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IMPROVEMENTS IN DOWNLINK OBSERVED TIME DIFFERENCE 

MEASUREMENTS 

This application is a continuation-in-part ofU.S. Serial No. 09/131, 150 (Attorney 

5 Docket No. 34645-423) filed on August 7, 1998. 

FIELD OF THE INVENTION 

The invention relates generallyto locatingtheposition of amobilecommunication 

unit in a wireless communication network and, more particularly, to making downlink 

10 observed time difference measurements. 

BACKGROUND OF THE INVENTION 

The ability to locate the position ofamobilecommunication unit operating in a 

wireless communication system(foreX:ample, a cellular communication system) provides 

15 many well known advantages. Ex:em.plaryuses of such position location capability include 

security applications, emergency response applications, and travel guidance applications. 

Severalknowntechniquesforprovidingpositionlocationinvolve1hemeasurementof certain 

characteristics of communication signals, such as the time of anival(fOA), the round trip 

delay, or the angle of arrival of a communication signal. Some of these techniques can be 

20 further divided into uplink or downlink approaches. In the uplink category, a base 

transceiver station (BTS)orotherreceiverperfonnsthemeasurernentson communication 

signals originating at a mobile communication unit (or mobile station). In downlink 

approaches, the mobile station performs the measurements on signals originating at base 

transceiver stations or other transmitters. 

25 One exampleofa downlinktechniquefor Iocatingth.eposition of amobilestation 

istheobservedtimedifference(OTD)technique. 'Ibi5tecbniquewillnowbedescribedwith 

respect to the Global System for Mobile COinmunication·(GSM), which is exemplary of a 

cellular communication system in whichdownlinkobservedtime difference techniques are 
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applicable. The01Dtechnique is implemented, for example, by having the mobile station 

measure the time difference betWeenarrival times of selected:radiosignals transmitted from 

ditferentbasetransceiverstations. Assumingthe geometry showninFIGURE 1, and further 

assumingthattwo signals are transmitted simultaneously from the base transceiver stations 

5 BTSl andBTS2,andlettingT1 andT2denotethetimesofarrivaloftherespectivesignals 

at the mobile station, then the obseived time difference OTD is given by the following 

equation: 

Tl - T2 = (dl - d2)/c, (Eq. 1) 

where dl and d2 are the respective distances from BTS 1 and BTS2 to the mobile station. 

10 The locations ofB TS 1 and B TS2 are known, and the possible locations of the mobile 

station are described by the hyperbola 15 shown in FIGURE 1. By combining 

measurements from atleastthreebasetransceiverstations, a position estimate forthemobile 

station can be obtained. 

Most conventional cellular communication systems (including GSM systems) are 

15 asynchronous, that is, each basetransceiverstation uses its own internal clockreferenceto 

generate its frame and time slot structure. Therefore, the frame structures of the different 

basetransceiverstations will tend to drift in time relative to one another, because clocks are 

not perfectly stable. Asa consequence, an OTO measurement is notreallymeaningful for 

locating the position of amobilestation unless the differences in timing between the base 

20 transceiver stations being used is known. This difference, often referred to as the real time 

difference or RID, represents the actual difference in absolutetimebetweenthetransmission 

of respective signals (e.g., respective synchronization buists in GSM)from respective base 

transceiverstations, whichsigna]s would betransmitted simultaneously if the frame structures 

of the base transceiver stations were perfectly synchronized. 

25 Among several possible approaches to determine the real time difference RTD 

between base transceiver stations, two conventional examples are: absolutetimestamping 

in therespectivebasetransceiverstations; and use of stationary reference mobiles located 

in known positions. In the latter example, the reference mobile measures downlink signals 

sentfrom various base transceiver stations. Because the respective distances between the 
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various base transceiver stations and tbestationaryreferencemobilestationareknown, the 

expected time difference in arrival timesoftherespectivesignalsfrom the basetransceiver 

stations can be easily calculated. Thereal time difference RTD between base transceiver 

stations issimplythe difference between the expected time difference of arrival and the 

5 obseivedtimedifferenceof anival actually observed atthe reference mobile station. The 

referencemobilestation can periodically make the downlinktimeof arrival measurements 

and report them to amobilelocationnodein thenetworksothatthenetworkcan maintain 

an updated record of the R1Ds. 

Theteclmiquesunderlyingknown O'IDmethods areveJY similarto procedures used 

10 conventionally by mobilestationstosynchronizeto a serving base transceiver station and 

make measurements onanumberof neighboringbasetransceiverstations as instructed by 

the serving cell (as in mobile assisted hand-off operations). The mobile station needs to 

know which base transceiver stations are to be monitored forOTD measurements. This 

information can typically be provided in conventional system infonnation messages 

15 broadcasted in the cell, for example on a GSM cell's BCCH (broadcast control channels) 

frequency. Thissysteminformationtypicallyincludesalistofirequenciesof neighboringcelJs 

which are to be measured. The mobile station scans the designated frequencies to detect 

a frequency correction burat, whichisaneasilyidentifiable burstthatappears approximately 

every 50 ms in GSM. 

20 After successful detection ofafrequencycorrection burst, themobilestation lmows 

that in GSM the next frame will contain asyncbronizationbuISt SB. Thesynchronization 

burst SB contains the Base Station Identity Code(BSIC)andinfotmationindicativeof the 

framenumberofthecurrentframein which thebwstSB is occurring. Themobilestation 

measures thetimeof anival ofthesynchronization burst SB atthemobilestationrelativeto 

25 the timing of mobile station's own serving cell. Sincenowthemobile station knows the 

framestructureoftheneighboringbasetransceiverstationrelativeto its own serving base 

transceiver station timing, itis possibletorepeatthetimeof anivalmeasurements to improve 

accuracy. This procedure is repeated until all frequencies (i.e., allBTS..~)on the list have 

been measured. The observed timediffereneevalues recorded bythe mobile station are 

lliiiir 
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thentransferredtoamobilestationlocationnodeinthecellularsystem, whichnodeperforms 

the position determination based on the observed time difference values, the real time 

difference values and the geographic locations of the base transceiver stations. 

