. WO 03/055142 1 EFFI Cl ENT MULTI CASTI NG FOR PACKET DATA: SYSTEMS BACKGROUND
Field [10(%% ;I'{;ﬁ @r esent invention relates generally to .comrunications,
and nore &Pl | y, to transmtting nulti-cast broadcasts in wreless
communi cation t systenms. Background [1002] The field of wreless
communi cati ons has many applications ikncluding, e.g., cordless
t el ephones, paging, wireless |ocal |oops, personal digital assistants
(PDAs), Internet tel ephony, and satellite comunication systens. A
particul arly i nport anrra@pNrcatitobassne ebdrUbdrel ed@phoneemy st ens for
. mobi | e subscribers. As used herein, the term"cellular" system
enconpasses both cellular and personal communi cations services (PCS)
frequencies. Various over-the-air interfaces have been devel oped for
such cellul ar tel ephone systens including, .e.g., frequency division
mul tiple access (FDVA), tine digixH inle access (TDMA), and code
division nultiple access (CDWVA) ﬁwﬂmwn therewith, various
donmestic and international standards have been established including,
e.g., Advanced Mbil e Phone Service (AWS), dobal Systemfor Mbile
(GSM, anfidlditeri m Standard 95 (1S-95). 1S-95 and its derivatives,
| S- 95A, I -95?, A@l% J- STD- 008 _éoften referred to collectjvely herein as
1 s-95), ahtPBHopokheiprrsght invention relatsssgenarally to sPEmHNeAtisy gnd Faore
Tel ecommupy ' lypd !ﬁ I RlA oL :
standardsgb%%‘ﬁ?%@f tFlﬁ%@?M II Sﬁgg t%a%?é%r%ﬁ%asgggip e{r@g&aos%'?#%rﬂre Iljl:lon
aceqr danceystetits.t he use of the 1S-95 standard enpl oy CDVA si gnal
progdessi ng techniques to provide highly efficient and robust 'cellular
t el ephone service. Exenplary cellular tel ephone systens configured
subst anti glhlMgigungccordance with the use of the 1S-95 standard are
described in U S. Patent Nos. 5,103,459 and 4,901, 307, WO 03/055142 2. .
[1002] The field of wireless communications has many applications

including, e.g., cordless telephones, paging, wireless local loops, persocnal
digital assistants (PDAs), Internet telephony, and satellite communication
systems. A pariicularly important applicatioh is cellular 'telephoné systems for
mobile subscribers. As used herein, the term “c,:elllular" sysfem encbmpasses
both cellular and personal communications services {PCS) frequencies.
Various over-the-air interfaces have been developed for such cellular telephone
systems including, e.g., frgaquency division' multiple access (FDMA), time
division multiple access (TDMA), and code division muitiple 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 ({S-95). 1S-95 and its
derivatives, 1S-95A, 1S-95B, ANSI J-STD-008 (often referred to collectively
herein as 15-95), and proposed high-data-rate systems are promulgated by the |

Telecommunication -I’ndustry Association (TIA) and other well known standards
bodieé. ‘ _

[1003] Celiular telephone s{ystems configured in accordance with the use of
the 1S-95 standard employ CDMA signal- processing techniques to provide
highly efficient and robust Ecellulér -telephone service. Exemplary cellular
teiephone systems 'configurec;f substantiaily in accordance with the use of the
IS-95 standard are described in U.S. Patent Nos. 5,103,459 and 4,901,307,



whi ch are assigned to the assignee of the present invention and

i ncorporaw _9(%/_ 4rzef erence herein. An exenplary syst emutilizing CDVA

t echni que YPRY? c4m2000 | TU-R Radi o Transni ssi on Technol ogy (RTT)
Candi date Submission (referred to herein as cdma2000), issued by the
TIA. The standard for c¢dnma2000 is given in the draft versions of |1S-2000
and has been approved by the TIA and 3GPP2. Another CDMA standard is the
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desi r abl 2692111 3@ST8 2512, sarrﬁs%tzm %ndSﬂyEI’ISBQSQMrS This is
particul ar| desirabl e for appl i cations that incur a | arge | oad on the
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menory el enent, the set of structions for: generating an ntifier for
-a group accessmg 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 appiicationé that incur a large

load on the wireless network, such as video streaming. However, cellular base
stations are prééenﬂy configured to transmit the data on separate channels to D
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 mulﬁple transmissions with the same data content. There is a
preseht need in the art for a method and apparatus for transmittihg identical or

similar data to multiple users without Lising 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 resourcé;s. the apparatus comprising: a memory element;
and a processing element foj;r executing a set of instructions stored in the
memory element, the set of inétructions for: generating an identifier fora group



