service comprises:

4 choosing the channel quality information of the subscriber with the worst
channel conditions;

6 determining the timing of the multi-cast service in accordance with the

subscriber with the worst channel condition.



a nenory elenent; and 4 a processing elenment for executing a set of
instructions stored in the nenory elenent, the set of instructions for: 6
gener at i ngoens/ossi@nt i fier for a group of subscribers, wher @ar/tdve/40419
identifier is for accessing a nulti-cast service; 8 using channel quality
information for at |east one subscribeqgto determ ne the transm ssion
format of the nulti-cast service to the group 10 of subscribers; and

transmtting the i dgﬁ%%épﬁe[raﬁ@doft@l%im Wi %ﬁ;tﬂgenr{h;éﬁeigl Q0 idi6ARLuANS. 12

channel, wherein'th cast service'is ifh-atcordance with
t he transig sa agckhomaignaeitesignabdrd tHee stubagvitsdr aithl they wovsbrateinnen. 12,
The apparatus,_of Claim1ll, wherein transmtting the identifier and 2 the
nul ti - castcoBEtiPNee on at | east one channel conprises: transmitting the
identifier on a first channel; and 4 transmtting the multi-cast on a
second channel . 13. The apparatus of C aim 12, wherein the processing
element is 2 furt héin bppamtes fivi nulti-osstr transmissiohsr thas eniaimize nehannel

mul ti -Sast service before transmtting the nulti-cast 4 service on the
second4 chdRHHCC/IHEBRPIRhe scrambling is perforned by using a code known
only to the group of; s bRehént: 4Ad The apparatus of Caim1l, wherein
using channel quality 2 information for at |east one subscriber to

det eridkne t he transmi processingralement fortéxeauting ia selsof instruciienscoioped ses: WO

03/ 055142 ,PCT/ US02/ 40419, .17 4, choosi channel quality information by
sel ect i ng hAICASHRIEMERt e st Pﬂmﬁﬁ%nlﬁq?nh%&ssoci ated with the subscribers

with tge worst changgherdlingoBfiiticptifer Mt ROGS Gf UG CFbErs, VASBIrs Hedn
format of the nulti-cast service in 8 accordance with the subscribers with
t he worst chanrégntifienisi for aasessimg aTRtigashFERVIES; of C ai m 14, wherein the

channeh qual ity 2 \IAr BREARN, hoaify TREPHERGR Tor Of 1EHS SHEWBschBLRLd ©r ence

of the forward |ink
determine the transmission format of the multi-cast service to the group

10 of subscribers; and
transmitting the identifier and the multi-cast service on at least one
12 channel, wherein the multi-cast service is transmitted in accordance with

the transmission format determined by the channel quality information.

12. The apparatus of Claim 11, wherein transmitting the identifier and
2 the multi-cast service on at least one channel comprises:
transmitting the identifier on a first channel; and

4 transmitting the multi-cast on a second channel.

13. The apparatus of Claim 12, wherein the processing element is
2 further for executing instructions for:
scrambling the multi-cast service before transmitting the multi-cast
4 service on the second channel, wherein the scrambling is performed by
using a code known only to the group of subscribers.

14. The apparatus of Claim 11, wherein using channel quality
2 information for at least one subscriber to determine the transmission format of

the multi-cast service comprises:



16. The apparatus of C aim 14, wherein the channel quality 2 information
is derived fromthe transm ssion power |evels of a base station. 17. The
appar at uswaxo3@ssi4en 14, wherein the channel quality 2 inf@amarsoonodls a
plurality of acknow edgnent signals. 18. The apparatus of Claim 17, wherein
choosi ng the channel quality 2 informayion of the subscribers with the

wor st channel conditions conprises: transmtting a plurality of test data

packetg to the grou : i oAl L for i tvy.Qf
acknovfedgrrent si gna §B§'P§mét e ér@‘ﬁ%ﬁ%f'%éﬁ{gﬂggc% bsgerl(gétwrga&il'eéspcg%gge{o t he

plurality of tegmlitjdhforpatisebssocattd with teansmbddribegs Witk thelorstasksinnekr vi ce
if the,plurality of 8 ackpow edgnent signals indicates a response froma
predet &r mi ned SOPERIRNEAND of the group of subscribers. 19. The apparatus of

