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information str GWUWGF ' ﬂWESﬁT 'ﬂ rates, different bit error
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streans may have

transferred between a mobile station and a network over a single communications

15 connection. The information streams may have different bit rates, different bit error
rates, different delays, etc. Additionally, the parallel information streams may have
variable bit rates for applications such as variable rate speech codecs and packet-
switched data communications. This will require the information streams to have the
ability to independently vary their bandwidth.

20 Direct sequence code division multiple access (DS-CDMA) is one of the
multiple access candidates suitable for dealing with variable rate information streams.
However, presently existing configurations for DS-CDMA have significant limitations
which need to be overcome. DS-CDMA systems operating under the IS-95 protocol
enable single code transmission with a fixed spreading factor. Thus, each

25 communications connection is allocated a single code with a fixed nominal rate. Using
the IS-95 protocol, up to three information streams (signaling, primary and secondary
traffic) can be multiplexed together. However, the bit rate of each data stream cannot
be independently chosen because the sum of the bit rates cannot exceed the nominal
rate for the code channel. If the sum of the bit rate is smaller than the nominal rate,

30 discontinuous transmission (DTX) is used.



traffic) can be multiplexed together. However, the bit rate of each data

st ream cannot be i ndependently chosen because the sum of the bit
rates cannot exceed the nom nal rate for the code chgnnel. If the
sumof the bit rate is smaller than the nom nal rate, 30 | scont i nuous
transni ssi JHOPEIBXS i s used. WO 98/ 18218 PCT/SEI7/01721

PCT/ SE97/ 01721 - 2-
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bit rate in or deahﬁa%temgoﬁhg aiffefentin errrl(a)tllonds?r%ailrgsi ¥ hconnection is transmitted on a
15 parallel, constant bit rate physical control channel (PCCH). The bit rate information
transmitted on a PCCH during a 10 millisecond frame period refers to the information
streams carried in the PDCH during the same 10 millisecond frame period. The PCCH
and PDCH are transmitted on two separate code channels. For closed-loop power
control the receiver measures the power of the PCCH enabling the receiver to avoid

20 knowing the current PDCH bit rate in order to make a power control decisions.

The CODIT solution is not totally satisfactory since only a limited number of
combinations of information streams are defined by the protocol. If a new combination
or type of information is needed, for example, a different set of rates for variable rate
streams, the specification must be changed.

25 Another problem with the CODIT solution when applied to orthogonal code
systems is related to how bit rate information is transferred to the receiver. First, it
must be possible to decode the rate information even if the previous frame was
erroneous. The CODIT solution with a parallel constant-rate code channel is _not
desirable for a system with a limited number of orthogonal codes since the number of

30 codes used must be minimized. Further, for a speech only terminal, using more than

one code increases the complexity.
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paral | el vari abl . i “I%' tg e as_been cribed with
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are only a limited number of orthogonal codes available. Another problem with this
concept is that if a frame is received for which the bit rate information is unknown, the
15 closed-loop power control can only be based on the fixed rate overhead portions in
each slot, such as e.g. pilot symbols, for a DTX variable rate transmission. This
provides worse performance than if all transmitted bits are used to measure received
energy. Finally, in the case of a multi-code transmission, if the bit rate is unknown,
then it is not known what codes are being used. Discontinuous transmission (DTX)
20 involves the transmission of data at less than the nominal information bit rate of a
system. In discontinuous transmissions the data is not transmitted over a user channel

100% of the time.

SUMMARY OF THE INVENTION
25 The present invention overcomes the foregoing and other problems with a
method for transmitting a plurality of information streams having variable data rates.
A plurality of data streams are multiplexed together to form a common information
frame. A common information frame consists of single frame from each of the
plurality of information streams. The number of bits within each of the frames included
30 in the common information frame are converted to a binary representation and

multiplexed into a bit rate information frame.
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or a more complete understanding of the present invention, reference is made

to the following detailed description taken in conjunction with the accompanying
drawings wherein:

FIGURE 1 is a block diagram illustrating communications between a mobile

15 station and a public land mobile network;

FIGURE 2 illustrates an information stream;

FIGURE 3 is a block diagram illustrating the preferred embodiment of the
method for multiplexing variable bit information streams for transmission from a mobile
station to a public land mobile network;