WO 03/0551#2 3 of subscribers, wherein the identifier is for accessing a
mul ti-cast serV|ce usi ng: channel quality information for at |east one
subscri beyy e%erntne the timng of the nulti-cast service to the
group of subscr| ers; 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 ti mng determ ned by the channel
quality information. [1007] In another aspect, another apparatus is
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transmtte accordance wt transm ssion format determn

channel gserviceyisitrensmititd dmacchriiafte with thet imingadatenhined etheocharmel
present ed fqr d term ning the channel quality information for a
plurali tyq‘dﬁ‘ QDALMY s; for identifying the subscriber with the worst

channel [51 ' ong: anEﬂter%ﬁE)"éEP'érﬂﬂh@r :}Er'attfsaét él‘{teﬁefo\"?eﬁgréting an

scranblin e knomm t € plurality subscri bers

transm ttldegtiﬁereforsaclgmup of smbkscmbm*astnrlmemlthe identifier sl tmraducegsmg a
subscri bers rein.the sc ti-cast serwc t mtted in
accor danc@Wi- F‘?Fe‘ S?Wéﬁ?s nf%sl"ﬁ'ﬁg Fb?%&uﬂHéﬂm @fﬁlﬁ??m Bratt Ffeasiu%%ri ber
Wt the ¥gistibeP s B6len@ititditd ﬁﬁﬁsmlskiprl%}'mbf‘oﬁﬂiet Rfelt-8a8tevicd thhéiod s
pr dented for generating an identifier a group of subscri bers,

wher ei n t grouipd ohtsubiseribérs; fand &@t&@gsnmlagntmet idardiier a’elr\thezenult;enast

|dent|fy|n the su ri ber neI uallt zing a
bl ur al |1 ySgvieh i AEIPeG8R% cfishdel BhetShihe fines: Fefies & inshaRedh

subscri besggorfigfice sfiheeid Mandniisdibm FoRNSt aetérﬁﬂ&m ¥y e Chanmél ghalithe

mul ti-cast service so that the- nmulti-cast service will be received by

t he subsci¥@@atignt h t he worst channel conditions; and for transmtting
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det er m negudlity tuhlenaabm rfmlbarpimetlity bheubecrmerehmmdenﬁwarig the sWxcriber
03/ 0- 5514v2\nth the worst channel conditions; for scrambling a muitt-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 ie transmitted‘in accordance with a transmission
3 format that is optimal for the subscriber with the worst channel conditio_né.
[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 Subet;riber with the worst channe! quality by analyzing
- a plurality of channel quality feej;dbaick indicators from a group of subscribers; for
selecting a timing and a transn‘ilissicnn format of the multi-cast service so that the
multi-cast service will be recr—%ived by the subscriber with the worst channel
conditions; and for transmittingtthe identifier on a first channel and the multi-cast
service on a second channel i in accordance with the timing and the transmlssu)n

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



4 BRI EF DESCRI PTI ON OF THE. DRAW NGS flOlO] FIG 1 is-.a diagramof a
wirel ess communication network. [1011] FIG 2 is a flowhart of an
embodi mentWPEF S %ect i ng the timng of a nulti-cast transm ssion. [1012]
FIG 3 is a flowhart of an enbodi nent for selecting the transm ssion
format of a nmulti-cast transm ssion. TAI LED DESCRI PTI ON [ 1013] As
illustrated in FIG 1, a wireless co ni cati on network 10 generally
i ncludes a plurali téﬁf mobi | e statr'\ &ﬁéal so called subscriber units or
user equi pment or r &BIEFIESCRIPTI b THEDRAWINGS base stations
(al so called base station transceivers (BTSs) or Node B). 14a-14c, a
base station controller (BSC) (also called radio network controller or
packet co f i i N ' ent C) or switch
18, a pacE‘e({‘Rj at ;mgér13i§ﬁgﬂﬁ%ﬁﬁoggwéﬁeﬁﬁrﬁ@e%ﬁm@ﬁﬁ\g&%nction (1We) .
20, a pub[1MYwi tkdBe® ised dpnchart ofetmveribddisen fasdlestirgetie ming ef aphone
conpany), z%%g an Internet Protocol (IP) network 24 (typically the

