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1. Fieldwbhezpsm3ent i nvention pertains generally to the fPcalbowh1973
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15 A remote station is located within a network. The remote station

includes applications that produce data streams. The remote station allocates
the data streams onto a single data stream. A technique for multiplexing data
from data streams onto a single data stream is disclosed in U.S. Application
Serial No. 09/612,825, filed February 8, 1999, entitled "METHOD AND
20 APPARATUS FOR PROPORTIONATELY MULTIPLEXING DATA STREAMS
ONTO ONE DATA STREAM," which is assigned to the assignee of the present
invention and incorporated by reference herein.
Choosing an allocation scheme for allocating bits from multiple data
streams onto a single channel is difficult because a number of factors have to be
25  taken into consideration. One factor that has to be considered is the priority of
each data stream. Higher priority data streams take precedence over lower
priority data streams. Another factor that has to be considered is the transport
format combinations (TFCs) that are allowed to be transmitted over a channel.
A TFC is a combination of transport formats (TFs), each transport format
30 corresponding to a transport channel. A transport format has a number of
blocks (i.e. one or more blocks) of data and a block size (BS). The TFC is sent
out on a wireless link of the remote station. Yet another factor that has to be
considered is transmission time interval (TTI) constraints. Each transport
format has a transmission time interval and cannot change during its

35 transmission time interval. An allocation scheme that takes into consideration



the priority of data streans, the TFCs avail able, and the TTls of the TFs
inthe TFCs is desired. SUMVARY 5 The presently disclosed nethod and
appar at usweroe/ogiérect ed to allocating a plurality of dataPsrrsansioent o one
data streamfor transmssion. Alist of allowable TFCs is received froma
network. Bits fromdata streans at a logical |evel are placed into TFCs at
a transport |level based on the priority of the data 10 streans and the
TFCs available. In one aspect, a plurality of applications provides a
plurality of data streans to be al locat’ed to a single stream In another
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al |l ocat ed &% a.single streamof a base station. In still another

enbodi ment [F&sis desired-y of base stations provide a 15 plurality of data
streans to be nultiplexed by a multiplexer within a base station
controller. In one aspect, a subscriber unit conprises a nenory, a
plurality of applications residi ngStIMMARYenory, each application
produciqi)g a data stream wherein each data stream conprises at |east one
bl ock, and a nmultiplexer 20 configured to receive each data stream and
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15  plurality of data streams to be multiplexed by a multiplexer within a base

station controller.

In one aspect, a subscriber unit comprises a memory, a plurality of
applications residing in the memory, each application producing a data stream
wherein each data stream comprises at least one block, and a multiplexer

20  configured to receive each data stream and allocate bits from the plurality of
data streams onto a single data stream.

In another aspect, a multiplexer is configured to receive each of a
plurality of data streams and distribute bits from the plurality of data streams
onto a single data stream based primarily on TFCs that meet TTI constraints

25  and secondarily on the priority of the data streams.

In yet another aspect, a wireless communication system comprises a
subscriber unit, a base station coupled to the subscriber unit, and a base station
controller coupled to the base station. The subscriber unit includes a plurality
of applications and a multiplexer, wherein each application produces a data

30 stream as input to the multiplexer and each data stream comprises at least one
bit. The multiplexer distributes bits from the data streams onto a single stream
based on TFCs that meet TTI constraints.



FIG 1 is a schematic overview of an exenplary cellular tel ephone system
5 FIG 2 shows a block diagramof a subscriber unit and a base station in
accor dancwowebbseene enbodi ment; FIG 3 shows a flowchart from/ushz01973
elimnation of TFCs based on TTlI constraints of transport franes in
accordance wth one enbodinent; FIG 4 shows a flowhart for the
elimnation of TFCs based on available 10 blocks in accordance with one
enbodi ment; and FIGS. 5A-5B shows a flowchart for selecting a TFC in
accordance with one enbodi nent. DETAI LED DESCRI PTI ON. OF PREFERRED

EMBODI MENTS 15 An exenpl BRIER BESERIPHKYN| QF(IHEIMRAWEYGSem i n whi ch the

present invention is enbodied is illustrated in FIG 1. For purposes of
exanpl e the exenplary enbodinment is described herein within the context of
a W CDMA cel | ul ar Fl€orimimiac sttieonatic ysteeviewHodeae rexeitiplatioweube teleghaeteood
t hat the |nvent%Se nis 20 applicable to other types of comrunication

syst ens, such Hff!ersonal comuni cation systens (PCS), wreless |ocal
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systens utilizing other well kno rrultl pl e access schenmes such as TDVA

and FDMA as \%F‘Prdéém%f"ﬁg?o’é%?’é@&’ Bbrum systens nay enploy the presently

di scl osed nethod and, aDEREALUS flodvcHst ithl URE re’ﬁxﬁfﬁd’cﬂ)ﬂ: bﬁTFts Baddd BhePPI
comuni cation network 10 generally includes a plurality of subscriber

units (al so cansaingpel transpost fremes invssrotsiance wilsene peybodinnest; r enot e

tat
ctat on, of ser squ IOl A28 A PhYERBLIGON of T, 5L N dbas
station d0nt bdddkerin@BSEHafed suticant eshbodithennendor k control I er or packet

trol 30 f t 6 Ie n | er or itch 1 a
packet data servitngonsae PRBS % RO chaR KRS GG ¢ THE: T Al D,
public sw tcheeg enhlsddiptesine netvvork (PSTN) 22 (typ| cally a tel ephone

conpany), and an Internet Protocol (IP) network 22 (typically the
Internet). For purposes of sinplicity, four subscriber units 12a-12d,

three base stati orBETAILESS DESTERBEAON, OB PREVIR NEDOEMBODIMENTS
PCT/ US02/ 01973 4 18, and one PDSN 20 are shown. It would be understood by

those skilPled in the
An exemplary cellular mobile telephone system in which the present invention

is embodied is illustrated in FIG. 1. For purposes of example the exemplary
embodiment is described herein within the context of a W-CDMA cellular
communications system. However, it should be understood that the invention is

20  applicable to other types of communication systems, such as personal communication
systems (PCS), wireless local loop, private branch exchange (PBX), or other known
systems. Furthermore, systems utilizing other well known multiple access schemes
such as TDMA and FDMA as well as other spread spectrum systems may employ the
presently disclosed method and apparatus.

25 As illustrated in FIG. 1, a wireless communication network 10 generally
includes a plurality of subscriber units (also called mobile stations, mobiles,
subscriber units, remote station, or user equipment) 12a-12d, a plurality of base
stations (also called base station transceivers (BTSs) or Node B), 14a-14c, a base
station controller (BSC) (also called radio network controller or packet control

30 function 16), a mobile station controller (MSC) or switch 18, a packet data
serving node (PDSN) or internetworking function (IWF) 20, a public switched
telephone network (PSTN) 22 (typically a telephone company), and an Internet
Protocol (IP) network 22 (typically the Internet). For purposes of simplicity,
four subscriber units 12a-12d, three base stations 14a-14c, one BSC 16, one MSC



art that there could be any nunber of subsriber units 12, base stations 14,
BSCs 16, MSCs 18, and PDSNs 20. In one enbodi nent, the wreless

comuni cawpDe/oesrwork 10 is a packet 5 data services net ROTRISOZow73
subscriber units 12a-12d may be any of a nunber of different types of

wi rel ess conmuni cati on device such as a portable phone, a cellular

tel ephone that is connected to a | aptop conputer running |P-based,

Web- browser applications, a cellular telephone with an associ at ed
hands-free car kit, a personal digital 4assi st ant (PDA) running | P-based,

V\eb- br ows ell8,Jdhcapnd PDSIN 2@ are showneliegsulibberundesitood byatuseskilled i et ed
cation nodul e such as

into a port e, conput or a fixed |ocation co nj

ni ght be faﬁ%ﬁ fherg CW&P%&QYFBH’& e %érl ﬁ’éil&%’f%ahﬁ?gsté%%mr B33 he
nmost gener a6, SUedsERd PDSNPZE.r i ber units may be any type of conmunication
unit. The subscriber units 12a-12d maésadvant ageously be configured to 15

perform one or HbpPBegMRYEReahestirglass cprunBRisrEon Netwatk dBde pipaelet n,
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subscriber units 12a-12d generate I'P ets destin
and encapdifferent types| ¢f yaskessconmnomnicadivesderdca gueh psianpottableopindneraot ocol

