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System (UMIS) network that inplenments WCDMA and a GSM

network. Each wirel ess network typically includes many
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networks. These wireless networks may also utilize various radio access technologies
(RATs) such as Wideband-CDMA (W-CDMA), cdma2000, Global System for Mobile
Communications (GSM), and so on, which are known in the art.

[0004] A terminal may be capable of communicating with multiple wireless
networks such as a Universal Mobile Telecommunication System (UMTS) network that
implements W-CDMA and a GSM network. Each wireless network typically includes
many cells, where the term “cell” can refer to a base station or the coverage area of the
base station, depending on the context in which the term is used. The terminal typically
communicates with a serving cell in only one wireless network at any given moment but
may periodically make measurements for cells in the other wireless network. The cell
measurements may include measurements for received signal strength, frequency,
timing, and identity of the cells. The cell measurements allow the terminal to ascertain

whether any cell in the other wireless network is better than the current serving cell. If a
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indicates gaps in transmission, or transmission gaps, that allow the terminal to make
measurements for neighbor cells in the compressed mode.

[0008] In an embodiment, the terminal makes received signal strength indicator
(RSSI) measurements for the GSM cells in the monitored set using multiple ones of the
allocated transmission gap pattern sequences, e.g., using GAP1, GAP2 and GAP3. The
terminal then identifies the base transceiver station identity code (BSIC) for at least one
GSM cell, e.g., the 8 strongest GSM cells. For the BSIC identification, the terminal
may initially detect for a tone on a frequency correction channel (FCCH) from each

GSM cell using multiple transmission gap pattern sequences, e.g., using GAP2 and



al l ocated transm ssion gap pattern sequences, e.d.,
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[0017]  FIG. 6B shows transmission gaps available with GAP1, GAP2 and GAP3.

[0018] FIG. 7A shows alignment of transmission gaps in GAP2 to GSM frames.
[0019]  FIG. 7B shows alignment of transmission gaps in GAP2 and GAP3 to GSM

frames.
[0020] FIG. 8 shows a process for measuring and reporting GSM cells.
[0021] FIG. 9 shows a block diagram of a base station and a terminal.

DETAILED DESCRIPTION
[0022] The word “exemplary” is used herein to mean “serving as an example,
instance, or illustration.” Any embodiment or design described herein as “exemplary”
is not necessarily to be construed as preferred or advantageous over other embodiments

or designs.



[0020] FIG 8 shows a process for neasuring and
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f@gﬂ]ﬁﬁ]ﬁ"@g{l]é tlw ggyerage area of the UMTS network. A radio network controller

(RNC) 124 couples to base stations 122 and provides coordination and control for these

base stations. RNC 124 communicates with BSC 114 to support inter-working between
the GSM and UMTS networks.

[0026] A multi-mode terminal 150 (e.g., a dual-mode cellular phone) can
communicate with GSM network 110 and UMTS network 120, typically with one
wireless network at any given moment. This capability allows a user to obtain the
performance advantages of UMTS and the coverage benefits of GSM with the same
terminal. Terminal 150 may be fixed or mobile and may also be called a user

equipment (UE), a mobile station (MS), a mobile equipment (ME), and so on. Terminal



termnals within the coverage area of the UMIS

network. A radio network controller (RNC) 124 couples
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common control channel (CCCH). The FCCH carries a tone that allows the terminals to

obtain frequency and coarse timing information for the GSM cell transmitting the
FCCH. The FCCH is sent in GSM frames 0, 10, 20, 30 and 40 of each 51-frame
multiframe. The SCH carries (1) a reduced GSM frame number (RFN) that is used by
the terminals to synchronize their timing and frame numbering and (2) a BSIC that
identifies the GSM cell transmitting the SCH. The SCH is sent in GSM frames 1, 11,
21, 31 and 41 of each 51-frame multiframe. The BCCH carries system information and
is sent in GSM frames 2, 3, 4 and 5 of each 51-frame multiframe. The CCCH carries

control information and is also used to implement a paging channel (PCH), which
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measurements for GSM neighbor cells, terminal 150 may need to tune its RF receiver

away from a UMTS serving cell. While tuned away, terminal 150 is not able to receive
data from or transmit data to the UMTS serving cell. UMTS provides a mechanism to
allow terminal 150 to make measurements for GSM cells without losing data from the
UMTS network.