_Fa%‘}

Internet)M FHGERSSIBR- simplicity, four nobile stations 12a-12d,

t hree bas ti a- : 0 are
shown. Itﬁmﬁzﬁd ﬂ%%ﬁ%@%@gfﬁ&%@@ I gg/ﬁlﬁ: né%??\(gﬁ@?tthetq h%;téon@?%gﬁe
coul d be fonnatofBanuliifcasbisahemission.ons 12, base stations 14, BSCs 16,
MSCs 18, and PDSNs 20. [1014] In one enbodi ment the wreless

comuni cation network 10 is a packet data services network. The nobile
stations 12a-12d may be a”yDETRILEB‘PqESEfRFPffGNe”t types of wireless
comuni cati on device such as a portable phone, a cellular tel ephone that-
is connected to a | aptop conputer running |P- based, Wb-browser %

applications, .a cel I_EI ar tel ephone wth associ ated hands- free car Ki ts,:
a personal1@fRla Asii ‘t‘ﬂﬁte‘EPDA)F'Gun?l-i fy Wirelgss cepmpppiosiiens aetwork 10
_applicati ] : ergﬁlgn ' et erd OF '

portabl e Bgﬁ%am‘gfpé’lﬁ{j)?g I?I Xe ?ﬁ@{gtbﬁgn Comigall(é(}gg{alﬁ %ﬁ%ﬂg@gﬁgﬂs(g

m ght be ftsemdquipmentwrrremede statioms) 1@apt2d, aphmalityesfdiase siptioren(also t he
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> controller (BSC) (also called radio network controller or packet control function
16), a mobile switching center (MSC) or switch 18, a packet data sei'vi'ng node
(PDSNI) or intemnetworking function (IWF) 20, a public switched telephone
network (PSTN) 22 (typically a telephone company), and an Intemnet Protocol

(IP) network 24 (ty'picaily the Internet). For pufposes of simpiicity, four mobile
stations 12a-12d, three base stations 14a-14c, one BSC 16, one MSC 18, and
one PDSN 20 are éhown. It would be understood by those skilled in the art that ’D
there could be ahy 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 nefwork. 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 cj:onnected' to a laptop computer running IP-
based, Web-browser applications, %\ cellular telephone with associated hands-
free car kits, a personal data assistant (PDA) running IP-based, Web-browser
applications, a wireless communic:ation module incorporated into a portable
computer, or a fixed location ¢ommunication module such as might be found in

a wireless local loop or meter %eadir’ng system. In the most generat embodiment,



. 12a-12d may advant ageously: be cohfigured to performone or nore wreless
packet data prot ocols such as described in, for exanple, the

Bl A TIA | 9895425 ndar d. [ 1015] In one embodi ment 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 PSTN 22. and the BSC 16 is coupled to the
base stations. 14a 1l4c viia wrelines gnf i gured for transm ssion of voice
and/ or data pi S in ac rdance Wi h an of sever al knovvn prot ocol s
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. communi cattl OB tvvork 10, the base stations 14a-14c receive and
denodul at B8ER reverse signals from various nobile stations 12a-12d
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communi cat es Wlt first and second bile stations 12a

si mul t aneoUsgvgrabitbwinprajacals m@udm@ e.94 & drimAsyoalrenous EF mnsﬂerr Wlodad
fowsth no S tlfﬁgﬁ c. 1 an 7] BSC 16 rovi des
calds resomt@) I"g 'oﬁ%'ﬁ'a %B"f Wsﬁm g@ﬁ@n‘{” [’ﬁttl Fl"ﬂ,i?udl ng

the or cheéﬁb@ﬁirﬁantoihéasc mmamem:réctrﬁbl théQJ'Dsz}ﬁI tahalthawlsamlw ise
station 12a-12d from one base station 14a-14c to another base station

“14a- 14c. PevceyplegfetheaPRBN 2@ station 12c is comunicating with two base

stations 114 0 . tion 12c -
noves far™eno GL.‘! hq%%@" #’?@é@o@g%?# t%ﬁgﬁ‘ggﬁglééfﬁ at’l or&'&?ﬁ% hgt"%ﬁ ‘IQ/)M |
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I s a conventional telephone call, the BSC 16 will route the received :

data te tH@Wﬂevﬁwmﬂsp?%aﬂaésemaﬁmleﬁalﬁphenelq@as \Wab hrewsing, or
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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
inoduiating 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
J 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 cali for a particular
mobile station 12a-12d from one base station 14a-14c to another base station
" 14a-14c. For example, a mopile station 12¢ is communicating with two base
stations 14b, 14c simultaneohsly. , Eventually, when the mobile station 12c

moves far enough away from one of the base stations 14c, the call will be
14b. '
[1018]  If the transmission is a conventional telephone call, the BSC 16 will