G aimll, wherein ugiRdnfhagek Hﬁﬁéh}s\éiorgférm%?rdjﬂﬂefﬁg%ﬁ# sefRt iPne

subscri ber to determne the“transm ssion forna -cast service
conpri8es: 4 clacosidance wéthctharsublscriberdsi with thef worshthannalfcankddiongbscr i ber
with the worst channel conditions; 6 determning the transm ssion fornat
of the nulti-cast service in accordance with the subscriber with the worst

channel condi tign. WROHREEAER RET/GIENR! 441 Hneidin 20he TRRAARRA QNS Of

Claim 19, wherein the channel quality 2 i nf ormation is an acknow edgnent
si gnal 2f r éfotmaticulis er measurgnaentt o theo cbannelhinterterenes of tthe forveard Ik

apparatus faqr bh - % transm ssions that mnimze channel 2 resources,
conpri si na_o%gn% %Sq@? hent; and 4 a processing el enent for executing a

set of instructions stored in the nenory elenent, the set of instructions

for: 6 determning the channel quality information for a plurality of
subscri bers; 81Bdentliteyiarparaltiss fis Glpiser 1di t wherainwdhet copamglelquality

condi t$ ON§iormation is derived from the transmission power levels of a base station.

17. The apparatus of Claim 14, wherein the channel quality
2 information is a plurality of acknowledgment signals.

18.  The apparatus of Claim 17, wherein choosing the channel quality

2 information of the subscribers with the worst channel conditions comprises:

transmitting a plurality of test data packets to the group of
4  subscribers;

waiting for a plurality of acknowledgment signals from the group of
6 subscribers in response to the plurality of test data packets; and '

transmitting the multi-cast service if the plurality of
8 acknowledgment signals indicates a response from a predetermined percentage

of the group of subscribers.

19. The apparatus of Claim 11, wherein using channel quality
2 information for at least one subscriber to determine the transmission format of
the multi-cast service comprises:
4 choosing the channel quality information of the subscriber with the worst
channel conditions;
6 determining the transmission format of the multi-cast service in
accordance with the subscriber with the worst channel condition.



scranbling a nulti-cast service using a scranbling code known to 10 the
plurality of subscribers; and transmtting the scranbled nulti-cast service
to the plwoadsiosyi4of 12 subscribers, wherein the scranbl ed;ansocxeast
service is transmtted in accordance with a transm ssion format that is
optimal for the subscriber 14 with thg worst channel conditions. 22. A

nmet hod for broadcasting to a group of subscribers in a cellular 2

conmuni cati on t wo 1Sk NQ; : kg c n i ;
i nformation fo?ﬁa pﬁﬁ?a%ﬁ%l:égﬁés%sgﬁl e?}l-?' n\ghlé entlhfé]yi ﬁgat e s({%gté,ri ber
with tthe inforaatiiaisnah asckmdwiédgraenis sigrablfiony the rsudbiscribas witheths ewrsisi ng a
scranbling code known to the 6 plurality of subscribers; and transmtting
the scranPl@¥eheonditieBst service to the plurality of 8 subscribers,
wherein the scranbled nulti-cast service is transmtted in accordance with
a transm ssion format that is optimal for the subscriber wwth the 10 worst
channel condit2tns. AR3apparatktshfod rholti-dasb dchressissigns dhat miniopzefchaobsicr i ber s
ina cgellular 2 communication network, conprising: W 03/055142