(PPP). In ' .| P._net s coupled to the P 20, the
20 PDSN 208‘%@11%%3‘%?%8% t%‘ﬁgl%ﬁﬁﬂ%fw‘% E%zaf\l}@é%‘i% CPE“%%‘GEF&‘&“‘EQS Eﬁgaé% 16
and the I PBWéb—Bﬁ)w?aiohmﬂfeca%ﬁs,lﬁ cbﬂula@uplepﬂo?e wih d@ﬁ&%/o&ia@éd h@ﬁdé—‘fﬁeel%
via wirelines,.configured for fransm ssian .of voice 0 packets in
accor dance3 it 2ah BPagéi}%]rtﬁllt a?(sr]l%t\?vﬁ%zjr) cB‘F@%lﬁ%ﬁﬁ%‘?' g?eéfél?rcﬁf’?eﬁl,
Asynchr®noasplicaiiiset wilelidss(ddiMnunidtidiPRodul@iRcdiPoritedHaRb a g&%ﬁbleo r .
xDSL. In an alternate 25 enbodiment, the BSC 16 is Coupled directly to the

PDSN 20, affMPHETMEE fierdocaign epsppratcation medpissircioss myiglire fompednment ,
the subscrj bageledi1hea1438 %@Qnet%f’%%?%ﬁefﬂ th th@?n@ﬁ%‘r%{léfﬁ% iy 14C

over an RF interface def?ned In the Generation Pattnership Proj€ct 2
"3GPP2", "PHpsribar unidy sraySeenn P of conpawmdadipngpridad Spect rum Syst ens, "

scova Cheurert A9 ContbE Angl 2R AR BEoR) b oo
"cdma IZOOOPt)r,fOI_Vmi ate ox niarel wireless paokeit éatah@otocolbpuch ebatesaribed oy forg ‘
Lyotcal 0SLAben Bk b1/ MATkers SRR S oD SRR B0 deeboge,
WO 02/ 0656stibsPfibéttunizs 29-13d generate IP packets destined for the IP network 24 and
encapsulate the IP packets into frames using a point-to-point protocol (PPP).
In one embodiment the IP network 24 is coupled to the PDSN 20, the
20 PDSN 20 is coupled to the MSC 18, the MSC 18 is coupled to the BSC 16 and the
PSTN 22, and the BSC 16 is coupled to the base stations 14a-14c via wirelines
configured for transmission of voice and/or data packets in accordance with
any of several known protocols including, e.g., E1, T1, Asynchronous Transfer
Mode (ATM), IP, PPP, Frame Relay, HDSL, ADSL, or xDSL. In an alternate
25 embodiment, the BSC 16 is coupled directly to the PDSN 20, and the MSC 18 is
not coupled to the PDSN 20. In one embodiment, the subscriber units 12a-12d
communicate with the base stations 14a-14c over an RF interface defined in the
3" Generation Partnership Project 2 “3GPP2”, “Physical Layer Standard for
cdma2000 Spread Spectrum Systems,” 3GPP2 Document No. C.P0002-A, TIA
30 PN-4694, to be published as TIA/EIA/IS-2000-2-A, (Draft, edit version 30)
(Nov. 19, 1999) (hereinafter “cdma 2000”), which is fully incorporated herein by
reference.
During typical operation of the wireless communication network 10, the

base stations 14a-14c receive and demodulate sets of reverse-link signals from



5 various subscriber units 12a-12d engaged in tel ephone calls, Wb
browsi ng, or other data communi cations. Each reverse-link signal received
by a gi vewomases675t ati on 14a- 14c i s processed w thin that Poagsoyo@ars on
1l4a- 14c. Each base station 14a-14c may communicate with a plurality of
subscriber units 12a-12d by 5 nodulating and transmtting sets of
forward-link signals to the subscriber units 12a-12d. For exanple, as
shown in FIG 1, the base station 1l4a coqyunicates with first and second
subscriber units 12a, 12b sinmultaneously,” and the base station 14c
comuni cat eyvawiouls sulbseribenignitol2a-h2d ebgaged én talephaend galls, ¥eb browsing, or
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directly to.the ,PDSN 20 ich sends,th ckets the | P network 24. The
wirel ess 'cor‘r‘i‘r‘aﬂfigﬁ : O'Ié:hg%‘i%tilo? H?Sﬂ%ﬁ‘aéﬁogﬁ q rﬂ‘ﬁlir&ri %Ragt}qjﬁaaq %‘1%5515‘%?’_? avel
from a subsemilEla-124 frob? ah ®rigi Bhs dt@tiord 4449 4K FOWBst@Tatfor! 836 s8atidr NK.
The wirel ess caonmunj cati on channel 1 hrough which i nforpation sjgnals travel

h .
froma base l4dérokor £xamplesy subsqriRer umpf 429 s LQUVRBRIAHBRSIVIEr tHEr Basg nk.

CDMVA syst engrAfdhs! v4B, CRld %inflaed M. O FRRRERAIN LR heRSHR! suB¥cPibes tARARSAS -
Such standards include the "TIA El A’'S-95-B bile Station-Base 30 Station

Conpat i b | | tyoSsafedaentP Ul apiegl flmgl ongy oo B bagpstatiprepdée,r the @l willdre
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(the I'S-98 st andéf dhe, tratenissiandaadooféetiechidglephooasalll theBSC 16 will route
the received data to the MSC 18, which provides additional routing services for
interface with the PSTN 22. If the transmission is a packet-based transmission
20 such as a data call destined for the IP network 24, the MSC 18 will route the
data packets to the PDSN 20, which will send the packets to the IP network 24.
Alternatively, the BSC 16 will route the packets directly to the PDSN 20, which
sends the packets to the IP network 24.
The wireless communication channel through which information signals
25  travel from a subscriber unit 12 to a base station 14 is known as a reverse link.
The wireless communication channel through which information signals travel
from a base station 14 to a subscriber unit 12 is known as a forward link.
CDMA systems are typically designed to conform to one or more
standards. Such standards include the "TIA /EIA /IS-95-B Mobile Station-Base
30 Station Compatibility Standard for Dual-Mode Wideband Spread Spectrum
Cellular System" (the IS-95 standard), the "TIA/EIA/IS-98 Recommended
Minimum Standard for Dual-Mode Wideband Spread Spectrum Cellular
Mobile Station" (the 1S-98 standard), the standard offered by a consortium
named "3rd Generation Partnership Project" (3GPP) and embodied in a set of



nanmed "3rd Generation Partnership Project” (3GPP) and enbodied in a set of
WO 02/ 065675 PCT/ US02/ 01973 6 docunents including Docunent Nos. 3G TS

25. 211, 3@ODPS0eH7212, 3G TS 25.213, 3G TS 25.311 and 3G PETABOZ2AW7I t he

W CDVA standard), the "TR-45.5 Physical Layer Standard for cdnma2000 Spread
Spectrum Systens” (the cdma2000 standard), and the "TlIA/ El A/1S-856
cdma2000 Hi gh Rate Packet Data Air 5 Interface Specification" (the HDR
standard). New CDVA standards are conténual |y proposed and adopted for
use. These CDVA standards are incorporated herein by reference. Mire
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operation with other base stations in the system. Typically, the base stations

‘U

synchronize operation to a universal time reference such as Global Positioning

System (GPS) signaling; however, other mechanisms can be used. Based upon

20 the synchronizing time reference, each base station in a given geographical area

is assigned a sequence offset of a common pseudo noise (PN) pilot sequence.

For example, according to 1S-95, a PN sequence having 2% chips and repeating

every 26.67 milliseconds (ms) is transmitted as a pilot signal by each base

station. The pilot PN sequence is transmitted by each base station at one of 512

25 possible PN sequence offsets. Each base station transmits the pilot signal

continually, which enables subscriber units to identify the base station’s
transmissions as well as for other functions.