route the received data fo the MSC 18, which provides additional routing

handed off to the other base station

services for interface with the PSTN 22. if the transmission is a packet-based



. | I .
6 transm ssion such as a data call destined for the IP network 24, the
MSC 18 wi lyg sk, t e data packets to the PDSN 20, which will send the
packets to the ] network 24. Alternatively, the BSC 16 will route the
packets directly to the PDSN 20, which sends the packets to the IP
network 24. [1019] In sone communicatign systens, packets carrying data
traffic are divided into subpackets, which occupy slots of a
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roma repote s on to a base station sQ es. a pluralj )
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target degjéRadd Oéq F‘Eﬂh)\}’ withouf J?éc?lhé br b? 8Nembddftasmat al j
raffic on upp ket

channel s, and data is carrie annels or pac
dat a chande#stsnb@.lpm‘lemfent al channels are usually dedl cat ed channel s,

whi | e packget nnel al | r nal s _that .ar esi gnat.ed for
~different Fﬁ] ti :Q.' ?P $|]1'EE§ )cﬂaﬁi ﬁé ﬁ? ) Wgr&a% é‘{hf]gel Y,
packet daMhrrhm@rrghgeaﬁ@h@baQe d@i@hld%cb@ﬁpﬁwaqﬂu@u%ﬁdmhéls bamael s.
For the purposes of describing the enbodi nents herei'n, the suppl enental

channel s aﬁ@e chanpelskef theafaswarh linke lcanadnglugen it ce| qntrlénlted tsu a pilcts
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can be inplenented in a variety of formats. In a

t he
transmi ssPoaNRel, dedicated wentpl Chéﬂéﬁld@%é’ﬁ' access control )(MAC) channel
fundamental channel, supplemental channel, suppiemental 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 destinati?n. 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—mult;plexed manner. Alternatively, packet data
channels are also described as Shared supplemental channels. For the -
purposes of describing the embodinents herein, the supplemental channels and
the packet data channels are jeneri cally referred o as data traffic channels.
[1021] Voice traffic and deJta traffic are typicéﬂy encoded, modulated, and

spread before fransmission lon either the forward or reverse links. The

encoding, modulation, and s:preading‘ can be implemented in a variety of
formats. In a CDMA system, the transmssnon format ultimately depends upon
the type of channel over whnch the voice traffic and data traffic are being
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the type of channel over which the voice traffic and data traffic are

bei ng WO Qi) 9h&skfd transmtted and the condition of the channel, which
can be described in ternms of fading and interference. [1022] Packet data
systens traditionally transmt data to renote stations, fromone to ten
stations at a tinme. Data. transm ssionyoccurs froma base station on a
shared data traffic channel, which is acconpani ed by control information.
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quality. The CQF can be explicit through a transm ssion fromthe renote
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transm ssion . l.evel.s. The base station_ tr m he control
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transmtted to the renpte station is a nedium accéss control identifier

( MAC_| D) . civmme! pguality fegdhapketCQF) irforaatinre about ithe yemetactdiamandeQfi th a
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assigned to the renote station. [1024] Sone packet data systens offer
servi ces Sepateastaion wille asfeagapablgr@iibasthe GQE ran e exgict thrudhae
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ystem to t 1t the video st to all _sybscribed to the wvid
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confi gur edailrdhshiagich. data to only one renote station at a tinme. Hence,
nul ti-tast’ and broadcast in current packet data systems requires an
i ndependept023janstine piete off cordra dnfermation ttbak i Hransmitted 4o dheoremote N
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.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

D 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 ali 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. Hov‘vever; as mentioned above, packet data systems

are configured to transmit dala to bniy one remote station at a time. Hence,
multi-cast” and broadcast ir|1 cunlrent packet data systems requires an
independent fransmission of tﬁe_saﬁne data to each remote station. If N remote

stations were present in the $ystem and the system needed to broadcast the

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



sanme nessage to all of the renpte stations, then the system woul d
transmt the WO 03/055142 8 sane information N tines, yeach transm ssion
tailored t otogﬁ Jg_peﬁeds of each renote station. [1025] The sane

i nf or mat i o iy ~independently to each renpote station because a
transm ssion to each renpte station woul d propagate through different
channel conditions. The condition of egch channel will vary in ,
accordance to distance to the base stalion, fading, and interference from
ot her channels. In order to ensure deliver f. the informatjon within a
desired qfaimet formafion Rlsﬂgﬁsa§aghf§rmm§§|p r%"&f‘“ef(t?% Rredseet egRln 19
the vari opsmofe’ a6sH.SSi on paraneters can be adjusted. As a sinplistic
exanple, 1f the <channel conditions were bad, then the base station would .
transmt {HI25] matThensame inforemaiion ist sent dndepsnderdiyf for each weroote dtation

synbol s age repeated often in the . packet. nce, t receivin arty
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station could transmt information to a renpote station usm? a format
fio

t hat doesaneardapgeie disdancaimthel basesstalien: fading cuid/inteyferancs from otherkel y
to receive_the uncorrupt.ed data synbol Hence, alth h_the sane ..
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[ 1026] An exanple of the different transm ssion paraneters at different
rates thiansmission pasamplers casmbenpdiusiash ks o reimplistichexample, Tihdhe 1.
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to a remote station using a format where data 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 ch'anhel 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 uncorrupied data symbols. Hence, although the same
information is being carried to the remote stations, the transnﬂission 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 ‘j)
Rate of Slots | Packet _