20 FIGURE 4 is a block diagram illustrating a method for providing additional
protection to information streams by forward error coding and interleaving prior to
multiplexing into a common information frame; and

FIGURE 5 illustrates an alternative embodiment of the invention wherein two

common information streams have different inner coding and interleaving,

25
DETAILED DESCRIPTION OF THE INVENTION
Referring now to the drawings, and more particularly, to FIGURE 1, there is
shown a block diagram of a mobile station 5 and a public land mobile network 6
including a mobile switching center 7. When initially establishing a connection between
30 a mobile station 5 and a public land mobile network 6, a connection including only a

single predefined information stream 8 is first established. This information stream 8
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number of bits per frame for each bit rate level.
Referring now to FIGURE 2 there is illustrated and information stream 10.
Each information stream 10 is synchronized such that each frame 15 has a frame
interval length of T, seconds. T; is a system constant, typically in the range of 1 to 20
15 ms. N, (wherein i refers to information stream number i) information bits are contained
within each frame interval of an information stream 10. The instantaneous bit rate for
each information stream is defined by the equation R;= N/T,. For variable rate data
streams, N; varies on a frame-by-frame basis.
Referring now also to FIGURE 3 there is illustrated the preferred embodiment
20 of the present invention. The bits of each information stream 10 to be transmitted
arrive during a given frame interval T¢ and are multiplexed by a multiplexer 20 into a
stream of common information frames 25. Each common information frame 25
consists of a single frame interval T¢from each of the bit streams 10 during a particular
frame interval. Simultaneously, the number of bits (N;) 30 for each information stream
25 10 in the common information frame 25 are converted at block 35 to binary
representations and multiplexed together into a bit rate information (BRI) frame 40.
Thus, the BRI frame 40 consists of the converted and multiplexed number of bits for
each frame of the information stream 10 in the common information frame 25.
The common information frame 25 and BRI frame 40 are each independently
30 channel coded at blocks 50 and 45, respectively. The channel encoding process may
include the steps of adding tail bits to the end of the time multiplexed information
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vari able rate data streans, N err] varies on a frame-by-frane
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stream of common infarnation franges 25. Each,.co n.inforpatign fra 25
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P Lgcte ;srsmrranﬁl ti p|7é)g@&inlg nﬁfct%%%&&ntg&ﬁ)fsl\&ﬁ%g (gfow%gg: t ret caaln Ibe %& e?entt (t)yptep gf ts.aorc]i(ej of
channels with different spreading ratios. Thus, the channel frames of one type of code
20 channel may have a fixed length Ny while the channel frames of another type of code
channel has a length Nj,. Zero padding bits may be applied to the last channel frame
75 if the length of the channel frame is not an exact multiple of N, Each coded channel
frame 75 is separately block interleaved within a 10 ms frame period for transmission
over an assigned code channel. Additional information and overhead, such as pilot
25 symbols and power control commands, may be muitiplexed into the channel frames
either before or after interleaving at block 80.

Each interleaved channel frame has a unique spreading code applied thereto at
block 81 and is modulated at block 82 onto a carrier for transmission from the base
station. If zero padding has been applied to the final channe! frame, the corresponding

30 part of the code channel 75 containing the zero padding is not transmitted. Each

channel frame is transmitter on a separate code channel.
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error coding 85 and additional interleaving 90 may be included prior to multiplexing

of the information streams at multiplexer 20 as shown in FIGURE 4. Any additional
coding and interleaving may be performed separately on particular streams and then

20 multiplexed with the uncoded information streams into the common information frame
25.

FIGURE 5 illustrates an alternative embodiment of the invention wherein M
common information streams 10a and 10b requiring different inner coding and
interleaving are combined at multiplexer 60. The flexibility of the embodiment of

25 FIGURE 3 is achieved with the penalty that all information streams 10 must undergo
the same interleaving and coding scheme. This can be limiting for information streams
10 that may gain performance by longer inner interleaving. This problem can be solved
by having a small number parallel streams combined into a common information stream
after separate coding and possibly multi-frame interleaving. One set of information
30 streams 10a is multiplexed at 20a and subjected to a first inner channel coding 50 with
one frame interleavirig at 80. The other set of information streams 10b is multiplexed



station. 1f zero padding has been applied to the final channel frane, the

correspondi ng 30 part of the code channel 75 containing the zero
padding is not transmtted. Each channel frame is transmitter on a
separ ate code channel . WD 98/ 18218

PCT/ SEO7/ BHRBIS2IB PCTSESTONTAL 7.