In one embodiment, a subscriber unit communicates with a base station

using wideband code division multiple access (W-CDMA) techniques. The

30 base stations in a W-CDMA system operate asynchronously. That is, the W-

CDMA base stations do not all share a common time reference. Thus, although

a W-CDMA base station has a pilot signal, a W-CDMA base station may not be

identified by its pilot signal offset alone. Once the system time of one base

station is determined, it cannot be used to estimate the system time of a



a WCDVA base station has a pilot signal, a WCDVA base station nmay not be
identified by its pilot signal offset alone. Once the systemtine of one
base st awDo/0sz78et erm ned, it cannot be used to estimat @CTRESIZY®IEM ti ne
of a WD 02/ 065675 PCT/ US02/ 01973 7 nei ghbori ng base station. For this
reason, a subscriber unit in a WCDVA system uses a three-step PERCH
acquisition procedure to synchronize with each base station in the system
In an exenpl ary enbodi nent, a subscriber, unit has a plurality of 5 ‘
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Each data stream 40-46 has a priority. The multiplexer module 48 places
bits from data streams at a logical level into TFCs at the transport level based
on the priority of the data streams and the TFCs available.

20 In one embodiment, the multiplexer module 48 operates within the
media-access control (MAC) layer and gets the data stream priorities from a
higher network layer. The MAC layer defines the procedures used to receive
and transmit over the physical layer.

As would be apparent to one of ordinary skill in the art, the data streams

25  40-46 can be prioritized with any priority scheme known in the art, such as
first-in-first-out (FIFO), last-in-first-out (LIFO), and shortest-job-first (SJF). A
priority scheme can also be based on the type of data. As would be apparent to
one of ordinary skill in the art, the multiplexer module 48 can operate on a
plurality of network levels.

30 In another embodiment, the multiplexer module 48 is executed in
hardware. In yet another embodiment, the multiplexer module 48 is executed
in a combination of software and hardware. As would be apparent to one of
ordinary skill in the art, the multiplexer module 48 can be executed by any

combination of software and hardware.



30 In anot her enbodi ment, the nultiplexer nodule 48 is executed in
hardware. In yet another enbodi nent, the nmultiplexer nodule 48 is executed
i n a conbwoatiess7df software and hardware. As woul d be appamrarsv2/07dne of
ordinary skill in the art, the nultiplexer nodule 48 can be executed by any
conmbi nation of software and hardware. WO 02/065675 PCT/ US02/01973 8 In one
enbodi nent, the nultiplexer nodul e 48 enploys an allocation algorithmto
sel ect the optinmum TFC to be transported Quer a physi cal channel. In

anot her enbodi nent, the nultiplexer nodul € 48 enploys an allocation
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ynam c paraneters, that can chan very.. .. In an r enbodinent, the
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channel 25 rqaqah IGHEAIARNelsmPBe® BRSIA FRIMNspoftcRANBNRECA oW S kd'd8e theSi Z€
of the blocks (Block Size - BS) " into which data is divided and a nunber of

such bl otks @Bl ock Set Size - BSS) sent in a TTI. In one enbodinent, block
size and bl ock S€g,§hZ@ansport channel has a Transport Format Set (TFS) that is

applicable to the transport channel. A TFS is a set of transport formats (TFs)

that are applicable to the transport channel. A TF is applicable to the transport

channel if bits from data streams at a logical level can be placed into the TF of
20  the transport channel at a given time slot. A TF can comprise null data.

The TF is used for the delivery of blocks of data during a TTI on a
transport channel. In one embodiment, the TF comprises dynamic parameters
that can change every TTI. In another embodiment, the TF comprises semi-
static parameters that cannot change every TTI without channel

25 reconfiguration. In one embodiment, TF parameters include a size of the blocks
(Block Size - BS) into which data is divided and a number of such blocks (Block
Set Size — BSS) sent in a TTIL. In one embodiment, block size and block set size
are dynamic. In another embodiment, block size and block set size are semi-
static. In one embodiment, TTI size, a parameter indicating an error protection

30 scheme used to check the data, and a CRC length are semi-static parameters. In
another embodiment, the TTI size, the parameter indicating an error protection
scheme used to check the data, and the CRC length are dynamic parameters.

Each transport channel has a TTI and each TF for the transport channel
has the same TTI. Thus, the TTI of a TF corresponds to the TTI of the



are dynam c. |In another enbodi nent, block size and bl ock set size are sem -
static. In one enbodinent, TTlI size, a paraneter indicating an error

prot ecti owo3@oewhene used to check the data, and a CRC | ergtrhusar/e1973

sem -static paraneters. In another enbodinment, the TTl size, the paraneter
indicating an error protection schene used to check the data, and the CRC
| ength are dynam c paraneters. Each transport channel has a TTlI and each TF
for the transport channel has the same Tgl. Thus, the TTl of a TF
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sl ot. transmitted over a layer one channel for each time slot. In one embodiment, the
TFC selection process occurs at every 10ms. It would be apparent to those
skilled in the art that any time slot size may be used. The ideal time slot size to
use would depend on the application. In one embodiment, the TTI for a
20  transport channel can be 10, 20, 40 and 80ms. It would be apparent to those
skilled in the art that any TTI may be used. The TTI of the TFs would depend
on the application.
From one time slot to the next time slot, a TF that is not on its TTI
boundary does not change in a given TFC. Within a TFC, only those TFs that
25  are on their TTI boundary may change from one time slot to the next time slot.
Once a TF has been selected for a given transport channel, it cannot change
until the next TTI boundary for that transport channel. Between a TF’s TTI
boundaries, it is only possible to select TFCs that have the same TF for the
transport channel that was in the TFC in the prior time slot. TTIs are aligned
30 forall transport channels. Therefore, a TTI boundary for one transport channel
is also a boundary for all transport channels that have an equal or shorter TTI.
For example, a 40ms TTI boundary is also a 20ms and 10ms TTI boundary, but
is not an 80ms TTI boundary.



Once a TF has been selected for a given transport channel, it cannot change
until the next TTlI boundary for that transport channel. Between a TF' s TTI
boundar i e’ 02063635 onl y possi ble to select TFCs that have trhe/sare9TF for
the transport channel that was in the TFCin the prior time slot. TTIs are
aligned 30 for, all transport channels. Therefore, a TTl boundary for one
transport channel s also a boundary for all transport channels that have
an equal or shorter TTI. For exanple, a{¢4Ons TTI boundary is also a 20ns
and 10ns TTI boundary, but _is not an 80nms TTlI boundary. WD 02/ 065675

PCT/ US02/ 01973 10 ane embodimpent ibatallacaion|algerthm romnpdses the foswsteres
the four steRswnhla¥y-below (1) Elimnate TFCs based on the current

maxi numtransmtter power; 5 (2) Elimnate TFCs fromthe set based on TTI
constraints; (3) Elimnate TFCs fromthe set based on avail able blocks in a
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wi thin the scope qf _the pr t. invention. Ang r enbodi ment conpri ses
steps (2), (3), éﬁ@l@@gﬁgﬁm&og&%ﬁsetllgas€§)qn FPrSI@NSs descri bed in
nore detail below In step (1), TFCs are elimnated fromthe set of

al l owabl e TFCs based on power requirenents. Each TFC requires a certain -
amount of power (% Bimdnated Fleiromthmsatthaged pRcavrslable bloghs i adranspert each
TFC i s compyhednelThgeg TFCs that require nore power than can be currently
transmtted are elimnated. The 20 TFCs that do not require nore power than
can be currently transmtted remain. 1In step (2), TECs are elim nated
based .oh0t he TTI é4)oPickribet FERdhat allows thetransTrssigniof theanesthjghpriodest  of
TFCs that caf,Jpg used based on the constraint that transport formats
cannot be changed in the nmddle of a TTI. Once a TF has been sel ected for
a given transpor ft vloand dle, apperefiFta anaokilledaimgihe2b t tindti stepdh €1)nERt afid |I(3)

boundary. 1 0%obet BEARRRL SINIE B L oiRRTEE RO B e eshec
invention. Another embodiment comprises steps (2), (3), and (4), but not step
15  (1). Each step is described in more detail below.