(kbps)

38.4 16 1024 /5 QPSK
76.8 8- 1024 1/5 QPSK
153.6 4 1624 1/5 QPSK
307.2 2 1024 15 | QPSK
6144 1 1024 173 | QPsK
307.2 4 2048 1/3 QPSK
6144 2 2048 173 QPSK
12288 T | 2048 213 QPSK
9216 2 3072 1/3 8-PSK
18432 1 3072 2/3 | 8PsK
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307. 2210241/ 5QPSK 614. 411024113QPSK 307. 2420481/ 3QPSK 614. 4220481/ 3QPSK
1228. 81204@;()37@2@ 921. 6230721/ 38- PSK 1843. 2130722/ 38- PSK WD 03/ 055142 9
1228. 8240961 - QAM 2457. 6140962/ 316- QAM Tabl e | Forward Li nk
Modul ati on Parameters [10271 It should be noted that Table 1 is merely an
illustrative exanple of just sone of ghe transm ssion paraneters that
can be different for a transm ssion to one subscriber versus a
transm ssion to U?%——s-ulbbm'bcua. o der—par ters; +as) synbol
repetition and tjr nsrﬁsssi on 2clur atji o@%@er dl#pl e fr1§r?§aM arle not shown.
. [10281 The presgng48T@odj nent s arle 409act ¢d @ar ds elg-@anti hg the waste
of channel resolreces—tresulting-frlom-the llfjnllr‘lfu of i denth cal
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service asomleaiﬂthe t-nsnnssselpqmchamgtewﬂmtadan Mﬁtﬁdﬁewlaa‘bu@ fransmhission to
gener at ed. For le, MAC |D 00203 coulﬁ reserved t;or t he vi deo
st r eani ng©B¢ sybpe \@r%wﬁ SrsApRIMISSIAR igraihet sybertbers; O R PRBMQIEES. v e

t he tel t
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i nf or mat i pot sf[ci\rmw] Sl nce the MAC ID i dent | fi | es only one channel t hat
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flowchart for selecting the timng ti-cast
subscrl bemsiltiple re¢ipjento In @r@cewadimyt theehese station peseratesai special

determ neRﬂA(P eIDC\r/'a’?\ﬂeethaW dtlﬁésfaeﬁpo%%cgf 'ré]r(rjlo{:e SE’:I'[IOHS, rather than a single
_remote station. For each multi-cast service available, a corresponding | special

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_[D 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 channel quality feedback indicators
from M subscribers fo a multi-cast service. The scheduling. elemeht can
comprise a memory‘e'lement {and a processing element that is configured to
execute the method stepsé deiscribed herein. In one embodiment,
‘measurements of channel interference (C/t) 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 transmissiqn delay of the data becomes too large. For



from M subscribers to a multi-cast service. The scheduyl i ng el enrent can
conpri se qg%% el ement !and a processing el ement that is confi gured to
execute th t élzsteps descri bed herein. In one enbodi ment:;" - '
measurenents of channel interference (C/1) of the forward |ink common
pilot signal serves as channel qualitysfeedback indicators. At step 210,
the scheduling elenent selects an optimal tinme for transmtting the

lti- t h I ked. b ral. MAC, | D, Th timal ti [
el et od 1 anute ot Pl REH TR St Bpulira) olablec orcs SuBREIET e fos
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too | arge. For 03/ 055742 10 exanpl e, the channel condjfions could be
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unf avor abltRe Gyeie! APBEP 220, tatbaseWigtisle @heades tife wakiccdshidauspy  of
the system At step 220, the base station encodes the nmulti-cast data in

a manner maaeniatawanidaliose speertionait an eceptatye cquality i leyell dyetheny

scr ambl o5 GRS I W e PR B BORG, T8 B ST BcE bbb, "
code that ihe ekooded nulti-ebbt datassy hbesssanawithta scrambilingi dodetthatie igekert ed
time on the channel specified b e MAC ID. At step 230, the base

h
station t ¥ Ahs¥RsBery aanl‘i’etr@ﬂﬁ!ﬁﬁ{%%t igbthe selpeled titna gsutherchaapel sracdfiedhl | ow

