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I nformation to each other at a variety of bit rates and duty cycles. 25
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access cor‘rmigi cation systens. The use of CDMA techniques in a multiple

;access communi cation systemis disclosed in U S. Patent No. 4,901, 307,
: II. Description of the Related Art

3

The present invention is concerned with multiple users utilizing a
communications resource. such as a satellite transponder. Specifically we

20 are concerned with making the allocation of the communications resource
more efficient. The problem, in the context of a satellite transponder, is to
efficiently allocate portions of the transponder’s fixed communications
resource to a large number of users who seek to communicate digital
information to each other at a variety of bit rates and duty cycles.

25 The use of code division multiple access (CDMA) modulation
techniques is one of several techniques for facilitating communications in
which a large number of system users are present. Other multiple access
communication system techniques, such as time division multiple access
(TDMA), frequency division multiple access (FDMA) and AM modulation

30 schemes such as amplitude companded single sideband (ACSSB) are known
in the art. However, the spread spectrum modulation technique of CDMA
has significant advantages over these modulation techniques for multiple
access communication systems. The use of CDMA techniques in a multiple
access communication system is disclosed in U.S. Patent No. 4,901,307,

35 entitled “SPREAD SPECTRUM MULTIPLE ACCESS COMMUNICATION
SYSTEM USING SATELLITE OR TERRESTRIAL REPEATERS”, assigned to
the assignee of the present invention and incorporated by reference herein.
The use of CDMA techniques in a multiple access communication system is
further disclosed in U.S. Patent No. 5,103,459, entitled “SYSTEM AND

40 METHOD FOR GENERATING SIGNAL WAVEFORMS IN A CDMA



35 entitled "SPREAD SPECTRUM MULTI PLE ACCESS COVMUNI CATI ON SYSTEM USI NG
SATELLI TE OR TERRESTRI AL_REPEATERS", assigned_to t he assignee of the
present invention and incorporated by reference herein. The use of CDVA
techniques in a multiple access conmuni cation system is - further
disclosed in U S. Patent No. 5,103,459, entitled "SYSTEM AND 40 METHOD FOR
GENERATI NG SI GNAL WAVEFORMS | N A CDVA WD 96/ 34480
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the allocation of the communication resource is to allow the users of the
resource to provide data at varying rates thereby using only the minimum

20 amount of the communication resource to meet their service needs. An
example of variable rate data source is a variable rate vocoder which is
detailed in U.S. Patent Application Serial No. 08/004,484 which is a
continuation application of U.S. Patent Application Serial No. 07/713,661,
now abandoned, entitled "VARIABLE RATE VOCODER," assigned to the

25 assignee of the present invention and incorporated herein by reference.
Since speech inherently contains periods of silence, i.e. pauses, the amount
of data required to represent these periods can be reduced. Variable rate
vocoding most effectively exploits this fact by reducing the data rate for
these silent periods.

30 In a variable rate vocoder of the type described in the aforementioned
U.S. Patent Application Serial No. 08/004,484, approximately 40% of the
speech packets are coded at full rate. In the vocoder described in the patent
application, the encoding rate is selected in accordance with the packet
energy. When the packet energy exceeds a full rate threshold the speech is

35 coded at full rate. In US. Patent Application Serial No. 08/288413, entitled
"METHOD AND APPARATUS FOR SELECTING AN ENCODING RATE
IN A VARIABLE RATE VOCODER," assigned to the assignee of the present
invention and incorporated herein by reference, a method for reducing the




25 assignee of the present I nvention and incorporated herein by reference.
Since speech inherently contains periods of silence, i.e._pauses, the
anount of data required to represent these periods can be reduced.
Variagble rate vocodi ng nost effectively exploits this fact by reducing
the data rate for these silent periods. 30 In a variable rate
vocoder of the type described in the aforenentioned U. S. Patent
Appl i cation SwOi96B4ds. 08/ 004, 484, approxinmgtely 40% of the PCTUSHMSR
packets are coded at full rate. In the vocoder described in the patent
application, t hﬁumdbﬂguuamei paciedtecwith ian meinimutanife sa¢rificéd epdityels
energy. Wen th gF&t energy exceeds a full rate threshold the speech is
35 coded at fu In US. Patent App|ication Serial No. 08/288,413,
entitled " NETHooAAmlaummsEdm\ ererPXidearpeashodntacatriniirate whey A

VARI ABLE RATE VEkOQlker @ sdctively tspdalkingsshgsessing the fulPsaplacity of the
avention and | RROLARALS pAKER." dw.ege; SUssiife ArdShRach (Bhct L,ggg' Mg

WO 96/ 34480
nunber of full speechpdatacat aviess thatrmaximwisirateadhere tseexegsaldapgcity in the

di scl osed. transmlfslﬁﬁrEi‘@éisr atge :ﬁ@ﬁﬁ‘fd‘ fBPCRARSMRLING AAAiBBRELC 'Ela@a"‘txﬂ at

full te wh t Ki th

cal;pamr;’:i yeof 1(:a Re a@?\‘%ﬁ%’ﬁ?@&%ﬁ%ﬁ% é?isyz\ﬂhg‘ﬁ‘aeéé@gﬂhea‘i&@g?&{f gﬁgﬁggac&’ Tther
is providing datmppaddetsiist providiagl thesiataat arvariableratetie destribedl irsdetadeins
capacity I ”Jat :clo%enéxhﬁ?msi"a?éhtp Gl ’nd?\ %?FHPCNBO éJStl'i?Tﬁ%t tvlrﬂﬂ:h i

addi ti onal ransin SSI on
ic

source of the dsentinwationapplication of @gk ate rftsABPIi%tEﬂ'h @e/l
variable rate i ﬁléﬂaw abdndonddt entitleds "METHQI2 rAINDY APEARM@S'[FOR THE

i cation Ser at c on
é?pu S. Pat ent cation éh%ﬁf%%%?/%%‘gﬁ’ 3516& #&F@dé now Lgs%ﬁ]ed
entitled ' wETwogF msmm@shpmnﬁ@corpmm\mrw feesnge herein. Fhthe above
TRANSM SSI ON5, asaitivied patdrtcapplicagivre a methbd tdrel atusi i3 didciesedafut

RppRe
appli bat i on a 1S %‘E‘i’ﬁ{'ﬁﬁ&%%%é?%‘{%%ﬁé‘?ﬂg% Btpend SOl e RanEPheie og

di ffering typest®nsMisHioRer ent sources in a dat a packet for

SUMMARY OF THE INVENTION
20

A communications resource is typically divided into
communications channels. Typically, for simplicity, each of these channels
has the same capacity. It is possible for a communications system to re-
allocate the channels to the users for each packet to be transmitted. This

25 would theoretically allow for a maximally efficient allocation of the
communication resource. However, this technique would result in
unacceptable complexity in the resulting receiver and transmitter design.

In the present invention, an efficient method of transmitting and
receiving variable rate data is disclosed. In the present invention, each user

30 is provided with an allocated voice or data channel, also referred to as a
traffic channel. In addition, each user is provided with selective access to a
pool of voice or data channels, referred to as overflow channels which are
shared by all users of the communications resource.

When the rate of a user’s transmission exceeds the capacity of the

35 allocated traffic channel, the communication system determines whether an
overflow channel is available for use by the user. If an overflow channel is
available it is temporarily assigned to the user for transmission. The
methods presented in the exemplary embodiments describe the cases where
a user uses at most the allocated traffic channel and a single overflow
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channel's can be a3l ANednt % apn vided 'eipriic?ay. In an explicit overflow channel
assighment implementation the overflow channel assignment information
is conveyed to the receiver as part of the message packets that are
transmitted over the traffic channel or alternatively on a separate channel

20 used for signaling. The explicit overflow channel assignment information
may pertain to the current packet or it may pertain to a forthcoming packet.
The benefit of sending the overflow channel information prospectively is to
reduce the amount of buffering necessary in the receiver. This is achieved
at the expense of additional buffering in the transmitter.

25 The other method of providing the overflow channel assignment
information is implicitly. In implicit channel assignment techniques, the
overflow channel assignment information is not provided as part of the
message packets that are transmitted over the traffic channel nor is the
information provided on a separate channel. In an implicit overflow

30 channel assignment implementation the receiver tests all possible overflow
channels and determines if one of the overflow channels contains data for
its use. This can be achieved by encoding receiver identification
information in the overflow packet or by the combination of the traffic
packet and the corresponding overflow packet being linked to one another

35 ina way that the receiver can detect.

It is further an objective of the present invention to detail the design
of balanced pre-assignment tables. Pre-assignment tables set forth which
overflow channels can be used for transmissions of information to which
receivers. The idea behind balanced pre-assignment tables is to make the
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Figure 2 is a block diagram of the transmission system of the present
invention;

Figure 3a-3d is an illustration of exemplary transmission packet
structures of the exemplary embodiment;

25 Figures 4a-4e is an illustration of the redundancy in a transmission
packet and the transmission energy level of the packet;

Figure 5 is a block diagram of a receiver system for the reception of
data with implicit overflow channel assignment where the overflow data is
encoded together with the traffic data;

30 Figure 6 is a block diagram of a receiver system for the reception of
data with explicit overflow channel assignment where the overflow data is
encoded together with the traffic data; :

Figure 7 is a block diagram of a receiver system for the reception of
data with implicit overflow channel assignment where the overflow data is

35 encoded separately from the traffic data; and

Figure 8 is a block diagram of a receiver system for the reception of

~ data with explicit overflow channel assignment where the overflow data is
encoded separately from the traffic data.
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' applicable for communication from two separate beams of the same satellite
and a user terminal. User terminal 2 may be a mobile station such as a
portable telephone or other portable or mobile communications device or
user terminal 2 may be a fixed communications devices such as a wireless

25 local loop terminal or a central communications center such as a cellular
base station. Although only two satellites, a single user terminal and a
single gateway are shown in Figure 1 for ease in illustration, a typical system
may contain a plurality of all.

In the exemplary embodiment, satellites 4 and 6 are transponders or

30 non-regenerative repeaters which are typically of the type that simply
amplify, change in frequency and re-transmit the signal received from
gateway 8. The present invention is equally applicable to cases where
satellites 4 and 6 are regenerative repeaters that demodulate and
reconstitute the signal prior to re-transmission. In the exemplary

35 embodiment, the signal transmitted by satellites 4 and 6 to user terminal 2
and the signal transmitted from gateway 8 to satellites 4 and 6 are spread
spectrum signals. The generation of spread spectrum communication
signals is described in detail in the aforementioned U.S. Patent Nos.

4,901,307 and 5,103,459.
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EVBODI MENTS A mul tiple access conmmuni cation resource is divided
into channels. 5 This division is usually called multiplexing, three
specific types being: frequency division nultiplexing (FDM, tine
division nultiplexing (TDM, and code division nultiplexin% é%ﬂg. The
basic unit ofwoaé/smsmti on transmtted ard received in a i on
systemis referred to as a packet. 10 Referring now to the
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t hough t he exenpl aré | n7il lustrates comruni cati et ween
two satellites &M ser terninal, the present invention is equally
applicable for comuin ¢l exemplasynembsodineat ogatewap Bstrafisthits vasiablesnite datd e
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user termnal 2iRigymation, the sate th yariga with times Ancimplementatien ofa 25
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base station. Aol bl 00 30 k! S30m3s8] Ml clbEy Rl
system may dorheiskstenp ﬂesmgnqq/irbﬁ-& Patent No. 5,103/459; the semmunicytions
‘embodi ment \,mlﬁth eedouiréd is_“diarlitllbcﬁicx)}’tb Q'lri]fféﬁm gaw u:i)&oi&@ spi&n-drﬁ?ﬁ;m&@bﬁﬁofe
epeat ens Uh1ch gt ErbNRETHL WL SAHE Ot g copaciBl e g
present inventi ®8tweendhel rgmappnicatiphesystermaoésthghpresent invention and the
system described in U.S. Patent No. 5,103,459 is that in the system described
in the U.S. Patent No. 5,103,459 each channel is independently capable of
20 carrying information at all possible rates whereas in the present invention
each channel can independently carry information at a subset of the
possibilities |
In the exemplary embodiment gateway 8 communicates to user
terminal 6 at one of four different information data rates. It should be noted
25 that the methods described herein are equally applicable to variable rate
communication system that provides for any number of rates. The data
rates of the present invention are referred to as eighth rate, quarter rate, half
rate and full rate. Full rate transmits approximately twice the information
per bit as half rate, half rate transmits approximately twice the information
30 per unit time as quarter rate and quarter rate transmits approximately twice .
the information per unit time as eighth rate. The relations between the
information rates is approximate owing to the inclusion of overhead bits in
a packet. In the exemplary embodiment, a traffic channel has adequate
capacity to carry a data packet of all rates except full rate which requires a
35 traffic channel plus an overflow channel. Full rate packets are divided into
halves with a first half transmitted on a traffic channel and a second half
transmitted on an overflow channel.
The present invention is easily extendible to cases where there are
more or less than four rates, or where the highest rate requires more than



satellites 4 and 6 are regenerative repeaters that denodul ate and
reconstitute the signal prior to re-transmssion. In the exemplary 35
enbodi ment, the signal transmitted by satellites 4 and 6 to user termnal 2
and the signal transmtted fromgateway 8 to satellites 4 and 6 are spread
spectrum si gnals. The generation of spread spectrum conmuni cation

signals is described in detail in the aforenentioned U S. Patent Nos.
4,901, 307 and wWpob6344860. WO 96/ 34480 PCT/US96/05572 7
PCT/ US96/ 05572 Gateway 8 serves as an interface froma

communi cati on networdhainfels. AR} RlikieheBichathat ,th@toﬂiﬂiﬂﬁithﬁoﬁ@sﬁtem of the

ypi cal 1y a cont PEERCS Ry Mill ¥ Rikaid both fixed 8 dalH B Variable rate
network (not showala.win the communicatinroof xgdmratmﬂatg a Shannelephsetofrabannels s

(PSTN) and net V\Dfid@lléd&?é‘d fdxcs’ﬁekiﬁcd%%' B athter Fiethe duraBiBRF the skid Béinghe
present inventd on. way 8 may be connected to the network (not

shown) by wi reli P& Y:’ ni cati ons or by nmeans of an-air i nterface.

In the exenpl ary enbolti isepossibie thatahe Zomrmansication systeabmay nse alladhandéls iho
user termnal 6. Fggﬁg t

I nformation, t heﬂr“!;\tc gﬁ%@ﬁm %ﬁ’gi&ﬁg kaﬂaﬁdcﬁrflo?}i %s lex(glr}xsotype of
vari abl e rate spFEHEMSRRE ) teh 19 8/5P! SFFT. 2 F% iransmission
af or ﬁn'ent i oned Uo®. edtht packéb the, ddiiminticatitee systeml aouldnblidcatenthe amtire
In the syste e ' 59, C o]
resource is gﬂlt\gl géginlt? 1€agion g?seoﬁ %%ﬁ%aé‘?‘f‘ﬁgszg Tl{cn%h qg@?wkgf%ﬁ erzg%ﬁ
of t he channéFS;uaf'PéX resit iny gemaxima g eff wrﬁaﬁlloym@\ @&;she respurge; dt results

di ffeL ence b @ whamhdcbeptablertevelcstt donmpleyity émboth i’é&:\i@r@aﬁdttrarﬁhﬁﬁbtson

g (he oyt Sop iy oo o S Sy By

i ndependent | y Caﬁhwlﬁfa@OOVQMIc gm‘#ﬁor'ﬁb@ mumnbkar of channels in eachtgroup

whereas in ths poege wmtsygnm usa Chnkftﬁ?ﬂﬂlletélarbrl adﬁeefadmél YTHefifst

la%g(r:hrmrr;ln?nggt e\jéy&gé e%%&hﬁ{t“ég]? ols ttlgg 32%&& chhfiel group. Eatfl &0 8&‘%28113: y

_' communicating on the communication system is allocated a traffic channel
or set of traffic channels specifically for his use for the duration of service.
The second group of channels is the overflow channel group. This group of

20 channels is shared by all users of the communications system. The
overflow channels are assigned on an as needed basis and are re-assigned at
regular intervals. In the exemplary embodiment the overflow channels are
re-assigned for each packet interval. A packet interval is the time interval
between transmissions of consecutive data packets.

25 In a preferred embodiment, the overflow channels are assigned by
considering all of the full rate packets that are to be transmitted in a given
packet interval. In an alternative embodiment, the overflow channels
could be assigned individually on a first to request basis or in accordance
with a set distribution order. Furthermore, the set of overflow channels

30 available to be used with one traffic channel can be different from the
overflow channels that can be used with other traffic channels. In the
exemplary embodiment, the number of overflow channels available for any
traffic channel is fixed, but this number may be allowed to vary with time in
accordance with factors like those enumerated above that influence the

35 division of total channels between those used as traffic channels and those
used as overflow channels.

Figure 2 illustrates the transmission system of the present invention.
In the first exemplary embodiment of the transmission system of the
present invention, when a packet for transmission is a full rate packet,



termnal 6 at one of four different information data rates. It should be
noted 25 that the nethods described herein are equally applicable to

variable rate comuni cati on systemthat provides for any nunber of
rates. The data rates of the present invention are referred to as
eighth rate, quarter rate, half rate and full rate. Full rate transmts
approximately twice the information per bit as half rate, half rate
transnits apwosésmasely twice the informatign 30 per unit tPEEUSSOSHA, ¢ or
rate and quarter rate transmts approxi mately tw ce the information per

unit time as ei glaffic Eﬂﬁel%ﬂbﬁ'o’ﬂth@ rdatl Paskenahd an overfloho h@ine) rpdrﬁbﬂs

t i t,0. th
e owenpl ary cRbdifaBAt BackPE e 9@%%@8&%2\%2 i, s overrisl ek Ghney
carry a data passsignmentidata ds qrovideshimplicitly ot As msemberécareww%mm an
traffic channel jRpligitanverbW %aﬁmmnsisngﬁﬁ{éntr&h planekeitford! Qh@“ Yhalfiel

into hal ves th a first half tra ted traffic, chan

second hal f 5 agsigmaent (pfer at é}qil étg%% he receiver. 1 EStﬁ %q@ﬁt
invention is easedeyvaxﬁenﬂ:dulatsoandiséecodesr infofmationren its allocated trafic
than four rat eschél{ne‘i"%‘?{deu&@ﬁnﬂb&?%t all PoBsibRABVEAROW ChERS %%PWV‘D

96/ 34480
two channels. AWhgther ang ‘Efnmesmfﬁétﬂapﬁ&tp'f%d%rﬁmm%&w H1S @he

present inventi second p omm“ofruzﬁlm berithori theettaffitt chattfel and variable rate
data. In th cormunl Q f el s
Is allocat e?’ for spe | c(ﬁﬁss)féo iéﬁﬂn{s?ito‘?\ igﬁr%vufehdcﬁaw}qmg'}atieé esoé%?\'%ﬁ ce

being 5 provi dedhich encodes th q !nl?l# si ¥priablesrate slate sautne may; encosiesthem
may use al |l chagagl o tHat it is xhbee reBU oCRANSisERANIFGS, 86 itamE P REhiPrestOdle

Specitic user. SRE th et dRE riinsmiseid B P Waes pea‘#r"‘q'%'aéﬁssp‘? ﬁ‘%r ’ﬁ'g‘“t“? fion
comuni cati on syesowrceigrdtranspisaiont oe seme reombinationmefi the itwe.r el thee
for transm g3 ogxemplaey Embodindiitsvafabletate dataasmbl ?ﬁﬁihés dAtaPat four

unaccept dble | i AL FBfe o AR A . 25 S el e roe
In the exenpl ar pAscstatedibefore, thepresenhinsientionds @qv#ﬂﬂedpphc&ble for data sources
channel s and ovgi{dt! presvide@aed at any ShuHBELof htes AR MeSexeinSREY etibibdiment,
full rate information is provided at 8.6 kbps in packets of 172 bits, half rate
20 information is provided at 4 kbps in packets of 80 bits, quarter rate
information is provided at 1.7 kbps in packets of 34 bits, and eighth rate

information is provided at 800 bps in packets of 16 bits.
Table 1 below illustrates the numerology used in the exemplary

embodiment of the present invention.