If nore than one code channel is used for transmtting the plurality of
channel frames 75, the denultiplexing at block 70 of the

mul ti pl exed frame 65 into channel frames always all ocates the BR
field 67 to the first code channel. This dode channel i s denoted

as the primary code-channel since the BRI field 67 contains information 5

i nform ng the raddbged subjectedie aseepad shazpsl gpdingaaie A8hend asmiti-fems interigavipg ch
code-channel s j o i f._Di i din
the foll ow ng frl }'ﬁfe.'rh rt\@é?g%?a’t%lg b %o %{6?1& ut'i nlaegéu' é;{\}%'? fdggﬁa&g&
secondary code tdgatheedtdlocki6@, M esdribed preGidustpy be ext ended to

include the identity,of the first secondary code channel which is used and
t he nunber _ 618‘“%‘@38#&?% e@’@’&é’%ﬂﬁﬁﬁ&“@%@‘&é‘gﬁg%ﬂ#ﬁ?’# CHEBles a
dynani ¢ al kocat if¥8ntidn R6 8cchQlustrated i tHeQdcSorpangifg DestihssVd Hefteiked inkhé S
assures the nunber of code channels occupi ed at any particul ar

tinme will equal faregeingRetatled Bescrptign. ibisanderstgod thatthe jnyentionds v limited to the

unnecessary codegs : i i _ j : orward
and r e\%\gs e Il nqigsd@&’ebdt% é%&@%&%%eﬁ.%&h ?"’Q@L%"%Eﬁé 3,
i | lustrates t he substitntivas withalit depating Erautthd Spirit of theifreantion asmet forth@adddinedvi t h

t he sane channe i .schene. If nore protection is needed for a
particul ar info#ﬁé@gggggi$ggﬁglo, additional coding in the formof forward

error codilpg 85 and additional interleaving 90 may be included prior to

mul ti pl exi ng of the information streans at nultiplexer 20 as shown
in FIGURE 4. Any additional codi ng and interleaving may be
performed separately on particular streans and then 20 mul ti pl exed with

t he uncoded information streans into the common i nformation frane
25. '



FIGURE 5 illustrates an palterpative—enrboti-rent—of—ttre i nventi on wherein M
conmon i nformation stredms M’%@E@OH*FEQM ri ngCdi fflerent inner coding and
i nterl eaving are comnbi nd j bility of the

enbodi ment _of 25 FI g %‘ W“"“ r‘.’e' 1ot hetpenal t FH% bl

i nf or mati oNYQW182Ms 10 1 d t')‘;'l’iedsarre mté g i’oﬁjéz and

codi ng scheme. This can ‘?“‘Pﬂ"é i pf b“ THT 8 *nﬁt(hb'n'"'ét reams

that may gain performand tﬁ/b"frdﬁger PRt 1 nf%rfeé‘Vi"n . robl em can be

sol ved by havi ng—asmartnunber par al el streams ﬂ
comon i nformation stream after seéparate coding a ' ﬁ"
to a first inner channel coding 50 with

multi-frame interl eavin One set of information 30 st reans ioaMSs
mul ti pl exed at 20¥HAR{ %@J&w
one frame |nterleaV|n |nf n reans .10b is
mul ti pl exed 98 /gggﬁg&?fo?ttg%nu&%tg a stream O rrfo% %onsﬁtames aving a
PCT/ SE97/ 01721  variable number of bits but a fixed frame interval, comprising the steps of: - 8-
at 20b and subjected to a sec n channel codi 105 and a nulti-frane
i nterl eaving 110. d ?766‘8%&&405?@109%%&%%@#& formation
frames are shen gaes Eﬁt@&ﬂéast one channell P&RdsHerdlh a#b@p&eﬁ& th@?hﬂﬁ (‘ffahlt% d

e ne

previ ously. t hough preferred enbodi nents o
and appar at us of inciyde ‘bP é%‘@rﬂ“mbg of bifs and yeer-rie shanneh feanedneludes huystemaining bits t he

acconpanyi ng Dr ay, Qj Det ai | ed
Description, it |sHlundersto 3 at th@“‘fdﬁ‘gg‘ﬁ{‘?%ﬂeﬁ“’t°’k’°@§ T E?’éeﬁ to the
enbodi nents di scl osed, buthMmg'bahhgwxﬂﬁnemhfeftbualeameammﬁ‘ﬁx&s and the
nodi fi cati ons, agﬁlech el substitutions without departing fromthe spirit
of the invention®as 28t F?)’Pf’ﬁ“ nd defi ned by the follow ng clains.

