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and radio blocks are transmitted and received at the mobile station using time
division multiplexing. GSM systems have evolved from providing strictly voice
services to also providing data services. Standards such as general packet
radio service (GPRS) and Enhanced Data fro Global Evolution (EDGE) further
define the protocols for data communication within GSM based systems. The
access terminals, also sometimes referred to as mobile devices, portable
devices and by other names, are categorized into classes where the classes are
at least partly based on the number of simultaneous timeslots that the access
terminal can use in the uplink and the downlink directions. Multi-slot classes
represent the capabilities of an access terminal to receive/transmit and process
multiple timeslots of a frame. During Dual Transfer Mode (DTM), transmitted
and received frames include circuit switched calls timeslots including

information related to voice calls (or other circuit switched calls) and data
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Communication (GSM) communication system by monitoring for USFs in
timeslots with assigned packet data channels (PDCHs) from a first downlink
timeslot to a maximum numbered downlink timeslot within a downlink time
division multiple access (TDMA) frame, wherein the maximum numbered
downlink timesiot is a lowest numbered uplink transmission timeslot over which
the access terminal will transmit on the corresponding uplink frame in a
corresponding uplink TDMA frame if a second lowest numbered uplink timeslot
over which the access terminal will transmit on the corresponding uplink frame
is a circuit switched timeslot and wherein the maximum numbered downlink
timeslot is one timeslot greater than the lowest numbered transmission timeslot
over which the access terminal will transmit on the corresponding uplink frame,
otherwise.
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example where the third timeslot (timeslot 2) is a circuit switched timeslot.

[0015] FIG. 9 is a block diagram of a uplink and downlink frames for a fifth
example where the first timeslot (timeslot 0) is a circuit switched timeslot.

[0016] FIG. 10 is a block diagram of a uplink and downlink frames for a sixth
example where the second timeslot (timeslot 1) is a circuit switched timeslot.

[0017] FIG. 11 is a block diagram of a uplink and downlink frames for a seventh
example where the second timeslot (timeslot 1) is a circuit switched timeslot.

[0018] FIG. 12 is a block diagram of a uplink and downlink frames for an eighth
example where the second timeslot (timeslot 1) is a circuit switched timeslot.

[0019] FIG. 13 is a block diagram of a uplink and downlink frames for a ninth
example where the first timeslot (timeslot 0) is a circuit switched timeslot.

[0020] FIG. 14 is a block diagram of a uplink and downlink frames for a tenth

example where the first timeslot (timeslot 0) is a circuit switched timeslot.
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oveor\/\ﬁlﬁlch néogagéjssu elr'mnlrlﬁalt {ransm s. R& cY,ordlngly, a transmission uplink
timeslot is an allocated and assigned timeslot in an uplink TDMA frame. As
discussed below, the TDMA frame has eight timeslots numbered from 0 to 7.
The lowest nhumbered transmission uplink timeslot, therefore, is the first timeslot
in the TDMA uplink frame that is used for transmission. The second lowest
numbered uplink timeslot is one timeslot greater than the lowest numbered
transmission uplink timeslot. The second lowest numbered uplink timeslot may
be a transmission timeslot where the timeslot is allocated and assigned for data
or voice transmission or may be assigned and not allocated or may not be
assigned. Accordingly, the second lowest uplink timeslot may be a circuit

switched timeslot in some cases.



be a transm ssion tinmeslot where the tineslot is

al l ocated and assigned for data or voice transm ssion
worooiago2ke assi gned and not allocated or may nRCT/D82006/008765

assi gned. Accordingly, the second | owest uplink

timeslot may be a circuit switched tineslot in sone

cases.[0024] FIG 1 is a blobk diagramof a d obal

System for Mbile Communication (GSM communication

[0024] SVS: ﬁl@ 196 h%ﬁ@&&[@m A4 o) ?5%' f%? Mcgdg% ﬁéf}\iﬂ%mcatlon

e i nventlon exenp
(GSM)remrﬁmanmahm asyaiﬂrrexaﬁt)l én lamebamme owith an exemplary

ompedipl oF Tia iaEtEP. es Al " RESDRIRY | b uged ibrein to mean
“sePNA rééegn%(aﬂﬁ[ﬂéefﬁs%c@ gdh L RACUSARY %ht@iﬂﬂént described