Table 1. Exemplary numerology of the present invention.

Parameter Units

Data Rate 9600 4800 2400 1200 bps

PN Chip Rate 1238 1238 1238 1238 Mcps

Code Rate 1/2 1/2 1/2 1/2 bits/code symbol
Code Repetition 1 1 2 4 mod sym/code sym
# of Channels 2 1 1 1 '

Modulation BPSK BPSK BPSK BPSK

30 The present invention is equally applicable to other numerologies. The
number of bits specified as the data rates differs from the information rates
due to the inclusion of overhead bits into the packet. A detailed description
of these additional bits is described later herein.



15 may vary wth systemusage, |ink parameters or other factors. The first
group of channels is the traffic channel group._Each user currently

comuni cating on the conmunication systemis allocated a traffic channel

or set of traffic channels specifically for his use for the duration of
servi ce. The second group of -channels is the overflow channel group.
This group of 20 channels is shared by all users of the conmunications
system The WO®wsH80 ow channel s are assigngd on an as needeACHHSA6H5SIA
are re-assigned at regular intervals. Inthe exenplary enbodi nent the

_OVSrf | O}N Cha[‘ﬂa ts ar eTh? ex@ﬁ?ﬂﬁfy Qﬁ%&lﬁ{erfa&hvﬁﬁﬁkﬁt ratet f&&t@kou&epﬁ@ kgta .
interval is the ti i nterva en, transm ssions_of ..con a
packet s. nel?lﬁ 5§‘ﬁr¥?‘é94"éda%rf¥)\%8¥lhsﬂt n {{h% ﬁE?WFBW’Bﬁieﬁé[ Iy%FB?
assi gned by Appiication Beriall Noo08 004,484/ IInrtmsecqsacthgt inpub 40 the dataosdmce
transmtted in axg isz acket dT%PEéHh édﬁ]ﬁ@ Y @hd thé oﬁ&nﬁ' 6%&8%&&962@8@

t he overfl ow %han ned i ndi

a f|
request basi s or ﬁorét@ggpgeﬁ]ggmpres# 5es§g.ga Eﬂ'b?? tﬁﬁt‘%ﬁ?&b?ﬁ@i’ es. the
Furthernore, theexaplaty embodimentbofavariabROratevecddey the endrgy wfedpadkehopne

traffic channel ren | aw..C apg be
used with ot her tra PI C c%;e%ngsl gnéﬁsﬁp%i%d con@‘é@&? ﬁ W@]ﬁg ﬂ& bt
number of over f | Hwesheldngalues, which, deteraing the encq l&ﬁf fatec hgﬁﬁé?au!fs if thed,
but this number pagkebof spéerheshnipley abitaing sctivierspeeth, thenahe rgaqus coliéd at

factors |ike tohoth mg%tgg@ﬁ@tg%ﬁt{aa %.'?ak&ﬁn&nﬁg\tl%&S 3. o8y 23%&53 as

total channel’s between those use S and
over f | ow channel teaches of methods fpyredncing) the mumler thEaQ

of the present i@gmidimum impact h fperédptaykju trmdpmﬁt Rf) hbamn
H:E:m ::: 82 ;sgs qﬁ](ﬁl td;?gs%%ié?es%%ﬂﬁs yvet%ts'e &%Q%&oxﬁd otﬁ)ermse be
9 coded sdfylUsne/apsismark theset paskﬁtsCtoCbmmd Bbatlower gate; hEhe

dat adpgc ket aﬁd m:m;&hgm ﬁ?@rsl @atét&rA Phication Sridl No. drst/esmwan 86 ﬁsed
encoded, {ouet et I NP ST of LS kol Shsal -
assi gnment i npl e9AA04:484nto mbxqehmmenmb;ra@spyk%tenmded rmfiudinrats with a
transmtted to thfnine@el ¥epactdis perdivedequality.
Variable rate data source 20 encodes the input data and provides it at
20 one of the predetermined rates. In the exemplary embodiment, a traffic
channel is capable of carrying packets encoded at or below half rate. When a
packet of data is encoded by variable rate data source 20 at full rate, then the
size of the packet exceeds the capacity of an allocated traffic channel and
must be transmitted using both a traffic channel and an overflow channel.
25 If the data packet provided by variable rate data source 20 is a half rate,
quarter rate or eighth rate packet, then variable rate data source 20 provides
the packet directly to formatter 24. Formatter 24 generates a set of redundant
bits in accordance with error correction and detection methods that are well
known in the art. In the exemplary embodiment, the redundant bits are
30 cyclic redundancy check (CRC) bits, the generation is detailed in the
aforementioned copending U.S. Patent Application Serial No. 08/171,146.
Figures 3a-3d illustrate the packet structures of the exemplary
embodiment. Figure 3a illustrates the packet structure of a full rate packet
consisting of 172 information symbols followed by 12 redundant symbols (F)
35 and then by 8 tail symbols (T). Figure 3b illustrates the packet structure of a
half rate backet consisting of 80 information symbols followed by 8
redundant symbols and then by 8 tail symbols. Figure 3c illustrates the
packet structure of a quarter rate packet consisting of 34 information
symbols followed by 6 redundant symbols and then by 8 tail symbols. Figure



recei ver denpdul ates and decodes information on its allocated traffic

channel and information_on all possible overflow channels and_det erni nes
whet her any of the information provided on the overflow channels is a

second portion of a packet sent on the traffic channel. 10 | nput
data for transmission is provided to variable rate data source 20 whi ch
encodes the input data. Variable rate data source may encode_t he dat a

so that it | dW@B#as4Bbust to transnission efyors, or it my PEHYSNLSSRhe
data so that the transm ssion of the data requires | ess of the
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at 1.7 kbps in paekeeiftodncdded lsyﬁlbol’s“dlrﬂtlﬁféﬁén{p'vlﬁﬁ/ embodithéitBhésteri28 is a
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present inventi convelgtional entederlis impleshentedusing ol digitalf shifie registeerwith

i nvention. 1p fé%abﬁé’l?tgﬁcoder 26 frowdes the encode acket to mterl egver 28 Units
Dat a Rate

1.238 1.238 1.238 1%9’29%"%%% ’em'd%& eF@PefY ks of the en“’fﬁé
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packet is of full capacity consisting of the same number of binary digits. The
addition of redundancy is described below.

Referring to Figures 4a-4e, interleaver 28 interleaves the binary digits

20 of the packet, then groups the reordered binary digits into symbols. The

binary digits may be the symbols themseleves or the binary digits

comprising the symbols. In the exemplary embodiment, each power control

group (P) - P32) consists of 24 binary digits. Figures 4a and 4b illustrate the

packet format for a full rate packet. The packet is split into halves with the

25 first half of the full rate packet illustrated in Fig. 4a transmitted on the traffic

channel and the second half of the full rate packet illustrated in Fig. 4b

transmitted on the overflow channel. Note no redundancy is present in

either half of the packet, because transmission of a full rate packet uses the

entire capacity of both the allocated traffic channel and accompanying

30 overflow channel. Fig. 4c illustrates a half rate traffic packet. Note that

because transmission of the half rate packet utilizes the full capacity of the

traffic channel, there is no repetition provided in the packet. Fig. 4d

illustrates a quarter rate packet, in which each symbol is provided twice.

Fig. 4e illustrates an eighth rate traffic packet, in which each symbol is

35 provided four times. The ordering of the power control groups in Figs. 4d-

4e provide maximum average separation between a power control group

and its duplicate. This way potentially if a power control group is lost in

transmission, the information may be recovered by using the duplicate and

vice versa. The ordering of the power control groups in Figs. 4a-de is for
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The exenpl ary enbodinent of variable rate data source 20 is a vari abl e
rate vocoder as described in the aforementioned U S. Patent Application
Serial No. 08/004,484. In this case, the input to the data source 20 is

a patket of speech sanples and the output of data source 20 is a packet 5
of containing a conpressed representation of the speech sanples. In the
exenpl ary embososwstssf a variable rate vocoger, the energy OPCHUMRER of
speech sanples is nmeasured and conpared to a predeterm ned set of

threshol d val ues exbinplagetpairposes ahd the qitesent’ iventiornapplies édudliye to all
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0

at 10 full rate rementioned U.S. Patent Application Serial_ No.
08/ 288, 413 t eachedhefinteslenver ppeket is pueyidgd: e nterieaser 28 toampdulator 30.
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quarter rate 1% ewgfﬂ&wrdimﬂeis:mé fewbeavatlabhbtrafficichannéls. sGoneersely, the
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set of redundant acc fror correction an

met hods t hat ar e ©¥etflow Cha'k‘mi’ém tlh'étratqs haw, the,gapacity nfthe systepyirades off
t he redundant bi agaimse tidprobabilite df@lﬂﬂdea‘te)fra::hecbleu(g(m):kéﬂ from thmsmission.
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packet structdf ePrepagationcpathauality allowsf eﬂmm st .qorrergm?@egn
the packet structescurcé. a flnl bnr ihplipitc khénnel assighisntngy s!éml?ﬂus requires

Bk T S TioE IO S Bher B BT

tail synmbols (T) ure 3b
rate packet consFeeiyRFsAbraast; af thenurabers phippssibleove bc(}\agmes In bOth

redundant synbol $mpbiditt and éxplitit ehanmseindssignmeny systefis, ithisuentajiseincréused
packet struct3y e gh e AU ihethd HafishASHEh SAIGhSIAGUnCharticulsY BABILAY of
increased in cell controller 40. Modulator 30 provides the modulated packet
to transmitter 36, which frequency upconverts and amplifies the modulated

packet, and provides it to antenna 38 which broadcasts the signal.
Because the receiver of the present invention can combine the
30 received energy of the redundantly provided symbols, it is not necessary to
transmit packets containing repetition at the same energy as packets not
containing repetition. In the exemplary embodiment, the energy for
transmission of a packet scales inversely with the amount of repetition
present in the packet. Transmitter 34 receives a rate signal (RATE) from cell
35 controller 40 and amplifies the signal in accordance with the rate indicated

by the rate signal.

' The relationship between the necessary transmission energy and the
amount of repetition is illustrated in Figures 4a-4e. Figures 4a and 4b
illustrate the overflow and traffic packets required to carry a full rate packet
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synbol s foll owed by 6 redundant synbols and then by 8 tail synbols. Figure

WO 96/34480_ PCT/ US96/ 05572
3d illustrates the packet structure of an eight h rate packet consi sting of
16 i nformati on synbols followed by 8 tail symbols. In the exenplary

enbodi nent the tail synbols are a series of binary zeros used to clear out
the nmenory of encoder 26 and to all ow packets to be decoded seEar atel7¥ at
5 the decoderw®n6/34480 r ecei ver system 13 Formatter 24 he
packet to encoder 26 which encodes the acket into encoded synbols 1n
the exenpl ary erdfadiitaemd fuld metedeacketrequires the endire capacityonf botht thenoverflow

encoder. In an %’h‘ifm nd ﬁ@&ﬂf Hannlel)So no répet Wd‘i‘s'ﬂ%ideﬂnﬁpéiﬁﬂer cket
e A e Aok e o o e Pl i el
reorders the bi maaxinirgipacket enétgydmzdoﬁ\.d Agaikein Figure 4caircathaifwate \patketa
predet erm neds | %S{é EﬁaKSrre Qfﬁﬂfrso' {het EFBt%&Yded at QRPOKErEE evel LE In

interl eaver 26 is eaver. I nt er| eaver,
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pr esent |nvent| | des_red
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The addi t i orpa@kebr :émmumdyah asqwserrq» packetgnergy of the haltsater packst on
Figures 4a-4¢g ippgerl eaver 28 interleaves the binary digits 20 of the

D nary di git's mmy. be IBnhes SHaOE ERRATGRHDBLE B rAle” BALRY VAFighIS rate data

conprising the spuocd 20 ptmmdbe@padtelro; mdketﬁ toeselecton 2R qndv\mdsmteqnest
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illustrated I: Ffbgseleuoxt 22 irsdiicating] ifoan oiverflowifdhiannel of teav poltertind ovexflow
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20 When the rate of the packet provided by variable rate data source 20 is
full rate, there are several embodiments of variable rate data source 20 for
providing the full rate packet. The first embodiment of variable rate data
source 20 generates the full rate packet independently of the availability of
an overflow channel. In the event that an overflow channel is not

25 available, then no packet is transmitted and a packet erasure is detected at
the receiver. Because the packets are of short time duration a user will not
be adversely effected by the occasional dropped packet. In this case, a full
rate packet is provided to selector 22, which either provides the full rate
packet to formatter 24 if an overflow channel is available or does not

30 provide any packet if an overflow channel is not available.

A second embodiment of variable rate data source 20 provides both a
full rate and a half rate packet simultaneously representative of the same
input data (i.e the input speech is coded at different rates). If an overflow
channel is available, then the full rate packet is transmitted. If an overflow.

35 channel is not available, then the half rate packet is transmitted. In this case
variable rate data source 20 provides two separately encoded packets to
selector 22. If an overflow channel is available, then selector 22 provides the
fuil rate packet to formatter 24. If an overflow channel is not available, then
selector 22 provides the half rate packet to formatter 24.




30 overflow channel. Fig. 4c illustrates a half rate traffic packet. Note

t hat: because transm ssion of the half rate packet utilizes the full
capacity of the traffic channel, there is no repetition provided in the
packet. Fig. 4d illustrates a quarter rate packet, in which each synbol
I's provided tw ce. Fig. 4e illustrates an eighth rate traffic packet,

I n which each synbol is 35 provided four tinmes. The ordering of the power
control groupswioscBiase. 4d- 4e provide rria%i mum aver age secpPElESN695572

bet ween a power control group and its duplicate. This way potentially

i f a power control gr@Uhit® ehwiidnin@nt of vhtiabie fats UM sduiee R0 encodés Mid datY

be recovered b u5|n t he d [ | he f the
power control é !Fy ff? z&fﬁg‘)@@% 8 n SYICﬁ% %Sy %% tgg/d?%lggihenﬁal?rate
12 packet tsca/subsev ob3he full ratepacketr yThisiqapsbe aghieveein two

pr Sselnt ' n\éent | ORIRPRAtivaS eibBdirnknisO @ Ithe flrstiﬁ‘@]érﬂéﬁtatmn, variable 7418 data
i nterl eaved p

28.
odul at or 30" oo gPufees 2 riar, B Bbsialef 1 3% ptprisety Ot e, Sotel ualiey metns
al | ocat ed traffi additionad binary digitscadded etoyheqm&emuhmm ahnratB(bveélcm

code di vi sion mul dyh
US. Patent Nos. Chhg%? Ogmac]&x@uvma diP%E?ﬁé%ivé‘%n%%exe rief€dy

each packet is sPPBEGE 3 samhe PPty é‘“( \RP@FG}} )‘l“!aqu p fHﬁ?ﬁ%’@ i“'ﬂﬂl Haﬁ
traffic chanpekceptaaliyhieat sngmﬁcahbgmabemp deoppert betruriéated if afwvetiow

used by all 1 t: ﬁm nel s and overflow channels. The spread
packet is the fh %hgﬁﬁel lgq{éﬁ aQra Q Bseudorandom noi se (PN) sequence which

provi des gr eat er %MF éhFérFW‘PPﬁ ~ariaplecrate data squree 2Anvariable) rate
over fl ow channel dasa sourcéi 20 M@b@fmlrﬁt@wcm tol Seldtbs 1225 eIfusm @R erfldver €

are a limted n f hat

greater ! nunber ggRgé%?l %lﬁ%gd%@ over%lgévflbgg'g?#}a'g%? WF f31'\’1-/i 'Ilalt%BF%ke% to
traffic channel s foupatter 24 yIf ancoverflow,chanpel is not Wé[ﬁﬂéb!?, tthen selector 22
al located, thgf epwﬁd@b ®nhp édélfenﬁi&iéd silset of theoﬁﬂr idte\paemrtaefb&nam 3.

probabi 111y of o FilF HAS ied%ﬁﬁa#sdb% 5 B Ao sl i 061 ARAUABIE, then
Al | owi ng t he nuniselector 22\paovidss %paq*péw; half tade prpsstangs thestrangmizeion of the
propagati on pat h padiéti prcedds Qvdebcribedeonrlisn. utility of the communication
If an overflow channel is available, then cell controlier 40 provides a
20 RATE signal to selector 22 indicating that an overflow channel is available,
and selector 22 provides the full rate packet to formatter 24. In the
exemplary embodiment, formatter 24 formats the packet as illustrated in
Figure 3a by appending 12 redundant bits and 8 tail bits to the output packet.
Formatter 24 outputs its packet to encoder 26. Encoder 26 encodes the packet
25 as described above and provides the encoded packet to interleaver 28.
Interleaver 28 can operate in one of two ways. Either it can reorder
the full packet as a unit or it can split the packet in half and reorder each
half independently. In either case, interleaver 28 provides a first half of the
interleaved packet to modulator 30 for transmission over the allocated
30 traffic channel and provides a second half to modulator 32 for transmission
over the assigned overflow channel. As described above, modulator 30
modaulates the packet to provide the packet on the allocated traffic channel.
Modulator 32 modulates the second half of the packet provided by
interleaver 28 to be provided on the assigned overflow channel.
35 Modulator 32 modulates the packet in accordance with the
CHANNEL ASSIGNMENT signal from cell controller 40 which indicates
the identity of the assigned overflow channel. In the exemplary
embodiment, modulator 32 spreads the packet by a unique Walsh sequence,
(W;), which is determined in accordance with the CHANNEL




resource. I'n an inplicit channel assignment system this requires
addiiional overhead or. signaling information in order to keep_the repnte
recei vers abreast of the nunber of possi bl e overfl ow channels. In both
inmplicit and explicit channel assignment systenms, this entails increased 25
conplexity in the transnission systemand in particular conplexity of
increased in cell controller 40. Mdul ator 30 provides the nndulated7£acket
to transmtt &voga44sehi ch frequency upconverf{ss and anplifies PEEUSASE 4t ed
packet, -and provides it to antenna 38 which broadcasts t he signal.

Because the recASStGNMENT pignsint Imenwmhcmqmnbenetw heis3@niqee efoced

energy of the redu fdns R omedg?agmqle chaﬁngpgssﬁ?ﬁfgsgg Sighfl will be

transmt packets contal nl ng_ repe ets not

on At {h en a
cont ai ni ng r epeprthoganaj tp taHeO rEAngmyitied %Fﬁgn E@s"é ?"Q‘GP"‘SY the
t ransmt ssi OtnhOf sﬁreEé al$§ﬁ+eﬁtss raa/&agﬂhwva bbeﬁdtﬁaﬁd@mﬁoﬁé sétg:@ket i on .
present in the packe s r cej ves
cell 35 controller Mf’%‘ﬂa :*(f é ?g 4”8#&?% Elﬁ%cco‘*%g%é%éwp}%f Pate
i ndi cat ed bjranbmitter 34, sw@nhl upconverts and amplifies ahe snodulatest packets tand

necessary trans éﬁuQE tRef % a%@éhﬁahge whieWB+8hd &std Qﬁétd: éln IR this case
illustrated in res 4a- 4e. ggr es 4a a rke overEI ow

and traffic pac SP éﬁ%ﬁerléﬂ“’trﬁp fion. thfRﬁcgetr‘éttEa‘ﬁ&U?g wi pac
96/ 34480 as shown in Figures 4a and 4bl3 PCT/ US96/ 05572

of data. A fyyl ratenpae Iﬁ'@f]et{'ffig“ #ﬁcgﬁ%asemé Wﬁ-ﬁha&s‘?fb)r’%'?eﬁxﬁe 36 of

over-fl ow channel " and 't

nhel no repet gé&;&r ‘g‘
in either packeFigure Znifiressived Ak the siser Sarmi y anteneie PEoYide eho
are transm ttedrédeiver (RCVIRX52UReveives t52edownyonverts and a@gplxﬁes the fecgived

4c, na halfr r S&h

pr ov: ded at an gﬁ?ggﬁhé\%’&"?‘kﬁ {i‘% Fecg%ﬁa éﬁzﬂ eté ét @Qﬂ uar g{rzﬁiﬂg?ﬁoﬂ é“-'k‘“
there is a repePr{fipgey apéadiAKﬁfes@vehswu Sﬁﬁbl@e@eﬂ@ ¢ oede Fagh £ lﬁSPtlst he
packet ener g Of:o ised!df 4 &taﬁl@aéhﬁdtﬁﬁtoE/EZ andloverflow diefreoditlators 554+55v.

or ovi ded at SaSE'e%WQe‘? < phef 8 e HobB? of ovpiw hapiBle yiydfsqly !