[0034]  UMTS supports a compressed mode on the downlink. In the compressed
mode, the UMTS serving cell transmits data to terminal 150 during only a portion of a

radio frame, which then creates a transmission gap in the remaining portion of the
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pattern 2 (1 to 144 frames).

The compressed mode is described in documents 3GPP TS 25.212 (section 4.4), 25.213

(sections 5.2.1 and 5.2.2), and 25.215 (section 6.1), all of which are publicly available.

[0036] FIG. 5 shows an exemplary process 500 for measuring GSM cells in
accordance with 3GPP TS 25.133. Terminal 150 may perform process 500, for
example, during a voice call with UMTS network 120. Terminal 150 obtains from
UMTS network 120 a monitored set with up to 32 GSM neighbor cells and up to 64
UMTS cells. UMTS network 120 may request terminal 150 to measure the GSM cells
with BSIC verified. In this case, terminal 150 measures the received signal strength for
the GSM cells in the monitored set and obtains a set of RSSI measurements for these

GSM cells (block 510). The RSSI measurements may be made using a transmission



transm ssion gap slot in the transm ssion gap pattern

(slot 1 to 14). TGl (transm ssion gap length 1) -
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transm ssion gap pattern ( 180 14 slots). TG.2

(transm ssion gap length 2) - the duration of the
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10 i s descrl be bel ow.
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[9%39] TeUMTw%Ine‘lI\ES’@k tlﬁ%mrQVd@StGAPbsGARa aB@l@L\B?o fQIpth@ purposes of
\e;%strﬁfe ES%%&?%&&%S%ﬁk% | ca o%,agles%eé:tlvely, if
taﬁ’ﬂﬁairrﬁﬂdreqﬁlrm ca@npressed maedel OUMBP nBﬁidrE leOS’@pIMQIE}C Provides all
three IaAPs at the same time, e.g., at the start of a voice call. UMTS network 120 may
define GAP1, GAP2 and GAP3 in various manners.
[0040] FIG. 6A shows an exemplary set of GAP1, GAP2 and GAP3 that may be
provided to terminal 150. Table 1 lists the parameters for this exemplary set of GAPI,
GAP2 and GAP3. In Table 1, transmission gap measurement purpose (TGMP) of 2, 3
and 4 correspond to GAP1, GAP2 and GAP3, respectively. Each GAP has an infinite
duration, which is denoted by a value of 0 for TGPRC (not shown in Table 1). GAP1
starts at connection frame number (TGCFN) n, GAP2 starts at connection frame number
n+2, and GAP3 starts at connection frame number n+6. In general, the TGCEN for each
GAP is chosen in such that (1) transmission gaps from two different GAPs do not




purpose of "GSMinitial BSIC identification", which is

called GAP2. The BSIC identification in block 520 is
wabhew/odereri bed in detail below. Term nal 150 PCT/US2006/031729

periodically re-confirms the 8SIC of each identified

GSM cel I (bl ock 530). The BSIC reconfirmati on may be

performed using a transm Ssion gap pattern sequence
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dndahes trivssaiisiomggp gadtetnesequénses from UMTS network 120. Each of the three

tasks may be performed as described below.

[0044] Terminal 150 first performs RSSI measurement in block 510 for all GSM

cells in the monitored set and obtains a set of RSSI measurements for these GSM cells.

Terminal 150 is required to take at least 3 RSSI samples for each GSM cell and to filter/

average these RSSI samples to obtain an RSSI measurement for that GSM cell. Each
RSSI sample is a power measurement for one RF channel of one GSM cell. The power
measurement may be made in any GSM frame. Terminal 150 spaces the RSSI samples
for each GSM cell as far apart in time as possible. This may be achieved, for example,
by cycling through the GSM cells in the monitored set three times and taking one RSSI
sample for each GSM cell in each cycle through the monitored set. Terminal 150 is



omtted by setting TGD to 270 slots. The transm ssion
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RSSI neasurenment. The nunber of GSM cel Is and the
UMTS network 120 for different purposes. Terminal 150 is not able to use GAP2 and

GAP3 for the intended purposes of BSIC identification and BSIC re-confirmation,

._l

respectively, until after the initial set of RSSI measurements has been obtained. Hence,
terminal 150 can efficiently utilize GAP2 and GAP3 as well as GAP1 to complete the
initial set of RSSI measurements in a shorter time period.