t he subscry ] he t C Lt ; i ; N
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‘the enbodistheme sntdhpowee levelathatr alfow ithg sudsberibbatwitts thenworst dhannel |
subscribers, .or common .to,a select group of supscriher o, have. pai d for
oxtra servopudiont J530reirs i Broadaestat ot acceriBRRAATT xphehn BHaRORe ng
the 1 asehidmesh@ iRl eMBBHinﬁé’ntfiﬁ%ﬁ@%{é-_df@b&%h%li { E5yeS e W EbMhon

el ement determ nes when-the worst | ocation subscriber has good channel
condi t i ondobgll subscribars; agcommoniia a setent lgeogp 10H subscriers twhabave paid

subscri berfo}mti | acknow edgenent signals arrive fromthe worst |ocation
subscri~ber’ %ﬂ&aes%l'a’-f&‘?&/\ﬁ edgement signals indicating the successful

denodul at i[903end e BRedfativB cekBBlinttH2 radek cthafl UkingSihd 7 as the

schedul i ng el ement can conmence the nulti-cast. -
channel quality feedback indicator, the scheduling element determines when the
worst location subscriber has good channel conditions by fransmitting 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 arives, the | D
scheduling element can commence the multi-cast.
[1031] In another alternative embodiment, the scheduling element fransmits
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 s?gnals are scheduled fo 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
probabié receipt of the multi—cfast by the majority of the subscribers.



. [1031] In another alternative en‘Jodl ment, the scheduling el enent

transmts _test_data packets to all subscrlbers and waits for

acknow edd@%ﬁ?"’é?zgnal s from a predeterm ned percentage. -of t he

subscribers. The percentage could be anywhere froma sinple majority of

t he subscribers to 100% of the subscripers. The actual percentage val ue

can be chosen by the serving system In'a system wherein acknow edgenent
schedul ed to arrive at _predetermned tinmes, this enbodi ment
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ot sl )8, USSR B
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el ement, wherein the nulti-cast is transmtted using a si ng_ e MACID. It
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Cltlla\Pee 3‘ fficulties 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 &fo'rmat designated by the subscriber
with the worst channel conditions. Re-transmissions are redundant
transmissions 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 io
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
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[1034] In addition to the steps descri bed above, the 'scheduling el enent
could al sg &end__re-transm’ ssions in the format designated by the
subscri betY W’q3ﬁ14lzhe wor st channel conditions. Re-transm ssions are
redundant transm ssions of the information, which have already been
transmtted. Through the process of "?oft-conbi ni ng" at the receiver,
synbol s that have been .corrupted durifig the transm ssion of one packet

can be conbi ped with synbols tp'at have been corrupted during the.
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vol t ages, magnetiathislds | arc padiclegn copticahdields or npaicleisc dri ahyscambipation cl es,
opti cal f*’ elrgqu_ or particles, or any conbination thereof: [1037] Those
skill Wouh(ﬁ3 fther appreciate that the various illustrative |ogical
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with the enbodi ments disclosed herein may_be inplenented as electronic
har dwar e, loginabiiaskss sIadiies , ciuits oabd edgerdhe sfepsodescripgd dneganngction
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descr i bedhatweare geompatel yoftward, esrsoneinatistis off ot | Toaldatly illodheitd eis such
functionality is inplemented as hardware or software depends upon the
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terms of their functionality. Whether such functionality is implemenied as

hardware or software depends upon the particular application and design
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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.
[1 038] _The various illuétrative 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
(FF’GA) or other pr'ogrammatj_)le logic device, discrete gate or transistor iogic,
discrete hardware componentfs, or any combination thereof designed to perform
the functions described herein. A general purpose processor may be a
- microprocessor, but in the altemative, the processor may be any conventional
processor, controller, microcojntrollejzr, or state machine. A processor may also
be implemented as a combinéﬁon of computing devices, e.g., a combination of
a DSP and a microprocesspr, a?plufality of microprocessors, one or more



described functionality in varylng ways for each particular application,
but such |nplenentat|on deC|S|ons shoul d not be interpreted as causing a
depart ur ey/ P%ﬂA?e scope of thel present invention. [1038] The various
|IIustrat|ve ogi cal bl ocks, nodules, and circuits described in
connection with the enbodlnents dlsclosed herein may be inplenmented or
performed with a general purpose: procggsor, a digital signal processor
(DSP), an application specific integrated circuit (ASIC) a field

programn?p rra r bl |
di screte glgfoégglz&fs?)é%s%st%{ﬁ@ 02’ ‘Byl']sgr @?%‘gh gg%a(% %ﬁ% tg%’sg&%} any

. conbi nat iconfigbestienf designed to perform the functions described herein.
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enable any person skilled in the art to make or use the present invention.
Various modifications to these embodiments will be readily épparent'to those
-gkilled 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

D shown herein but is fo be accorded the widest scope consistent rwith the
principles and novel features disclosed herein.