E/ 4. ppssiblycbe a3§eddﬂ mmmﬁqrt wng\ ther traffic Menéiuesmm dﬁp@
rate data that v can be the total number of potential overflow channels or it can be a
" predetermined subset of the potential overflow channels.

20 In the exemplary embodiment, traffic demodulator 54 and overflow

demodulators 55a-55v are CDMA demodulators as disclosed in the
aforementioned U.S. Patent Nos. 4,901,307 and 5,103,459. Traffic
demodulator 54 and overflow demodulators 55a-55v are binary phase shift
keying (BPSK) demodulators. Traffic demodulator 54 despreads the

25 received signal and further recovers the traffic data by despreading by the

. assigned Walsh sequence. Overflow demodulators also despread the
received signal and further receives the overflow data by despreading by a
respectively assigned one of the various Walsh sequences assigned to the
overflow channels.

30 Traffic demodulator 54 demodulates the received packet in
accordance with allocated traffic channel and provides the demodulated
packet to buffer 56. Buffer 56 temporarily stores the demodulated traffic
packet and provides the packet in accordance with a predetermined timing
sequence.

35 ‘The received signal is, also, provided to the v overflow demodulators
55a-55v. Overflow demodulators 55a-55v each demodulate the received
signal in accordance with a different overflow channel. Each of the
overflow demodulators 55a-55v provide a separate demodulated packet to
buffer 56. Buffer 56 temporarily stores the demodulated overflow packets



source 20 provides the packet or packets to selector 22 and sends a request
(REQ signal to cell. controller 40. Cell controller 40 determnes if an
overfl ow channel is available and provides a rate (RATE) indication signal
15 to selector 22 indicating if an overflow channel of the v potenti al
overf|l ow channels is available. As described previously, v may be the
set of all possi bl e channel s not designated for use as traffic channels
or v may be awogs/suset of those channels figr use by the recRENESNETHNi ch
the message is to be sent. 20 Wien the rate of the packet

provi ded by vari s eprotiidesiahe saukiees iR ladcordancef With réiipredéfeefirénéd &iming
several enbodi negéq?_‘ﬁgg?vari able rate data source 20 for provi di ng the
full rate packet” ‘irst enbodi ment of varjable rate data source 20

generates the full raBefferad&qrovidesthasiemeduiated packetsitpade-interleaver 57 imn
ove_r}‘ ! B}N ch?Enel sudhnatvih’;{ ﬁ_\’ﬁﬂﬁll bb@éibl%trtrﬁYﬁﬁfdsbi@W WHK t@éesic%nnl@é _te%'éedd.t In tthea
aval | apl e, en no e | ransm e and.a.paGgkKe rasure 1I.S egcte
at the relei %”.Qg%&a @09}{38%0 t aﬁ?@‘%ﬁ’ggﬁﬁﬂmﬁﬁfg atf JF?tSﬁ in the,
will not be todlowisglordef:feighthdrate, quarteycradesihmibirates hylbeate psing overflow

this.case, a ful F ' ' i i r
provi des the ful +harn§[e% lai&cﬂggkﬁb de2ofild Haf BF tﬁ@?ﬁ&gtfgnve?? Iu‘ggvigccﬁg%dg:a@i S

p et to formatter 2 f an
avai | abl e or doeShamme! 2o LaTey ﬁée é?ﬁ”“ﬂgtéilgf’tf it#e Qﬁ':%‘?}er'f LFate ising over
avai |l abl e. channel # ts earnycthe sbamtidnbalf obthe/padkebl e rate data source 20
provi des bot Rpa fal I ga h a Igpul & ane A
r epr esent ati\l}g of themszfr}r‘% te?e.ﬂ-ﬂﬂsﬁ{ %lgtsg??l?‘.%gp't ?éﬁh";u%wsﬁf)%gcﬁy?tmggdéﬁe at
different rates)dempdulated draffig packet tondeninterleaver, 37, which reprdarsithe deata in
rate packet is tacotddriceostithidn eighely eatelorderihg foanae| Desinkeleatvn 57 pdeides

then the half r i S{i Lahi riabl e. rat
data source 20 B%%J%g%%%%%%g?ﬁ%&gs& g‘ggé‘b Sg%‘ﬁ"g"t%?hf ® ackél 0 ﬁbae‘%iﬁb‘f’ ‘5"2.
I'f an overflow cesoded pasketavrlug indidating the psebahilibothat the packet fransmitted| |
rate packet 16 fwasaint eighfd ratel padketv dhfthevexeheplag! embodneay detediress {shen

sel ector 22 pr v B&oih o el Rngh 7. OViFebF hekdiges of this syod Gre
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A third enbodi nestescaibeddni detaid indhe aforementioned UG RatentiApplication Sgrial No.
-out put by vari abpgyodawse.source 20 in such a way that the data of the half

rate Next, buffer 56 provides the demodulated traffic packet to de-

20 interleaver 57 which reorders the data in accordance with a quarter rate
ordering format. De-interleaver 57 provides the reordered packet to decoder
58, which decodes the packet and assigns the decoded packet a value
indicating the probability that the packet transmitted was a quarter rate
packet.

25 Next, buffer 56 provides the demodulated traffic packet to de-
interleaver 57 which reorders the data in accordance with a half rate
ordering format. De-interleaver 57 provides the reordered packet to decoder
58, which decodes the packet and assigns the decoded packet a value
indicating the probability that the packet transmitted was a half rate packet.

30 ~ Next, buffer 56 provides the demodulated traffic packet concatenated
with the demodulated overflow packet from overflow demodulator 1, block
55a, to de-interleaver 57 which reorders the data in accordance with a full
rate ordering format. De-interleaver 57 provides the reordered packet to
decoder 58, which decodes the packet and assigns the decoded packet a value

35 indicating the probability that the packet transmitted was a full rate packet
with the second half of the packet transmitted on overflow channel 1.

Next, buffer 56 then provides the demodulated traffic packet
concatenated with the demodulated overflow packet from overflow



packet is a subset of the full rate packet. This can be achieved in two
altefnative enbodinments._In the first_inplenentation, variable rate data 5

source 20 can be designed to is optimzed for half rate quality with

addi tional binary digits added to the packet in the case that an overflow
channel is available. In an alternative enbodiment, variable rate data
source 20 can be optim zed for speech quality at fuII rate wth the

per cept ual | y Wo8634481 gni fi cant data being dyppped or truncat BETPE6REST2
overflow 10 channel is not avail abl e. In this third enbodi nment
of vari abl e r at elefisddulatorr 2,ebldtk S58by tmkileeinta‘lenver 57 dahichs raorders2thepdatai iges

a full rate packelodiBndeyss Qrf&g?.r.@{) off Rt De-inteRBANRL 57 PrdWided gl ©

t hen sel ector 22 provi des
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Figure 3a bywpl&?é‘%ﬁﬂnﬂé’d v6 Prad e aR' hipr%%@daeshﬂite Rt ghet ﬁaﬁ&ﬁuﬁé& gﬁéket
packet . te 4 out pt s |t t to enco%; % 1
encodes the pacﬁﬁs SHYi 5%‘& e&ﬂﬁ‘ r 8%F qescriped dn. Eﬁi d&cm

to interleaver aﬁorementxoned U.SnPatehea\;thca&onESembNmt(ﬁmmm of two ways.

packet 1n halt and rihthes il&émawgmﬁgepe o35 *’?“%ﬁsﬁm spstéeor
i nterl eaver 28 [SQBV!P'E!’@S“% “I‘Y?’Stfo"hame &ra f‘ﬁeP°m°'}snPér adatr packet and the

modul at or 3015 oloverfiow rportions of the datacpadied ané eficaied togetiidranththensverflod

rovi des a seco f o] t
_gsm gned overfl gﬂanﬁ%lnﬁ ﬁgﬁﬁgﬂg?a% %é’c}% 9@4%%&@{%&@ 'in agbeQiSﬁExt %\Pﬁrﬂf’
‘the packet to pcBanpel emrp@snbﬂmakmﬁ@taaq%dhse@mmak FFQ!EBW&HﬁéPfOfmaﬂOﬂ
Modul at or 32 rmdslltmmmttbd withothd thaffic ddtat hExplicik ovetflow idhatinbl assignment
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Nbdul Bt ot 55 aoderadt '94‘%’*“39 S0l B3SaIR U recllicf BRRE g Yeceiver
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i ch 15 det or mii neﬂént RES é%%e@%sﬁ“bﬁ%d%ﬁ“ sequence, - (ertl),

Referring back to FIG. 2, input data for transmission is provided to

variable rate data source 20. Variable rate data source 20 provides data at

25 four different rates. If the transmission rate of the packet is less than full,

the transmission system operates identically to the transmission system of

the first exemplary embodiment. When variable rate data source 20

provides a full rate packet to selector 22, it provides a corresponding request

signal to cell controller 40. If an overflow channel is not available, then

30 selector 22 provides a packet at half rate or less and the transmission of the
packet proceeds as described previously.

If an overflow channel is available, then cell controller 40 provides a

RATE signal to selector 22 indicating that an overflow channel is available,

and selector 22 provides the full rate packet to formatter 24. Cell controller

35 40, also, provides a channel assignment signal to formatter 24. The channel

assignment signal consists of b binary symbols, where b is the smallest

integer such that

b = logav, (1
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ASSI:GNMENT  signal . . The Wal sh sequence (Werr]) is unique for

transmi ssions on the sel ected overfl ow channel assuring the si gnal will be
orthogonal to all other transmtted signals. As described previously the
spréad signal is then spread again by a pseudorandom noi se sequence. 5
Modul ators 30 and 32 provide the nodul at ed packets to transmtter 34,
whi ch upconverwe sassdsenpl i fi es t he nodul at ed][g)acket s and PETIUS9685572 hem
to antenna 36, which broadcasts the signal. ITn this case because there
is no repetition, the packet is transmtted with packet energy E

shown in Figures F al
broadcast by ant xenrﬁﬁer@ggx 4& ni':tg'lblgr opr osgglygs&r%erg[e)?%%n&‘ Is éﬁg%gg?nq ermeﬁbﬁ&by
antenna 50 and pPath ébef'dlfateda@:ﬁﬁql@F (RCVR) 52. Receiver 52 downconverts

and anplifies the rechi tRé exemplaignembadimehe Victimatteh 24" Rsiaate thei ghtket a8

2Lc'heisée2f‘3n‘*§”ﬁﬂ*§'€=‘é%a% ?li%t%ar Toé explisiihenad! aftigfobind A5G Hak Rfade o,
54 and overfl ow aayopertianoof &ket. In one prefetredbembodimentathes channdle

nunber of overfl aysxgmaﬂeb&s%pﬁbe QOfthétion of mésalbb&s hg tl-lé?kctkﬂé ngthauaﬁiéron

vmththetrafflcc uest i Not e

nunber of potent Pﬁ? &?‘Pﬁ%ﬂ @]esclmnnie[ ags&gnxggn%lglts are, Péﬁ%‘;i@ left
subset of the potrost paktia of theopadkietrbechuse &iis part of the ipacket 1s>dmpdedfirstat
enbodi ment, typaf the ralefRgul at or 54 and overfl ow denodul at ors 55a- 55v

are CDMVA dem)dul ators_as disclosed in_the aforenenti cgcﬁlgu S. Pa ent

Nos. 4,901,307 and 5, femnatiey 24 qvw’ésvackedéme?&c# r g6 &ne

demodul at or s 55ap5&etasdebcnibafcyabﬂmm¢ protides thekencoded (PaREk) todarertbabext 28 S.
Traffic demodul ajpined Eﬁé Egeeg?éodag%%' it v ﬂﬁ%ﬂ%fe&*}ﬁ% traffic
ic data

recovers the tra
sequence. Overfl Swm?lal‘&fé &If‘é'ér EISQFP?é'ateY fm@@,éhe/euesﬂmsham

further receilsespobhiton\ofrtheofillzite packees Tieihtegedbved traffic ratapael p‘delkét is
assi gned one of bp@vﬂ?@&' t?“ﬁ\ogﬁllﬁgr 3G A gﬁé éﬁt’i §&| o\r@ﬁl chann@! ra£k§"¥s

channel s. ul at or at es e recel ve acket
in accordancE"%f‘Flﬁ dpimedulatori3Zai i i ¢ channel and provi des the
denodul at ed packeist desvftledr above, Bridduilatry B@modalatés the oraffid bhannel

denodul ated traf k\h&cet to Iﬁ%@hf‘é t}ﬁgﬂa%ﬂﬁh%‘é atlifaﬁaﬂa%fftﬁ &P’ W&;‘g tyyk

predeterm ned ti el ve I gna
provi ded to tdfe mq;g@pﬁsdhed@mﬂgp\apbpgnel packet provided by mterleaver 28 to be
provided on the assigned overflow channel. As described above, modulator

32 modulates the packet in accordance with the CHANNEL ASSIGNMENT
signal from cell controller 40 which indicates the identity of the assigned
overflow channel.

25 Modulators 30 and 32 provide the modulated packet to transmitter 36,
which upconverts and amplifies the modulated packet and provides it to
antenna 38, which broadcasts the signal. In this case because there is no
repetition the packet will be transmitted at the packet energy level E as
shown in Figures 4a and 4b. .

30 Now referring to Figure 6, the signal broadcast by antenna 36 of
Figure 2 is received by antenna 70 and provided to receiver (RCVR) 72.
Receiver 72 downconverts and amplifies the received signal and provides
the received signal to traffic demodulator 74 and to buffer 76. Reception of
packets that are of a rate less than full rate proceeds as described previously.

35 In the exemplary embodiment, traffic demodulator 74 and overflow
demodulator 78 are code division multiple access (CDMA) demodulators as
disclosed in the aforementioned U.S. Patent Nos. 4,901,307 and 5,103,459.
Again, in the exemplary embodiment, traffic demodulator 74 and overflow
demodulator 78 are binary phase shift keying (BPSK) demodulators.



55a- 55v. Overfl ow denodul at ors 55a-55v each denodul ate the received

signal in_accordance wi_ith_a different_overfl ow channel. Each_of the
overfl ow denodul ators 55a-55v provide a separate denodul ated packet to
buffer 56. Buffer 56 tenporarily stores the denodul ated overfl ow packets
WO 96/ 34480 16 PCT/ US96/ 05572
and provides the packets in accordance with a predetermned tim n%
sequence. WO 96/34480Buf f er 56 provi des thejgenodul at ed pack

de-interleaver 57 in such a way that all possible transm ssion

hypot heses can be t dat ele tetepbion Dfefelipratey packetd) neaffic tdemodatetor s&4 on

hypotheses are &ﬁﬁfa?gla&% e recewéd) gaﬂé@tng\ Qfﬂﬁ'ﬁan&% %&ﬁ th@tﬂlocgpﬁlheartﬁc ond

rate, half rate € usI
hal f of the pacthannel and rat‘é'léﬁ n@eoxv'@mw Rafcémhewo ziq-mtsdﬁay/elt 180
second hal f of DRingedekoér 80 reoriders th@bmmlsyﬂ\hhlﬁ of lthevtraffic Chanfiéll packie®

carry the segond hal f acket h I %dl nt,
buffer 56 f|$ By xa@gs# t%egedngéglf%{ttgod FPQE’{ g ptg%ﬁ?g%r%gy décodes'the
de-interl eaver P& ewmAgamonm&hg exemplary entbod mqttcdmﬁressmxsm Miterbyht h
o decoder 58, SHouk dﬁ*ﬁﬁ‘é‘éﬁa@*@‘ﬂ“@*‘w?ﬁ?‘gﬁ?ﬁ?*”ﬁ%@%ﬁﬂ%‘%&’éﬁt
a val ue i ndi cat‘y\gr]? % ARPHRIIP, ’l‘?@?h@/@ﬂ%sgacket transmitted 15 was an
eighth rate packet Decader 82 epyivedes earbaduinmehtasdigrovent Signa a0 overfiover bi
decoder of n 9%@’ f SHahf
described i gede(}é%ﬁ?aﬁhk?n ?i e&rréghtalép?\'}aﬂe% Igzﬂ’lgnett{t bstrimgt I on §le? |c et
08/ 023, 789.  before piQuiding,§ he cpvexsic Wo‘é’?%&elt?@‘m dateg o ayerflo

packet to de- Z2dembdubitbedi8r Howdwver)h mearplmfen‘eﬂeedﬂio&ilmmpehédﬁtmmmth

Feor der ed packcSIEmER et i BroBled I 168 Rt Forfon VLKL Such that
t he decoded pacikds the fiest data decodgd bxidesgder,d2. pﬂblﬁa’fﬂdl‘-ﬁcﬁ the,sequired ize Rt
transmi t t ed 19ashuffete il allows faster decodég ofthe entire fullpate, pdekef.er 56

provi des the demodul apgdall ac{] 'é Vﬁﬁ}%&%h}%ﬁ&:@l aséxgﬁrﬁ%?%% 1 7 oVbiefely

reorders the data i accora:
demodulator 78, decoder 82 provides a timing signal to buffer 76. Buffer 76,

in response to the timing signal, provides the received packet to overflow
demodulator 78. Overflow demodulator 78 demodulates the received

20 packet in accordance with the channel assignment signal and provides the
demodulated packet to de-interleaver 80. De-interleaver 80 as described
previously reorders the data in the demodulated overflow packet and
provides the reordered packet to decoder 82. Decoder 82 decodes the
overflow portion of the packet. Decoder 82 concatenates the decoded traffic

25 channel packet with the decoded overflow channel packet and provides the
result to diversity combiner element 84. Combiner element 84 receives the
decoded packet estimate from decoder 82 and packet estimates from decoded
estimates from other fingers. Combiner 84 operates, as described regarding
combiner element 60, to provide an improved packet estimate.

30 In the third exemplary embodiment of the transmission system of the
present invention, the traffic portions of the data packet and the overflow
portions of the data packet are encoded together and the overflow channel
assignment data is provided explicitly. In the third exemplary embodiment,
the explicitly provided channel assignment data relates to the next packet of

35 data as opposed to the current packet as described in the second
embodiment. Providing the channel assignment data ahead of time reduces
the necessary complexity of the accompanying receiving system.