Because the mobile station does notknowwhen thefrequencyrorrection burst(and 

5 thusthefollowingsyncbroni.zation burstSB)will appear,~ brute force method described 

above, namely monitoring for the frequency correction burst, must be used. 

The time required to capture a synchronization burst will depend on the 

measurement mode. OTO measurements can be made, for example, when call setup is 

being perfonned ona GSM SDCCH(Stand-aloneDedicatoo Control Channel), or during 

10 idleftameswhenthemobilestationisincallmode,orduringspeechinterrupt. Forexample, 

ifthemobilestationmakesthemeasurementsincallmode,thenthemobilestationcanonly 

make measurements duringidle~es, whichconventionallyoccurinGSMsystems every 

120 ms. Theprobabilitythata particular synchronization burst will appearwithin the idle 

frame is approximately I in 10, because the synchronization burst conventionally occurs 

15 once every ten frames in GSM. Accordingly, on average, 5 idle frames will be needed, 

meaning 0.6 seconds per base transceiver station. Thus, ifit is desired to measure at least 

6 neighboring base transceiver stations, anaveiagemeasurementtimeof3 or4seconds will 

be required, which may be prohibitively long in many a,pplications. 

The mobile station is guaranteed to have measured the synchronization burst SB if 

20 the mobile station captures and stores all signals (for example, all signals on the BTS's 

BCCH frequency in GSM) for 10 consecutive frames. However, providing the mobile 

station with the memory and computational capacity to capture (and thereafter process) all 

signal infonnation in 1 O consecutive frames is disadvantageously complex. 

Moreover, in areas such as urban areas characteri:t:ed by high interference levels, 

25 and in rural areas with large distances between base transceiver stations, theprobabilityof 

detecting the synchronization burst SB may be unacceptably low, becausethesignals will 

typically be characterized by low signal-to-noise ratios~, 

Due also to the lowsignal-to-ooiseratio, it is typicallyverydifficultto decode the 

BSICinthesynchroniz.ationburstSB. Theprobabilityoftakingghostspikesinsteadofa 
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synchronization burst SB is therefore disadvantageously increasedini~oflowsignal· 

to-noise ratio. 

ForlocatingamobilestationoperatinginanetworlcusingaCodeDivisionMultiple 

Access (CDMA) air interface, one known downlink OTO approach, which has been 

5 proposed for standardization, uses some conventional cell-search signals provided in the 

CDMA network. This known downlink OID approach is also referred to hereinafter as 

the "proposed" approach ortechnique. Examples of conventional mobile communication 

systems that employ a CDMA air interface include so-called Wideband CDMA 

(WCDMA) systems such as the ETSI Universal Mobile Telecommunication System 

10 (UMTS) and the ITU's IMT-2000 System. In such systems. the proposed downlink:OTD 

positioning technique is ped'onned bythemobilestation duringpredetenninedidleperiods 

wherein the mobile station's serving base transceiver station ceases all transmission in order 

toenhancethemobiJestation'sabilitytodetectsignalstransmittedbyneighboringbase 

transceiver stations. Certain signals conventionally provided for cell-searching in the 

15 aforementioned CDMA systems, namely a first search code (FSC) and a second search 

code (SSC), are also used in perfonning downlink OTD positioning. 

Duringtheidleperiod(s)ofitsservingbasetransceiverstation, amobile station uses 

amatchedfilterthatis matched tothefirstsearchcodeFSC,justas is done in conventional 

cell-searching. The FSC is conventionallytransmitted by all basetransceiverstations in 

20 CDMAnetwork:s such as mentioned above. TheFSC is 256 chips long and is transmitted 

byeachbasetransceiverstationonce everytimeslot, thatis, one tenth ofthetime(each time 

slot is 2,560 chips long). Each ray of each base transceiver station within the mobile 

station'shearablerangeresults in a peak in the signal outputfrom tbematchedfilter. In the 

conventional peak detection process, the results from several time slots are typically 

25 oombinednon-coherentlytoimprovethepeakdetection. Jn conventional cell-searching, the 

mobile station typically chooses the strongest detected peak. However, in the proposed 

downlink OTO positioning technique, the time of arrival (TOA)of each detected peak is 

measuredbythemobilestationusingconventional time of arrivalmeasurementtechniques, 
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so the observed time differences (OTDs) between the times of arrival of the respective 

peaks can be calculated. 

Each basetransceiverstationoperatingin the aforementioned CDMAnetworlcs a1so 

conventionally transmits an associated second search code (SSC), which includes a set of 

5 16 codes arranged and transmitted in a certain order. The.16 codes are transmitted. 

sequentially, onecodepertimeslot, and each of the 16 co~ is transmitted simultaneously 

with theFSC transmitted in that timeslot The exemplary conventional CDMA systems 

mentioned above have I 6time slots per frame, sotheentireSSC pattern, including all 16 

codes, is repeated once every frame. The SSC pattern, with its 16 codes arranged in a 

10 certain order, specifies, fro~ among a plurality of possible code groups, a single code group 

associated with the base transceiver station. Each code group includes a plurality of CDMA 

spreading codes, and each base transceiver station uses oneof thespreading codes from 

its associated code group. 