10 10 transmitting each of the at least one channel frames and the one channel

frame over a separate code channel.

d!ln "3

2. A method for transmitting a plurality of information streams having
variable data rates, comprising the steps of:

15 multiplexing the plurality of information streams together to form a
common information frame, wherein the common information frame includes a frame
from each of the plurality of information streams;

channel coding the common information frame;
multiplexing a fixed number of overhead bits to the channel encoded
20 common information frame to form a multiplexed frame;
demultiplexing the multiplexed frame into at least one channel frames
containing a fixed number of bits and a channel frame containing any remaining bits of
the multiplexed frame not included in the at least one channel frames; and
transmitting each of the at least one channel frames and the channel

25 frame over a separate code channel.

3. The method of Claim 2, further including the step of processing at least

one of the information streams prior to multiplexing.

30 4, The method of Claim 3 wherein the step of processing comprises

forward error coding.
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VWHAT IS CLAIMED | S: : A nethod for transmtting a stream of
informati on frames ha unber of bits but a fixed franme

i nterval, corrprl si ng mm mﬂmﬂHﬂmﬁ I t| pl exing an information frame from
the stream of informatfore frames snto at |east one channﬁJ wherel n
al| but o081 channel franes include the same nunbe c(')r{srxg';@s and the
one channel franme includes any remaining bits fromthe information frane
not included in the at |east one channel franes; block interleaving within
each of the at |east one channel franes and the one channel franme; and
transmtting each of the at |east one chafi@el frames and the one channel
frame over a separate code channel. A nmethod for transmtting
at |east one infornation Jhe aeethotaof ﬁ@mwtahﬂrablth:e step of pracessingopprisisng t he
steps of: nulti gmgé# NGeat | east one information streamtogether to forma

comon i nformation wherein the common information frame includes a
frame fromeach of the at | east one information streans; channel coding the

common i nfornation frane; | tiplexi xed numnber ver head ts to
the channel encoded Commorihf A M@ﬁm&r\gﬁg ef%“t*’rﬂ%&?ﬂ% fﬂdg'lee@“l'?‘arre;
denul tipl ex ng tdygpiidés the 'st@? 8¢ cdriveRBonally encdtink SRSEoniéh RftAMAR FnR RS

contai ning a fixed nunber bits and a channél frane containing any

remai ni ng bits diredetesmipgd raty| exed frane not included in the at |east one
channel frames; and transmitting each of the at |east one channel franes
and the channel frame over a separate code channel . 3. The

met hod of Claim2, futthefhe nmkhadiofg:laime whawqein tife smpmfehmind@neddmmher one
of the information stre ri.or, .to It| nmet hod

of C ai m 3 wher S°PHHRE @Féﬁgo‘tf afjflig b .‘?151988%?&&@“‘“1’%% e‘?'-EU}e theodi ng.

5. The et hOCl:oQﬁn(ﬁhﬂbﬁha'iloﬁAﬁaﬁﬂl n the step of processing conprises
i nterl eaving. . The nmethod of Claim2 wherein the step of

channel encodi ng further conprises the step of convolutionally encodi ng

method of O i m 2 whey el n R AN, of CRRFZARAIR i BlePhead bty jncdé it rate e
information for demultlplexmg the multiplexed frame into the plurahty of information
streams.

15
0. The method of Claim 8 wherein the bit rate information comprises a

number of bits for each information stream in the following multiplexed frame.

10. The method of Claim 9 bit rate information for the following

20 information frame is used for improving closed loop power control in the next frame.

11.  The method of Claim 8, further including the step of encoding the bit

rate information separately from the common information frame.

25 12. The method of Claim 11 wherein the step of encoding comprises the

step of convolutional encoding.