Again referring back to FIG. 2, input data for transmission is provided
to variable rate data source 20. Variable rate data source 20 encodes the




ordering format. De-interleaver 57 provides the reordered packet to decoder
58, which decodes the packet and assigns the decoded packet a val ue

indi cating the probability that the packet transmitted was a half rate
packet. 30 Next, buffer 56 provides the denodul ated traffic packet
concat enat ed with the dempdul ated overfl ow packet from overfl ow

denodul ator 1, bl ock 55a, to de-interleaver 57 which reorders the data
i n accordance WPSH3484 ul | rate ordering §@rmat. De-inter|BEl/EFIHIS72
provides the reordered packet to decoder 58, which decodes the packet
and assigns the d:aemﬁeqbaplealﬁftdata\aaﬁmtéﬁnmesdheancmtgnghatqofurtlhblﬂext atiet

the packet transigetd.ed \f‘fiﬁlearaft#’ ok tﬁ@h@xtpgf&%ﬁ: of datdid full m¥ t}ﬂ%%ﬂg

the packet transmt ed on over
then provides t hSoHEeoHflsendsp F?‘H#QSF EREQ) pignal to cell contreliax é@r trSRaTse to

cli(;rmdul ated overftheWelqaékte a;h,rftél\tecfddtﬁdﬂer 40 detem%ﬁﬂl&ﬂtﬂﬁﬂ Saélb overflow
C to
de-interl eaver® 5FhaRneld i Rt q qg)ﬁsﬁ%"sd“{mng%ng QBL?,%Q Uief of BB

PEOT Oer s rdance with a full
rate ordering format. If[:@n onexflave shannal is gvailakle Jor transmittingthgdnext ppekst arf

to choder d58 t\/\'*@!a%l &ﬁcébiﬁbﬁolléli*&moﬁfdﬁ?estﬁﬁ%e% ;&n&t éHdnel ﬁﬁgﬁﬂ@ﬁﬂ (NECiagt
a value indicatin probabi | i pac ran

full rate pac ket S e‘f’ %’rg@g%ﬁdi% %]efé(gfor ﬁ% Hf}&" ct'*’ﬁﬂ?n??%& Bn escri%ed
over fl ow channel earlickhto fownatter 24. r Egrmatter ﬂércoedlmes)fthe Irext paeket bhannel
overfl ow chanig! g ganiehe ifffrAtioh \With HE SARorild oI daRe the ediidant data and

provided to dlver ner e h decoge

packet estimates ? FHPHBifﬁa eoi?aﬁlé?thgo (Té‘ﬁﬁﬁfﬂ g’ﬁed gsausenthe chapnels
10 are conbined atssxgpmnmt detasis prowidedeaheasl ofntimne, i#fis nbenecessanyi totprovidecthet .

Design of di ver5| e t ?‘8‘3’7
af orenent i oned U ﬁa%%g t| %?tglag t gﬁl égg 3’5,%%? ket EH@oder%
‘the second exenpleBf cH k apescrae WBS@‘E‘Q‘FH encoded packet
.present invenis ono mheleaverfmc portions of t he data packet and the 15

channel assi L'nﬁQ?u " 1o RErRE R P RESacH o ?ﬁmﬁ"‘%ﬁ* o ??9#‘%5@‘*‘??“ B
_channel assi gnne QFWF%?TB?E iHA f“]tlﬁéte(ﬂ?&h egPﬁFg‘ﬁ “}aﬁffliﬁ igrieqyed as
is transmtted watsdingleeunit abfdescribéd in Ehplfirst exempiai'y emboidiment oathe gackett

may be interleaved in two separate halves as described in the second
20 exemplary embodiment.
If the current packet is less than full rate, it is provided by interleaver
28 to modulator 30. The interleaved packet is modulated in accordance with
the traffic channel upon which the packet is to be transmitted and then
provided to transmitter 34 where the packet is upconverted and amplified
25 and then broadcast through antenna 36. If the current packet is full rate, it is
provided by interleaver 28 to modulators 30 and 32. The interleaved packet
is modulated by modulator 30 so as to be provided on the traffic channel
and by modulator 32 so as to be provided on the assigned overflow channel.
The packet is then provided by modulators 30 and 32 to transmitter 34
30 where it is upconverted and amplified and then broadcast by antenna 36.

' In an improved embodiment, cell controller 40 determines if there is
an overflow channel available for transmission of the subsequent frame
and if there is not cell controller 40 sends a message to variable rate data
source 20 which re-encodes the subsequent frame at a rate that can be

35 transmitted without using an overflow channel.
Now again referring to Figure 6, the signal broadcast by antenna 36 of
Figure 2 is received by antenna 70 and provided to receiver (RCVR) 72.
Receiver 72 downconverts and amplifies the received signal and provides
the received signal to traffic demodulator 74 and as illustrated in dashed



greatly reduces the decoding operation in the receiver because the receiver

20 _knows _upon whi ch overfl ow channel the overflow data will be_provided.
Explicit overflow channel assignnment reduces the anmount of information

that can be provided on the traffic channel. Referring back to
FIG™ 2, input data for transm ssion is provided to variable rate data
source 20. Variable rate data source 20 provides data at 25_ four different

rates. |f thWo96a4®di ssion rate of the paclkgt is | ess than PET{US: % he
transm ssion systemoperates identically to the transm ssion system of
the first exendime yhnentlpohonemrﬂdmeiemadulatdreovafbwaiemcshuam 28 In this

provi des a fuI P n{ﬁgﬁle{q%ﬁﬁ bh?fe?? qghg; uggd It provides a corresponding

request gverfl ow channel is not

0. n
avai | abl e, then 30 Q@?&Eté?’“&{“ﬁ? Jg Rb’( es,t they jecpiyed pagketsinng
t he transm ssi ciecofddnire with aﬁodmed msfﬁeedmml aeeic prédvddep rthe i demogulated
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RATE si gnal ect or
avai | abl e, neh| e&qlsnmtpnmrwlqmeforru the  guerepic packety thamethisr

24. Cell cont rqht&mﬁﬁm #Gprovided by baffer 83 t6 oveeivve|dented WiamR 8. SOgadlow O
Syrol 5. winor ¢ AFEAERESE 78, desBBduRRis” e Shothlil SRR ibh°actordante ith she
log[err]v, overflow channel assignment information provided i the previous pavket.

%/ 34480 1?] " Traffxc demodglator 7]18?rov1des the demofdulatedpgff 5&%53? g
T e o R el B fo Al DR et o ptdadhe "
formatter 24 fgpavkes mhacqoadiMe adth @ predetermiresl |de-ﬁtgtleaanﬁg forimat and
explicit Channgﬁqmﬁ.@gqp@%@&&?ﬁ BRRet k6 Bleddder 82. DEOIRP BY deodds &Q?ﬂﬁé‘tket

In one preferr nt I gnnent %%S reg
fraction of th e g3 aPﬂelt ﬁ?'ﬁ%’(‘f@f dqtﬁ f&ﬁ ePext pagyels present in the
enbodi ment , 15 hedexbded glacket ithemelecoder 82 prevides thelehannelt dssignohient datarfost

portion of the RaGl&t pabRtAYHuridr's3. BREd& 82 DB pR6YHes ithe dRERARLpAdiet to 2t
the combiner element 84 which combines the decoded estimate from
decoder 82 with decoded estimates from other fingers to provide an
improved decoded estimate.:

20 In the fourth exemplary embodiment of the transmission system of
the present invention, the traffic portions of the data packet and the
overflow portions of the data packet are encoded separately and the
overflow channel assignment data is provided implicitly.

Again referring back to FIG. 2, input data for transmission is provided

25 to variable rate data source 20. If the data packet provided by variable rate
data source 20 is a half rate, quarter rate or eighth rate packet, then the
transmission system operates as described in the first exempiary
embodiment. If the packet is a full rate packet, then variable rate data source
20 sends a request signal to cell controller 40 and provides the packet to

30 selector 22, Cell controller 40, in response to the request signal from
variable rate data source 20, provides a rate signal to selector 22. If the rate
signal indicates that there is not an available overflow channel, then
selector 22 provides a lower rate packet as described previously, and
transmission proceeds as described in the first exemplary embodiment.

35 If the rate signal indicates that there is an available overflow channel,
then selector 22 provides the full rate packet to formatter 24. Formatter 24
affixes the redundant bits and tail bits as described in the first exemplary
embodiment. The formatted packet is then provided to encoder 26.



10 the receiver. Formatter 24 outputs its packet to encoder 26.
Encoder 26 encodes t-he packet as descri bed_above and provides the

encoded packet to interl eaver 28. In the second exenplary enbodi nent,
interl eaver 28 interleaves the traffic channel portion of the full rate
pacKet separately fromthe overflow channel 15 portion of the full rate
packet. The interleaved traffic channel packet is provided to nodul ator
30 and the i ntwolseaassel overfl ow channel packet is provi deBCTUSHIIE at or
32. As descri bed above, nodul ator 30 nodul ates the traffic
channel pac kEhcdcter [26Caticdde$ the pagket s dwot depasdte dalwesd whick resulishartwa .
Modul at or 32 20 ‘)(_111@ Iow channel packet provided by

Vi ge assi gned, over f| ow channe] .

interl eaver 28 to mqg&ro As
descri bed above, m)du]f- 26 pyovi u? &wo gRcosled, packets ta: dntexieayer,i28h
tEe _CI;ANNEL ASfSI IHbfHélver 28 Tegridrs ftherbinaky syﬁrhctisldfelrhéﬁ/vmxwmdledd' S:ﬂ&ew
the identity

and 32 provi dg %%%n%gﬁ} apﬁ grleav?o.?.’éaia H‘WS%? aﬁ]{;? mteglgaved pag; AYD% u%%:lg!la\%/ Rts
and anplifies th%ﬂ MGISGFWHHG eaveshpn Qt°t§2 ant enna 38, which

broadcasts the si gna|As|dbs&ﬁbéd%’iﬁeb‘i‘§6dk§ﬁtéﬂ1§0€mbﬂuMes the rp’%i&ﬁét bbogy tde
packet will be trans

Fi gures 4a and 4BF mgg‘e = ﬁrﬁbv\f'%ére@r?ﬁné’ afget%%&] @lIchngds tmé}c \Aﬁ%‘&last
by antenna 36 of Modul&oyu2 thkllaiceethae(semyndmmeniaam gaskpt qrriovided by

recel ver (ROYB) ifferleaver B9 30VES t82be! PIBURIMP bt dodlghbd [ dRSHION chEfAAIY e

signal and provi I ved tpo traffic de ul at
to buffer 76. Re%&ql%'ﬁ’réb ‘Slﬁﬁq?efl? gﬁg* ta T aggordance é” 1thsthe ﬁmﬁﬁﬁt
rate proceeds asABSK}NI\demgna'l dowhycell3éontroller 40| whicheindicates theyidentity of

enbodi ment, traf f.C, joverfl ow denodul ator 78 are code
o Shon T LPLE saC(F:%{‘PQH 6?}.@0 an%Bg prvids ihe anadpdaiedpacker bonfpansmities 3onc
exenpl ary eni15di whidh upcadvérts dadoainplifies thel modilatesh phcket and geovides it to
78 are binary phﬁ’ﬁt@nﬁg S,Lvﬁ@éi%r%gé as69 thiS SRl 2R his case because %&6{5%%180
19 /
repetition the packet will be transmitted at the packet energy level E as
shown in Figures 4a and 4b. .
Now referring to Figure 7, the signal broadcast by antenna 36 of
20 Figure 2 is received by antenna 90 and provided to receiver (RCVR) 92.
Receiver 92 downconverts and amplifies the received signal and provides
the received signal to traffic demodulator 94 and to overflow demodulators
96a - 96v of a first finger and to other fingers if a RAKE receiver design is
employed. Again v is the number of possible overflow channels for the
25 receiving system, this may be the set of all unused channels or a designated
subset. _

In the exemplary embodiment, traffic demodulator 54 and overflow
demodulators 55a-55v are CDMA demodulators as disclosed in the
aforementioned U.S. Patent Nos. 4,901,307 and 5,103,459. In the exemplary

30 embodiment, traffic demodulator 54 and overflow demodulators 55a-55v are
binary phase shift keying (BPSK) demodulators.

Traffic demodulator 54 demodulates the received signal in accordance
with allocated traffic channel demodulation format and provides the
demodulated packet to traffic de-interleaver 98. The received signal is, also,

35 provided to the v overflow demodulators 96a-96v. Overflow demodulators
96a-96v each demodulate the received signal in accordance with a different
hypothetical overflow channel demodulation format. Demodulators 96a-
96v provide a demodulated packet to overflow de-interleavers 100a-100v,
respectively.



In the reception of full rate packets, traffic denodul ator 74

demdul ates the received packet in accordance_with the allocated traffic
channel and provi des the denodul ated packet to de-interl eaver 80.

De-interl eaver 80 reorders the binary synbols of the traffic channel packet
5 @and provides the reordered packet to decoder 82. Decoder 82 decodes the
packet. Again, in the exenplary enbodi nent decoder 58 is a Viterbi

decoder. Vit v@peiesoders are described in getail in the af oPEHERSOEHEI US
Patent Application Serial No. 08/023, 789. Decoder 82 provides a
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result to di vergﬁq\ﬁ P”‘ %Bad@ﬁﬁﬁmfese‘? t @serse%ea

decoded packet psviomsly, forpmvdéeadempl-aveddmphetkeshme.l mates from decoded
estimates frgm ot herm‘ H'ﬂegﬁftﬁ @?h&&g@éﬁﬂ@ﬁ@ fthe ﬁﬁnﬁﬂ%@fd&?’stéﬁ%ﬁﬁeng

combi ner el enent 60, pr ovi estl
the third exein&qs?anﬂ)‘fﬁ!!tmtt he tratfié ROFHADHIO}d Srfl ”ﬁ%ﬂn‘?ﬁbe overflow
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identically to the transmission system of the first exemplary embodiment.

25 When variable rate data source 20 provides a full rate packet to selector 22, it
provides a corresponding request signal to cell controller 40. If an overflow
channel is not available, then selector 22 provides a packet at half rate or less
and the transmission of the packet proceeds as described above.

If an overflow channel is available, then cell controller 40 provides a

30 RATE signal to selector 22 indicating that an overflow channel is available,
and selector 22 provides the full rate packet to formatter 24. Cell controller
40, also, provides a channel assignment signal to formatter 24. As described
earlier, the channel assignment signal consists of b binary symbols, where b
is determined by the formula:

35

= logav, @
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current packet of data and_determ nes the encoding rate for the next packet
of data. If the rate of the next packet of data is full rate, variable rate
dat a source 20 sends a request (REQ signal to cell controller 40. In
response to the request signal, cell controller 40 determ nes whet her
an overflow 5 channel is available for transmtting the next packet of

dat a. wobé34aso over f1 ow channel is avagjlable for transPEEU$NESThe
next packet of data, cell controller 40 provides a next packet channel

Szzlkg'? m;gt dt(asNE?ﬁJe%em vsisqnglnu%{ OJf;B% tsL:% géerﬁ'@w orma%% p‘fig‘w |nes ﬁ%t

next packet chanmpert afthefullirgterdata p ‘?keér mation with the |nforrrat|on dat a,
the redundant data ancthe fulltratd ﬁwanawemmele&stgiﬂnmcdma alr@ aﬁaéarto

26. Because the c¢hann at a r QVi

2 not - necessar y PRIy e 3k e rondibil e ait 7.1 g
portion of thé paeketibednimoothe 2econd exrsoplaryt nmhmbmutaswuhs(the behiannel
it er | saver 28 | oot B Tt e b aaross o o peeket @ 4Sich e Ty gt p of the
the current packd®c ghiecpgpfi @éﬁ’é%éket ec“?éﬂ"aftﬁé gbts ﬁw to encoder
interleaved as 26.a single unit as described in the first exenplary

embodi ment or the pac ﬁhi%er 24 Blcdifes! Al HAICEANE faber MO Btk HAVEES TR

described in the seco current
packet is |esi0 t Kuat remce ?‘&t%’ ?qrg? QJ&E‘BW%QH dpeneqded pagket are proyided to
nodul at or 30. ThenodilatdsaSe cargiaGRetespectivelyl atMddulater G0r shivdlidates tthe first

Lhe 1Laff1 e ChanapbodleBatlina ABGARCK Yinh thé QuBGLA WAL hethd Hobilion

provided to transme 3355)
and then br oadcaé?fmhf (ﬁ}yh madulatar mpdpﬂnteéu heeﬁﬁc?% k%'!chfdf packettia,

it is provi dadedbdanté avitkaterass ovéliflow ehannél mddulation lf6rmat. The

i nterl d ded

the trafiic chanfigdulatéd R"Pg s A58 Vit 55 At ?tg? %éa%#‘i@} IBBhFeEs, "
assi gned over f | oampifisethe mo ulﬂﬁé preets a5 described sabiiared ckheosisnelds paovided30
and 32 to transmbyttﬁns%tt&QM\tbeﬁaemh365and)bmauea§tedre¢tdvm iystetred and t hen

broadcast by antenna @, teferring to | p”g@ﬁ g?ﬁé’é?é}}a?rg} %agfs’@tb ?\Hnargal 36 .of

controll er 40 determ nes i ow channel ava
transni ssion of fhguredhicecrreeineds bmetenna 3H} and previded $o gegeivern (RCVR) 12,

control | er 4020 e/Rigeivern12alitviiddnverts Altideamplified ah@ received signal and provides
the received signal to traffic demodulator 114 and to buffer 116. Reception
of packets that are of a rate less than full rate proceeds as described
previously.
In the exemplary embodiment, traffic demodulator 114 and overflow
25 demodulator 120 are code division multiple access (CDMA) demodulators
as disclosed in the aforementioned U.S. Patent Nos. 4,901,307 and 5,103 ,459.
Again, in the exemplary embodiment, traffic demodulator 114 and overflow
demodulator 120 are binary phase shift keying (BPSK) demodulators.
In the reception of full rate packets, traffic demodulator 114
30 demodulates the received packet in accordance with the allocated traffic
channel demodulation format and provides the demodulated packet to
traffic de-interleaver 118. De-interleaver 118 reorders the binary symbols of
the traffic channel packet and provides the reordered packet to traffic
decoder 122. Traffic decoder 122 decodes the packet. Again, in the
35 exemplary embodiment traffic decoder 122 and overflow decoder 126 are
Viterbi decoders of constraint length 7. Viterbi decoders are described in
detail in the aforementioned U.S Patent Application Serial No. 08/023,789.



source 20 which re-encodes the subsequent frane at a rate that can be 35

transmtted without using.an overflow channel. Now_agai n
referring to Figure 6, the signal broadcast by antenna 36 of Figure 2
is received by antenna 70 and provided to receiver (RCVR) 72. Recei ver
72 downconverts and anplifies the received signal and provides t he
received signal to traffic denodulator 74 and as illustrated in dashed
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line directly to overfl ow denodul at or overf%sow denodul ator 78. In this
i mpl enent ation, buf f Pecoder szmwroviﬂesi channel assignrhent ﬁnfbrdmhmﬂut(ﬁbve:ﬂdw

d dul at th

channel and pr39?‘3‘%%'%@%nogi‘f‘aﬁ'%“‘dgg%gr‘ﬁ@@%"%ﬁﬁ ket 36, dgibirief
the previously ﬁ'@é@med%éﬂ‘éﬁd%dﬁﬂmdﬁéﬂde the epire dratti §hgmslrwaqkm defazei on
for the current f&ﬁaﬁ{ thd aveiflovwe channelrﬁssfgmﬂemdaﬁ © overdiotv ldemtudvilasor 83

to overfl ow d.e r 78. Q/erf QW nmodul at es,t.he
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I s channel [ n d
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the conbi ner el packét &4 oherflowodennedulater dmmdedbmﬂamt defnodlulator 120
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of the data 13ackeérflowl definterleaveyd4. ow portions of the data packet are

encoded separately aﬂgA}tuﬁleaveyf- q\égrfl %!C&gg?gﬁﬁ Wr}?ﬁ%ﬁrgghe a?a RR ke | ded

implicitly. inreferring
transnission i SdMud@ggd overflow packet and provides the reordered packet to

overflow decoder 126. Overflow decoder 126 decodes the overflow portion
of the packet and provides the decoded overflow packet to combiner 128.
20 Combiner 128 combines the decoded overflow packet with the decoded
traffic packet to provide the full rate packet estimate. Combiner 128 also
serves to combine packet estlmates from other fingers as described
previously.
In the sixth exemplary embodiment of the transmission system of the
25 present invention, the traffic portions of the data packet and the overflow
portions of the data packet are encoded separately and the overflow channel
assignment data for the next packet is provided explicitly.
Again referring to Fig. 2, input data for transmission is provided to
variable rate data source 20. Variable rate data source 20 encodes the current
30 packet and determines the encoding rate for the next packet. If the encoding
rate for the next packet is full rate, variable rate data source 20 sends a
request signal to cell controller 40. If an overflow channel is available, for
transmission of the next packet of data then cell controller 40 provides a
RATE signal to selector 22 indicating that an overflow channel is available,
35 and selector 22 provides the full rate packet to formatter 24. Cell controller
40, also, provides a channel assignment signal to formatter 24.
The full rate packet and the channel assignment data are provided to
formatter 24. The packet is formatted as described in the third exemplary



25 to variable rate data source 20. If the data packet provided by
vartable rate data source 20 is a half rate, gquarter rate or eighth
rate packet, then the transm ssion system operates as described in the
first exenplary enbodinent. If the packet is a full rate packet, then
variabl e rate data source 20 sends a request signal to cell controller
40 and provides the packet to 30 selector 22. Cell controller 40, in
response to t HWO®63448&t si gnal from vari gl e rate data soBFEESHYSST2

provides a rate signal to selector 22. If the rate signal indicates
that there i s notembodimsnt atitle the ehéhmel aslargnmdnt datefior the aelteddtarpoditioned
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sﬂ ect or ﬁz provifiles drivedéd! j:acrl@teamwket sécondoenvoded patketaarevpicided to
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\FA>hCT/ ﬁs%/ 0|5i372 resp espeelivelye rMBﬁutﬁlléQQ(Fmdd(}ﬁatE@ﬂk@fusi%nké&cﬁpﬂa{eﬂﬁ ab@irdfisoe

ich results in e code

provi des the two %ﬁ@oﬁ‘&da@%@ J12 c gé@%ﬁ“@’é‘m forqlw:[ épgeﬁ'\?@“%}gr Zﬁ
reorders the bi nangdulatesitbe secomd Qnmdedcpmt pacaeosdances avith thel assigned

| nterl eaver 280 prancaew &a%éﬁhddmﬁiéﬁf&%tpaﬂ@hd&lmd atkefs are Jﬂ%@:tﬁﬂd

a second interl e&ved acket ove

modul at or 30 nod “P‘HG’ %&gggs‘ﬂf’?éwﬁfs and ynplifigs, tﬁg“?‘ﬁﬁ@? pacﬁets as
i nterl eaved packelesanbedeardiet.oThe signal i pravidéchbydtansmittenNB4 td ahtenna 36 and

nodul ates the se A(;,aﬁi% provi ded by 10 interleaver 28 so
as to be provi de?}gﬁdé L tecet ne E%é\?gﬁ%l channel Modu] at or 32

nmodul at es the packet i 'Leg?‘g%ﬂ& ISH“E e %wmﬁ broadgas) by antgnng 3h0f
:from cell coni% olHigure/ xs/\keqetvedquy(m'ttma 120 iandnpravided to recdiber (REVBhAA2.
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this case becauseverfiow demodulator 120.