For each basetransceiverstation within heatable range, amobilestation perfonning 

15 · the proposed downlink OTD positioning technique correlates the temporal location of that 

base transceiverstation's FSC peakwith the 16 codes ofits SSC pattern, just as is done 

in conventional cell-searching. This correlating process .typically uses non-coherent 

combining. If the peak is successfully correlated with an SSC pattern, then this correlation 

result indicates the cod~ group associated with the basetransceiverstationthat produced 

20 the FSC peak. 

TheFSCpeaktiming(i.e., themeasured TOAs an4forOTDs)andthecodegroup 

for each detected base transceiver station can then be reported to a mobile location node 

in the network, along with power and quality measurements madeduringthe FSC peak 

detection process and during the FSC-SSC correlation.process. 

25 · The mobile location node already knows the R TDs among the base transceiver 

stations (conventionally obtained from, e.g., absolute time $tamping in the base transceiver 

stations, or a stationary reference mobile station), and thus knows, within a range of 

uncertainty due to the unknown location of the mobile station, when the mobile station 

should have received the FSC peak from any given base transceiver station. Using this 
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known RID information, in combination with the aforementioned peak timing, power and 

qualityinfonnationreceivedfrom the mobile station, themobilelocationnodecan identify 

the base transceiver station corresponding to each FSC peak. For example, if 1he 

locationofthem.obilestationisknownwithina4.Skilometerrangeofuncertainty, thisrange 

5 corresponds to64 chips. If the frame structuretimingofone candidate base transceiver 

stationdiffersftomthatofanothercandidatebasetransceiverstationin.thesamecodegroup 

bymorethanthe64chipuncertainty, then thecorrectoneofthosebasetransceiverstations 

can always be determined. Assuming that the frame structure timing of each base 

transceiverstationisrandom, theprobabilitythatanytwo basetransceiverstations will have 

10 aframestructuretimingdifferencetherebetween(thatis,arealtimedifferenceRID)of64 

chips or less is 64/40,960, because each frameincludes40,960 chips (16timeslots x2560 

chips/timeslot). Thus, theprobabilitythat a peak produced by one basetransceiverstation 

can be distinguished from a peak produced by anotherbasetransceiverstation of the same 

codegroupis99.8%(I-64/40,960). 1heother0.2%ofsituationscanbehandledbymore 

15 advanced schemes, for instancebyusingpowermeasurements and by choosing the base 

transceiverstationthatgivesthebestfitinaconventionallocation-detenniningoost-function. 

Once each FSC peak has been matched to its corresponding base transceiver 

station, the TOAand/orOTDinfonnation can be used, in combination with theknownRTD 

information and the known geographical locations of the base transceiver stations, to 

20 determine the geographical position of the mobile station. 

The proposed downlink OIDpositioningtechniquehas thefollowingex:emplary 

disadvantages. Becausethetimingoftheneighboring(non-serv.ing)basetransceiverstations 

is completely unknown to the mobile station whenitbeginsthedownlink om process, the 

mobile station must perform theFSC-SSCcorrelationprocessingforthe entiretyofits base 

25 transceiver station's idleperiod(s ). Thus, the matched ftlterused in detectingtheFSC peak 

mustdisadvantageouslyoperatefortheentire length of each idle period. Also, because the 

codes in the SSC pattern are different in each timeslot, tbemobilestation must correlate 

with several SSCs, and then save the results for non-coherent combining. This 

disadvantagoously requires additional computation capability and additional memory. 



WOQ0/08886 PCT/SE99/013-22 

-8-

Becauseth.eFSC-SSC correlation processing must sequentially followtheFSC 

peak detection, the acquisition time in the proposed downlink OTD approach can be 

disadvantageously long. AJso, urban areas characterized by high interference levels, and 

rural areas with large distances between basetransceiverstations, can make it difficult, and 

5 sometimes impossible, to detect the FSC and the SSC with sufficient probability. 

An.otherproblemis that the codes associated with differentbasetransceiverstations 

have quitehigh cross-correlations, becausetheFSC codes ai:e all identical and because the 

16 codes of each SSC pattemrepresentasubsetproduced from asetofl 7 unique codes. 

These high cross-correlations do not die out with increased numbers of combined 

10 correlations, because the same codes arerepeatedin every frame. This disadvantageously 

increases the probability that the mobile station may correlate a given FSC peak to the 

wrong SSC pattern, especially if theFSC from a strong base transceiver station arrives 

temporally close to the FSC from a weaker base transceiver station. 

Itisdesirableinviewoftheforegoingtoimprovethe.µiobilestation'sabilitytodetect 

15 downlink signals used in known downlink observed ti111e difference approaches. 

20 

The present invention attempts to overcome the aforementioned disadvantages of 

known downlinkobseivedtimedifferenceapproaches byprovidingforimprovedsensitivity 

in detectingthedownlinkcommunicati.on signals usedformaking observed time difference 

measurements at mobile stations. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGURE I diagrammatically illustrates howthe loC!ltionof a mobile station can be 

determined using downlink observed time difference ~easurements. 

FIGURE 2 is a block diagram of an exemplarywireless communications system 

25 including downlink observed time difference measurement capability according to the 

present invention. 

FIGURE 3 illustrates one example of relative tin;J.ing difference between base 

transceiver stations such as shown in FIGURE 2. 

FIGURE4 illustrates an exemplarytimeslotstructureoftheframes ofFIGURE3. 
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FIGURES illustrates an exemplaryquarterbitstructureofthetimeslotofFIGURE 

4. 

FIGURE 6 illustrates pertinent portions of a mobile station having downlink 

observed time difference measurement capability according to one embodiment of the 

5 present invention. 

FIGURE 7 illustrates how an example downlink monitoring window is detennined 

according to the invention. 