[0048] FIG. 6B shows the transmission gaps available for making RSSI
measurements using all three transmission gap pattern sequences GAP1, GAP2 and
GAP3. As shown in FIG. 6B, GAP1, GAP2 and GAP3 provide terminal 150 with three
times the number of transmission gaps for making RSSI measurements. Hence,
terminal 150 may be able to complete the initial set of RSSI measurements in

approximately one third of the time required by the conventional method with only



transm ssion gap duration are typically determ ned by

UMTS network 120. The nunber of transm ssion gaps
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telbm 1H8Gommse thipning nformation allesvsdrmmipilel Wetocascortaan (to within one

?.&?\X %ame) when the SCH for GSM cell x is transmitted. Terminal 150 may then
decode the SCH for GSM cell x in the next transmission gap that aligns with the SCH.

[0052] For step 1, the first transmission gap used for tone detection may start
anywhere within the 51-frame multiframe shown in FIG. 3. If the first transmission gap
happens to overlap the FCCH for GSM cell x, then terminal 150 can detect the tone for
GSM cell x in one transmission gap. However, if the first transmission gap is not
aligned with the FCCH for GSM cell x, then terminal 150 may require one or more
additional transmission gaps in order to detect the tone on the FCCH.

[0053] FIG. 7A shows the alignment of the transmission gaps in GAP2 to the GSM
frames in a 51-frame multiframe for different frame offsets. A frame offset of i GSM
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transmission gaps available from just GAP2, as illustrated by FIGS. 7A and 7B. FIG.

7B also shows the transmission gaps for GAP2 and GAP3 overlapping different GSM

frames for different frame offsets.

[0058]  Table 3 gives the number of transmission gaps needed for tone detection for
GSM cell x using the transmission gaps in GAP2 and GAP3. Two rows are provided in
Table 3 for GAP2 and GAP3 for each different frame offset. Each row gives the GSM



Table 2. In Table 2, a frane offset of 10 may be
encountered if the first transm ssion gap is aligned
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frame 30. Table 2 indicates that termnal 150 requires
approximately 6 transni ssion _gaps on average to detect
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on. Table 3 - Tone detection with GAP2 and GAP3[ 0059]
Table 3 indicates the transm ssion gap and the GAP in
wohoa2tine t one can be detected for each diffeprPemtus2006/031729
frame offset, which is shownldith grey shadi ng. For

exanpl e, term nal 150 can detect the tone on the FCCH

08551, T Safisties B RE PN R AR ISSTAR T A e can be
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FEBE op 158 Hbodo o bR R Bk el BBt 2P ebingin Table 3.
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mepdses. MiB&h Cnibdeinidnt,| teahingINl I0Np&tdids JTHNMBESIind B8ing GAP2 and
exanpl e, term nal 150 may perform tone detection and

%@Pﬁdé@@ﬁﬂh@r ?randi@egfaﬁ@mmé@ﬁwgfpms §§b{ depdingsing all three

SBRGRD2 R 15T, WSS KT il o
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measyrin portjng . GSM cel | s.

lbﬁ%ﬁ al | 9&1[151%9%1]; OBy 2150 PSHPHER %Sg&é ieiificationins etheyymappers. For
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al sO obtains at |east two transm ssion gap p
twegunesivasgape . The, SCARlecodiapDesfhatn@eP3ay be ddghdet diterminal 150

dOEERSHAVE ?requency and coarse timing information.