Traffic demodulator 114 demodulates the received packet in
20 accordance with the allocated traffic channel demodulation format and
provides the demodulated packet to traffic de-interleaver 118. Traffic de-
interleaver 118 reorders the binary symbols of the packet and provides them
to traffic decoder 122. Traffic decoder 122 decodes the packet and if there is
channel assignment data in the packet for the next packet then this data is
25 provided to buffer 117. Trafflc decoder 122 provides the decoded packet to

combiner 128.

If the previously received packet contained channel assignment
information for the current packet, then this information is provided by
buffer 117 to overflow demodulator 120. Overflow demodulator 120

30 demodulates the overflow portion of the packet in accordance with the
channel assignment information provided by the previous packet.

Traffic demodulator 114 provides the demodulated traffic portion of
the transmitted packet to traffic de-interleaver 118 where the traffic portion
of the packet is reordered in accordance with a traffic channel de-

35 interleaving format. The reordered packet is provided to traffic decoder 122
which decodes the traffic channel portion of the packet and provides it to
combiner element 128. If the packet is full rate, then overflow demodulator
120 provides the demodulated overflow portion of the transmitted packet to
overflow de-interleaver 124. Overflow de-interleaver 124 reorders the




repetition the packet will be transnmtted at the packet energy level E as

shown in Figures 4a and_4b. Now referring to Figure 7, the signal
broadcast by antenna 36 of 20 Figure 2 is received by antenna 90 and

provi ded to receiver (RCVR) 92. Recei ver 92, downconverts and anplifies
the“recei ved signal and provides t he recelved signal to traffic

denodul ator 94 and to overfl ow denodul ators 96a - 96v of a first finger
and to otherwoi2ege488 if a RAKE receiver deskgn is ~enpl ofé?’“sﬂﬂgﬂ"’??v S
t he nunber of possible overflow channels for the 25 receiving system this
may be the set bihawt symbolsasf thbmeﬂlwqrackedmd gravides the reardesed overflow
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al | ocat ed tr af ffremcothen dingessras deseribad pm\rms Iynte prcwdq@s: improved packet
dermodul at ed pacdgindte which fié provided t6 the feRiviig s ysieen ug&ei ved signal is,
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with a di ffer ermethodsmfp:ssigungethe werfhwwhahanlsel Thiisnasdigramentroperation .is
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de- |nterleaver respect) ve 344
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23 s can beoprojsisroinsy yariety of ways. Thersimplest heing & avom og
and overfl ow deselettion! fem»eme - 1AGuore sophisticited tévhniquenfolloaysithe designt he

d dul at ed t
Gecoder 101 Andie r?i?ﬂ ”ﬂﬁ%ﬁ%- gﬁ%ﬂ&‘*ﬁi‘sp oy, ﬂ*%tiﬁéaf'case'
decoder 101 andRtek/ehanngl lae%(sem@og gangke saugn tO?nyesﬂdlévba demand s

‘and provi de1$ hesssigh mmha@.m AS describdd alsovelthds generdbswrategpdeadd tosystahst he
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disc oses new asslgnment strategxes which minimize the complexity of the
overall communication system.

As indicated above, the usual assignment approach is to assume that

20 any of the channels in the overflow pool can be assigned to any call. This
assignment strategy allows the maximum number of calls to be assigned
overflow channels. However, it also requires the most.complex receiver
since the receiver must be prepared to receive information on a traffic
channel and any of the overflow channels. If the number of overflow

25 channels is allowed to vary, receivers must deal with this additional
complexity. '

In an alternative scheme, termed pre-assignment, a predetermined
subset of overflow channels is pre-assigned to each user at the inception of
the call. Then, when the time comes to post-assign an overflow channel to

30 that call, the assigned overflow channel is chosen from this subset.

A simpler receiver can then be utilized because it needs to be capable
of demodulating information on a limited set of channels. Hybrid schemes
are envisioned whereby a primary pool of overflow channels is available for
all calls but where a secondary pool of overflow channels is pre-assigned to

35 each call in the event that an overflow channel from the primary pool is
not available.

The following are objectives and advantages of the assignment
methods of the present invention:




bits to determine if there is a match betweent he decoded overfl ow packet
and t he decoded traf.fic packet. |f conbiner 102 determ nes that any of the
10 decoded packets from overfl ow decoders 99a-99v are the second hal ves of
the decoded traffic packet, then conbiner 102 concatenates the decoded
overf| ow packet to the decoded traffic packet. Conbi ner 102 conbi nes the
decoded packet with decoded packet estimtes of other fingers as described
previously, twqeeassge an inproved packet esgimte. 15 POT{USSEOSSTS £ t 1
exenpl ary enbodi ment of the transm ssion system of the pr esent

[ nve_nt ion, the traffig maéueg dlfbaliiﬁedc’ﬁré-aaﬁ n&ﬂﬂ:léshe overfl ow

Dosi gnment. data for Cheh ﬁs%i%ﬁ%ﬁ%ﬁ%ecg WIBRH Bolt-BRjammity (pRsisténl Wl
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Chan' S TUIT rate, Fapepaunaion 8l A8 OBA e R PP bae (S
vari abl e rate? dat aaE@Gnl‘w bBF’ﬁ @géhﬁéfﬁg"‘eﬁ%esdlfferem rates. |f
the transm ssion rate acket ,is of a IeSfi han full rat.e,

the transmi ssion syst%%‘%ﬁ?éf‘g?asa ove,; Whep; aaFing HQ"" npetihavesthe em
of the first execmbfdbmnatienbrryingt caﬁxty\/\hemccammbdeter at padeta twouor anafe
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over f
avail abl e, tf8n Segle traft lczghwﬁﬂaéy fficignk ke casRy b e ?taF\QSBP [thedfime, byhd
the transm ssi Orbdtﬁsxbhsllpambeir mose oedrflne ciannels aee reduived to aid in carrying
an overfl ow chanﬁﬁg Be@Vail | able, then cell controller 40 provides a 30
RATE signal to se epat or 22 indicating that an overf]low channel is .
avai | abl e, and seh&all dy a sequenseiol @ackefs. AR described previeusly ovhen awall és

24. Cel |l controlsetrup it isH3sighed Gold isagelof a ainglanraffic ahahselnpun mﬁrmlo &P
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.consi sts of B binary
‘b = log[err]v, temporary use of additional overflow channels. Such a scheme( is)referred
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channels and a set of overflow channels. When a call is set up, one of the

20 traffic channels is permanently assigned for the transmission of the packets
in that call. In the occasional circumstance that a packet in the call requires
two or more channels, the packet is carried on the allocated traffic channel
and one or more of the overflow channels which are temporarily assigned
to that user. If another packet in the call requires two or more channels, the

25 same traffic channel is used but perhaps a different overflow channel is
used to carry the second part of this packet.

When a single traffic channel carries a packet, the traffic channel is
active. When a packet requires two channels, (a traffic channel and an
overflow channel), the assigned traffic channel is superactive.

30 Overflow channels may be assigned permanently to calls (or
equivalently to active traffic channels). However, where a traffic channel
becomes superactive infrequently, this solution is wasteful of capacity. For
example, even in the case where only one overflow channel is required to
accommodate a superactive traffic channel, such a scheme would result in

35 one half of the channels being assigned as overflow channels. Yet, at any
instant of time, most of these overflow channels would be idle. Rather, the
present invention discloses methods by which the set of traffic channels
share a relatively smaller number of overflow channels.




part of the full rate data packet. The full rate packet and-the

chapnel assignnment data_are provided to formatter 24. In a preferred :
enbodi ment, the packet is formatted as 5 described in the second exenpl ary
enbodi nent, with the channel assignnent data positioned in the packet
so as to be the first portion of the packet decoded at a receiver. The
formatted packet is provided to encoder 26. Encodeéqm%
encodes t he wolok/34488 ¢ packet in two separ abg hal ves. The 10PCF{Us coded
packet and the second encoded packet are provided to nodul at or s 30 and

32 respectively. Nbehﬂeamrovﬁﬂ m%&basa&éteﬁesrmmods forc actounphisting

accordance with . the Ioca ed traf G _chann dul t

modul at or 32 mAdE af @EEB“O" hEBd&H%ﬁSRgi? % e %%%lé?%%%g %fipﬂe t he
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ed ear

packets as descrl IS provid ansm LLer 34
to antenna 3% dH@ BFd%l‘éR!’QQPV)tb“ ‘g'i"‘ B@’ﬁ% resource T h& PE lF%g
to Figure 8, th@nlsocgfrwntmwdqaattd)mntenna 36 of Figure 2 |s recei ved

32\/\22;(332?»[;1&3”2@ glglpﬁue reiﬂm ve@é‘% andthgcg egﬁﬁe'd% vlﬁ@re N
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dermodul ators  qualidy.dorsanyosthér factomh cAbany dnstant of timeondy brefithai(Nya). rafflc

4,901, 307 and Szhia%eféare acnvé\gamhthéﬂnbﬂe cﬁngrﬁnlsmn ¢raReidin e tthe thy abfive
denodul ator 114 ,and pverf| denodul ator 120 are bi nary phase shift

keyi ng (BPSK) P88 saﬂrgr?peractw In the reception of full rate
packets, traffic derindheaxempldry @obodiment. itais assumed thaka superastive traffic

accor dance it hfdimed! h@?ﬁ $e3d ohlﬁféﬁec overflohahahndE MO Ishbuld berrealizedd
provi des the dgnmodul at

De-j nterl eaver 1O%eY&Tp gge ﬁf‘e’%f’k&r@' traf%lggnsrlahlzgttgtrﬂlﬁig%ls?;‘?’ﬂ‘%% 3 pasked,
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packet and provedaires hwor-mdue@d'epﬁmkeﬂ\anoelsr affic decoder 122.
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traffic channels but exactly k, (k < n), overflow channels are assigned to each
active traffic channel. When an active traffic channel becomes superactive,
a portion of the packet that is carried by that traffic channel is also carried by
one of the k pre-assigned overflow channels. If k=n, all of the overflow

25 channels are available for this purpose and the notion of a apriori
assignment is superfluous. However, if k < n, the choice of overflow
channels for a given superactive traffic channel is restricted by the pre-
assignment.

- Blockage occurs if any of the superactive traffic channels cannot have

30 their excess capacity handled by the apriori assignment of overflow
channels. The case where k=n is referred to as a completely dynamic
assignment strategy. For a completely dynamic assignment strategy,
blockage will occur if and only if the number of superactive traffic channels
exceeds n, so that if each of the b active channels is superactive with

35 probability p and if these events are statistically independent, then the
probability of blockage will be:

P(blockage) = 2 v b)'v
izval

aoammP - P)"" ®)
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Decoder 122 provi des channel _assignnent information to overfl ow

denodul ator 120 and provi des the decoded traffic packet to conbi ner

el ement. The decoder may decode the entire traffic channel packet before
provi di ng the overflow channel assignment data to overfl ow denodul ator 5
120. However, in a preferred enbodinent, the channel assignnent data is
provi ded i n t HOBEM4MNi ng of the packet suchgghat it is the fPEHUSHAEY2
decoded by decoder 122. This reduces the required size of buffer 116
and allows faster decodi ng of the packet. After decoder 122

provi des the chanpelee35! 0T Mbet! lerhhanfis o bt R &' Qn 80

decoder 122 prov i'mng signal

response to the tim nlf kghd OC%SS\FFE&? qapised by the additional senstraints impasedow

demlt()d ;JI at or 120OI vaher #D ud\mpdsvema]y chardﬁ[@dﬁ@t@&r%ﬂi& dé\aﬁﬁitemedn
packe INn acc ance a Sl X r 8 P nne e ul a

format and pro (5’35“ g gLﬂsq %? {/gve Vel rrg ’éﬁ&g
124. P amelsnedessr thary na ¢ ejembetreqf pvetfilonsthannels: déf k <o that a

in the dermdtabao@sbr%ﬂafxé Q%WQFB@&n&WtMPz\HbQBﬂ:t%'&%l&%g@red packet to
overfl ow decoder 126._ Overfl ow ecoggH 126.decaqdes e .overf tion

of the packet and pro¥t d¥dernte FIMPIY ERAEIYST, eﬁ’&‘kéﬁ '?ob%sénfﬂ 1%"0’20
Conbi ner 128 corriassngnmehbsttamgtbsdwbemklls)smpﬂc \Sptecificallyt tds dnoobjedtive of the

traffic pack §g@3 | SO
serves to co %r%%@ﬁét?@eé{g{b?\ng&‘%}mf%%n%ﬁ%ﬂ h}eﬁts* ? W escy\gf%&%%aﬁﬁ
previ ousl y. set up if § l?‘f?éa%’r&‘te &e‘??ﬁ oRe fr@ ‘%Fm andon
system of the 25a wﬁ@m:km&merﬁowtchannelaf f’ll'he receiven fior tifis cald the knows

packet and the oygrd he assighdd t&a&fiﬁ cﬂBnLer&%}r?es%?é?éctﬁfe tﬁ%&ﬁ%%{m will

separately and the ov nment pac

is provided expli 6|°@Wed on one of th%l&l"erF@‘f‘@rchﬁﬂ Tiheshoice of gne ofjthese k or
transm ssion 15 pverflsledchannels to/ dei cipled azmhothbatrsﬁltrdta:&ms acaked osat e
data source 20 en gﬂﬁ‘ %‘Qe current 30 packet and determ nes the encoding
rate for the next pdacke I f the encoding rate for the next packet is

full rate, variable ré Braamgthos,pt progsuignmeng and postrpgaignmeny ia | illugrated|
control ler 40. | byahedubo\fviﬁgl\ewdmphellm theaase bfikk3 antlat = 6 eadlv eaffit danaslsof

t he next packet I t Vi I
to selector 22 i nd %stéxk'ﬁ:: t@%'e Otcﬁg (ﬁ}(k)evg@hégral | S‘i‘g;é/ao?r lerfg)?w%éisg%@
sel ector 22 p?%w%l'é‘éeq Ry thg) letters é r?a&vep Eo and; Fra oz the mmoment aswime hi18r
40, also, provi dastive traffictiannglsiwhichiabelledrisy theGyntbol®01 12, 34, 5, 6, 7, 8, and
9. In Table I, an exemplary assignment by which overflow channels are pre-

assigned to these ten traffic channels is illustrated. In this table, the

columns refer to overflow channels and the rows refer to traffic channels.

25 The k=3 "1's” in a particular row indicate the k=3 overflow channels that

have been assigned to that traffic channel. For example overflow channels

A, B, and D have been assigned to traffic channel 0.



The full rate packet and the channel assignnent data are provided to
formatter 24. The packet is formatted as described in the third exenplary .
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enbodi nent with the channel assignnent .data for the next data positioned

I n the packet. The formatted packet is provided to encoder 26.

Encoder 26 encodes the full rate packet in two separate halves. The

first encodewoyacksso and the second encodedypacket are pr oviF&

i nterl eaver 28 which reorders the binary synbols in the packet separately.
Interl eaver 28 provides the reordered packsleito nodul ators 30 and 32,
respectively. Modul ator 30 nodul ates the first encoded packet in accordance
with the allocated traffic channel nodul ation format and nodul at or 32

nodul ates the secondAETIVBSERAEEKet in accor danc@VERFROQWeCHANDEY 10
over fl ow channel nodul atg t. '

to transmtter 34
descri bed eaflier.

upconverts an
The signal is provilded b

ts as

I es, t he .,nodul,at e 0pac
na 36

tra sm"toter 1}4 to ante

and broadcast to receiviidg systend. 1 1 No® reférrind to Figure
8, the signal broadcast by aptenna 36 {of 15 Figyre 3 is neceiged by
antenna 110 and provided to receiver (JRCVR)_ 112. Receiver 112
downconverts and anplifies tBe receivdd si g}lal dhd prlovi dfs t hel
received signal to traffic dgnodul atorf 114 Bnd t® ovd fl o® demidul ator
overfl ow degpdul ator 120. = Triaf fi codem)plul atjor 1 deqodul Pt es the
recei ved packet in 20 acc_oraance with the allocated traffic channe

denodul ati on format and Br ovi des the defodul bt ed 1pack¢9t tobrafdic
de-interleaver 118. Traffic ge- interlegver 1L18 reorddars the bipgary

synbol s of the packet and prqvi des thgm Oto tdaffilc decloder 0122. 1Traffic
decoder 122 decodes the packet and if fthere’is channel” assi gnnent data
in the packet for the next p&cket then thisOdatdis & prdvided to Buffer
117. Traffi ggdecoder 122 provi des the decoded packet to conbi ner 128.
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r=3 traffic channels that are assigned to every overflow channel and exactly
=2 traffic channels that share the joint assignment of each pair of overhead |
channels. Methods by which this table and future tables are constructed are

20 described later herein.
_ If six or fewer traffic channels become superactive, each of these
superactive traffic channels can be assigned a unique overflow channel. For
example, if the channels associated with traffic channels 0, 2, 3, 5, 8, 9
become superactive Table I would allow the post-assignment of traffic

25 channel to overflow channel to be (0,A), (2,C), (3,E), (5,B), (8,D) and (9,F).
However, if the channels associated with traffic channels 0, 1, 3, 5, 8, 9
become superactive Table I would allow the post-assignment (0,A), (1,B),
(3,0), 5,E), (8,D) and (9,F). Note that in this example the post-assignment for
superactive channel 3 was changed even though it was superactive in both

30 sets.

In summary, for the pre-assignment described in Table I, there will be
no blockage unless, the number of superactive channels exceeds the number
of overflow channels. Thus in this way this assignment works as well as
the completely dynamic assignment strategy and the previously given

35 formula for blockage applies in this case. Yet the receiver is simpler since
only one of three possible overflow channels can be coupled with any
particular traffic channel.