FIGURES illustrates pertinentportions of amobilestationhavingdownlink obseIVed time 

difference measurement capabilities according to further embodiments of the present 

1 O invention. 

DETAILED-DESCRIPTION 

FIGURE 2 illustrates one example of a pertinent portion of a wireless 

communication system including the downlink observed time difference measurement 

15 capability according to the present invention. The invention is implemented in a GSM 

networkintheexampleofFIGURE2. As showninFIGURE2, a GSMmobileswitching 

center MSC is coupled for communication with a plurality of GSM base station controllers 

BSCs, which are in tum Coupled to communicate with oneormoreGSMbasetransceiver 

stations BTSs. The base transceiver stations arecapableof radio communication with a 

20 pluralityofinobilestations MSsvia the airinterface. Communicationfrom the MSC to the 

MSs via the BSCs and the BTSs is well known in the art. 

FIGURE2alsoincludesamobilelocationcenterMLCcoupledtocommunicate 

bidirectionallywith themobileswitcbing center MSC using conventional GSM signaling 

protocol. lnFIGURE2, theMLCcanreceivearequesttolocatetbepositionofamobile 

25 station MS 1. Such arequestistypicallyreceived from a location application2 l coupled 

to communicate with the MLC. The location application 21 can be a node within the 

network itself, or an external location application. Inresponsetotherequestto locate the 

position of mobile station MS 1, theMLC interrogates the-n~rk:to thereby detenninethe 
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seiving BTS23 (i.e., the seivingGSM cell), and decides whichBTSs should be selected 

for the downlink obseived time difference rneasiirements. 

TheMLC can then generate a positioningrequestmessageformobilestationMS I, 

indicating the frequencies and BSICs (theBSICs are conventionally availableinnetworks 

5 such as the GSM network) of the base transceiver stations selected to be monitored, and 

therealtimedifferencesRTDsbetweentheseivingBTSandeachoftheselectedBTSs. 

Thepositioningrequestmessagecanbecommunicated from theMLC to MS I via MSC, 

BSC21,BTS23, and theairinterfacebetweenBTS23 andMSl. BecauseMSl knows 

when synchronization bursts will arrive from its ownservingBTS, MS I canusetheR TD 

10 infonnation to calculate1:1.pproximately when synchronization bursts will arrive from the 

selected neighboring BTSs. This will be described in more detail hereinafter. 

The aforementioned infonnationcan also be sentto MS 1 as a dedicated message 

· during, for example call setup. Moreover, the aforementioned infonnationcan also be sent 

to MS I periodically on a broadcast control channel as asystem information message. The 

15 · RTDs can be calculated by the MLC using OTD information received from a reference 

mobile station, as described hereinabove, or the RTDs can be provided totheMLC using 

other conventional techniques. 

FIGURES 3~5 illustratetheconceptof rea1 timedifferelices among basetransceiver 

stations in GSM networks such as the example GSM network portion of FIGURE 2. 

20 FIGURE3illustratestherealtimedifferencebetweentheframestructuretimingof 

a pairofbasetransceiverstations designated in FIGURE3 as BTS2andBTS1. In GSM, 

the TDMAframesusedhythe base transceiver stations are numbered in arepetitive cyclic 

pattern, eachcycle(also called a hyperframe) including2, 715,648 frames numbered as 

frame0throughftame2,715,647. IntheexampleofFIGURE3,frameOofBTSl timewise 

25 overlaps with frame 828 of BTS2. 

ReferringnowtoFIGURE4,eachTDMAframeinGSMisdividedintoeighttime 

slots TS, numbered time slot O through time slot 7. As shQwn in FIGURE 5, each GSM 

timeslotisfurtherdivided into 625 quarter bits QB, so that during each timeslot a total of 

625/4=156.25bitsaretransniitted. TherealtimedifferenceRTDbetweenBTS2andBT1 
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is thus conventionally expressed as the triplet (FND, TND, QND), whereinFND is the 

difference(FN2-FN1) between the TD MA frame numbers ofBTS2 andBTSl, TNDis 

thedifference(TN2-TNI)betweenthetimeslotnumbersofBTS2andBTSI,andQND 

is the difference (QN2-QN1) between the quarter bit numbers ofBTS2andBTS1. For 

5 example, withreferenceto FIGURES 3-5, if quarterbitOoftimeslotO offrame 0 ofBTS l 

isalignedintimewithquarterbit37oftimeslot6offrame828ofBTS2,thentherealtime 

differenceRTD between BTS2andBTS1 is given bythetriplet(FN2-FN1, TN2-TNl, 

QN2-QN1), whereFN2, TN2and QN2 are the frame number, timeslot number and 

quarterbitnumberofBTS2,andFNI, TNI andQNI arethesameparametersofBTSl. 

10 Thus, the triplet is (828 - 0, 6 - 0, 37 - 0), or simply (828, 6, 37). 

When the mobile station MS 1 receives from MLC thereal time difference RTD 

between its own serving base transceiver station, for example BTS 1 ofFIGURE 3, and 

another base transceiver station on which it is to make downlink time of arrival 

measurements, forexampleBTS2ofFIGURE3, the mobile station MS I can usetheRTD 

15 triplet(FND, TND, QND)alongwith theknownframestructuretiming(FNl, 1Nl, QNl) 

oftheservingbasetransceiverstationBTS 1 to detenninetheframestructuretimingoffiTS2 

relativetothatofBTSl. Thefollowingcalculations canbemadebythemobilestationMSl 

todetenninethecurrentframenumberFN2ofBTS2atanygivenpoint{FNl, TNl,QNl) 

in the time base of BTS 1. 