[0063]  FIG. 8 shows a process 800 performed by terminal 150 for measuring and
reporting GSM cells. Initially, terminal 150 obtains a monitored set with GSM cells
and/or UMTS cells (block 812). Terminal 150 also obtains at least two transmission
gap pattern sequences (e.g., GAP1, GAP2 and GAP3) for different measurement
purposes (block 814). Terminal 150 makes RSSI measurements for the GSM cells in
the monitored set using multiple ones of the allocated transmission gap pattern
sequences (e.g., using all three GAP1, GAP2 and GAP3) and obtains an initial set of
RSSI measurements (block 816).

[0064] Terminal 150 then performs BSIC identification for at least one GSM cell,
e.g., the 8 strongest GSM cells (block 820). For the BSIC identification, terminal 150



pur poses (bl ock 814). Term nal 150 nakes RSSI

nmeasurenents for the GSMcells in the nonitored set
waoorg2mmbti pl e ones of the allocated transm SBCOUSYBPE/031729
pattern sequences (e.g., usifdg all three GAPlI, GAP2

and GAP3) and obtains an initial set of RSSI

R TR KL Sl e
t F
ﬁﬁ}s{mssgmggagé% ‘| iciq{eheébga é ugﬁ%"g; 15 per or :fgsl%tg lgﬁ?éz) Ferminal

he BSI C1 Ion, Term
B deni parforms 3¢ deshding | by $he @M reeti(s) tuspigenmitgde hes of the

858 LAY Sabb R S50 ed8 RE S I Rra otk 120,
T @50 edpahts SeHddemrd i aEMcen(sf Modi&ddss el | (s) using

multiple ones of the allocated transm ssSion gap
[9863]er n Adteq dleninitial r@ogtlng, WEYIRG nerwrark R0 IQAPBrt(nbh‘romlformatlon to

G GHE1 56 oty BRIy ol 105 BT bk o ERiG. Larigay then

peefor@r RSP Gndagsrepent, IBBIO idenfifdatioh] and tBEItIafHdcdnﬁh@ihﬂ@H in the
150 over to GSM network 110, if needed. Term nal 150

negal papnsse TempirrlHS8maymestora RIS megsyrement for GSM cells using the

e e e R )

Tesitine | 1156 sy perfarheBSIG idantifsition o GIMtdets nsmgdhkﬁﬁﬁ&mmsmn

PR seqchon ol P iweof st GARA (HoRk B Gspminal 150

B8y perfoted BYICHE- d
S U e 05SSR SRS o e

g
seawance alloqawi f@nﬁupewpgsmﬁa&@&%(biock 834)aﬂ?eumrfabﬂ5@33feﬂy report

BB O i RIS 3 CPhutifl e RE S PHEK 338H)
[0866Ti nam¢59 shays & BIREK idghen bflg Bﬁdefsltaeﬂncﬁb& ?&UM’PS network 120
whenever a reporting event occurs iblock 828) 066]

Fofddermgna Hofs On the dewnlinka gl kase siptien aénaafjmlé ﬁf )Z«Eata precessor
d‘fWi%nﬂ?gm&{%d%szgnﬁl%e{lgM 'ﬁ% &z%x agcgl £ agngihn oWl ¢ My JQTQESO A

base station Fansmi QNS
thodulabs (MEDY @d%hammﬁzesrsp&raﬂg ambue"saﬁﬂd Modidhtas ﬁfecbutput of TX

nal i n Qr term 150. A _nodul ator (MOD) 914
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[0067] At terminal 150, an antenna 952 receives the downlink signals from base

station 122x and other base stations in the GSM and UMTS networks. Antenna 952

provides a received signal to a receiver (RCVR) 954. Receiver 954 conditions (e.g.,
filters, amplifies, frequency downconverts, and digitizes) the received signal to obtain
input samples. A demodulator (DEMOD) 956 descrambles, dechannelizes/despreads,
and demodulates the input samples and provides symbol estimates, which are estimates
of the data symbols transmitted by base station 122x. A receive (RX) data processor
958 deinterleaves and decodes the symbol estimates, checks the received packets, and

provides decoded data. The processing by demodulator 956 and RX data processor 958



downl i nk signal, which is transmtted via an antenna

918. [0067] At term nal 150, an antenna 952 receives

woOher7dorml i nk signals frombase station 122x ardTaShms/031729

base stations in the GSM and IOMI'S net wor ks. Ant enna
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ram co ase st.ation
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800 in FIG for cell measurenent.