Where each active traffic channel is assigned three of six overflow
channels, there is no case where pre-assignment of overflow channels to



buffer 117 to overfl ow denodul ator 120. Overfl ow denodul ator 120 30

denmodul ates the over.fl ow portion of the packet in accordance with the
channel assignnent information provided by the previous packet.

Traffic denodul ator 114 provides the denodul ated traffic portion of t he
transmitted packet to traffic de-interleaver 118 where the traffic portion
of the packet is reordered in accordance with a traffic channel de- 35

i nterl eaving Woree#480The reordered packet isgpprovided to trafCIUSHASRer
122 whi ch decodes the traffic channel portion of the packet and
provides it to activonfiffierchahasiinthat 8ould allbw forckwirei thahuten active tfafffie

over f | ow dermodul gf I d Lon

the transmtted paQ'E( %ls tanjdzgrep }f/&\()re f g w&%&%@%ﬁétw F?H\élg B
de-intorleaver 1HMstesionerthe; srse where eachyaaiyesdhanel is pre-assigned k of n
27 overﬂouPGHAMﬁQﬁ/ié)E&?deered Ahngiper boind fo e hlimbey of akave

ket and f
D6 hecoder Doy PR HGH BYSoN iy mc@ra%e&r o[t e afaES 38
overfl ow packet supesagtinenisrsought. Bornyassigagent tab&)mihwbsownen ¢ebunmsiand
traffic packet wktig E? réRCRHERE winehd h%taa&kﬂab) tdand (ﬁdﬂys)l @8 in GREUNTTE

128 conbi nes the estimate wt h t esti

fingers as descrfa%z‘ﬂ Sﬁ‘é\? %ﬁsﬁvf"ﬁf B't‘ r? P%E%‘\'I‘@H‘ ;‘J%Elkeé't (“'ISLE& i K8¥ e
whi ch is provi dedotblotkeger withi i agpexgasnmhsmels, the maximuithaumber gfd0's imf
the present 'l'ﬁveﬁﬁ* QBlJrRﬂtiE (gg§crg ﬂé‘@'ﬂfﬂ MakiifufP 3t be reaf&ttﬂ %rt)‘{aqu?or >

assi gning the ng}e Igevlqagﬁe&agggym& @fsggnmn}q}ogi?ﬁ?n%n@letsf& owikg wpper

by cell controll
can be provi ded bouadvari ety of ways. The si rrpl est being a random
selection fromthe pool. A nore sophisticated technique follows the design
of experinent nethod known as statistical nmultiplexing. In a typical case,
any channel in a commbd& B&ﬂ)’ll fSakpe assi gned to any call on a demand
-assignment bds$is. As described above this general strategy |leads to systems

and receivers which
di scl oses new assi narrilge'fri;)t‘tfl ?aga thw##p%ﬁ%ﬁ %%ﬁn%feﬁﬁﬁnéf’l g‘ﬁ?“ ?(? be h&°
overal | communi cﬁY‘F"@R"é%ff lﬁ?wer active chanpgls;argsuReRaqHYS SOV S8 ﬂJ%ﬂthen b
assi gnnment appr oanist satisfe the snequalippt 20 any of the channels in the

overfl ow pool can be assigned to any call. This
2 e ®
Returning to the case of a=0, or k=3 equation 5 becomes
b < n(n-1)/(n-3). (6)

It should be noted that for the special case of n=6 , the right hand side of
equation 6 is equal to the integer 10. Thus, the mapping given in Table I has
a value of b=10 which is equal to this upper bound. Interestingly, the right
hand side of equation 6 is also an integer for the case of n=9 yielding the

30 upper bound b<12. An assignment with n=9 overflow channels that
appears to allow any nine of twelve active traffic channels to become
superactive without any blockage is given below in Table 2.



assi gnment strategy allows the maxi mum nunber of calls to be assigned
overflow channels. However, it also requires the nost conpl ex_receiver
since the receiver nust be prepared to receive information on a traffic
channel and any of the overflow channels. If the nunber of overflow 25
chanmels is allowed to vary, receivers nust deal with this additional

conpl exity. In an alternative schene, terned pre-}?lj{%g@# a

pr edet er m neWO9%3448hset of overfl ow channejss is pre-assign user
at the inception of the call. Then, when the tinme comes to post-assign
an overflow channel to 30 that call, thelabdeslgned overfl ow channel is
chosen from thisy ?ﬁ A sinpler receiver can then be utilized
because it needs e Cc pabl e of denodul ating information on a limted
set of channels.T Tcherres are envi sioned whereby a primary pool
of overflow charmeﬂA:NNELquai | abl e for OVERFLOW ICHANNEDbere a secondary
pool of overtl ow channel§ is prg-asshagneg-to egch call ipgth ve t

that an over?l ow*cﬁa‘mrel"
The foll owing ar & obj ectifves ant advlant ades of t heQassi §nmer@ 0 et Wods

of the present invention: 1 0D 9¢)Y 344830 1 o 0 0
28 PCY/ U896/{)55720 1. .The gesi gR of gal arbced
pr e- assi gnnment tZrbI es. An aI gori tohm f8r acconpl Y shin

post - assi gnment Sonsistenjt withla 0 0 0 pr@-assPgnneht taﬂ)le 1
3. Determ ngpi ongof an ogti mal @ssi gnnenty strqt egygbaseg on 0

bl ockage pr obabi | |ty of tjhe var] ous che scri ove,
when a single channel dods not ave]tS i @ or mit i on carr§| ng [Eapa

to accomopdat e aépacket, jtwo or0nor el (l:hanrﬂel s Oan b@ usetl to ]:armothat
packet. In the peeferredlenmbodigent,ga 1 sinfgle praffpc chgnnelyis _
sufficient to carry a pagket nost of the tinme, but 8ccasilonaa&y one or
more overflow ch&nnel s ade req red Qo aildin carr9l ng ket .0
15 9 0 0 1 0 o 0 1
10 0 0 0 1 0 1 1 0 0
11 0 0 0 0 1 0 0 1 1

Now returning to the case of n=6 overflow channels, assume that it is

20 desirable to accommodate twice the number of active traffic channels, that is

b=20 active traffic channels. If it is required to accomplish B=20 without

increasing the number of overflow channels, the pre-assignment shown in

Table III can be used. It should be noted that the assignment for the first ten

channels is the same as in Table I so this assignment can be referred to as a

25 nested strategy. A nested strategy may be used to generate a talbe for a

greater number of traffic channels. In doing so, one begins with a pre-

assignment table for a certain number of active traffic channels is generated

and then more active traffic channels are added without changing the pre-
assignment for the original set.



A call is a sequence of packets. As described previously when a call is
set.up it is assigned sole usage of a single traffic channel but when two

or 15 nore channels are required to carry a packet in the call, it is
gi ven tenmporary use of additional overflow channels. Such a schene is
referred to in the present invention as statistical nultiplexing.

As descri bed above there are two sets of channels: a set of traffic
channel s and av@86/34480 overfl ow channels. Wiep a call is set UFCTBIIOOFT2 ¢ he
20 traffic channels is permanently assigned for the transm ssion of the

packet s inthat call. In the ocJabledilal circunstance that a packet in
the call requires two or nore channels, the packet is carried on the
al l ocated traffic channel and one or nore of the overflow channels

which are tenporari| yASHVEERAFFIC o t hat user. OVERELNW CHANMEL n t he
call requires two or_nor CIHANNMELs, thg 25 ganme Braffd c cipanneg i s psed

but perhaps axdifferent overfloow channgl is ulfsed too capry the se ond
part of this packet. When a [si ngI% traffic channel carries a
packet, the traffic channel id actifjve. Vhen al paclet r&quir8s twb
channel s, (a traffic channel and an over{l owghannel ), 1t he gssi gged
traffic channel is superactiveB. 30 Q/frfl cq:nnel S mai be
assigned pernmanently to calls*(or qui va entlodjv tolactiPe tradfficP
channel s). However, where a tdaffic channel 1 Hecomés suferacfli ve 1
‘infrequently,jothis solution ig wastefulf of cgpacify. Ror g exqnpleg even
in the case where only one overfl ow channel 63 required to cconnodat e
a superactive traffic channel ,6 such a schenme®woulld redult O 350 onelhal f
of the channel s being assigne&@ as overf] ow channel s. Yet, at any 0
instant of time, nost of thesg overflow changels ul q be iydl e. gRat her, the
present invention discloses nethods by ich the set of traffic_channels
share a relatively smaller nufoer of ovierfl o®v chdhnel £ 1

96/ 34480 15 10 29 1 1 1 PQOT/ US@6/ 05872

The follow ng invention descriﬁes net hods fog accpnplighing thig 0ai m

One application of this invention is tol the dowllnk path of thé
G obal star |ow orbit satellitd2communicltionlsyst®m ile., O&the Bath trom
t he satellite to the nobill® receivefs. Nldenades tthe tatal nunbep of
channel s 14 1 0 o 1 0 1 -
20 15 0 1 1 1 0 0
16 0 1 0 1 0 1
17 0 1 0 0 1 1
18 0 0 1 o 1 1
19 0 o 1 1 1 0
25

The "fairness” of the pre-assignment given in Table III is reflected in the fact

that now there are exactly r=10 traffic channels are assigned to every

overflow channel and there are exactly 1=4 traffic channels that share the
joint assignment of each pair of overhead channels.

30 However in this case, this new assignment cannot accommodate any

set of six superactive channels. For example, if the channels assigned to the

~ active traffic channels 9, 15, 16, 17, 18, and 19 are superactive they cannot be

assigned unique overflow channels since none of the active traffic channels

has been pre-assigned overflow channel A. That is, at most five overflow

35 channels are available to these six superactive channels. The proportion of

cases of six superactive channels that cannot be accommodated by this

J
assignment is: ﬂgg‘laoszs where (C, indicates the number of
6



5 (traffic overflow) in the communications resource. |In the exenplary

enbodinent. N is equal to _128. The _exenpl ary enbodi nents present
the specific case where N channel s are partitioned into two fixed size
groups consisting of n overfl ow channels and (N- n) traffic channels,

al t hough the ideas are easily extendible 10 to the cases where the size of
the groups can be varied with |oad, path quality, or any other factor.
At any inst 09434484 ne only b of the (N- njgtraffic cha

active. Furthernore, only a small fraction of the b active channel s are
superactive. combinationsroftththirggscraikbn syatentioi nlibris truef hbwe&es thedthish aewa
superactive tr

Shperact Ve Ll dbikfmbre wAllFAGa{ G BRP SOLY OO RGEE AN @et.annﬁhl e

ssed gener
to the case where aAgsadigeyssed abPéfauW%S“‘tthB dp %?@%‘FI‘BW“C#&%V? fic

In the eXte;fpl ?Euaﬁiéfllgds & 8bfteri hlﬁé e?qxﬁranmu figarding qmﬁkﬁ gel OAnbflgrEr method
assi gnnent) .0 er.fl ow anne 0..ac c

assi gnment | % ésu ‘f‘ﬁ%ﬁasﬁag‘ %%?’Ff &Xl%#&ﬁﬁ“f clﬁéﬁgg% i gﬁgg l%%sﬁ%i}* E&%P\%
‘traffic channedgsdrihesanethody by, wiich[beth pppyoacheware followeshinel s are assi gned
to each active W ghiple hoMOASHE aeebﬁﬁna@a twen eédv&uaﬁﬁn&ﬂnn@ﬁcwes
superactive, a portio f t he ?%&aet taft rrled %tha traf
channel is al s8 TRNPPESYS that e r?FE“%lé FBnRY IEVEF rachivecHa H"el s.
I'f k=n, all of chimnelydretomes Zperdusiveckstoause twelveainerflovr channelpandosse and
the notion ff andfiighient as {ASFILK 1% bsdifn THE Firld (4R Fatric BRI thithk fitst)

t he choice of ov uglv N superactive tra |c c annel
is restricted Bix overflow channelsand, Fhf"éh e this same gsgigpmpn theany

of the super actastaeh rtgdfficcchanmelsetes theen ks tsivh averfRiwv chlan'nelsex“fhmsnsmmhext y
handl ed by thea%bgbfgﬁgég@gpgf f overflow channel s. The case where

k=n is referre as a conple dynami c aSS|gnrrent strategy. For a
conpl etely dynani c 88¥eginene t%%ﬁ to pPoftASRigi: QVer flowc fhanmels tayn| y
if the nunbey @ﬁ Etﬂ&ﬁﬁraQTraﬁfﬁ &Hﬂrfelly consistent swith a giveee se-assnfmiehattablé

et RO B i St Sl i
bl ockage wi || e n overﬂow chann o3 iy eal Li g; [FPWs consist of all vectogagynth
exactly k 1's. An example of such a full assignment table is given in Table 2
for the case of 6 overflow channels. From the above, a full assignment table
20 will accommodate b=, active channels. The number of active channels
that can be accommodated by a full assignment table with n overflow
channels is given in Table IV.

Table IV
25 Parameters for Full Assignment Table (k=3)
Number of overflow channels, n 6 7 8 9

Number of active channels,b 20 35 56 8 120
30
Since there are a total of 128 channels available in a Globalstar system, if a
full assignment table were used, 118 active traffic channels with ten
overflow channels could be accomodated.
For a full assignment table every set of i overflow channels is
35 assigned to exactly (C,-/ active traffic channels for i=1,2,...k. For example,
for the case of k=3, a full assignment table has the properties:
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PCT/.US96/ 05572 - Wwhere_v_is the nunber of overflow channel provided for
use of each user. If k < n, blockage can be caused by the
addi ti onal constraints inposed by the apriori assignnment of overfl ow
channels to active traffic channels. In 5 particular, if k < n, blockage
may occur even if the nunber of superactive channels is |l ess than n,

t he nunber of WOAS3#48w channels. If k < n, t3ge above for MOTPSPUST oyer
bound to the probability of bl ockage. In order to sinmplify

\ desi o ) \ —_— . ;  patt o
receiver design it | 3?@9& rt@véﬁl@% @Eél’!x’?ﬂ! is ass#ﬁ%?;%‘lgﬁgéﬂf 3 S it ©

k is small. Specific IS an objective o preesent 1 nvention
to provi de an aséhaji@dht strategy whereby when a call is set up.it is

pre-assigned (on eaclp. SueeyIpaiofl@werfiowk chameels i hdsigned eneractBn @)™ = va- 1set
of k (n>k>1) overf] ov&c&an&gl s., The receiver for this call then knows

that if the assi & TS neﬁlénnel becones superactive, the extra data
will be cirried ch Everydtipi¢tesfoowerfioar channels ds aesignedite exaotly o 33F =dne
of these k 15 Oé’c?{\;elt?ﬂfﬁr]?{%ﬂﬁé@.to be coupled with the traffic channels is
cal | ed post- assi gnnent. A first nethod of pre-assignnment
and post-assignnent is illustrated by the follow ng exanple. In the

case of ]5':3 anﬁ n =| @iﬁ%ﬁhl}i,rﬁfrfa? dullhassigrient table, Ntfeﬂstyi eaedftihhmsi&ﬂ?iv
S| X over oW Cha e (0] e - X ers
A e e o ARt WNEr S o0 SHCTRBHE Be Bl C2 BRHSE, el Eharils
channel s whi 38 | thia¢|dredndty assigned rtboany df the oveflow clmnngls in the setd For

9. In Table I, aga Epfo"i“tb(e?&ﬁhﬁi%ﬁﬂ&nﬂéb!@bﬂ'aﬂéﬂﬂi%%‘éﬁ@% are pre-
assigned to these ten traffic channels is illustrated. I'n this table, the

colums refer to overfl ow channels and the rows refer to traffic' channel s.
25 The k=3 "1's" in &l.Bwerycihgle ovarflowdchatre!l tis ok Bsigned ftoo(';c kalhattive

t hat have b ¥ to that traffic channel. For exanple overflow
channel s 1@, e‘% ﬁgﬁg % Eial.’\'/e been assigned to traffic channel O.

2. Every pair of overflow channels has (=4 active traffic channels’
that are not assigned to either of the overflow channels in that pair.

3. Every triplet of overflow channels has ;=1 active traffic
20 channel that are not assigned to any of the overflow channels in that triplet.

If the blockage probability for a full assignment is too high, rows from the
full assignment table can be eliminated. The result is an assignment table
which can accommodate fewer active traffic channels but has better blockage

25 performance. The process of eliminating still further rows can be repeated
to arrive at another table, again which can accommodate even fewer active
traffic channels but has even better blockage performance. These tables are
considered to be nested in that the rows of a smaller table in this set of tables
will be a subset of the rows in a larger table in this list of tables.

30 A set of nested assignment tables are convenient for various
applications. When the traffic is light, the smallest assignment table in this
set which will accommodate the number of active traffic channels is used.
When the traffic increases to the point where the number of active traffic
channels exceeds the maximum number for the assignment table in

35 question, a new assignment table in the nested set of tables is adopted,
which can accommodate the larger number of active traffic channels but
which allows the present calls to retain their original overflow channel
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Tabl.e | ACTI VE_TRAFFI C OVERFLOW CHANNEL
CHANNEL A B C D E F 5 0
1 1 0 1 0 0 1 1 1
0O -0 o 1 2 1 0 1
0 0 3 1 0 1 0
0 1 1 0 1 0 6 0 1
1 0 O  absignment. If non-nested tables were used, the assignment of overflowl
1 0 H: middle of alcall. 0 1
t id f a-call.
9 chanpels m1§ht hage to bf changed for a ﬁl in the_middie o " all. © i

assi gnment is refl eGenerah methodsc fox lsmesem-ésgs&mw tables _aye; pgWt j ¢
channel s that gisclas&d,JaRHok heb@éﬁl’l detiviable Qh&flmaivartdclemqukbyemst W

traff h | t sh
channel s. NS hdREIHS. GATRL effﬂ%€¢°%$é‘°§§§"‘?3§§%’? %?E?Z‘hé%ni’#r il ar e
20 descri bed chqsgnsrf@rsiemgmng these tables. dn)thg r’temé\mlos)f af b Qckcqim
become 3 uper aCtd@é@ﬂoﬁ%ﬁnﬁElsLA}@%ﬁllled Igbjie'éﬁedxﬂﬂhe\/ﬁtivl’e&i'iﬂfﬁ dHaanek| e @aned)e
assi gned a uni que ,ove anne or

assogl ated wit ??lﬁf f“ig ?;‘ﬁ/%\‘i FRagR 1pan zrr@ge@mggf@ M@k‘bﬁeﬁg@ﬁeﬁgﬁcf\%
Tabl e | vvoul d adertain rilesposkermingghesorcuaience of fobjects andhpains lof tabjestsr 1A ow
channel to kg (Yhisced( i{g)ntpﬁét% ﬁ%’?, < c?nn ﬁ'l Blra"i'ﬂ&efsg(ﬂz)n, T, k 1y @"S"lﬂbck' f

t he channel s assom at becone
superactive Tatfiesign ak | ow t he post - assi gnmant (O A) (1 B),

(3.9, (5.8, (8 D) 12rdci Bidek coftdifis kﬁg&m@ nh%er,exaé%tgeétbe

post - assi gnnent for superactive channel 3 was changed even t hough it
was superacibve in [DEaciBObjestoecurs in the samehnmhcmmnf ldchs the

t d T h | |
Phe nunber of  super A-E8v PRI Sh RNt AEISHRORHS It fsusame Rugioes o pF bl
h | Th t hj r k
compl et ol y dynaAfiass s%’%ﬁﬁﬁr S ofRPrLA paliees, iBSeplats Yook eS8t if 8,0,
for bl ockagd0apww &y nrealbinn MBX ofel'staral dscwithea 1 én shapHtdy roawmnd j-th
only one of thr&ﬁuﬁﬁsﬁ'%eomfth@‘i\ltﬁ%ﬁb&cﬁ%ﬁnﬁﬁeqﬁmmla& WTHeréBde two
h

particul ar traff chann ach, act traffic channel is
assi gned three '5* atgng ‘H\/g?ef fiye, paramete rs‘gﬁ%

or &
t?“Fﬁsé}Ye f
pre-assi gnment of overflow channels to
bk=nr, and 7y

25 r(k-1)=}(n-1). ' (8)

case where

Equation 7 results by counting the number of 1's in an assignment table first
by rows and then by columns. Equation 8 results by counting pairs of 1's in
the rows of an assignment table, first by noting that in any column there are
30 r 1's and each can be paired with k-1 other 1's and alternatively that the 1's
in any column match the 1's in any of the (n-1) other columns in exactly |
places.
The 'special case of k=3 has received special attention and a balanced
incomplete block design with k=3 is called a triple system. Note that a triple
35 system corresponds to an assignment table where each active traffic channel
is assigned exactly k=3 overflow channels. For a triple system, the above
equations can be restated as:

. r=l(n-1)/2, and 9)
40 b=In(n-1)/6 (10)

Thus necessary conditions for a triple system to exist are:
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active traffic channels that would allow for nore_than ten active traffic
channel s and yet have no bl ockage with six superactive channels. In
illustration, the case where each active channel is pre-assigned k of n
overfl ow channels is considered. An upper bound to the nunber of active
channel s b such that no overflow w Il occur if n or fewer active channels
are super wexd6Bedsds sought. For any assiggnent table withPETUSHOSST

col ums and k 1's per rowthere will be a total of (kb) 1's and
((n-k)b) 0's in the entire table. Thus the average nunber of 0's per
colum is then ((n-k)b)/n, F | ockage with n superactive ch I's,
t he maxi num nunber of 0O sli'}’lﬂﬁ)o énnoflg?)?unn is (n-1). Since the maxi nua@? st
be greater than or equal #o(n-1)=@modulebage, ((n-k)b)/n [err] (n-1). (12)
Solving for b leads to the foll ow ng upper bound: b [err]
n(n-1)/(n-k). l(4)“#5 icient re
general ly, th?ouglhes& ‘?itﬁeért“é? gqgﬁgﬁ??nc[eﬁa?rei Po%gFgeqsg Xé ngmen fﬂfe % ow
or if fewer actiexstencerofa (, &,e, kahd) triplespsteov. 0 [err] a [err] n-k-1, then
b must satisty theshpaRt'Bkidoted that it all values of n > 3, tR?

case of a=0, or k=3 equail on.5 becones b [err tw%p/ ng!tf‘*} eﬁhe
(6) 25 It shi@ gcf"f)g:ékﬁ"gés Pﬁ%?ﬁrﬁyﬁf%@"%‘é’c@ a'&ﬁ% (%129-n }eﬂghﬁ(’m‘ iatht
hand si de of asgipnaiénttables baged alponoanyh eriplet sygtem kftustThel aested avithipDom
given in Tabllﬁ I 3se desi val ue of b=10 which is equal to this upper
bound. Interesti%g Y, ??1 rvght hand side of equation 6 is also an

i nteger for the case Bfe mxaaicgpqpﬁg triple system when 1=1 is called a Steiner triple

system. For a Steiner triple system, the above congruences reduce to: n=1 or
3 modulo 6 so that not all values of n can be utilized for Steiner systems.
The methods for constructing block designs fall into two broad
15 categories: recursive and direct. The recursive method is a way of
constructing designs from smaller ones while the direct method allows for
the construction for special values of the parameters. Most of the direct
methods make use of special properties of finite fields or congruences. An
example of the direct method is an assignment table based upon a (b=35,
20 n=15, r=7, k=3, l=1) design constructed from difference sets given below in
Table V.
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upper bound b [err] 12. An assignment with n=9 overfl ow channel s that

appears to_allow any nine_of twelve active traffic channels_to _becone

traffic channels i 4
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superactive wi thout any bl ockage is given below in Table 2. WO
96/ 34480 33 PCT/ US96/ 05572

Tabl-e |1 ACTI VE TRAFFI C CHANNEL OVERFLOW
CHANNEL 5 A B C D F G H I

0 WO934E0 1 1 0 0 .9 0O 0  0FCTUSpeAsS

1 0 0 1 1 0 0 0 0 2 1 0 0
0 0 1 0 1 0 3 TABLEV 1 0 0 0 0 0
1 0 110 4 0 1 0 10 0 0 0

5 0 X-C!g: [RKgqc 0 1 1 6

o 1 o o |ochagE | ° b [0 ovikrowtmanh 0.0
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case of n=6 overflqw chagnel s, J@ssonelt hat ot 0s 20 0 dexi reabloe o 0 0
accommodate tw ce tlhe nugber o cty ve trafficychanngl thaty, | =2
active traffic chanels. “If it iog rrueqﬁi réd io %ccgnpnfi 31 éh:Z(tg vvi%t hgutla ;
i ncreasi ng the nunfjer of 4overf | &w @haPnePs, 1t ht pPe-&sst ghre® $hoflin On O
Table 111 can be uded. |5 shouj@d bg noted thatithe assignnents f @ bheofiosit
ten channels i4 the sane a§ .in_TahQle.l so {hi signnent, cgn he
referred to as a Zj nesPed st & e&y. BA ﬂesﬁedast?a'?lzgy(gnarafl de Sjseg td O
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and then nore active traffic channels are added w thout changing the pre-

[eNe] = O

e

1

1

assignnent for the original_set WO 96/ 34480

34 PCT/ US96/ 05572 Table |11
ACTI VE TRAFFI C ) OVERFLOW CHANNEL CHANNEL

A B C D E F 5 0 1 1

1 0 0 1 1 1 0 0 0

2 WO 96/34480 ( 1 1 0 040 PCT/ES96/05572

1 0 1 0 1 0 1 0

0 1 110 Referrmg to Table 5, bows 2 throuih 14 areocychclperm\iltatxonﬁ of row 1;

8 1 0 rows 16 ahrob\glln 29 arg cvchr.O permutationg of row 15; and rows él thrqugh
1 0 1 34 are cyclic permutatigns of row 30. 0 0 0 1 1

15 ﬂQ\e following 1s a method f&r estirhating the prébability of blockage,
11 0 1

0 1 5 0for a wperac:fwe trafflc channel, for the presassignment and pos rassignment
1 1 0 methods described abadve. A particular supetactive(trafficcchanne! is blocked
ig wlderelﬁxft the (?artxcular sugeractxjve traffic chahnel cnnot Be a_?sgned an
0 1 0 pverflgw channel in the post-assignment process. Assume thabthere @re b
0 1 1 active traffic channel};Q n overflow channdls and) that #ach attive fraffic O
25 The "

in the fact at are &? ﬁé‘? gafflc hanne are
assi gned to everthat exa‘t’ﬂbéirfqé/\)éﬁh dtraffic sub chagpgls are supegactive jand
channel s that sh@asemlelthat the statistics descnbmg this event are binomial: i.e.,

gl rdt?ﬁﬁﬁel &f pi

15

20

30

35

PriAj) = ( ] pi(-p)bd, 0<p<1, | (13)

b
(b )l 1

where ( ) denotes the binomial coefficient "b choose j".

b!

CEFNIL

Bj is defined as the event that the particular superactive traffic channel
we are interested in is the i-th superactive traffic channel to be assigned in the
post-assignment process. Assuming that given that there are j superactive
traffic channels to be assigned, that the one of interest is equally likely to have
"any place in line” (from 1 to j) in the post-assignment process.
Mathematically, this can be stated as:

Pr{Bi | Aj}=1/j.,i=1,2, ...} (14)

Finally, a simplifying assumption about the pre-assignment table may be
made. It is assumed that the pre-assignment is such that when a post-
assignment is to be made for any superactive traffic channel it is equally likely
to be assigned to any of the n overflow channels. One case where this
assumption would be valid is when the rows of the pre-assignment table are
v! .
——-——(v_ k)!k!) possible
ways of choosing rows with k 1's and (n-k) 0's). It should be noted that
certain balanced deterministic assignments could also lead to this condition.
Under these assumptions, the probability of blockage, denoted
Priblockagel, for any particular superactive traffic channel may be calculated.

chosen randomly and with équal probability (from the (

r&daﬁ%sm@as oqaeyﬂaw'éhammse Léd f\ Pe'thE leehed



j oi nt assignnment of each pair of overhead channels. 30 However in
this _case, this new assignnent cannoi_accomrpdate any set of six

superactive channels. For exanple, if the channels assigned to the

active traffic channels 9, 15, 16, 17, 18, and 19 are superactive they
cannot be assi gned uni que overfl ow channel s since none of the active
traffic channel s has been pre-assigned overfl ow channel A, Q%&F%g’ at
most five ovWOPMBS channels are avail alje to these six s‘fp%a

channel s. The proportion of cases of six superactive channels that

cannot be accontTridaaehlation s performets by romelitioning on [the rdvents @32 dvibiearnd
[err] indicates

t h nber. of 480
35 thenebyngwg‘%U%Q%Yﬁggﬁ evenﬂ?cgﬁ t|3L?1éat ions of t things taken s
t ti It ist h | s Bs I il |
at a tine I'S rﬁﬁ}"‘?%%‘%z flr|B16R EQWA!/, Bj} P¥{B; ANAR Hr{AY} }\155)

accomodat e any set fewer superacti Ve channel s
di scussed above, one nethod to accommopdate nore active traffic channel s
is to soften th%rrequi rement regardi ng bl ockage. Anﬁt her n'e]'fhod 5is to

i h nber | s h ) it i ;
descr  bes. mePhods. of RREREYSE Sap b epest IR L ) PP A 4160

nmet hod of accommbdating twenty active traffic channels in a manner such
that no bl ockage will occur if six or fewer active traffic channel s

beconmes super acwihere uise hes been mdesof thefact thatcPriblockagehdAjHilsBriblockage

assignnment as ifpgfable I to assign the first ten traffic channels to the
first si x overfl gw channel s ang, then to use pthis sang, assignnent, to
assign the | ast ¢ensidenthe gta AEATS Shgwihin rigure i%@e‘?‘h&ﬁ%hﬁ%%.
Thi s i s anotlger where eké radtive trafficdhannelt irgyuestion is the iShy @ dinents beds

exi st t0 post- agel o OEhl | Pt BRANNEL rk Gatidled R bAbRitiel 3k the AR TS

consistent with grv e-assi gnnment f tyrning to the design

of the pre-assi thingtatesrgiereto haw many pffpgovesflow su éha&“e% Qf erqupgractive

Ehannel s is cal haefid; st ch&nﬁélSilnr questiomhas beert uskd u;ebyqnastw's'sign;)ng tieemadl y
1's. An exanp C . [ | S, el Vv | :

for the case of l"'g'"‘%ves_ e(ﬁ/gtékgnlrt]léﬁ?% %?‘ggﬂeh% a g?/llé, agéfﬁﬁféa;s§?g?1tﬁelﬁt the

table 20 wilSl pedcssigmMentPIPEess] active channels. The nunber of active

channel s Assuming that i > 1, and starting in state S(0) and post-assign the first

superactive traffic sub channel is post assined. With probability (k/n) it is
assigned one of the k overflow channels of the superactive traffic channel in
question and with probability 1-(k/n) it is not assigned one of the overflow
20 channels. In the former case it is in state S(1) where the "1" indicates that 1 of
the k overflow channels of our superactive traffic channel has aiready been
assigned while in the latter case it remains in state S(0). Assuming that i > 2,
the process then moves on to post-assign the next superactive traffic channel.
We continue in this fashion until all i-1 superactive traffic channels which
25 are ahead of the one in question are post-assigned.
The probability in question, Pr{blockage |Bi}, is given by the
conditional probability:

Pr{blockage 1Bj} = Pr{state=S(k) at time i-1 | state =5(0) at time 0}. (17)

The probability of equation 17 can be obtained by a generator function
'approach by additionally labeling each forward path by Z I and each path
which does not progress forward by Z. The generator function T(Z,I) can be
written as: :



t hat can be accommpdated by a full assignnment table with n overflow

channels is given in Table LV.__. _ Tabl e
IV 25 - Paranmeters for Full Assignnent Table (k=3)

Nunber of overflow channels, n 6 7 8 9 Nunber of active
channels, b 20 35 56 84 120 30 Since there are a total of 128
channel s available in a d obal star system if a full assignnent table
were used, 118WQP6B448etraffic channels w th ggen overfl ow 7% oul d
be acconodat ed. For a full assignnment table every set of i

overfl ow channels is 35 assi gnefkt-o- eéagt ly [err] active traffic channels
for i=1,2,...,k. For exanpl ¢! yogi) fhe ca % k=3, a full assignnent
tabl e has the propertT%?P=ﬁ - gﬁ Cirwy-I'-Z (18)

6 PCT/ US96A 8pb7p——|{-Z ™® **°1. Every overfl ow channel
is assigned to exactly [err] active‘¥Fdffic channel s. 2.
Every pair of overflow channels is assigned to exactly [err] = v-1

active traffic channelTheprebability of blgckapeds yhen giventasof overfl ow channel s -
is assigned to exactly [err] =1 active traffic channel s.

Simlarly, for a full_assignmengtgbfe, pf oryevery set ﬁ i overflow

channel s wher & i =1, 2, Pr(blogkage) + rE{b_ )m’y(l['e?)r]" Glrelkrd¥fic (19
channels 10 that are not assi gn’éd"t E a@"d t he overffbw channels in the
set. For exanple, for the full assignnment table of Table Il with n=6
and k=3, which dan be eompsaited)| e overfl ow channel is not assigned to

[err] =10 active ThE ﬁu\j’iSug %Q%ﬁon bt the preferred embodiments is provided
to enable any person skilled in the art to make or use the present invention.
10 The 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 the use of the inventive faculty.
Thus, the present invention is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent
15 with the principles and novel features disclosed herein.
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2. Every pair of overflow channels has [err] =4 active traffic channels
that are not assigned to either of the overflow channels in that pair.

3. Every triplet of overflow channels has [err] = 1 active traffic 20
channel that are not assigned to any of the overflow channels in that
triplet. I f the bl ockage probability for a full assignnent is too

hi gh, rows fromthe full assignnent table can be elimnated. The result
i s an assi griNe96/34480| e whi ch can acconggodate fewer acti PETUSEHISSE
channel s but has better bl ockage .25 performance. The process of
elimnating still further rows can be ChAIMS to arrive at anot her

tabl e, agai n whi ch can accommodat . aCl | traffic, channel s
but has gven betterfbl o] %ﬁpﬁéﬁgrfﬁéﬁg%‘{swﬁégg%é{éﬁggleapete pac Sbﬁzi ed
to be nested |symbels comprising acfarigbieynumber wofisaid data; $yimbols: said apperatus

wll be a subs&;mg{.is;,{%@ rows in a larger table in this list of tables. 30
A set of nesgted assignnment t.abl es are nveni.ent for vasious

appl i cation$. Wen cth%@“FPH?‘Flf 1ZLE Means For FRCEIYING ?aégtvaégt’regmrﬂaq‘ﬁbf’%di n
this set wiheh thenumberohsaididats isymbold exceeds acthreshald afalue, spiitting| s
|s used. 6. X!A‘?&‘ Hgﬁaalﬂé Faké @ahﬂé‘tr fAS SR thdtfikFadket %g"’ﬁf ast Une YUPHIoW!

active tr.af nel's eéxceeds the maxi num nu or the assignment
table in 35 CR%‘Q‘FFQn, a new assignnent table in the nested set of tables
i s adopted, 8 whi ielinsiaissivhc freans doe tidmsntitting rsait vaeiable ratet packet roaf &i C

channel s but o isclheah ol bRt S35 G SykbolelPblol Sk Birkddid

over fl ow channe

PCT/ US96/ 0387 2value andsfor gransmitting said traffic pagketan said teaffic ¢hanneliand said

ff, sign gglnt 0; &vwalfsil Qe overfloan patketndm hit ltbﬁsﬂeoi\? dwerflownéleghriecd'whegahk i n
e m e a C : . er 0 signin .

br - ass! gient WWIBELSf spid gty symbQp earelsuid thiSholt Sali Persip cach of

~alternative t essidiagleast onesverflow channel: is suthagenalito sajdtrafficahphogls t he

t heory of bal anced i nconpl ete bl ock designs for designing these tables.

atnnel S,

[0, L, e ol 00y 1 DK S5Rkas: of i, L FES et 0RbR
design is ad acomprigessnt of n objects into b blocks subject to
modulator means for modulating said variable rate packet to provide
4 said variable rate packet on said traffic channel in a accordance with a first
spread spectrum modulation format when the number of said data symbols
~ 6 is below said threshold value and for modulating said traffic packet to
provide said traffic packet on said traffic channel in a accordance with said
8 first spread spectrum modulation format and for modulating said at least
one overflow packet in accordance with a second spread spectrum
10 modulation format to provide said at least one overflow packet on said at
least one overflow channel when the number of said data symbols exceeds
12 said threshold value wherein said firs spread spectrum modulation format
is orthogonal to said second spread spectrum modulation format; and
14 transmitter means for upconverting and amplifying said variable rate
packet when the number of said data symbols is below said threshold value
16 and for upconverting and amplifying said traffic packet and said at least one
overflow packet when the number of said data symbols exceeds said
18 threshold value. '

3. The apparatus of Claim 1 further comprising overflow channel
2 signaling means for transmitting a signal identifying of said at least
overflow channel. '

* [ L ] S *



certain rules concerning the occurrence of objects and pairs of objects. A
10 _bal anced inconpl ete block design with paraneters (b, n, r, k, 1) is a

bl ock desi gn such that: 1. Each bl ock contains the sane
nunber, k, of objects. 15 2. Each object occurs in the same nunber,
r, of Dbl ocks. 3. Each pair of distinct objects occurs in the sanme
nunmber, 1, of bl ocks. An assi gnnent table based upon a bal anced

i nconpl ete bl Wek96@eddgn is a b 20 row by nggol um matrix of PGTASESTE s
with alinthei-throwandj-th colum™if and only if the j-th object

occurs in the i-th blgock. Theeisp &amdwcmmrelwhem samdt&tanfnevi acketizer

??; azmgt ers thflt ,ﬁéﬁ,sef;a{%(, %E lmdlcatwe of said at leasp Bv&rﬂov?g nnel and

(8) Equat i §ar rombiningssaig signaltindisative of saidratdeast averflownchansielandnt
table first 4 dhid @ik pHtdled €N by col'ums. Equation 8 results by counting
pairs of 1's in the rows of an assignnent table, first by noting that
in any columm there are 30 r 1's and each can be paired with k-1 other 1's
and alternatively that thdhe apparatuswoﬁr@lahnl Unwhezin rsaith echianael rpagkegtizdr
the (n-1) other tﬁ@ir{énf& W{ gﬂal indicRivé gﬁsald at least overﬁB?v &%‘ﬁj’eﬁkor

case of k=3 has receiv t ent,l on anced

bl ock design wi t%s‘ibssqunt; prigklerae ppcket comb @R 2 signal ml%atgfs of
system cor r esporsdid apleast asaflonelninnieh fdrea shitsequent hardalile vatet parket and baidnel
I s assigned exactuﬁ,cc§ ?k ver fl ow channel s. For atriple system the above
equations can be res " as: r=1(n-1)/2, and

(9) 40 b=In(n-1)/6
(10) Thus necesgary (Qhedapparasus @f Glaim Bl furslyert eompeising Mariable rate
WD 96/ 34480

vocoder means for receiving sggech samples and for compressing said
speech samples in accordance with a variable rate vocoder format to provide
4 said variable rate packet.

PCT/ US96/ 055

7. The apparatus of Claim 6 further comprising encoder means
2 disposed between said variable rate vocoder means and for error correction
coding said variable rate packet.

8. The apparatus of Claim 7 further comprising interleaver
2 means disposed between said encoder means and said variable rate vocoder
means for reordering said variable rate packet.

9. The apparatus of Claim 6 wherein said variable rate vocoder
2 means is further for compressing said speech samples in accordance with a
second variable rate vocoder format to provide an alternative variable rate
4 packet and where in said channel packetizer means is further for selecting a
variable rate packet for transmission from said variable rate packet and said

6 alternative variable rate packet.

10. The apparatus of Claim 1 further coniprising cell controller
2 means for providing an overflow channel availability signal and where said
channel packetizer means is responsive to said traffic cahnnel availability

4 signal.