20 QN2' = QNl + QND 

TN2' = TNt + TND + (QN2' div 625) 

FN2' = FNl + FND + {1N2' div 8) 

FN2=FN2' mod2,715,648 

(Eq. 2) 

(Eq. 3) 

(Eq. 4) 

(Eq. 5) 

In the foregoing equations, "div" represents integer division, and 11mod11 is modulo 

25 n division, wherein 11x mod n11 = "the remainder when x is divided by n11
• 

The synchronization burst SB in GSM contains 78 encoded information bits and a 

predetermined 64 bit training sequence, as is well known in the art The 78 encoded 

inf9rmation bits containBSICand the so-called reduced frame number, conventionally 

expressed in three parts, Tl, T2 and T3 '. The conventional relationship between the frame 
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number (FN) of the synchronization burst SB and the parameters Tl, T2 and T3' is as 

follows: 

Tl= FN div (26 x 51) 

T2=FNmod26 

T3=FNmod51 

T3' = (T3 -1) div 10 

(Eq. 6) 

(Eq. 7) 

(Eq. 8) 

(Eq. 9) 

Thus, once the current frame number FN2 ofBTS2 has been calculated as shown above 

withrespecttoequations2-5,thentheparameterT3canbedetenninedbypluggingFN2 

into equation 8 above. 

I 0 In conventional GSMnetworks, the synchronization bwst SB occurs in timeslot 0 

of frames 1, 11, 21, 31 and 41ofa51-frame repeating sequence ofTDMA frames 

transmitted on the BTS's BCCH (broadcast control channels) carrier. Thus, T3 above 

· ·indicates wherethe currentframeFN2islocated within theS 1-frame repeatingsequen~. 

Because, as mentioned above, thesyilchronization burst SB occurs in time slotOof frames 

. 15 1, 11, 21, 31 and41 of this 51-framerepeating sequence, thenextT3 (callitT3n)that 

satisfies therelationship, (f3- l )mod 10 =O, will designatetheframeofBTS2 in which the 

next synchronization burst SB will occur. Thecorrespondingframenwnber( callitFN2n) 

is then determined by: 

FN2n = (FN2 + DT3) mod 2,715,648, (Eq.10) 

20 where DT3 = (T3n - T3) mod SJ. 

Now, the parameters Tl, T2 and T3' can be determined by plugging FN2n into 

equations 6 and 7 and pluggingT3n into equation 9. According to the GSM standard, the 

parameters Tl, T2 and T3 ', along with the B SIC, can be expressed using 25 bits. The 

BSIC bits can be determined from the BSIC information received at MS I, and the bits 

25 representing Tl, T2 and T3' can be determined from equations 6, 7 and 9. The mobile 

station MS 1 can thenapplytotheaforem.entioned25bits, a well known coding algorithm 

descn'bedintheGSMstandard(ETSI GSMSpecification 05.03), inorderto generate from 

those 25 bits the 78 encoded bits in the synchronizatio~ burst. 



G5 •• ~--"'::: ... .·. ·:. ,., ... ~.---. 

W000/08886 PCT/SE99/01322 

-13-

In this manner, the mobile station MSl now knows, with respect to the frame 

structure timing ofitsownserving BTS 1, the frame number FN2n ofBTS2 in which the 

synchronization burst will occur. As mentioned above, the synchronization burst always 

. occurs in time slot 0, so the mobile station MS 1 now knows exactly when the 

5 syncbromzation burstwill betransmitted by BTS2. Moreover, the mobile station MS 1 now 

also knows all 78 encoded bits along with all 64 training bitsofthesynchronjzation burst 

With knowledgeof142bits ratherthanjust 64 bits, themobilestation can achieve better 

accuracyinmakingtimeof anivalmeasurements than in the conventional situation wherein 

only 64 bits areknown. Moreover, with 142known bits, it is possibleforthemobile station 

1 O MS 1 to achieve, in a far noisier environment, the same accuracy as could be achieved using 

64 bits in a less noisy environment. 

Becausethepositionofthemobilestation MSI relativeto agivenneighboringBTS 

(e.g., BTS 28 ofFIGURE2) isnotknown, the synchronization burst SB from thatBTS will 

notaniveatthemobilestationMSl atpreciselythetimethatwascalculatedbythemobile 

15 station. FIGURE 7 illustrates one example of how a search window can be defined to 

encompass the time at which the synchronization burst can be expected to arrive at the 

mobile station MSl. Let FN denote the frame number of the next SB (SB2) that is 

expected to arrive from neighboring (non-serving) BTS2. How this frame number is 

calculatedcanbefoundinEq.10. MSlknowswhenthecorrespondingSB(SBl}withthe 

20 sameframenumberwill arrive, orwouldhavearrived, from theservingBTSl. Letthis time 

instant be denoted by TO, relative to the mobile station's timebase. 

MS 1 is within the circle 71. The radius rof this circle can e.g., be detenninedby 

the cell radius or derived from the timing advance value. Considerthetwo extreme cases. 

One extremecaseiswhenMSI is at74. Then SB2arrives attimeTO+ RTD+ d12/c 

25 since SB2travelsd12 further than SB 1 does. The other extreme case is when MS I is at 

75. Then SB2 arrives at TO+ RTD+ (dl2-2r)/c. Thus, when the mobile is between 75 

and74,SB2arrivesinthewindow[TO+RTD+(dl2-2rYc-k,TO+RTD+d12/c+kJ, 

where k accounts for inaccuracies in the provided RTD and d12 values. 
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Since RTD is known, MS 1 can predictwilh a certain uncertainty when the SB2 

from BTS2 (non serving) will arrive. 

The ability to calculate a search window permits the synchronization burst to be 

detected withhigherreliability compared to when the arrival time is completelyunknown. 

5 and theoomplexity ofthemobilestationis reduced compared to priorartmobilestations. 

For example, data from thewholesearch window can be received in real time and stored 

for later processing, which is notrealisticallyfeasibleifth.e search window is required to be 

10 TOMA frames long, as is necessary to guarantee capturing the synchronization burst 

using conventional techniques. In addition, the search window permits the total 

IO measurement time to be reduced. 