embodi ment's. "An arrangemént of base’stations
heyietv hel éexeroplanyli theretoie sismait cesessariy o be constuad taespa’eferred

th t t of b t .
ol SABrRuce s s o SbBHTEES A alleRsinkin B Bafd skations 104
priovidést earhatlinidatibhGerlicedh® dpeVbE ABRENM RS QBrrﬁiﬁh&YseﬁfDQ In the
100 operates in accordance with GSM and GSM enhanced

intareat %Preg/lﬂm sipglg| haseosiatiendtd aadisosingteesecesst taominal 102
a&%%e@ﬁ?'ﬁltﬁcaf'?ﬂé Géglhtc%?h SGiERLaH srygf%ﬁdt(g@ Operates in

system 100 i s cap provr di
acmmidamceja\tlm Caihard &SMrersfemdededatacforagiesal &esioiit@l(EDGE)

raiPBERS DR RAR) GipeGiaRons Jbstha examAlaTy sbodiment,
thbr@.BWbyétéﬁP ¢0OY9s @EBaBI'EaOc‘il’eﬁr%vRS‘MqJ \Bice éﬁ%ﬁﬁfascd%humca’non

frame. As described above, the rrent
seypiees iip aeckes terminalpi C@ﬁl@ed fooi 2 anultirdietr clagses. ﬂ\thaitusdntsclasses

16 0 AL M A0 38 PR S prcess

multiples niimesidiP eparedrarhde As@esdriddobbE4, aid tdifrent GERAN
access terninals 102 where downlink signals are

SRecHicaHiPht is campigMOUBefop & susbar oh siteatians wheraddBsand High
MLREAR136% L QR Bl O kol Bl 3o BRARRL o Wiressly

tranannttedlbettWeeughe ajasepitaﬂﬂm \Aﬁnedrﬁﬁmecml tteilrihmals 102 where
A transcej ver 106 thin the access term nal

déﬂfg r@r 5?99@,5( & %n’taarp%'elgieglegom é'&‘t‘ rli’ﬁf?e?gﬁ@th{‘ d04nia ghe access

teFrhfrféWQ@Z%r&Eﬁf?%”éoWﬁllrﬂ@V\% el 1t1|?)eaﬁ§md)hlnk S|gnals are

standards. The transcei ver 106, erefore
tranamitiad dross the am@ssteanmad)tmeugh ae ypliok edsdsss tieannel 112.

0z5] % 978k 55RP L8 HETTHRL SBHLCO SIS e aa recoies
elé@fornaghdifc aiGeEs theswgHaln antenna in accordance with the GSM
standards. The transceiver 106, therefore, modulates, demodulates, filters and
otherwise processes the signals to enable communication between the access
terminal 102 and the base station 104. A controller 108 in the access terminal
102 controls the transceiver 106 as well as performing other functions including
managing the overall functionality of the access terminal 102. The controller 108
is any combination of processors, microprocessors, processor arrangements,
computers, logical gates, application specific integrated circuits (ASICs),
programmable logic circuits, and/or computing circuits. The controller 108 may

include other hardware such as digital to analog (D/A) circuits, for example.
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transmitted from the base station 104. Accordingly, only a single frame portion
of the downlink series of downlink timeslots is shown in FIG. 2. The uplink
TDMA frame 204 includes eight uplink timeslots (220- 227) including uplink
timeslot (0) 220, uplink timeslot (1) 221, uplink timeslot (2) 222, uplink timeslot
(8) 228, uplink timeslot (4) 224, uplink timeslot (5) 224, uplink timeslot (6) 226,
and uplink timeslot (7) 227. The uplink TDMA frame 204 is transmitted from the
access terminal 102 through the uplink wireless channel 112. Since the access
terminal 102 operates in accordance with half duplex techniques, the uplink
TDMA frame 204 is transmitted at an offset from the downlink TDMA frame 202.
In FIG. 2, the offset is shown as three timeslots. Accordingly, the first uplink
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timeslot on the corresponding uplink frame unless the second lowest uplink
timeslot in the current uplink frame is a circuit switched timeslot. If the second
lowest uplink timeslot in the current uplink frame is a circuit switched timesiot,
the maximum number downlink timeslot is the lowest numbered transmission
timeslot on the corresponding uplink frame. Therefore, the access terminal 102

monitors the USFs in the PDCH downlink timeslots from B(0) to B(x) + 1 if the
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céritimueanesitoring timeslots in the next frame.