WHAT IS CLAIMED IS:



;skilled in the art, and the generic principles defined herein may be
applied to other enbodi nents wthout departing fromthe spirit or scope
of the invention. Thus, the present ipvention is not intended to be
limted to the enbodi nents shown here but is to be accorded the w dest
scope consistent with the principles and novel features disclosed
herein. WHAT | S CLAIMED | S: 14 CLAI Mg Apgé\n apparatus for multi-cast
transm ssions that mnimzes channel "resources, conprising: a nmenory

el enment; and a processing el enent for executing a set of instructions

stored in the me eIe nt set instructi ns for: rating an
i dentifier for la ﬁbéﬁpefa %tf%im@@ :iiﬁ’@is@i'?*?'?% thaty gHpimiz ?@nf‘%l
accessi ngrésdiédd, coffdrishRy: Vi ce; usi ng channel quality information for at

| east one subscriber to deternmine the transnission format of the

mul ti-cast service adnelhnengelaupentpand;ubscri bers and transmtti ng the

i dentifier and the nulti-cast on at.least .0 nnel

ch
the multi-cast ser vﬁc@'ongﬁ'P%ﬁiW?Pgﬁ” eeUting grset %Qﬁ%g‘gﬂrﬁe$tgreqew

accordancmmmar?eiémaﬁﬁmégepaiﬁghieiionghai i's optimal for the
subscriber with he worst channel conditions. 2. An apparatus of claim

1, wherein the trangaheratiog aimridemtiflemcfbti@egrmtp of sabscriberst vereseinsthieon

paranmeters sele qm the grou data rate, nunber of
slots, bits petqceﬁgg? 0588%65% g"i‘i‘ﬁﬁ% f‘i’%ﬁ' €synbol repetition and
transm ssion durati Qng%héﬁheﬂFﬁlﬁiiﬂi iFoRhalidRifon at 1A Ghd stibsbifigst tof WO
of the transm ssion paraneters of the transm ssion format are adjusted

based on the cHatemine geatrangmissia faimasef the multigastsenice tothenglaup cast

transm ssi ons b g% gge % channel resources, conprising: a nenory
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stored in the fransmitting the identifier and the multi-cast service on at least one
channel, wherein the multi-cast service is transmitted to each of the subscribers
in accordance with the transmission format that is optimal for the subscriber with
the worst channel conditions.

2. An apparatus of claim 1, wherein the transmission format includes at
least two transmission parameters selected from the group comprising data
rate, number of slots, bits per packet, code rate, modulation, symbol repetition

and transmission duration.

3. An apparatus of claim 2, wherein at least two of the transmission
parameters of the transmission format are adjusted based on the channel
quality information.

4. An apparatus for multi-cast transmissions that minimizes channel
resources, 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 to a multi-cast

service, wherein the identifier is for accessing the multi-cast service;



menory el ement, the set of instructions for: generating an identifier for
a group of subscribers to a multi-cast service, wherein the identifier
is for accessing the nmulti-cast serV|C@ 15 choosi ng the channel quality
i nformati on of the subscri ber |dent|f|gd by the identifier and having
t he worst channel conditions; determning the transm ssion format of the
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processing el ersabscrﬁmwmemﬁwogst@haﬁnelcﬁonunmr wpti ons stored in the
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subscri bers, wherein the scranbled nulti-cast service is transmtted to
each of t IRONaALHERR tsepupscRbgE wWih dBe worsl ghangel cenditieRisi on format that is
optimal for the subscriber with the worst channel conditions. 6. An
apparatus of claim5, wherein the nulti-cast service is transmtted to
each of the suliscrAbeapparatiacdor daitieasi tlansmissicrssrithatl onininoizeatharnaght i s
optimal for the subscriher with the worst channel conditions. 7. An

appar at us 'BEOWCEP SANPIHBIei n the transnission format includes at

a memory element; and
a processing element for executing a set of instructions stored in
the memory element, the set of instructions for:

determining the channel quality information for a plurality of
subscribers;

identifying the subscriber with the worst channel conditions;

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

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

6. An apparatus of claim 5, wherein the multi-cast service is transmitted
to each of the subsci:ribers in accordance with a transmission format
that is optimal for thfe subscriber with the worst channel conditions.