UseoftheR1Dknowledgetocalculatethestartingtimeandsearchwindowforthe 

synchronimtioil burst SB cansignificantlyreducethemeasurementtimeinmakingdownlink 

OTD measurements. Without receiving the R TD information, tlie mobile station is . 

conventionally required to search continuously until the frequency correction burst is 

15 · detected, so1hatthemobilestation knows the synchronization burstwill occur in the next 

frame. WithRIDinformationoorrespondingtoallbasetransceiverstationstobemeasured, 

the mobile station can schedulethevariousmeasurements andlimitthemonitoringtimes to 

the search window periods, which is not possible using the prior art scanning techniques. 

FIGURE6 illustrates an example implementation of a pertinentportionofthemobile 

20 station MS I ofFIGURE2 formaking downlink observed time difference measurements 

according to the present invention. The mobile station ini;:ludes a synchronization burst 

determiner6 l which receives as input (for examplefrofil. MLC ofFIGURE2 via MSC, 

B SC 21 andBTS 23) the frequency, the BSIC, and the RTD relative to the serving base 

transceiver station, of each base transceiver station selected for 01D measurements. The 

25 synchronization burst determiner also receivesinfomiatioil aboutthedistances between its 

st"AV:ingb~transceiverstation and all neighboring b~transceiverstations, alongwithcell 

radiusinformationforallneighboring base transceiver stations. This information can be 

. periodicallyupdated by MLC(as MSI roams), and store~ into a memory as shown at 63 
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in FIGURE 6, or the infonnation can be included in the positioning request message 

provided to the synchronization burst determiner by MLC. 

The synchronization burst determiner 61 determines for each selected BTS the 

approximate expected arrivaltimeofthesynchronization bwstrelati:veto the frame structure 

5 time base 60 of the serving cell (serving base transceiver station), and outputs this 

information at64 toa time of arrival monitor65. Also at 64, thesynchronization burst 

detennineroutputs tothetimeof arrival monitor the 78 encrypted bits and the 64 training 

bits of the synchronization burst of eachselectedBTS. Th.esynchronizatianburstdetemriner 

also calculates search windows for each selected base transceiver station, and outputs this 

IO search window information at 62 to the time of arrival monitor. 

The time of arrival monitor makes time of arrival measurements on the signals 

received from theBTSs at68. The1imeof arrival rnonitorcan use the calculated arrival time 

infonnation, thewindowinfollllation and the l 42bitsequenceinfomiationto maketimeof 

arrival measurements for each selected base transceiver station. With this information, the 

15 timeofanivalmonitorcanefficientlyschedulethevariousmeasurementsand,asnecessary, 

can capture and store the signals received during the various search windows, and then 

process those signals at a later time. The processing of the received signals for 

determination of time of arrival can be done in any desired conventional manner, orin the 

manners described in detail in copending U.S. Serial No. 08/978,960 filed on November 

20 26, 1997, which is hereby incorporated herein by reference. 

Afterthedesiredtimeof arrivalmeasurements have been made, the time of arrival 

monitorcanoutputat66eitherthetimeof arrival infonnationortheobseived time difference 

infomiation to the MLC (via BTS 23, BSC 21 and MSC}. The :MLC then uses this 

information in conventional fashion to determinethelocationofthemobilestation MS 1, 

25 which location is then provided inasuitablemessageto the requesting application 21 in 

FIGURE2. Altem.atively, ifMSl knows thegeographiclocationsofthemeasured BTSs, 

then MS 1 can calculate its own position. 
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-Although OTO measurements on the GSMsynchronization burstare described in 

detail above, it should be clearthatthetechniques of the invention are applicable to various 

other types of bursts as well. 

In CDMA systems such as those mentioned above, providing RID information to 

5 themobilestationresultsin significantimprovementsoverknowndownlink OTO techniques. 

The mobile station can use the RTD infonnation to calculate a search window generally in 

themannerdescribedabovewithrespecttoFIGURE 7. B~causethemobilestationnow 

knowsthetiming differences between its serving base transceiver station and the respective 

neighboring base transceiver stations, the geometry ofFIGURE 7 can be used as above to 

1 O determine search windows for the respective neighboring base transceiver stations. 

Then, fora given basetransceiver station, theFSC peak detection and associated 

SSCcorrelationsneedbeperformedonlyduringthesearchwindowinwhichtheFSCand 

SSC signals are expected to arrive at the mobile station. Moreover, because the RTD 

infonnation identifies not onlywhen themobilestationshoqldmonitorfor arrival of signals 

15 :fi:om a given base transceiver station, but also identifies the base transceiver station and its 

code group, the SSC pattern associated with the base transceiver station can be a priori 

determined by the mobile station. Thus, forthebasetransceiverstation ofinterest, theFSC 

peak detection and theFSC-SSC correlation can be performed simultaneously, thereby 

advan1ageouslyreducingacquisition time significantly as compared to the above-described 

20 known techniques wherein FSC-SSC correlation must follow FSC peak detection. 

Reduction in acquisition time permits acorrespondingreduction in the length of the idle 

periods duringwhich the time of arrival information is acquired. Such reduction in the idle 

periods improves the downlink capacity of the network. 

As afurtherresultofthe mobile station's a priori knowledge of the SSC pattern, 

25 there is no need to correlate the FSC peaks with several SSC patterns, as in the known 

techniques. This reduces memory and computation requirements in the mobile station. 

Because the FSC peak detection and the FSC-SSC correlation are performed 

simultaneously, the results of these two operations can be combined for each time slot, 

which provides improved signal strength and thus improved hearability. 
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Becauseasearch windowis establishedforeachmonitoredbasetransceiverstation, 

the probability of selecting signals from thewrongbasetransceiverstation is significantly 

reduced. Furthennore, becausetheoonelationsareperformedonly in the vicinity of the true 

peak, the probability of selecting a false peak is also reduced. 