In step (1), TECs are eliminated from the set of allowable TFCs based on
power requirements. Each TFC requires a certain amount of power in order to
be transmitted. The power requirement for each TFC is computed. The TFCs
that require more power than can be currently transmitted are eliminated. The

20  TFCs that do not require more power than can be currently transmitted remain.

In step (2), TFCs are eliminated based on the TTIs of the transport
formats. The set remaining is a set of TFCs that can be used based on the
constraint that transport formats cannot be changed in the middle of a TTL
Once a TF has been selected for a given transport channel, the TF cannot change

25  until the next TTI boundary for that transport channel. Thus, it is only possible
to select TECs that have the same TF for that transport channel.

The pseudo-code for the elimination of TFCs based on TTI constraints of
TFs in accordance with one embodiment is shown below. Vector notation is
used for all the sets that are used. If A is a set of TFCs then A[i] is theith TFC in

30 theset. If B is a TFC then BJi] is the TF for the ith transport channel. If Cis a
TFS then C[i] is the ith TF in the set. If D is a TF, then D->RS and D->NB are
Radio Link Control (RLC) block size and number of blocks for that TF,
respectively. The RLC block size is a link layer block size.



The pseudo-code for the elimnation of TFCs based on TTl constraints of

TFs in accordance wth one enbodi nent is shown bel ow. Vector notation is
used for wblo2iobss75ets that are used. If Ais a set of TFCecrhsnzé9rd is the
ith TFCin 30 the set. If Bis a TFC then B[i] is the TF for the ith
transport channel. If Cis a TFS then (i] is the ith TF in the set. If D
is a TF, then D->RS and D->NB are Radi ¢;Link Control (RLC) block size and
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current tlﬁ%asdTBFClsetsndary is the boundary for TTls with length TTI _max

and | ower. TTI t he . L mum TTI, boundary, 20 for slot. S
and S2 are TFC g&lcg tﬁ_eL segg —pprametegs cagnat @angﬁlfgo%a}"ﬂ @eilp;éﬁf%ex f or
al | transpTFs irchamsdisre tohavefthPhimevalliesfor Elich Pa¥atnbefs Jdeh@, 86 e ab2. 25

4. Set 5. m be the nupper of TFCs left in S2, indexed fro
t hr ougﬁs Mt TJF% selection algorithm is concerned, tthey become properties OIP t%le

transport channel rather than of the TF.
K is the index of the transport format used in the current time slot for
the ith transport channel. The current time slot boundary is the boundary for
TTIs with length TTI_max and lower. TTI_max is the maximum TTI boundary
20  for a given time slot. Sand S2 are TFC sets.

Set S2 = S1.

Set 1= 1. This will be the index for all transport channels.
If P[i]->TTI <= TTI_max then go to step 12.

Set S= .

Let m be the number of TFCs left in S2, indexed from 1 through M.
Set j = 1. This will be the index for the elements in S2.

If P[i]->TFS[Ki] = S2[j][i] then go to step 9.

Add S2[j] to S.

j=j+1.

If j <= M then go to step 7.

Set S2 =S.

i=i+1.

If 1 <= P->N then go to step 3.

The algorithm is complete and the valid TFCs are in S2.
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FIG. 3 shows a flowchart for the elimination of TFCs based on TTI
constraints of transport frames in accordance with one embodiment. In step 60,
set S1 is the set of valid TFCs. Sl is the set of allowable TFCs that do not



6. Set | = 1. This will be the index for the elenments in S2. 7. If
Pl[i]->TFS[Ki] '= S2[j][i] then go to step 9. 8. Add S2[j] to S. 30 9.

j =j +1. 10wolok/0p5633= M then go to step 7. 11. Set S2 = S. PRT/USe/6®73 13. |f
I <= P->Nthen go to step 3. 35 14. The algorithmis conplete and the valid
TFCs are in S2. FIG 3 shows a flowhart for the elimnation of TFCs based
on TTI constraints of transport franmes in accordance with one enbodi nent.
In step 60, set S1 is the set of valid TFCs. Sl is the set of allowable
TFCs that do not WD 02/ 065675 PCT/US02/ #4973 12 require nmore power than
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channel . P[i] represents the ith transport channel mapped to the physical

channel P. torqurrepi Fssfor wachianspeatThannelngt h for a current TTI boundary.
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every g angeAsport GRAREE]. cahrbel&a%tgéﬂ a?Qi mr@tbp NI dTHE in@EnRhaE ntes gon S2
and i ndex kéls set to one. index into set S2. K

i ndex of t Wetherngdgeanspost #ﬁmwéeﬁf the TF%O%ther dhtransperisehannehis gltqaéen t h
transport GRANNEL mdlenehis il dd, 8y §'t8tth9@¥kﬁﬂ»§rs>ét'N&v!?%geor#@ﬁrysé‘t@z TTis

with length TTI _max an ower I step 72 current for transport 20
channel | have tiediedhedkaibterddtarmite whetbes amyt ofdhem hae THshfoFFevaryt he

Jth TFC transport channel that matches the current TFs for every transport channel. In

15 step 70, m is the number of elements in S2 and index j is set to one. Index j is
the index into set S2.

K| is the index of the transport format used in the current time slot for
the ith transport channel. The current time slot boundary is the boundary for
TTIs with length TTI_max and lower. In step 72, the current TF for transport

20  channeli is checked to determine if it does not match the ith TF in the jth TFC
in set S2. S2[j] denotes the jth TFC in set S2. S2[i][jldenotes the ith TF in the jth
TEC in the set S2. The position of the TF in the TFC indicates the transport
channel. If the current TF for transport channel i does not match the ith TF in
the jth TFC in set S2, then in step 74, index j is incremented, i.e., go to the next

25 TFCin set S2. If they do match, then in step 76, add the jth TFC to set S and in
step 74, increment j.

Once index j is incremented, then in step 78, index j is checked to
determine whether all of the TFCs in the set S2 have been checked. If not all of
the TFCs in set S2 have been checked, then in step 72, the current TF for

30  transport channel i is checked to determine if it does not match the ith TF in the
jth TFC in set S2. If all of the TFCs in set S2 have been checked, then in step 80,
set 52 is set to set S and in step 66, index i is incremented. In step 82, index i is
checked to determine whether all of the TFCs have been checked for TTI

constraints for all transport channels. If a TFC for a transport channel has not



in set S2. S2[j] denotes the jth TFC in set S2. S2[i][j]denotes the ith TF
inthe jth TFCin the set S2. The position of the TF in the TFC indi cates
t he transworie/o6shannel . | f the current TF for transport clraemrsb2/i019dbes not
match the ith TFin the jth TFCin set S2, then in step 74, index j is
incremented, i.e., go to the next 25 TFCin set S2. |If they do match, then
in step 76, add the jth TFCto set S and in step 74, increnent j. Once
index j is increnented, then in step 78,,index j is checked to determ ne
whet her all of the TFCs in the set S2 hg%e been checked. If not all of the
TFCs i n sebeS2 chedled)érem irhﬂepéd then €l onthet idhp trﬁﬁspofte:hannebistch'é&écbto 30
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i ntroduci ngharn?)rgcfafiaﬁaﬂebfﬁgg}g of h?.'g:tangm) 5\ﬁg‘an‘?ﬁgaccordance w th one

enbodi beent is shown below. A TFC is acceptable only if it does not contain
nore transport blocks than are available for any of the transport

channel s. 10 SetS&a&8%3=52. 2. Set i = 1. This will be the index for all
transport &haisherd. This willtbeshe ndex far alldransporRtiGngelses t hat exist in any TFC

in S3 for 8hd.etSh bertlamssp of RL ot et exibGindny ATREKineS3 Ric Gresi 2emRSrf r om Sb. 5.
Let St be thehamielof TFCs in S3 that have RLC size RS for the ith transport

channels ketPidt heRLOsizpRY€ono§b. TFCs in St. 6. Set j = 1. This will be the
i ndex for sha.etKEBe @ s&fof TFCs in S3 that have RLC size RS for the i transport channel.
Let M be the number of TFCs in St.
6. Setj= 1. This will be the index for the TFCs in St.
P[i]->N .
7. Compute: T = z [ P[l][.k] — BO ] .
RS - P[i][k]— RHL

k=1

20 8. If St j1[i]— NB < T then.go to 10.