) A P



1(n-1)[err]0 nodulo 2 (11)
In(n-1)[err]10 nodulo 6 (12) 5 _These

| atter two congruences are both necessary and sufficient for the

exi stence of a (n, b, r, k=3, 1) triple system It should be
noted that for all values of n [err] 3, the full assignnent table for
k=3 yields a triple systemwith b= [err] and 1= (n-2). Furt%&mﬂl

assi gnnent t WO WSM4Msed upon any triple syggem nust be nest one 10
of these designs. The special case of a triple systemwhen 1=1 is
called a Steiner triple system For a Steiner triple system the above

congruences reduce t,g: NiLrhldhdy for trandiRALhE & PtidBIat rate! patilet V¥ data Of

n can be utilized for Steéerner systens. .Ihe net hods, for,

const r uct i ng2 bl ¥EKbAle SOFIRisiAg A VH‘%‘FVW‘BP%B‘: said Séi'taeﬁ’ﬂp als, spid-methed,
andI Ioll rect. \Ihrtﬁnﬁmgim@smhﬁd Is a way of constructing designs from
smal | er ones ile t dire . or the construction for
speci al val u'é’"s of tﬁggfggﬁn&%ﬁ%@gﬁ}%ﬁ‘%ﬁx@ﬁq direct met hods ke use
of special properti eplitting Bﬂﬂt\éaﬂa@d%tecﬁacbah@\t%érﬁ%fﬁc packet and 2} lgaskone
the direct ngt hatbrlSwapacket WREE the hakiber bASSI dataBytidlsdheeedd anthidshold 7,

k=3, 1=1). design constructed fromdifference sets given below in Tabl e
V. 86/ 34480 39
PCT/ US96/ 05582 transmitting said variable rate packet on a tysific channel when

ACTI VE TRAFFI C P : ; . ERFLOW
CHANNEL number of salid fia%%ﬁbl; is bglov\é said Dthresé;?ld IEalue,qatnﬁé_|\/ | ¢
L M ‘N 1B transmitting said traffic packet on said traffic channel and said at least

one overflow packet on at least one overflow channel when the number of
12 said data symbols exceeds said threshold value wherein each of said at least
one overflow channel is orthogonal to said traffic channel.

K

12. The method of Claim 11 wherein said stép of transmitting said
2 traffic packet on said traffic channel and said at Jeast one overflow packet on
at least one overflow channel comprises the steps of:

4 modulating said traffic packet to provide said. traffic packet on said
" traffic channel in a accordance with said first spread spectrum modulation
6 format; '

modulating said at least one overflow packet in accordance with a

8 second spread spectrum modulation format to provide said at least one

overflow packet on said at least one overflow channel wherein said first

10 spread spectrum modulation format is orthogonal to said second spread
spectrum modulation format; :

12 upconverting said traffic packet and said at least one overflow packet

when the number of said data symbols exceeds said threshold value; and
14 amplifying said traffic packet and said at least one overflow packet

when the number of said data symbols exceeds said threshold value.

13. The method of Claim 11 further transmitting a signal
2 identifying of said at least overflow channel.

14. The method of Claim 11 further comprising combining said
2 signal indicative of said at least overflow channel with said traffic packet.

A O UL
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20. The apparatus of Claim 11 further comprising the step of
2 providing an overflow channel availability signal. '

21. A system for transmitting a variable rate packet of data symbols
2 comprising:
an interleaver having an input and having a first output for
4 outputting said variable rate packet when the number of said data symbols
in said variable rate packet is less than a threshold and for outputting a first
6 portion of said variable rate packet when the number of said data symbols in
said packet is greater than said threshold and having a second output for
B outputting a second portion of said variable rate packet when the number of
said data symbols in said variable rate packet is greater than said threshoid;

10 a first modulator having an input coupled to said first interleaver
output and having an output; and
12 a second modulator having an input coupled to said second

"interleaver output and having an output.

22. The system of Claim 21 further comprising a varaible data
2 source coupled having an input and having an output.
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WD 96/ 34480 40 PCT/ US96/ 05572
Referring to.Table 5, rows 2 through 14 are cyclic pernutations of row 1;
rows 16 through 29 are cyclic pernutations of row 15; and rows 31 through

34 are cyclic pernutations of row 30. The followi ng is a nethod
for estimating the probability of blockage, 5 for a superactive traffic
channel, for the pre-assignnment and post-assi gnnent nmet hods _descri bed

above. A parWOIEB#B0 superactive traffic cha?inel is bl ocked PCTUSHMSE2; oy
the particular superactive traffic channel cannot be assigned an
overfl ow channel in the post-assignnent process. Assurre that there are b

igtivﬁ tra}‘fic channg| s, me efnk@‘f\/(llmmm'f&rt?@ﬂcb Bs%l‘e‘ctdfedibgééé;dhc
channe S re aSS| over e e
ovent Tt e URkeR e Virighit Faeel dfia Hbpfieing Sl 4?‘3'?3??“%5&5 A Y

superactive anctouPleChggmedtmahlheram alatastsouscedeytputbam@ having care putpuic

binomal: i.g., compled to said inté?leaber input. - (13) 15 where [err]
denotes the bino coefficient "b choose j" - Bi is defined as
the event that the particul ar superactive traffic channel we are

interested in is th@4i-tThewsystenr of WHaim 28fwhereimsaid selectbe hasinggamsecand t he

20 post-assyg |
super act ] ve 2 2 REHL aflt 48R Syl *ﬁ"{“'@'ﬁg&ﬁ@%’fﬂ*ﬁé‘é Celt BhelolF Bafics bn output,
i s equallyllke’ﬂ°§;'l'-’fl second;; ’a\i‘@“lt-nllne (from 1 toj) in the
post - assi gnnent process Mat hematlcal ly, this can be stated as: 25
Pr{Bi | A} =1/ ]pg (

Finally, a sinpli fy| ng assur‘r&pagélmeslbf)olft r?cr?wmgeaa‘éasﬁlag%lremﬂ te é%tl)ket Of d
made. 1t is &s$YMRPls RemprisiNgsr e- assi gnment i s such that when a post-
assignnent is to be traffle dfeﬁ{ocﬁﬂﬁto?Uﬁﬁx%Cfdr\dtnﬁéﬁlﬁhﬁE:hﬁl&éﬂleditTraﬂfi?z ekt |y

this ”  asstrbibrounnre i Jaade deipduRiiRh o Bl SRR A uafuily
table are teaffe packethdonl y and with equal probability (fromthe [err]
possible 6 at least one overflow demodulator means for demodulating a

received overflow packet in accordance with a overflow demodulation
8 format to provide at least one demodulated overflow packet wherein said
overflow demodulation format is orthogonal to said traffic demodulation
10 format; and
combiner means for combining said demodulated traffic packet and
12 said at lest one demodulated overflow packet to provide said variable rate
packet.

26.  The apparatus of Claim 25 further comprising decoder means
2 disposed between said traffic demodulator means and said combiner means
for selecting a demodulated overflow packet of said at lest one demodulated

4 overflow packet.

27. The apparatus of Claim 26 wherein said decoder means
2 combines said demodulated traffic packet and each of said at lest one
demodulated overflow packet and decodes each combination to determine a

4 selected overflow packet.

28. The apparatus of Claim 27 wherein said decoder means
2 decodes said traffic packet to determine an overflow channel identification
signal and wherein said at least one overflow demodulation means is

4 responsive to said overflow channel identification signal.
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ways of choosing rows with k 1's and (n-k) 0's). It should be noted that
certain bal anced determ nistic assignnents could also lead to this :
condition. 35 Under these assunptions, the probability of bl ockage,
denot ed Pr{bl ockage}, for any particul ar superactive traffic channel
may- be cal cul at ed. WO 96/ 34480 41

PCT/ US96/ 05572 This calculation is perforned by condi tkgpéwt he
events A arwoBs3use t hen by averagi ng over these eventS:

Pr{bl ockage}=[err] Pr{blockage | Aj, Bi} Pr{Bi | A} Pr{A} (15 or
5 Pr{bl ockage}=[err]Pr{bl ockage |8} (1 / j)[err]p] (1-p)[err] (16)
where use has been made of the fact that Pr{blockage | A, Bi}=Pr{bl ockage
| Bi }. Consi der the state diagram shown in Fidire 9 which rel ates
to the case 10 where the superactive traffic channel qguestion is the
i-thinline to be post - assi gned. The branches arest abeled with
probabilities and the index of the states refers t¢ how many of the
overfl ow sub channel s of the superactive - traffic s channel in
guestion has been used up by post-assigning themto S ot her superactive
traffic channels which are ahead of it in the 15 postssignnent process.
Assum ng that i > 1, and starting in state S(O and pofL-assign the first
superactive traffic sub channel is post assined. Wth grobability (k/n) it

is assigned one of the k overflow channels of the quperactive traffic
channel in guestion and wth probability 1-(k/n) it{ is not assigned one
of the overflow 20 channels. In the forner case it islin state S(1) where
the "1" indicates that 1 of the k overfl ow channel § of our superactive
traffic channel has already been assigned while injfhe latter case it
remains in state S(O). Assuming that i > 2, the prdess then noves on

to post-assign the next superactive traffic channeLd

GATEWAY

SATELLITE

USER

TERMINAL

o)

FIG. ]



We continue in this fashion until all i-1 superactive traffic channels

which-25 are ahead of__the one in question are post-assignhed. The
probability in question, Pr{blockage | Bi}, is given by the condi ti onal
probability: Pr{bl ockage | Bi} = Pr(state=S(k) at tinme i-1
state =S(0) at time 01. (17) 30 The probability of equation 17 can be
obt ai ned by a generator function approach by additionally | abeling each
forward pat WBY634480 and each path whi ch does not progregéT BRI by Z.
The generator function T(Zl) can be witten as: 35 mo

96/ 34480 7 ‘ 42 217 ' PCT/ US96/ 05572

T(Z, 1)=[err] O
of bl ockage is tTRen
whi ch can be conpute
enbadi nents i s provi
or use the present ifi

(18) The probability
Pr(bl ockage) = [err]" (19)
e previoys description of the preferred
ble any pgrson skilled in the art to nake

' nodi ficatjons to these

w R
“ rf

enbodi nents will be rgadily] a aqent to t hose skillgd in the art, and
t he generic principles gefi Ejhe rein may be appl |@i to ot her
enbodi nents w t hout tr?Suse _Jtre i nventiveg faculty. E:
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Thus, the present invention is not intended to be limted to the
enbedivents—shown-hereinbut . is to be accorded the w dest_scope consi stent
15 with the principles and novel features disclosed herein. VE CLAI M
WO 96/ 34480 43 PCT/ US96/ 05572
CLAI V5 1. An apparatus for transmtting a variable rate packet
of data 2 synbols conprising a variable nunber of said data synbols, said
appar at us W sing: 4 channel packeti zer mans’ﬁ%s?%ﬁzvi ng
said variable rate packet and when the nunber of said data synbols
exceeds a threshold value, splitting 6 sag variable rate packet into a
traffic packet and at |east one overfl ow packet; 8 transm ssi on
means for transmtting said variable rate packet on a traffic channel

when nunber alyd dar;;.ubm_;.s_;ba_w | [ Lesh O_.u.aJ_u.e_a.n.d_f.n.H
transmtti ngﬁgdbﬂ af i packet on said trafﬁ#v?ah%&%nd sai d -)I at
| east one ovgy gg\pspac e on at Teast one ovd/2BISchannel when the 12

sy ol d va erern eacry or

ngﬂveﬂ | ow channel is orthogond¥2to said traffic chaﬂnﬂ . 8
2. The app of Qarm1 wherein sard transmtter nmeans. 2 .
conpri ses: modul at or nmeans f or INIBEORMATIONSERAFFKCi able rateF T
packet to provide 4 said variable rate packet on said traffic channel in a
accordance with a first spread spectrum nodul ati on format when the
nunber of said data synbols 6 is below said threshold value and for

nodul ating said traffi ¢ packet to prov'éggrﬁgi %()tsl{gg”i c_Dbacket op_sai d)
rPSt

ead spectrum
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| east one overfl ow channel when the nunber of .said data synbols exceeds 12
said.t-hreshold value wherein said firs spread spectrumnodul ation formt__
is orthogonal to said second spread spectrum nodul ation fornmat; and 14
transmtter nmeans for upconverting and anplifying said variable rate
packét when the nunber of said data symbols is bel ow said threshold val ue
16 and for lé&)convertl ng and anplifying said traffic packet and said_at

| east one EHA§00\y packet when the nunber of said data sR/'-u eeds
said 18 threshold val ue. 3. The apparatus of Caim1 further
conpri si ng over%%égannel signaling neans for transmtting a signal

I denti fying of | east overfl OHI channel WO 96/ 34480

44 PCT/ U896/ 05572 The appar atus of daim

1 wherein sai g.c d
Jai disig
" 'lﬁ
AC K s

of said at | east
i ndi cati ve of s4g
5.  The appar af]

st*Pqn

eLn §sal

receiving a signgl_indicati ve of said » on\u:hannel for a
subsequent varigQ cgg\l/te packet and foﬁé‘mé? 5| gnal indicative of>4
said at | east oYe channel for a subsequent varl able rate pacmﬁnaa
sai d traffic packet - 6. The apparatus of Claim1l f r

conpr|S|ng V aF il
for conpre55|ng
vocoder for nat
apparatus of C &i

said variable raaaam.c.o.d.e.n_ma.ns_a.n.d. (OVERFLOWPACRETI-00
variable rate pENERGY

hnceg W h

E
Py {P2 |P3 |P4 |P5|Pg |P7 |Pg |Pg PuJPﬂ Py2|P13|P14|P1s P1—s]
- TRAFFIC PACKET —
ENERGY FIG. 4¢
ER2 :
Py |P2 |P3 (P4 |Ps |Pg |P7 |Pg |P1|P2 |P3 {P4 |Ps |Ps |P7 |Ps
~ TRAFFIC PACKET >
;NERGY FIG. 4d
E/4
Py | P2 |P3 |Pgq |Pq | P2 |P3 |Pg |Py |P2 |P3 |P4 |P1 |P2 |P3 |Ps
- TRAFFIC PACKET >
ENERGY FIG. de

SUBSTITUTE SHEET (RULE 25)



8. The apparatus of Claim 7 further conprising interleaver 2 neans
di spased heftween sgi d_encoder neans and said variable rate vocoder nmeans

for reordering said variable rate packet. 9. The appar at us of
Claim6 wherein said variable rate vocoder 2 neans is further for
conpressi ng said speech sanples in accordance with a second vari abl e

rate vocoder format to provide an alternative variable rate 4 acket and
where in sai WORE#MIR| packetizer neans is further for sel ec?Fﬁ’é‘g 2
vari abl e rate packet for transm ssion fromsaid variable rate packet and
said 6 alternative variable rate packet. 10. The apparatus of
Caim1l further conprising gell controller 2 neans for proyiding an
overfl ow channel ' '

means i s respons said traffic cahnnel avail abil |t§ 4 signal .
WO 96/ 34480 45 Z PCT/ US96/ 05472
11. Amethodfﬁ tra mttlngavarlablerat acket data 2 synbols| 2
conprising a vag abl e urrber of said data sy sf}sai g&net hod 5
conprising the Sj 4 receiving.s %3 ri allDe rate packet; g
splitting said varlable r at e packet mtt a traffic pagket and at Igeast ong
6 overfl ow packet, when the hunber of s&i synbof s €
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12. The nethod of Caim1l wherein said step of transmtting said 2
traffic packet on said traffic channel_and said at | east one_overfl qw

packet on

at

| east one overfl ow channel

conprises the steps of:

4

nodul ating said traffic packet to provide said traffic packet on said

traffi c channel
6 format;

nodul ating said at

in

In a accordance with said first spread spectrum nodul ati on
| east one overfl ow packet

accor dance wWP%B448 second spread spectrum nodul ation- f or TeRCHESIBPIT? de

said at

| east one
wherein said first 10

sai d second spread

13.

46
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17. The nmethod of Claim16 further conprising the step of error 2

correction coding said_v variable rate.packet. 18.__ Thenet hod of
Claim 17 further conprising the step of 2 reordering said variable rate
packet . 19. The nmethod of Caim 16 wherein said step of
conpressing said. 2 speech sanples further conprising conpressing said
speech sanples in accordance with a second variable rate vocoder format
to provi de amvalos/sausecr nati ve vari abl e rate packet. PCTIRE6/055%:
apparatus of Claim 11 further conprising the step of 2 providing an

overfl ow channel availability signal. 21. A system for

transmtting a variable rate packet of Wi a synbols 2 conpri sing:

an interleaver having an input and having a first output for 4 outputting
said variable rate packet when the nunber of said data synbols in said
vari able rate packet is less than a threshold and for outputting a first 6
portion of said variable rate packet when the nunber of said data synbols

in sai d packet is greater than said threshold and having a second
output for 8 outputting a second portion of said variable rate packet
when the nunber of sai d data synbols |n said variable rate packet is

greater than said threshold; 10
coupled to said first i nterl eaver ut a d havwg an output; and 12
a second nodul ator having an input co fai.d sesond i nterl eaver
out put and havi ng an out put. T e syst™mof Caim 21 further
conprising a varaible data 2 sourcs i i
out put . WO 96/ 34480
PCT/ US96/ 05572

nmodul & or having an input

47
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23.

coupl%d to said variable rate data source output and having an out put

coupl.ed
wher ei n
conpri si
sel ect or

packet of (g
demudul=3

for

'The system of Caim22 further conprising a selector disposed
betme’ﬂt said varjiable rate data source_and said interleaver

125284

havi ng

to said interleaver input.
said selector having a second 2
ng a cell_controller

i nput . 25 WORIRY}

iranoya

I nput and said sytem
havi ng an output
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rf@

24. The system of CI a|

< l

£
coupl ed to sEoMIRE

denodul +t5ﬂmmm@wm a deno Ife)dmmﬁoﬁnrnﬂfdmmhet 6 WO 96/34480
at | east omvnrsbjuujdamdul ator neanAlfor denodul ati recei ved
overfl oy packet in accordance with a bvel #Jonnsty E't‘g'bﬁ“% 35 Prigber 1996 31.10.96)
providelat |east one denpdul ated overfl ow k rein rflg
Gembdul § EDIR = APREen Rl ol MEG e [ Prepied S A1, 304 B o2 ¥6p) e e
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vari abl ¢ J q,ggmy packet . 1% ﬁ M.
conpris Qger Mean3g Lprit G5B betue n s BY
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said at I cket o i MR

apparat § ﬁ%hzﬁ}? Weﬁm&a{@ clgder rreangN' hémt)' |srltqes sa)l'd
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over f | oy"B4 ﬁ'ﬁ, el St o S€I €CT €0
overfl oy pac CA 92037 (Us) Py e apm At us | tideiz Jeik |aklending the
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(54) Title: METHOD AND APPARATUS FOR PROVIDING VARIABLE RATE DATA IN A COMMUNICATIONS SYSTEM USING

STA_TISTICAL MULTIPLEXING
36
20 22 R P 8 4
[VARIAB . : MODULATOR] |
| RATE FORMA'
DATA _ :
SOURCE MODULATOR
] f" ’ j 4
REQ CELL
CONTROLLER|CHANNEL ASSIGNMENT
NFCA
_“-ll
(57) Abstract

The present invention discloses a variable rate transmission system wherein a packet of variable rate data generated by a variable
rate data source (20) is modulated on traffic channel by traffic channel modulator (30) if the capacity of said traffic channel is greater than
or equal to said data rate of said packet. The packet of variable rate data is modulated onto traffic channe! by traffic channel modulator
{30) and at least one overflow.channel by traffic channel modulator (32) if the capacity of said traffic channel is less than said data rate.
The present invention further discloses a receiving system for receiving variable rate data wherein a received packet of variable rate data is
received on mraffic channel if the capacity of said traffic channe) is greater than or equal to a data rate of said packet and wherein a packet
of variable rate data is received on traffic channel and at least one overflow channel if the capacity of said traffic channel is less than said
data rate,