Anotheradvantageof providing the RID information to the mobile station is that, 

with the RTD information and corresponding search window, the mobile station can 

·correlate with signals other than the FSC and SSC. For example, a mobile station can 

correlatewithabroadcastchannel of the basetransceiverstation (for example a broadcast 

channel identified from aneighbor list of neighboring basetransc:eiverstations )instead of, 

10 or in addition to, FSC/SSC. Along with theRIDinfonnation, the network can identify for 

the mobile station the respective code groups of thebasetransceiverstations, and also the 

respective long (spreading) codes of the broadcast channels. From the code group 

identification information and the longcodeidentificationinfonnation, themobilestation can, 

using conventional techniques, generate the entire long code (e.g., 40,960 chips) of the 

15 broadcast channel of a given base transceiver station. 

A broadcast channel; for example the Common Control Physical Channe1 CCPCH 

of the aforementionedWCDMA communications systems, typically has a power level on 

the same order as the sum oftheFSC signalpowerplus the SSC signal power. Also, such 

broadcast channel is transmitted continuously. ratherth.anten percent of the time as with 

20 FSC/SSC. Accordingly, the signal of the broadcast channel contains much more energy 

than theFSC/SSC signals. This higher energy level provides improved hearability and 

permits faster acquisition. 

Becausethebroadcastchannelsignal is continuouslytransmitted, itpennits a much 

higherutilizationofidleperiodsthan can be achieved usingFSC/SSC. For example, in any 

25 given timeslot, the broadcast channel provides ten times as many symbols for correlating 

than doesFSC/SSC. This permits the use of shorter and/or less frequent idle periods, thus 

further improving the downlink capacity of the network. 

Becausethebroadcastchannelrepresentsonly one 11code11
, theam.ountof memory 

neededfornon-coherent combining ishalfofthatrequiredwhen correlatingFSC and SSC 
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(two codes). Also, because basetransceiverstations in the samevicinitywill have unique 

broadcast channels, the probability of selecting the wrong base transceiver station is 

negligible. Theunique chanilels provide cross-correlation properties that are much better 

(lowercross-correlation)than with FSC/SSC, so the probability of selecting a false peak 

5 is much smaller than when using FSC/SSC. 

FIGURE 8 diagrammatically illustrates pertinent portions of an example mobile 

station which can perform downlink OTD measurements in CDMA systems such as 

mentioned above. Such CDMA systems canhavegenerallythesame architecture as shown 

in FIGURE 2, but with the air interface implemented according to CDMAorWCDMA 

10 techniques. The mobile station of FIGURE 8 includes an lnput8 l for receiving from the 

network(e.g., MLC ofFlGURE2)RTD infonnation indicative of the real time differences 

between the serving base transceiver station and therespectiveneighboringbasetransceiver 

stations on which the mobile station is to perform downlink O'ID measurements. Th.einput 

81 also receives from the network code group identification information for each base 

15 transceiver station. In an embodimentwherein broadcast channels are to be measured, the 

input 81 receives, in addition to the code group identification information, long code 

identification information for the broadcast channel of each base transceiver station. 

A windowdetenniner83 receives the RID infonnationftom the network, calculates 

search windows generally in the manner described abovewithrespectto FIGURE 7, and 

20 outputsthewindowinfonnationtoaCDMAtimeofarrival(TOA)monitor85. Themonitor 

85 perl'onns the required operations (e.g., peak detection ~d correlation) to produce the 

time of arrival measurement for each desired base transceiver station. 

In an embodimentusingFSC/SSC monitoring, a code generator 87 receives from 

input 81 code group identification information for each basetransceiverstation, generates 

25 therefrom the SSC patterns, and at 84 provides these SSC patterns to the monitor 85. In 

another embodiment wherein broadcast channels areto be measured, the code generator 

87 also receives from input8 l longcodeidentification informati.onforthe broadcast channel 

of each base transceiver station, generates the long codes in response to the code group 
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identificationinfonnation andtb.elongoodeidentificationinfo.rmation,and at84provides the 

long codes to the monitor 85. 

The monitor 85 monitors the CDMA air interface at 89 in accordance with the 

search windows, and makes the desired timeof arrivalmeasurements. Themonitor85 can 

5 output to the network at 86 either the TOA information or the OTD information. The 

network (e.g., MLCofFIGURE 2) can use this information in conventional fashion to 

detenninethelocati.onofthemobilestation. Alternatively, if the mobile station knows the 

geographic locations of the measured base transceiver stations, then the mobile station can 

calculate its own position. 

10 The window determiner 83 can receive input information about the distances 

betweenitsservingbasetransceiverstation and all neighboringbasetransceiverstations, 

along with cell radius infonnationfor all neighboring base transceiver stations. inorderto 

assistthewindow determinerindeterminingthe search windows. Thedistanceinfonnation 

can be periodically updated by MLC (as the mobile station roams), and stored into a 

15 memory as shown at82inFlGURE 8, orthe information can be included in a positioning 

requestmessagesentto themobile station by MLC. Thewindow detennineruses the RID 

infonnation to detennine for each monitored base transceiver station the approximate 

expected arrival tim.eof themonitoredsignalrelativetothetime base SO of the serving base 

transceiver station, and combines this expected arrival time infonnation with the distance 

20 information to produce a suitable search window. 

It will be evident to workers in theartthatthe exemplarymobilestation portions of 

FIGURE6 and FIGURE 8 can be readily implemented by suitably modifying hardware, 

software, or both, in a data processing portion of a conventional mobile station. 