9. S3=S3- {St[j]}.

10.j=j+ 1.

11. If j <M then go to step 8.

12. Set Sb = Sb —{RS}.
25  13.If Sb # {} then go to step 4.

14. Seti=i+1.

15. If i < P->N then go to step 3.

16. If S3 is the empty set, or S3 is made up of the empty TFC (contains no data) and

some data is available (exists some P[il[k] = BO #0), then set S3 = S2.

30 17. The algorithm is complete and the valid TFCs are in S3.

FIG. 4 shows a flowchart for the elimination of TFCs based on the
current bit availability from the different logical channels given that
introducing “padding” blocks is not allowed in accordance with one

35 embodiment. In step 90, set 52 is the set of valid TFCs after elimination of TFCs
based on TTI constraints. In step 92, set S3 is set to set S2 and index i is
initialized. Index i is the index for the transport channels. In step 94, Sb is the
set of RLC sizes for the ith transport channel. In step 96, an RLC size, RS, is
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specified by RS. Thus, the buffer occupancy of the kth logical channel of the ith
transport channel that cannot use the RLC size specified by RS, is zero for the
calculation of the sum T. Each summand of the summation is a ceiling. Thus, T
is the ceiling of the buffer occupancy in bits of all logical channels that can use
the RLC size, divided by the RLC size, which yields the number of transport
blocks available from all transport channels of the RLC size.

In step 100, the number of blocks in the ith TF in the jth TEC in the set St,
i.e., the TF for the ith transport channel, is checked against the number of
transport blocks available T. If the number of blocks in the ith TF is less than or
equal to the number of transport blocks available T, then in step 102, index j is
incremented and the flow of control goes to step 104. If the number of blocks in
the ith TF is greater than the number of transport blocks available T, then in
step 106, remove the jth TEC from the set S3 and the flow of control goes to step
102.

In step 104, check if all the TFCs in set St have been checked. If all of the
TFCs have been checked, then the flow of control goes to step 106. If not all of
the TFCs have been checked, then the flow of control goes to step 100 and the
next TFC is checked.

In step 106, set Sb is set to set Sb-RS, i.e., the RLC size is removed from
the set of RLC sizes. In step 108, set Sb is checked to determine if it is empty,
i.e., that all RLC sizes have been checked. If set Sb is empty, then the flow of
control goes to step 96 and another RLC size is selected. If Sb is not empty,
then in step 110, index i is incremented for the next transport channel and in
step 112, a check is made to determine if all of the transport channels have been

checked. If not all of the transport channels have been checked, then the flow



specified by RS. Thus, the buffer occupancy of the kth |ogical channel of
the ith 10 transport channel that cannot use the RLC size specified by RS,
is zero fwopokese7tal cul ati on of the sum T. Each summand ofPCrhesozorsmati on i s
a ceiling. Thus, T is the ceiling of the buffer occupancy in bits of all

| ogi cal channels that can use the RLC size, divided by the RLC size, which
yi el ds the nunber of transport blocks available fromall transport
channels of the RLC size. 15 In step 100 t he nunber of blocks in the ith
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is not enpty then in step 110, index i is_increnmented for the_ next

transpbdt ehavneionef THCs desed prothecerienk bitkavaidrbility dearartherdifferent | of

t he transpgy &t‘ %Qﬁgﬂﬁ 18. have been checked. If not all of the transport
channel s ha een checked, then the flow WD 02/ 065675 PCT/ US02/ 01973 15
of control goesln onetopb@timend, alhof HexTFEs avighhe samereck size (anthefth he

I i f S3 i
(ranspor (" SHER0S halaNs BEsheSheR 6o, S ePL AR AenEES Liegl S0 1
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avalla Ilté/ gr’(q[the lffe ,I%g;cal chan el s given that introducing
" paddi BYOPREG sVt Rf R ﬁre ¥ X§§“I‘§ not enpty, then in step 118,

set S3 is checkBdehahdaeRrpadingfis et SHdWed én 38bst d@fcuanstanpdsy thE€ are
(contains Qc?mg%gggs 1?1%1’118 rIIcalsd’caIerated 1%Vc§irldIe1QIc)cI) gvc()fcaf(llo%tgsdeiays in transmission
and deadlock:
-If at the end of this algorithm, 53 is the empty set; and
20 -If the only TFC allowed is the empty TFC and some data is available.
The pseudo-code for the selection of the optimum TFC in accordance
with one embodiment is shown below. Bits from the logical data streams are
hypothetically loaded into the TFC. The loaded TFCs are compared based on
the amount of high priority data they contain.

25 There are n priority levels, P1 through Pn with P1 being the highest
priority. For each TFC in S3 a variable NOB (number of bits) is created and for
each one of the transport channels on each TFC a variable SAB (still available
blocks) is created. If A is a TFC, then A->NOB is the number of bits for this
TEC and A[i]->SAB is the available space for the ith transport channel. The

30 number of bits corresponds to a specific priority level. All SABs are initialized
to the corresponding number of blocks. Then the following algorithm can be

performed:



Pl[i][k] -* BO:A O ), in which case the flow of control goes to step 116.
In step 116, set S3 is set to set S2, in which case set S3 contains valid
TFCs af t ewOMQ/0ed67sm nati on of TFCs based on the current bi PCameot/endity
fromthe different |[|ogical channels. In one enbodinent, all of the TFCs
with the sane block size (on the ith transport channel) are grouped in S3.
I n anot her enbodi nent, TFCs with the sane bl ock size do not have to be
grouped together. In this enbodinent, T ,is 15 conputed every tinme a
different TFC is exam ned. Even though dding is not allowed in nost
circunstances, there are some cases in which it is tolerated in order to
avoid | ong deI ays in _transnm ssion and deadlock: -1f at the end of this
algorithm S3 is theSenyt§yS3et: and 20 -1f the only TFC allowed is the
enpty TFC and some. d§t3fal=f£ Bhisis| gointgeto beTheindse fetdhe pderitydevelhe sel ection of
t he opti mum TFC i 8. avgaetSHge>N@Bt-hOone enbodi nent is shown below. Bits
fromthe | ogical dataestcsBatie séthﬁ‘lo@%l%hﬁhﬂid@@ﬂr%rit@?ﬂed into the TFC. The
| oaded TFCs are copaeReh LRgRS 1&ﬁmélieﬁWtLe@ihlbb&PesBBﬂd)(o'IB jcflat a they

contain. 25 There arg,n.Bf qq‘ ¥d L& qua%S QHg Pn"w th bei ng t he
hi ghest priority. 6 etl@lab(h

r§4a e "NOB (nunber of bits) is
created and for eac ne.o ﬂ ex JP nel s, on each TFC a vari abl e
SAB (sfd) avail a %‘éﬁ@lsv@ S%( ? ge gé]/ th n A->NOB i s the
nunber‘'of bits for’ tFﬁ [ i {‘)‘leé1 g}ﬂﬁ‘ég’rf or the

i th transport channelogicph rng*PSEﬁPt%T Goss Wbl%ant speadeeti fic
priority level. All sﬂsguath@ TFrﬁ @25a33i11 268 aﬂﬂéattewrdbﬁoﬂéhﬁ@ﬁaleﬁ’épﬂmﬁb@ﬁ of
bl ocks. Then the fol frowi RGCal gorithm can be perfornmed: WO 02/ 065675
PCT/ US02/ 01973 1@. Go teetep34=S3. 2. Set i = 1. This is going to be the

index for the priority Ievels | P{FIE4]-S4B0] ->NOB | 0. 5 4. Let Sc be
t he seld of | ogi cal9. cﬁamt%GﬁﬂW—%ﬁ—fﬂm | ogi cal channel L
fromSc. Let this correspond t EFP N@ _3] ped onto transport
channel j. 6. Let 10 BeGt<h&4[kipber S4B thECgo tnsteps18.
11. S4[k]— NOB+ = (S4[k][j]1— SAB)-(S4[k][j]— RS) and
S4[k][j1— S4AB=0.