13.  The method of Claim 10 wherein the step of channel encoding further
comprises the step of adding bits to an end of the multiplexed frames within the

30 common information frame.
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conprises the step of adding bits to an end of the nultiplexed frames

\-Mlz)t]I nthe commn ! Mﬂ'ﬂﬂu@”lwr“u. m 2 wherein the overhead bits include

bit rate |nformat|on for demult |p| exing the multipl exed t he
pluralityW¥%8¥8; mation streans. 9. The et ho&éﬁgﬁdoalm

wherein the bit rate information conprises a nunber of bits for each

i nformation streamin the following multiplexed frane. 10. The
method of Claim 9 bit rate information for the following information frane
is used for inproving closed | oop power ebrtrol in the next frane.

11. The nmethod of Claim8, further including the step of encoding the bit
rate information sepdr at dhe methodpf Glaimsbwhasein the pwarkead bitrare multiplexed tothe 12,
The net hod of t e p of
convol uti onal 2 n%é’&d&i%ﬂl"@h ﬁ@?th% °$th9‘1d tﬁ%%qgﬁﬁ&%m%gﬁﬂ%&éﬁﬁ

step of channelatdmsnmercyamalrﬂdnms conprises the step of adding bits to an
end of the multiplexed frames within the conmon information frane.

14. The nethod of Claim2 wherein the overhead bits are nultipl exed to
the channe encoded fBits muﬁqlathwafcmez %Enhiﬁélddxbg ihe sfeB'Ean'te?l%a»%x_é]
channel frame of the at |east one channel franes e net hod
of Oaim2, furleseoneshanneliframessad sheoghapnel figmemrionte transmissionton| the sedeyne
channel frames e channel frame prior to transmssion on the code
channel s. . The method of Claim2, further including the step of
predeterm ning the nunber of the plurality of information streans during a

.Cel ul ar. call setup. ]ﬁav' r?alemeglod oféalrr}xEZ; I%.lrglejx%lu&mgatgess%;}&l echeg:%nfm%%%e one

i nformati on streans
10 number of the plurality of information streams during a cellular call setup.

17. A method for transmitting a plurality of information streams having
variable data rates, comprising the steps of:
multiplexing the plurality of information streams together to form a
15 common information frame, wherein the common information frame includes a frame
from each of the plurality of information streams;
multiplexing a value representing a number of bits in each of the frames
included in the common information frame into a bit rate information frame;
channel coding the common information frame and the bit rate
20 information frame,
multiplexing the common information frame with the bit rate
information frame to form a multiplexed frame;
demultiplexing the multiplexed frame into at least one channel frames;
and
25 transmitting each of the at least one channel frames over a separate code
channel, wherein the code channels include a primary code channel containing bit rate

information.

18.  The method of Claim 17, further including the step of converting the
30 value representing the number of bits for the frames included in the common

information frame into a binary representation prior to multiplexing.
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vari abl e data rates, conprising the steps of: multiplexing the at |east one
I nformati on streans t ﬂm‘““m mm common i nformation frame, wherein

t he conmon |nformat|omm a franme fromeach of the plurality of
i nformati on streans; m:lItFpI‘exﬂng a val ue representing a E‘Eﬁr f bits in

each of tMOEM8s i ncluded in the comon information frgﬁg P37 bit rate
I nformati on franme; channel coding the comon information frane and the bit

rate information franme; nultiplexing the cormon information frame with the

bit rate information frame to forma nultiplexed frame; denultiplexing the

mul tiplexed frame into at | east one channé?- franes; and

transmtting each of the at | east one channel frarres over a separate code
channel , wherein t hel®odeThetmetind|of Claive 1l dather ingladingthe sepief prdeassing fat least

containing bit o%?fth@ifn?rrﬁ%' Piteams xgor ;?t%ﬁlé’l n?e nmet hod of O aim 17,

further including ep of ‘conve ue representing the number
of bits for the franmes included in the commn |nforrration frame into a