PCT/ US02/ R59Y5-eS) SOgUNEI Sk i ng an identifier for a group of subscribers,
wherein the identifhepemfry Slehfint2&f®Ssing a nul ti-cast service; using
channel quality information for at |east one subscriber to determine 6 the
timngt of the multi aquecessing elament fonexgeoiing efsed widastriiions staed in

transmttjng the identif,er d.th | ti-cast service on at | east one 8
channe! , Wre SmPWﬁgefH%'Ptz ﬁ"—ecg% Ofé'%?etwnaé'gh?ﬁ ra_nsm' tted_ in accordance with
the tg m ng determ gegrihihd ethehanaaheldd@lalityy infofraatigi i fon. a 28lurdiityredthod f or

broadcasting to a group of subscribers in a cellular 2 conmunication
net wor k, conprf4bsibeinerating an identifier for a group of subscribers,

channdl qual ity i nt SERLbh e UosBRPER IS Bt chiafRSl cORHORE. 0" e
transm ssi on for mat sebnitliagraihiulti-cast sereicei wsing a dcnembliogcodé knobacto ber s;
10 the plurality of subscribers; and
transmitting the scrambled multi-cast service to the plurality of
12 subscribers, wherein the scrambled multi-cast service is transmitted in
accordance with a transmission format that is optimal for the subscriber

14 with the worst channel conditions.

22. A method for broadcasting to a group of subscribers in a cellular
2  communication network, comprising:

determining the channel quality information for a plurality of subscribers;
4 identifying the subscriber with the worst channel conditions;

scrambling a multi-cast service using a scrambling code known to the
6 plurality of subscribers; and

transmitting the scrambled multi-cast service to the plurality of
8 subscribers, wherein the scrambled muiti-cast service is transmitted in

accordance with a transmission format that is optimal for the subscriber with the
10  worst channel conditions.
23. A method for broadcasting to a group of subscribers in a cellular

2 communication network, comprising:



and 8 transmtting the identifier and the nmulti-cast service on at | east
one channel, wherein the nulti-cast service is transmtted in accordance
wi th the whlostossmagm ssi on format determ ned by the channelPaquadonisgs19
information. 25. A nmethod for efficient multi-cast broadcasting,
conprising: 2 generating an identifier19or a group of subscribers, wherein
the identifier 1is for accessing a nulti-cast service; 4 identifying the

subscriber wit @epggacmgc ﬁﬁ iicglég@@eelfor%agr&&pf ob%usga%agé,gﬂgéreimm ‘?’dér%fﬁepf

channel qualit ators froma group ubscri bers;

sel ect4 ng isfariaticegsiagé multircast sepdtain f or mat of the nulti-cast service so
that the nulti-cast service wll_be received by the subscriber wth the
worst 8 channdTEL AT AGAIY o REHGRTon FrIgoHHN BEIRITPRELS OAIETING o
channeg amgk tiffinget the MafilcaxesBhice BtheldtofpTeansodergngd i n accordance
with the timng and the transm ssion format as determ ned by the

subscri ber wi t fransgitiipngsthec idantiier qangl ithg . multi-cast service on at least one

8 channel, wherein the multi-cast service is transmitted in accordance with the

timing determined by the channel quality information.

24. A method for broadcasting to a group of subscribers in a cellular
2 communication network, comprising:
generating an identifier for a group of subscribers, wherein the identifier
4 s for accessing a multi-cast service;
using channel quality information for at least one subscriber to determine
6 the transmission format of the multi-cast service to the group of subscribers;
and
8 transmitting the identifier and the multi-cast service on at least one
channel, wherein the multi-cast service is transmitted in accordance with the

10  transmission format determined by the channel quality information.

25. A method for efficient multi-cast broadcasting, comprising:
2 generating an identifier for a group of subscribers, wherein the identifier
is for accessing a multi-cast service;
4 identifying the subscriber with the worst channel quality by analyzing a
plurality of channel quality feedback indicators from a group of subscribers;
6 selecting a timing and a transmission format of the multi-cast service so
that the multi-cast service will be received by the subscriber with the worst
8 channel conditions; and
transmitting the identifier on a first channel and the multi-cast service on
10  a second channel in accordance with the timing and the transmission format as
determined by the subscriber with the worst channel quality.