12. Go to step 14.

20 13. S4[k]— NOB+=G-S4k][j1— RS and
S4[k][j]— SAB-=G.
14. k=k+1.
15. If k <M then go to step 7.
16. Sc = Sc— {L}.
25 17. If Sc # {} then go to step 5.

18. Keep in S4 the TFCs with the highest NOB value.
19. If there is a single TFC in S4 then the algorithm is complete and that
TFC should be used.
20.i=1i+1.
30 21. If i < n then go to step 3.
22. Pick one of the TFCs in S4 that carries the lowest number of bits.
FIGS. 5A-5B shows a flowchart for selecting an optimum TFC in accordance
with one embodiment. In step 140, S3 is a set of valid TFCs after elimination of TFCs
35 based on available blocks. In step 142, S4 is set to set S3 and index i is initialized.
Index i is the index for the priority levels. In step 144, all number of blocks NOBs for
each TFC in set S3 are initialized to zero. In step 146, Sc is the set of logical channels
at priority level P;. In step 148, a logical channel L is selected from set Sc, such that L
corresponds to a logical channel q mapped onto a transport channel j. In one

40  embodiment, the logical channel L selected is indicated by the network. In step 150, M
is the number of TFCs in S4 and k is initialized to one. k is the index of TFCs in set S4.



Set k = 1. This will be the index of TFCs in S4. 10 7. If S4[k][j]->RS and
(SA[K][j]->SAB * SA[Kk][j]->RS) are allowed for |ogical channel P[j][qg] go
to step woThieseconstrai nt can be specified either in theCTRS/@B7831. 350
and latter) or through the "flex" primtives fromRLC. 8. Go to step 14.

15 9. Conpute G = P[j][q] - BO $4[k] [j] --> RS- P[j] [q] --> RHL 10. If
G < S4[k][j] -~ SAB then go to step 18§£11 S4[ k] -> NOB+ (S4[K][ j] ->

SAB) (S4[Kk] [j] -> RS) and ]%é B=0 12. Go to steﬁﬁé4 20 13. S4[ K]
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number of blocks NOBs for each TFC in set S3 are initialized to zero.
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148, a | ogj | | I f esponds
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enbodi ent , thehiﬂgpdé&(Ehaumnpubxteiected is indicated by the netmnrk. I n
step 150, M is the nunber of TFCs in S4 and k is initialized to one. k is
the index of TF@:Tn set SAlmb0BED65675 %CT/ Us02/ 01973

SAk]Lj1—> RS - Pjllg]— RHL |

wherein P[j][q]->BO denotes the buffer occupancy in bits of the qth
logical channel of the jth transport channel. S4[k][j]->RS denotes the RLC size
in transport blocks of the jth TF in the kth TFC in the set S4. P[jl[q]->RHL
15  denotes the RLC header length in transport blocks of the gth logical channel of
the jth transport channel. Thus, G is the number of available transport blocks
for logical channel q that can be used to fill the jth TF in the kth TFC.
In step 156, if G is less than the still available blocks SAB of the jth TF in the
kth TFC in set S4, then in step 158, the quantity of G multiplied by the block size of the
20  jth TF in the kth TFC in set S4 is added to the number of blocks in the kth TFC of set
S4. Also, in step 158, G is substracted from the still available blocks in the jth TF of
the kth TFC in set S4. If G is greater than or equal to the still available blocks SAB of
the jth TF in the kth TFC in set S4, then in step 160, the quantity of the still available
blocks of the jth TF of the kth TFC in set S4 multiplied by the RLC block size of the jth
25  TF of the kth TFC in set S4 is added to the number of blocks in kth TFC in S4. Also, in
step 160, the still available blocks in the jth TF of the kth TFC in set S4 is set to zero.
From both steps 158 and 160, k is incremented in step 156.
In step 162, a check is made to determine whether all of the TFCs in set
54 have been checked. If all of the TFCs in set $4 have not been checked, then
30 the flow of conirol goes to step 152. If all of the TFCs in set S4 have been
checked, then in step 164, logical channel L is removed from the set Sc and in
step 166, set Sc is checked to determine if it is not empty. If Sc is not empty,
then the flow of control goes to step 148. If Sc is empty, then in step 168, only



17 In step 152, if the RLC size of the jth TF in the kth TFCin set $4 is
all owed and the quantity of the RLC size of the jth TF in the kth TFC in
set S4 rmubtoepbieesl by still avail abl e bl ocks SAB in the jPoTHR/MmMITHhe kth
TFC in set S4 is allowed, then in step 154, conmpute G Otherwise, in step
156, increnment index 5 k, i.e., go to the next TFCin set S4. In one

enbodi nent, the constraint of whether an RLC size or a quantity of the RLC
size multiplied by available blocks in TF, are allowed is indicated by

t he network. In another enbodi nent, ]ril constraint is indicated in a TFS.
I n yet anotlheTFehbath ﬁmhlghdshE\K)Bm'}ﬂﬁeas ke tmsedS&aﬂachtéﬂnﬂdOg‘set%ég is

STl chothaack dfesing paeBofhisg il ieRelr w4 Ry Aoskonot ot

the buf f er eResetancy, ﬂH@:nbi!nt Stepl17DNTEQt fledRRi BRisheB AT Eherefis itk d difigle
transport channel L’i‘l S denot es the RLC size jn transport DI ocks
of the jthelpment innset | &y gr&rrcm Atepnt 4 dndexyi la:{r}q‘flal]entqm eypEhthesexhe RLC

header 5enghﬂ>rit2 1&{7%83% PIAgKS Ric #i)er A #ooa1et%gx}nlﬁ@w&hepaub§éﬁﬁ1gth

transport I S t'he nu aval fransport
| ogi cal chpm@@itydevﬁathacrerb@@ chsasitedo If ot alhef fhehpTiprity IeV\ds WtalveTte@n | n

step 156, | S | l,e , bl of t TF in
the kih T C%r‘?dséﬂt‘ee‘bﬁ? f1RR; oy ‘élpé‘i‘% B 48 134 %hy oﬁ%@rh?ﬁ{lylﬁlv I;‘;d

the bl ock havzebeénichecked) theh il Etecpﬂm)ea TEF@ Axil?ﬁﬁ tihe lsetesSﬁuhgaeidﬁdﬁtstfs the
nunber of bl.ocks in,the kth TE set S4. .ALso,, in ep_ 158, |

Cbotr aot cEPIER b I Sraf) 17 cFCae BB s st The Bptipum hEC has Trc
in set1®4. bééngéle@e.greater than or equal to the still available bl ocks SAB

of the jth TF in the kth TFC in set S4, then in step 160, the quantity of
the still avail Al@lveou%b@@mar@ﬁt te loge pf prdimarpskifltis the st the TFE algorittm can