bi nary representatlo pri r to | £ .Ie | ng. . The net hod of
Claim 17, further. gq udi ‘gg;?‘fe(bg'ﬂ‘f p‘?’%ﬁ@g thehit ré'te upfggga(tlogﬁgnmsegﬁe _
informatiog st rﬁﬁﬂ&rl@fb@d’fo? &cﬁ'ﬁﬂf&ﬂnﬁh@%kﬂ‘ﬁm in the follovagg mult}l%‘igd@irﬁ@d of daim
17 wherein the bit rate information conprises a nunb bits for each

i nformation streamin the following multiplexed frane. 21. The

nmet hod of Caim17, 4yrt E@&h ' : ' o] te
i nformation separat e?y f?"g{r%'# e Ebgtr%ﬁﬁg?ﬁ?ﬁ*’g‘%ﬁ@}“?@#%?ﬁ%ﬁ&é’p‘?“‘&‘55?’@ The
met hod of C ai nradt¢infdrmatiomsepiretelytfogm the cominbon pifermiation framé.her conpri ses the
steps of: nultiplexing a first portion of the plurality of information

streans into a first comon information frame; and nultiplexing a second

portion ofiot he pluraaty 'plie mefhed IoftCisim 57 vberdln hetsteplofSMEMIPRxXiaE Firther
I nformation frane. The nmethod of Claim?22 wherein the step of
channel encodi n§°’BB"|‘Fﬁﬂh§é‘§P§H% steps of : channel coding the first common

information frame accordi Bghiplexing a first portion of the plurality of information streams into
a first common information frame; and
multiplexing a second portion of the plurality of information streams

15 into a second common information frame.

23. The method of Claim 22 wherein the step of channel encoding
comprises the steps of: '
channel coding the first common information frame according to a first
20 channel coding rate; and
channel coding the second common information frame according to a

second channel coding rate.

24.  The method of Claim 23, further including the step of multi-frame

25 interleaving the second common information frame.

25. A method for transmitting a plurality of information streams having
variable data rates, comprising the steps of:
multiplexing a first portion of the plurality of information streams into

30 a first common information frame;
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to a first channel coding rate; and channel coding the second conmon
information frame according to a second channel coding rate. 24.

The nethod of Claim23, further in M‘ﬂl ng the step of multi-frame

interl eaving the seco tion frane. t hod for
transmtti Wt”!%ast m\mmm'\m‘f streans havi ng var ipﬁ(sgwé@?{axer ates,
conprising the steps of* It|p| exing a first portion of the at |east one
information streans into a first common information franme; multiplexing a
second portion of the information streans into a second conmon information
frame; channel coding the first common infl@mation frame according to a
first channel coding rate; channel coding the second common information
frame according to a secomltmlmsmeqsee@ulimgmmféhe plurafity-afinformation sir¢amsyvi ng

t he second Com&oa@%ﬁ{ g%}n&ram tnoHH-Lﬁprl exing the first comon
information fra The secon common 1’nformation frane and a fixed
nunber of overhead bits t ohahnel oodingthe firstromuea iffommtipn fresme hé¢copdimgtonadirst

-12- the nmultipl exep frane into at |east one channel franes; and
transmtting eacheWel YMEIAE) cast one channel frames over a separate code
channel , wherein a primar ﬁh&xﬁéi%o&ih@ﬂﬁ%c(ﬁh%ﬁﬁmﬁ%ﬂaﬂﬁn fraé hecbRb to a
|nformat| on frane. The nethod of C aim 25 wherein the overhead
bits include bi tseﬁaQi‘ﬂéhW'cﬁﬂﬁ%lf@iﬁ, for demultiplexing the nultiplexed frane
into the plurality of inf d of daim
26 wherein the bit rate in g?hrr%tgl lcr)l?\&%oﬁl‘:'glgg%cogd%% %t}l é’mgﬁ“{ﬁg& of each
informati on stream i n t he nfultiglexsgnthenfirktt cquireore ihférmatien frame with the second

common information frame and a fixed number of overhead bits to form a multiplexed
10 frame;
demultiplexing the multiplexed frame into at least one channel frames;
and
transmitting each of the at least one channel frames over a separate code
channel, wherein a primary code channel always contains a bit rate information frame.

15
26.  The method of Claim 25 wherein the overhead bits include bit rate
information for demultiplexing the multiplexed frame into the plurality of information
streams.
20 27.  The method of Claim 26 wherein the bit rate information comprises a

number of bits for each information stream in the following multiplexed frame.
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