7. An apparatus of clai:fm 6, wherein the transmission format includes at

least two transmission paraméters selected from the group comprising data



| east two transm ssion paraneters selected fromthe group conprising data
16 rate, nunber of slots, bits per packet, code rate, nodul ation, synbol
repetition and transm ssion duration. 8 An apparatus of claim?7,
wherein at |east two of the transm ssia paranmeters of the transm ssion
format are adjusted based on the channel quality information. 9. An
appar at us ' ref | WEI i 'lénh.fm wcont r ol
(MAC) I D. r%g,ﬁkﬂd%r%ég@%rtﬁ%p%% caclgtg ﬁ%ﬂ%ésge’é‘?%cﬁﬁwgﬂ scr:je ertlstiglﬂn a
cel lul ar arshinansrsiasioorduiatiowr k, conpri si ng: determining the channel
quality information for a plurality of subscribers; identifying the
subscri ber with the worst channel conditions; scranbling a nulti-cast
service using @ s aphidtds 60 eRairkTo Wheéin'difeadt b rithe 1ahs iR | ber s,
and transmtting the scranbled nulti-cast service to the plurality of
subscr i berpgramearsiof thetrapemissitrefldrmat are adjpstesidrasedeon the clhameltted to
each of Eﬂ}_‘%ﬁﬁﬁﬁ%&rﬂ?@ers I n accordance with a transm ssion format that is
optimal f e EPi ber with the worst channel conditions. 11. An
apparatus of claim 10, wherein the nulti-cast service is transmtted to
each of the subscribers in accordance with a transnmssion format that is
opti mal for th&®.shnapppmius &f clairmife wherein tbe idendifies inaMeadivm Adcess An
appar at us ' l,nwherein the transm ssion format includes at |east
t wo transrgés'gfdézmga@al%t ers selected fromthe group conprising data

rate, number of slots, bits per packet, code rate, nodul ati on, synbol
repetition and transm ssion duration. 13. An apparatus_of claim 12,
wherein at | easkd- tAvinethodhferthraadeasiingolv aparcapeetsybsgrihare inrauveHilesi on
format ar I S n .channel quality information. 17 14. An
appar at us%8%ﬁglkrgnﬁa'gﬁa\&ﬂ%r?e?é\'hﬁﬁéh dentifier is a Medium Access Control
(MAC) _ID. 15. Aletentinihgf the dhzomet gaalitpdnfoemation @otoa pluralityssirdupcabénm; a

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

subscriber with the worst channel conditions.

11. An apparatus of claim 10, wherein the multi-cast service is.
transmitted to each of the subscribers in accordance with a transmission format

that is optimal for the subscriber with the worst channel conditions.

12. An apparatus of claim 11, wherein the transmission format includes
at least two transmission paraimetem selected from the group comprising data
rate, number of slots, bits per ackét, code rate, modulation, symbol repetition

and transmission duration.

13. An apparatus of claim 12, wherein at least two of the transmission
parameters of the transmission format are adjusted based on the channel

quality information.
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communi cati on network, conprising: generating an identifier for a group
of subscribers, wherein the identifier 1is for accessing a nulti-cast
service; using channel quality infornaﬁkon for at |east one subscriber to
determne the transm ssion format of the multi-cast service to the group
of subscribers; and transmtting the identifier and the nulti-cast

service on at l4@asin Qpﬁaﬁﬁﬁéﬁ[}&hlm Woehkefeih ite Bdntfisf R Nﬁa‘ad;illﬁié%c%s

transmtted to each o e subscribers 1n accordance Wt

transm ssi@mifad(MAC)t it is optinmal for the subscriber with the worst
channel conditions. 16. An apparatus of claim 15, wherein the

transm ssion format includes at |east two transm ssion paraneters

sel ected from tige lgrrﬁé'ﬁho@loféﬁrbrébﬂﬁaé’!ﬁabato hagupnefmBabsébets GhSa cBith@r Per
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durati on. cpmmmwamnatwmkocompamng:w wherein at |east two of the
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t he channel
is for accessing a multi-cast service;

using channel quality information for at least one subscriber to determine
the transmission format of the multi-cast service to the group of subscribers;
and

transmitting the identifier and the multi-cast service on at least one
channel, wherein the multi-cast service is transmitted to each of the subscribers
in accordance with the transmission format that is optimal for the subscriber with

the worst channel conditions.

16. An apparatus of claim 15, wherein the transmission format includes
at least two transmission parameters selected from the group comprising data
rate, number of slots, bits per packet, code rate, modulation, symbol repetition

and transmission duration.

17. An apparatus of claim 16, wherein at least fwo of the transmission
parameters of the transmission format are adjusted based on the channel

quality information.