Imsjl ;:j?lle:je?gg %}#ﬂ%ﬂ t%%ep rg? ?onosfbeby%nj.f)%%vozré ngfflu?g'&[ Ip gankl;[e apg[:%(:dpi et t ﬁg
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streams onto a single data stream given TTI constraints of transport formats. Those of
skill in the art would understand that the various illustrative logical blocks, modules,
20  and algorithm steps described in connection with the embodiments disclosed herein
may be implemented as electronic hardware, computer software, or combinations of
both. The various illustrative components, blocks, modules, circuits, and steps have
been described generally in terms of their functionality. Whether the functionality is
implemented as hardware or software depends upon the particular application and
25  design constraints imposed on the overall system. Skilled artisans recognize the
interchangeability of hardware and software under these circumstances, and how best to
implement the described functionality for each particular application. As examples, the
various illustrative logical blocks, modules, and algorithm steps described in connection
with the embodiments disclosed herein may be implemented or performed with a
30  processor executing a set of firmware instructions, an application specific integrated
circuit (ASIC), a field programmable gate array (FPGA) or other programmable logic

device, discrete gate or transistor logic, discrete hardware components such as, e.g.,

registers, any conventional programmable software module and a processor, or any



then the flow of control goes to step 148. If Sc is enpty, then in step
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device, discrete gate or transistor logic, discrete hardware conponents
such as, e.g., registers, any conventional programmabl e software nodul e
and a prowesrosi67dr any WO 02/ 065675 PCT/ US02/ 01973 19 caairiusar/ooms t her eof
designed to performthe functions described herein. The nmultiplexer may
advant ageousl y be a mcroprocessor, but in the alternative, the

mul ti pl exer ny conventional prodéssor, controller, microcontroller,
or state nmacC |ne he applications could reside in RAM nenory, flash
menory, ROM 5 nenory, EPROM nenory, ES;W%EWDW’ regi sters, hard disk, a
renovabl e di sk, a CD-ROM or any ot of storage nedi um known in the
art. As illustrated in FIG 2, a base station 14 is advantageously coupl ed
to a subscri ber [ so as. tpo read information fromthe base station
14. The nefory é@ﬁ%&?&%@mﬂlﬁe&ﬁ%g R SRS AR Mk er 48. The nul ti pl exer
48 and :lnerrﬁry 49:ceiaz¥nhgrze§dt@etmﬁspaﬂféﬁha&:cbmbinau%ﬁ)s (snmmh m)jand_The AS| Cf may reside
in a tel ephone e previ of the.e i ments.of the
vent ton is pratstia BHSERETE RERbBAER cr iR o sar e e o
use t hed pr efanfsrpbrt fomﬁlwﬁﬂnmatfﬁhebmdlomu&haﬂmmrahqmﬁ fonmats  TFH)es eheesdinmﬁche nts

pr ot p escaPro B AAL EPholBuellIife ™ty Py’ Iy Bboaf TR B

t he used of C‘!ﬁ@ﬂﬁﬂ%ﬂ@@“ﬂ@dm%‘iﬂl Y /- the present i nvention is not

i nt ended to be limted to the enbodi nents shown herein but is to be
accorded t st sc e consi.stent . with the ri.nciples and noyel

f eat ures df scl ogg f clan hovhsreds sd e T%gdéla P@P?‘?WEW@E@FMMZO

CLAI M5 2 1. TBs Wetmaogﬂalefowd WHCtmmicbe@ thg cdakspaidirgactirent AIFR 1A 2i 18g trahsiéieei Vi ng
a set of t sport format conbinations (TFCs); and sel ecting a transport
format conDrnation for transm ssion froma received set of 4 transport
format conbi nati ons based on whether transport formats (TFs) in the

sel ected gransppg Ineik%ﬁ@%la‘fﬁ@ﬂx@ﬁ&&l%*ﬁ% the Tﬁé@ﬁkéﬁﬁ.sgg oh le{?& 'T'ﬁfﬁr val

(TTI) that is on current transmssjon tine interval bound a 2. The
met hod %of @Fai?lﬁ?@d T\Hﬁewﬂﬁmw%tnpﬁ‘gdaéa ioeks thanp pegvadahieifas s Cﬁﬁé%ﬂﬁ’éflmghe 2
TFs in theusgbegicBshnEEC mat ches the corresponding current TFs in a |ast
transmtted

4. The method of claim 2, wherein selecting the TFC is also based on the priority

2 of the data streams.

5. The method of claim 2, wherein selecting the TFC is also based on the selected
2 TFC having more bits from higher priority data streams than from lower priority data

streams.
6. A method for multiplexing data streams, comprising:
2 receiving a set of transport format combinations (TFCs); and

eliminating from the received set of transport format combinations , the
4  transport format combinations that have transport formats (TFs) that do not have
transmission time intervals (TTIs) that are on a current transmission time interval

6  boundary.

7. The method of claim 6, wherein eliminating a TFC is also based on whether the
2 TFs in the selected TFC match the corresponding current TFs in a last transmitted TFC.

8. The method of claim 7, further comprising eliminating from the modified set of
2  TFCs, TFCs that have TFs containing more data blocks than are available for a

corresponding transport channel.



TFC. 3. The method of claim2, wherein selecting the TFC is al so based on
every TF in 2 the selected TFC not containing nore data bl ocks than are
avai | abl ewbar/oeseécdr r espondi ng transport channel. 4. The merhusd2/ef7E] ai m 2,
wherein selecting the TFC is also based on the priority 2 of the data
streans. 5. The nethod of claim2, wherein selecting the TFC is al so based
on the selected 2 TFC having nore bits from higher priority data streans
than fromlower priority data streams..6. A nmethod for mnultiplexing data
streans, conprising: 2 receiving a set ok transport format conbinations
(TFCs); and elimnating fromthe received set of transport format

conbi nati ofs , ThemethddradREMDIT, fdxﬂferrabmpﬂﬁbg selédtimg TH@frohatie nivdafiepor t

f t TE hat t. h .z t I TTI t hat
on & o 1 orof PRGBS daBh PPhb RO ST Hstiigel o iE e ot of ol & m
6, wherein elimnating a TFC is al so based on whether the 2 TFs in the
sel ected THe mairﬁé; n‘iéﬂﬁo<f78f Fﬁ%ﬁf’;‘“%{é@elﬁ%fe%ﬂh ll'féTF@ Hoﬂnat%%: nﬁécﬁ éi“sétt TFC.

8. The rrethodo I'al m Fg%trzlsmgelmnalngmrom nodi fi ed
set of 22 THSs isTieeed ghatomibgeclprtedcBAE ArMinggnews: kitsgixem gb@f@qrﬂmla@re

avai | abl e f@kads ﬂﬁhb@l%‘?@l@sﬂﬂtﬁ&ﬁ&ﬁﬂ@ﬂ%et%ﬂ‘%@@' WO 02/ 065675
PCT/ US02/ 01973 21 9. The nmethod of claim7, further conprising selecting a

TFC fromthe nodified 2 set of transport format combi nations based on the
priority ofltheTHahwtlsdd efesiBimsOor ) duminir rothpoisingl filling the sehetedi TEG ligct i ng
t he TFSfr E"ﬁ thglfl 9 set of 2 TFCs is based also on the selected TFC
havi ng “hor bt g"}%sr priority data streans than other TFCs in the
nodi fied set of TFCs. 11. The method of clains 9 or 10, further conprising

filling thesel ?ﬁ%%tﬂ_d:cpoﬂltaﬁn 13, r& ch gh&i@g s@ﬁ er’mtg Jﬁ%%e?éﬁ THe ffet hod

of claim 11, further conprising sc u In ec
transmisi BRSSOy appar atus for rrul tipl exing dat a streans, corrprl si ng:
2 a menory; and a nultipl exer comrunicatively attached to said nenory for:

13.  An apparatus for multiplexing data streams, comprising:

2 amemory; and ‘
a multiplexer communicatively attached to said memory for:

4  receiving a set of transport format combinations (TFCs); and

_ selecting a transport format combination for transmission from the received set of
6 transport format combinations based on whether transport formats (TFs) in the selected

transport format combination have a transmission time interval (TTI) that is on a

8  current transmission time interval boundary.

14 The apparatus of claim 13, wherein selecting a TFC is also based on whether the
2  TFsin the selected TFC matches the corresponding current TFs in a last transmitted
TEC.

15.  The apparatus of claim 14, wherein the multiplexer is for selecting the TFC also
2 based on every TF in the selected TFC not containing more data blocks than are

available for a corresponding transport channel.

16.  The apparatus of claim 14, wherein the multiplexer is for selecting the TFC also

2  based on the priority of a plurality of data streams.

17.  The apparatus of claim 14, wherein the multiplexer is for selecting the TFC also
2 based on the selected TFC having more bits from higher priority data streams than from

lower priority data streams.