[0034] At step 308, PDCH downlink timeslots from B(0) to B(X) are monitored
for USFs. Accordingly, the highest numbered downlink timeslot (maximum
uplink transmission timeslot) where there USF is monitored is the lowest
numbered uplink timeslot that will be used for uplink transmission by the access
terminal 102. The method returns to step 302 to continue monitoring the next
frame.

[0035] FIG. 4 is a block diagram of a USF monitor 400 in accordance with the
exemplary embodiment of the invention. In the exemplary embodiment, the

USF monitor 400 comprises executable code running on the controller 108 in
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irohdts NEG. 1 BB Rhi AbhdnedMiR{eots Care illustrated as solid blocks,
unallocated assigned timeslots are illustrated as single crosshatched blocks,
allocated assigned timeslots are illustrated as double crosshatched blocks and
unassigned blocks are illustrated as unfilled blocks. A timeslot where a PDCH is
monitored for a USF is illustrated by a timeslot block overlaid with a monitor
marker 502.

[0038] FIG. 5 is a block diagram of an uplink frame 204 and a downlink frame
202 for a first example where the second timeslot (timeslot 1) is a circuit
switched timeslot. In the first example, the first timeslot of the uplink frame 204
coincides with the fourth timeslot (timeslot 3) 213 of the downlink frame 202 and

the reception-to-transmission transition occurs during the fourth timeslot
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monitored in the third timeslot (timeslot 2) 212. As compared to the

requirements of the current GERAN standard, the fourth downlink timeslot
(timeslot 3) 213 is not monitored in the second example.

[0040] FIG. 7 is a block diagram of an uplink frame 204 and downlink frame 202
for a third example where the second timeslot (timeslot 1) 211 is a circuit
switched timeslot. In the third example, the first timeslot of the uplink frame 204
coincides with the fourth timeslot (timeslot 3) 213 of the downlink frame 202 and
the reception-to-transmission transition occurs during the fourth timesiot
(timeslot 3) 213 in the downlink frame 202. The lowest numbered timeslot where

the access terminal will transmit during the corresponding uplink frame 204 is
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the exemplary embodiment, the USF is monitored in the second timeslot
(timeslot 1) and in the fourth timeslot (timeslot 3) 213.

[0042] FIG. 9 is a block diagram of an uplink frame 204 and a downlink frame
202 for a fifth example where the first timeslot (timeslot 0) 210 is a circuit
switched timeslot. In the fifth example, the first timeslot of the uplink frame 204
coincides with the fourth timeslot (timeslot 3) 213 of the downlink frame 202 and
the reception-to-transmission transition occurs during the third timesiot (timeslot
2) 212 in the downlink frame 202. The lowest numbered timeslot where the
access terminal will transmit during the corresponding uplink frame 204 is the
first timeslot (timeslot 0) 220. Therefore, the one timeslot greater than the lowest
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frame 204 coincides with the fourth timeslot (timeslot 3) 213 of the downlink
frame 202 and the reception-to-transmission transition occurs during thé third
timeslot (timeslot 2) 214 in the downlink frame 202. The lowest numbered
timeslot where the access terminal will transmit during the corresponding uplink
frame is the first timeslot (timeslot 0) 220. One timeslot greater than the lowest
uplink transmission timeslot is timeslot 1 211 (B(X) +1) = timeslot 1). In
accordance with the exemplary monitoring technique the assigned PDCH
timeslots are monitored up to one timeslot greater than the lowest numbered

transmission timeslot unless that timeslot is a circuit switched timeslot. Since
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theheteption-to-transmission transition occurs during the third timeslot (timeslot

[0046]