ashbCH|deeedipg toe BSHr 1@noﬁ¢3é@eua»ué gefmﬁnmﬁ'pﬂb rTé@pns@ﬁnpletmg the

e?g?lng%ﬁﬁ%l‘er? € Ca\%loe‘gh g&s Euoﬁ Ihggfeer br'0€ éss or® g%#)ﬁeq Tocessor 970

gineedssa messtitantint Spdritadd BEde theRp okt eﬂEMlss heatvofESIO0.
cells at tinme intervals determned thetransmssmn
B33 i n Fhsecedl mysastrenenty ieakn pEAVids, yarious advantages.

FirAUHGEchni @Stﬁa %&Jstaﬁﬁﬂﬁ“f ﬂgﬁlr}éBW%ftﬁie fakd to measure

measur enent tecti'on
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i dent i,on and re-confirmation letin
biEe ol phoeRle i aRiantd el B g Rererecs: FERBERRG ‘R uess: GSM
bélist thh @ Beri@ehtiff@ntaket hisihs RhAGERS@insthi&i e BaY Uﬁ/ﬁt@e‘i'n &equences, as
_ measurenent report and sends the report to

descipgcdkabppe. This allows the terminal to report the GSM cells sooner, which allows
the terminal to be handover to the GSM network faster. The faster handover may
reduce the likelihood of dropped call and may improve call reliability.
[0072] Second, network capacity may be improved for the UMTS network by better
utilization of the allocated transmission gap pattern sequences. Conventionally, the
transmission gaps in GAP2 and GAP3 are not used until the initial set of RSSI
measurements is obtained. Furthermore, the transmission gaps in GAP3 are not used

until the BSICs for the strongest GSM cells are identified. These unused transmission

gaps result in a waste of network resources since data may have been sent during these



[0071] The cell neasurenent techniques described

provi de various advantages. First, the techni ques may
weubwtoaniial | y reduce the anobunt of tinme neede#CTWS2006/031729
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sur Qener
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capacity. 00;%1 For  clarit the cel | measur enent
PSP FIRAS, hel e Wi e BipRse | GRS aflpojromiss gpith dgsigrnd tspprform the
ﬁﬁaldﬂw\%cﬁ%m&%ﬁl Jb@&ﬁbl guge ey al so be used
or ot her types of network Ich may inplenment other
[ODFH, TEMAa Fidvisarcaardy ar saftvlmafe 1R§T63nen@£ﬁ)ﬁ4]theﬂn®hmqhbs may be

nt t echni ques desc i bed. herein
R BimipSoli 8, PRl iRt & gL at perform the
fuRetis A1E8SH¥aYhdREini MPhE RBAWEE ddded %éé"‘@é &tordd Erﬂ%ﬁl%nory (e.g.,
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mempPBAIALEFIGN9) alﬁeexemﬁ@bbcsa n@cawot &-giserdeaseonfi0).oThe memory

thin one or nore
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departing from the spirit or scope of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein but is to be accorded the widest

scope consistent with the principles and novel features disclosed herein.

[0077] WHAT IS CLAIMED IS:



functions described herein, or a conbination thereof.
[0075] For a firmmare and/ or software inplenentation,
woOheo7ioezinni ques may be i npl emented w t h nodul eBCTAISZ06/031729
procedures, functions, and sd9on) that performthe
functions descri bed herein. The software codes may be
stored in a nenory (e.g., nenory 972 in FIG 9) and
executed by a processor (&GAIMBocessor 970). The
menory may be inplemented within the processor or
external to the processor [0076] The previous
descriptio ylg d enbodi nents is provided
to enabl e ‘an person |IIed in the art to make or use
t he patdsmshond me&ssmrmmnﬁmed ¢o sbiabdatfleash two trensnussitie ggp pattern
enbodi nent be readi | arent. to those.s
FAE B of I praenarL PP Bt TR e Ly g strength
1H§iﬁéat'8? (RBSY i BhshRmRhidSor ABRABM Mk SusiMet 1A Wt 16H80AYJ | hﬁﬂsmlssmn
fromthe spirit or scope of the |nvent|on Thus, the
gﬁpe@&nmseqwnca,emdls not intended to be limted to the
enbodi nents sho but is to be accorded the
Wi des%mglglégﬁlecoélgﬁglt%ﬁ’grﬁt Teasﬁ%letpﬁ%ceﬁsf nei pl es and novel
features disclosed herein. [0077] WHAT IS CLAI MED
| S: CLAIM5S 1. An apparatus conprisin at | east one
procedsor Eisheprfiates of slamt hi Wherein 8’&3@" Jeagt two transmission gap
e
FAGHT TR BABss L e RINANE P Mol ool YR purpose of
‘SGSMngatrhen RABE ateasurdrRSH™) and a secamdetrisnfissionn gapy pbitern  sequence