4 receiving a set of transport format conbinations (TFCs); and selecting a
transport format conbination for transm ssion fromthe received set of 6

t ranspor twbaormeis7tonbi nat i ons based on whet her transport PETENF09TFS) in
the selected transport format conbination have a transm ssion tine
interval (TTlI) that is on a 8 current transm ssion tine interval boundary.
14 The apparatus of claim 13, wherein selecting a TFC is al so based on
whether the 2 TFs in the selected TFC 2mtches the correspondi ng current
TFs in a |lagt tr 5. The a ratus of claim 14, wherein the
mul ti pl exe?§| S %?aﬁta{eu%&f’rn E %C%ﬁggﬁﬁg_ based on every TF in the

sel ect ed TE@qmmrycaIm aining nore data blocks than are available for a
correspondi AR of claim 14, wherein the
mul ti pl exe:d%l&hs#l lg&?ggr%%tl nth aﬁ%ﬁlgd-qggala E&g'fﬁr on the priority of a
plural ity &fceiyiga %qtpéaw@poqfonmﬁéorabwa%wgn%f claim 14, wherein the

mul ti pl exeéhllnﬁqaftlﬂ fisth @8d kdegivehet! Eﬁréﬁh Ort f%nﬁ@ts&ﬁnﬁﬁaﬁm ﬁﬁh@%&@fénﬁﬁc

havi ng reb ro riority ta st

priority dSPHbER %@rﬁ%ﬁw&%w Dbeitouaes (BEo et 95 RobhA R rarhiians f or
mul ti pl exi tighe igerqald thatn@e on & carremmanhymissiod tandiuterval beadarg.onmuni cati vel y
attached to said nenory for: 4 receiving a set of transport fornat

conbi nations; and elimnating fromthe received set of transport formt
conbi nati oh8, t Thagpraratus of alaim 18, wherbinredinpioating AEEE)is alsatbateshan whethspor t
format s) (THR)ITENALhE e18GEd TR Embic é‘boﬁ?és?@ndﬁ)% @&rérﬁtﬁsvlﬂlaslagtn?éfn ﬁ’zﬁt?edon a
current transmssion tine interval bounda The apparatus o alm 18,
wher ei n el TRfnat | ng a TFC is al so based on whether 2 the TFs in the

sel ected TFC match the corresponding current TFs in a last transmtted

TFC. 20. The apparatus .o . ai 9, wher.ein exer is.also for
o1 i nat | n0+ 1 oARe SPuARaSh oL iR oy et e b Sk Fms
transpatt ﬂmnn@dlflecbsﬂl) nﬁa‘amsrpnﬂ fotmaxt coﬂmhmtlbmsanamport fhonatebmbianbas uhahg nor e

data bl ock il . rt channel. 21.
The appar a? Q?EP‘ %t? C%\Akﬂmféé)ﬁmﬁéat%{ @gﬁg%renﬁg’gla@ﬁ& or selecting a
TFC 2 4 roﬁ@rt%éoﬁdmﬁ ?fﬁ@(ﬂoﬁéharéﬁl t ransport for mat conbi nati ons based on the

priority of a

21.  The apparatus of claim 19, wherein the multiplexer is also for selecting a TFC
2 from the modified set of transport format combinations based on the priority of a
plurality of data streams.

22.  The apparatus of claim 19, wherein the multiplexer is also for selecting the TFC
2 from the modified set of transport format combinations based on the TFC having more
bits from higher priority data streams than other TFCs in the modified set of transport

4  frame combinations.

23.  The apparatus of claims 21 or 22, wherein the multiplexer is also for filling the
2 selected TFC with bits from the plurality of data stream.

24. The apparatus of claim 23, wherein the multiplexer is also for scheduling the
2 selected TFC for transmission.

25.  The apparatus of claim 18, wherein the apparatus comprises a base station.

26.  The apparatus of claim 18 wherein the apparatus comprises a base station
2 controller.

27.  The apparatus of claim 18 wherein the apparatus comprises a subscriber unit.



plurality of data streans. 22. The apparatus of claim 19, wherein the

mul tiplexer is also for selecting the TFC 2 fromthe nodified set of

t ranspor twbarmeis7tonbi nati ons based on the TFC havi ng nor @CThHiSOZ0frdm

hi gher priority data streans than other TFCs in the nodified set of
transport 4 frame conbi nations. 23. The apparatus of clains 21 or 22,
wherein the nultiplexer is also for filling the 2 selected TFC with bits
fromthe plurality of data stream 24. e apparatus of claim 23, wherein
the multiplexer is also for scheduling the 2 selected TFC for

transm ssi gf. Th [ i . erein the apparatus

conpri ses basg S%’?te |f§ Q&E%Flgﬁﬁtgl{ga%%%?(g&légsugmcl aim 18 wherein the

appar atdis zowpbérsdssubseyie ugitegachgomprisiogt rol | er. 27. The apparatus of

claim 18 V\tg{g{?gio%t he apparatus conprises a subscriber unit. W 02/ 065675
0

PCT/ US02/ 3 28. A systemfor communicating data corrprl sing: 2 a
nunber ‘f &plysdity BE?PHLWP@@S(S&%%‘H@‘MRF%I%QM eANGRMRYF Sachg 3 plurality of

appl i cat i ogsplieidd EHpaBI JfPré@firhea Hita sheaEWRTYIn ROR AaRdlehmaiohPriseamabl e
of prod Clﬁgs émd ta stream wherein each data stream conprises at 6 |east

one bi tY fti {9 exer confi gured to receive each data stream receive
a set of td anﬂtﬁ)méierfdoaﬁgure& t0 aedei vead achritata Stfe@n), receint & edtedfttramsgdrCifanem t he

receiv set of i

g e R R
current trtamspogsowmts (THs) iim thersetacteldolif{c hasg/a trangmigsien tiofe inteseal §T£D|tbats
commun cat fofl JoudchAEhRthilfordhe iMUbAGIRRIyUNI s, each base 12 station

ey B ot i BB ST A 5 0 ssem b e PReceach
data sty eagmhGeB6MPASingt | east one bit; 16 and a nultiplexer configured to
recei ve each data stream receive a set of TFCs, and select a 18 TFC from
the recei vAB*8¥Y’)based on whether transport formats (TFs) in the sel ected
TFC habt a 4 pandity s applichtiors residieg vathetrherboriyseagh agpkieatioent transm ssion tinme
i nterval capable of producing a data stream, wherein each data stream comprises at least one bit;
16 and
a multiplexer configured to receive each data stream, receive a set of TFCs, and select a
18 TFC from the received set based on whether transport formats (TFs) in the selected
TFC has a transmission time interval that is on a current transmission time interval
20  boundary;
and
22  a base station controller communicatively attached to said base stations, each base
station controller comprising:
24  amemory;
a plurality of applications residing in the memory, each application
26  capable of producing a data stream, wherein each data stream comprises at least one bit;
and
28  a multiplexer configured to receive each data stream, receive a set of TFCs, and select a
TEC from the received set based on whether TFs in the selected TFC has a transmission

30 time interval that is on a current transmission time interval boundary.

29.  An apparatus for multiplexing data streams comprising:
2 means for receiving plural data streams from said data sources, each data stream
comprising data blocks, containing a number of data bits, data blocks referred to as
4 transport frames;
means for receiving a set of transport frame combinations (TFC’s);
6 and,



20 boundary; and 22 a base station controller comunicatively attached to
sai d base stations, each base station controller conprising: 24 a nenory,
a plural iwgoefesappl i cations residing in the nmenory, each &pplisozoivonh 26
capabl e of producing a data stream wherein each data stream conprises at

| east one bit; and 28 a nultiplexer configured to receive each data
stream receive a set of TFCs, and select a TFC fromthe received set
based on whether TFs in the sel ected TF? has a transmission 30 tine
interval that is on a current transnisston time interval boundary. 29. An
appar at us fneansiok sélpéting aGHQ ditom e receine dsohpli TREshpseRomwhotherf toanspext ei vi ng
pl ural glat r si ng
Gat & bl Dol bR i ERAR Ay FRE RS G i R IR o R AR T "0
4 transportrammﬁ%@nﬁh@aﬂi@f\'fabbomﬂé@ ving a set of transport frame

conbi nations (TFC s); 6 and, WD 02/ 065675 PCT/ US02/ 01973 24 means for
selecting a TFC fromthe recei ved set of TFCs based on whether transport 8
formats (TFs) in the selected TFC has a transm ssion tinme interval that is
on a current transmssion tinme interval boundary.