2) 214 in the downlink frame 202. The lowest numbered timeslot where the
access terminal will transmit during the corresponding uplink frame 204 is the
first timeslot (timeslot 0) 220. Therefore, the one timeslot greater than the lowest
uplink transmission timeslot is timesiot 1 211 (B(X) +1) = timeslot #1). In
accordance with the exemplary monitoring technique, the assigned PDCH
timeslots are monitored up to one timeslot greater than the lowest numbered
transmission timeslot. Accordingly, applying the USF monitoring technique of
the exemplary embodiment, the USF is monitored in the second timeslot
(timeslot 1).
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timeslot 2). In accordance with the exemplary monitoring technique, the
assigned PDCH timeslots are monitored up to one timeslot greater than the
lowest numbered transmission timeslot. Accordingly, applying the USF
monitoring technique of the exemplary embodiment, the USF is monitored in the
first timeslot (timeslot 0) 210 and the third timeslot (timeslot 2) 212.

[0049] Those of skill in the art would understand that information and signals
may be represented using any of a variety of different technologies and
techniques. For example, data, instructions, commands, information, signals,
bits, symbols, and chips that may be referenced throughout the above
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nunbered transm ssion tinmeslot. Accordingly, applying

the USF nonitoring techni quasof the exenplary
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diesiets hariwaredicsaporsarits her anncompiradionthé eod nltaenj;ned to perform
theeI ?Sr%c{h%ﬂlscdggérgb\/\e%r %ereln A general purpose processor may be a
microprocessor, but in the alternative, the processor may be any conventional
processor, controller, microcontroller, or state machine. A processor may aiso
be implemented as a combination of computing devices, e.g., a combination of
a DSP and a microprocessor, a plurality of microprocessors, one or more
microprocessors in conjunction with a DSP core, or any other such
configuration.

[0052] The steps of a method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly in hardware, in a
software module executed by a processor, or in a combination of the two. A

software module may reside in RAM memory, flash memory, ROM memory,
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illustrate this interchangeability of hardware and
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or algorithmdescribed in connection with
primdiplds madtrovel atuesdliselosehheargin.oe enbodi ed di rect I y
in hardware, in a software nodul e executed by a
processor, or in a conbination of the two. A software
nodul e may reside in RAM nenory, flash nmenory, ROM
menory, EPROM nenory, EEPROM nenory, registers, hard
di sk, a renovable disk, a CO-ROM or any other form of
storage nedium known in the art. An exenplary storage
mediumis coupled to the processor such the processor
can read information from and wite information to,
the storage nedium In the



alternative, the storage nediummy be integral to the
processor. The processor and the storage nedi um nay
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user termnal. The previous idescription of the
di scl osed enbodi nents is provided to enabl e any person
skilled in the art to mak e the present
i nvention. Various nodifications to these enbodi nents
Wiiak s dlainmedid: | y apparent to those skilled in the art,
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applied to other enbodi ments w thout departing from
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nunbered downlink tinmeslot is one tinmeslot greater
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20t heAhsoddn abeomiahed with @apen dﬂnﬂ%r\doh’fpri%'i
further conprising: determning t | owest nunber ed

t r and@tesvining dpei lewest rmiknereds Hanmtomwﬂmkefmeslﬁé as a

3! R e SRS P SR e n e

c@rce:s}mim@umﬁwwm fmﬁh,e. further conprising:
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3. A method in accordance with claim 2, further comprising:

determining whether one timeslot greater than the lowest numbered
transmission timeslot is a circuit switched timeslot;

setting the maximum numbered downlink timeslot equal to one timesiot
greater than a timeslot number corresponding to the lowest numbered
transmission uplink timeslot if the one timeslot greater than the lowest
numbered transmission timeslot is a circuit switched timesiot; and

setting the maximum numbered downlink timeslot equal to another
timeslot number corresponding to the lowest numbered transmission uplink
timeslot if the one timeslot greater than the lowest numbered transmission
timeslot is not a circuit switched timeslot.