| s usi twp. tr.ansm ssion gap pattern
BEWB%%qu&%ﬁﬁémH@rﬁ&? deripIcaio o the at Ieast one
processor. 2. The apparatus of claim1, wherein the at

| east two transm ssion gap pattern sequences conprl se
a fi r3t trims apwsat@m ofjapripal t whercgethgericleasti tvie pamspusson gap

oo LRtk Gt AR e Wiitof FRGERL yith awgpose of

TESM @i REBT Medtuidnien@d’] 8Recond. trahdMisRioRagapt pastef sequence with
claim1, wherein the at |east two transm ssion gap

papeserof SGGMemital Bl idegtifiationr send p oAtk taFwissgapeap pattern
RELLELASIRRES UGS BUIPRSGefi M car | er RS

asuremne secon ransm ssion gap pattern
sequence W th purpose of "GSMinitial BSIC "
| dent I f ' caf llleorllppargtr&g gf c alngld 1t ; ne?g]nstsne gi’ealg’c po%%t grrogessor is
configured to perform base transceiver station identity code (BSIC) identification for at
least one GSM cell using multiple ones of the at least two transmission gap pattern

sequences.

5. The apparatus of claim 3, wherein the at least one processor is
configured to perform base transceiver station identity code (BSIC) identification for at
least one GSM cell using at least the second and third transmission gap pattern

sequences.

6. The apparatus of claim 3, wherein the at least one processor is
configured to perform tone detection for at least one GSM cell using at least the second

and third transmission gap pattern sequences.
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sequences.

11. A method comprising:

obtaining at least two transmission gap pattern sequences for at least two
measurement purposes; and

making received signal strength indicator (RSSI) measurements for neighbor

cells using the at least two transmission gap pattern sequences.

12.  The method of claim 11, further comprising:
performing base transceiver station identity code (BSIC) identification for at
least one GSM cell using multiple ones of the at least two transmission gap pattern

sequences.
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and wherein the RSSI neasurenents are made using the

first, second, and third transni ssion gap pattern
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16.  The apparatus of claim 15, further comprising:
means for performing base transceiver station identity code (BSIC)
identification for at least one GSM cell using multiple ones of the at least two

transmission gap pattern sequences.

17.  The apparatus of claim 15, wherein the means for obtaining the at least
two transmission gap pattern sequences comprises

means for obtaining a first transmission gap pattern sequence with purpose of
“GSM carrier RSSI measurements”, a second transmission gap pattern sequence with
purpose of “GSM initial BSIC identification”, and a third transmission gap pattern
sequence with purpose of “GSM BSIC re-confirmation”, and wherein the RSSI
measurements are made using the first, second, and third transmission gap pattern

sequences.
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21.  The processor readable media of claim 19, and further for storing
instructions operable to: '

obtain a first transmission gap pattern sequence with purpose of “GSM carrier
RSSI measurements”, a second transmission gap pattern sequence with purpose of
“GSM initial BSIC identification”, and a third transmission gap pattern sequence with
purpose of “GSM BSIC re-confirmation” for the at least two transmission gap pattern
sequences, and

make the RSSI measurements using the first, second, and third transmission gap

pattern sequences.

22.  The processor readable media of claim 21, and further for storing

instructions operable to:
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