transm ssion tineslot is a circuit swtched tineslot;
setting the maxi mum nunbered downlink tineslot equal
W 2006029223 mesl ot greater than a tinesl ot nunmbePCT/US2006/008765
corresponding to the | owest nunbered transm ssion
uplink tineslot if the one tineslot greater than the
| owest nunbered transmi ssionl8imeslot is a circuit
switched tinmeslot; and setting the maxi mum nunber ed
4downhi rﬂétﬁdd“'ﬂ%d@orm whiQ R héﬂéWﬂ&hdﬁ%Bﬁﬁé comprises:
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4&&%9&%’5&%h€sl ot.4. A nethod in accordance with claim
3, wherein the nonitoring conprises: nonitoring
downlink tinmeslots to resolve conflicts wthin a 3GPP
5Ts aAnoewrAraivgar tor SnapagiagpauRlinks stetusmaflags ngUSFs) in a
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configured to determ ne the | onest nunbered
transm ssion uplink tinmeslot as a_ | owest nunbered tine
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conflgured t o:
7. An apparatus in accordance with claim 6, further comprising:

a circuit switched time slot identifier configured to determine whether one
timeslot greater than the lowest numbered transmission timeslot is a circuit
switched timeslot; wherein the PDCH USF evaluator is further configured to:

set the maximum numbered downlink timeslot equal to one
timeslot greater than a timeslot number corresponding to the lowest
numbered transmission uplink timeslot if the one timeslot greater than the
lowest numbered transmission timeslot is a circuit switched timeslot, and

to set the maximum numbered downlink timeslot equal to another
timeslot number corresponding to the lowest numbered transmission
uplink timesiot if the one timeslot greater than the lowest numbered

transmission timeslot is not a circuit switched timeslot.
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10. A program product in accordance with claim 9, computer-executable
logic contained further configured for causing the following computer-executed
step to occur:

determining the lowest numbered transmission uplink timeslot as a
lowest numbered time slot over which an access terminal will transmit in the
corresponding uplink TDMA frame.

11. A program product in accordance with claim 10, computer-executable
logic contained further configured for causing the following computer-executed
steps to occur:

determining whether one timeslot greater than the lowest numbered
transmission timeslot is a circuit switched timeslot;



11. A program product in accordance with claim 10,
conput er - execut abl e 1 ogi c contai ned further configured
wo 0006099285 Nng t he foll owi ng conput er - execut ed SPEPES1006/008765
occur: determ ni ng whet her one tinmeslot greater than
the | owest nunbered transm ssion tineslot is a circuit
switched tineslot;setting th&0maxi mum nunber ed
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resolve conflicts within a 3GPP TS 44. 060 st andar d.

timeslotis apha clevisswichehHawSIY: upl i nk status fl ags
(USFs) in a communi cation system the apparatus
conprising: a nonitoring neans for nonitoring downlink
12i ned\ programnt propackiet actadrdantsamitdl daiPDTHs)hdrein iH8Rnonitoring
froma first downlink timeslot to a maxi mum nunber ed
CABRASFRK ti mesl ot nunbered within a downlink tine
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44 adestaadandansmi ssion uplink timeslot in a
correspondi ng uplink TDVA franme if a second | owest
nunbered uplink tineslot is a circuit swtched

18i meginot agyaratser firn inaeagimg nuplinkunbienes deys! i(USFs) in a
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commpEHeRtian siedoms theoapRaily AMPESIAG: wi se; and
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access (TDMA) frame, wherein the maximum numbered downlink timeslot is a
lowest numbered transmission uplink timeslot in a corresponding uplink TDMA
fréme if a second lowest numbered uplink timeslot is a circuit switched timeslot
and wherein the maximum numbered downlink timeslot is one timeslot greater
than the lowest numbered transmission timeslot, otherwise; and

identifying means for identifying the lowest numbered transmission
uplink timeslot as a lowest numbered time slot over which an access terminal
will transmit in the corresponding uplink TDMA frame.
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monitors downlink timeslots to resolve conflicts within a 3GPP TS 44.060

standard.

16. A method for allocating uplink resources for a mobile station, the method
comprising:

monitoring downlink timeslots for uplink status flags (USFs), wherein the
monitoring is performed from a first downlink timeslot to a maximum downlink
timeslot within a time division multiple access (TDMA) frame;

determining uplink timeslots for transmission based upon the USFs; and

scheduling data for transmission on the uplink timeslots.

17. The method of claim 16, wherein the maximum downlink timeslot is
determined based upon the lowest numbered timeslot over which the mobile

station is going to transmit within the TDMA frame.