In viewoftheforegoing description, it should be clearthatthe downlink observed 

25 time difference techniques of the present invention improve the sensitivity of downlink 

observed timedifferencemeasurements by providing the mobile station with more known 

bits from the synchronization burst SB, enhance the accuracy of the time of arrival and 

observed timedifferencemeasurements, reduce the risk of measurement errors, reduce the 
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time required to make the necessary measurements, and require less memoty and data 

processing capability in the mobile station. 

Although eX:emplary embodiments of the present invention have been.described 

above in detail, this does not limitthe scope of the invention, which can be practiced in a 

5 variety of embodiments. 
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WHAT IS CLAIMED IS: 

I. A method of using a mobile communication station in a wireless 

communicationnetworktomeasurerespectivetimesof arrival of radio signals respectively 

transmitted by a plurality of radio transmitters in the network, comprising: 

providingthemobilecommunicationstation with real time difference information 

indicative of differences betweenatimebaseused by ara.dio transmitterserviogthemobile 

cominunication station and respective time bases used by the other radio transmitters; 

the mobile communication stationdetennining, inresponsetotherealtimedifference 

information and relativetothetime baseused bytheradiotransmitterservingthemobile 

l 0 communication station, a plurality of points in time atwhich therespectiveradio signals are 

15 

expected to arrive at the mobile communication station; and 

foreachradiosignal, the mobile communication stationmonitoringforanivalofthe 

radio signal during a period of time after said point in time at which the radio signal is 

expected to arrive. 

2. A method of using a mobile communication station in a wireless 

communicationnetwmktomeasure respectivetimesof anival of radio signals respectively 

transmitted by a plurality of radio transmitters in the network, comprising: 

providinginfonnationindicativeofwhen the radio signals are expected to arrive at 

20 the mobile communication station; and 

the mo bile communication station monitoring for arrival of the radio signals in 

response to the infonnation. 

3. The method of Claim 2, wherein said providing step includes providing 

25 infonnation indicativeof respectiveperiodsoftimeduringwhich the respective radio signals 

are expected to arrive at the mobile communication station, and said monitoring step 

inclUdingthemobilecommunicationstationmonitoringforarrivalof each radio signal during 

the corresponding period of time. 

1iiiif 
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4. The method of Claim 2, wherein said providing step further includes: 

providing real time difference information indicative of differences between a time 

baseusedbyaradiotransmitterserviligthemobilecommunicationstationandrespective 

time bases used by the radio transmitters being measured; and 

inresponsetothereal timedifferenceinfonnation, detennining.relativetothetime 

baseusedbytheseivingradiotra.nsmiuer, a plurality of points in timeatwhichtherespective 

radio signals are expected to arrive at the mobile communication station. 

5. The method of Claim 4, wherein said providing step further includes using 

1 O the points in time to determinerespective periods of time duringwhichtherespectiveradio 

signals are expected to arriveatthemobilecommunicationstation, andsaidmonitoring step 

includingthemobilecommunicati.onstationmonitoringforarrivalof each radio signal during 

the corresponding period of time. 

6. The method of Claim 5, wherein said using step includes the mobile 

communication station using the points in timeto detenninetherespectiveperi.ods of time. 

7. The method of Claim 5, wherein said using step includes accounting for 

respective distances to be traveled by the radio signals in order to reach the mobile 

20 communication station. 

25 

8. The method of Claim 7, wherein said accounting step includes estimating, 

for each radio signal, a maximum possib1e distance of travel and a minimum possible 

distance of travel. 

9. The method of Claim 8, wherein said accounting step includes, for each 

radio signal, establishing a beginning point of the associated period of time based on the 

point in time atwhich arrival is expected and the minimum possible distance of travel, and 

·11iiiirf 
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establishing an ending point of the associated period oftimebasedonthe point in time at 

which arrival is expected and the maximum possible distance of travel 

I 0. ThemethodofC.laim4, wherein said detenniningstep includes the mobile 

5 communication station determining the points in time. 

11. ThemethodofCJaim4, whereinsaidradiosignalsaretransmittedontime 

division multiple access cbannels,andsaidstepof providingrealtimedifference infonnation 

includes expressing a real timeditferenceusing at least one of a frame number difference, 

I 0 a time slot number difference and a quarter bit number difference. 

15 

20 

25 

· 12. ThemethodofClaim 2, wherein the communication network is a cellular 

communication networlc. 

13. The method of Claim 12, wherein the communication network is a GSM 

network. 

14. Amethodoflocatingthepositionofamobilecommunicationstationina 

wireless communication network, comprising: 

measuring atthemobilecommunicationstation respective times of arrival of radio 

signalsrespectivelytransmitted by a plurality of radio transmitters in thenetwork, including 

providing information indicative of when the radio signals are expected to arrive at the 

mobilecommunicationstation,andthemobilecommunication stationmonitoringforarrival 

of the radio signals in response to the information; and 

using the measured times of arrival to locate the position of the mobile 

communication station. 

15. A method of determining the time of arrival of a radio signal at a radio 

communication station operating in a wireless communication network, comprising: 

This Sheet Has Been Replaced 
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obtaining from the wireless communication network infonnation from which an 

infonnational content of the radio signal can bedetennined butwhich information does not 

itself reveal the infomational content of the radio signal; 

determining the informational content of the radio signal in response to the 

5 information; and 

using the informational content of the radio signal to measurethetimeof arrival of 

the radio signal. 

16. The method of Claim 15, wherein said infonnation includes information 

10 indicative of transmission timing of the radio signal. 

17. ThemethodofOaim 16, wherein said transmission timing information is real 

timedifferenceinformationindicativeofadifferencebetweenatimebaseknowntotheradio 

comrnunicationstationandatimebaseusedbyaradiotransmitterfromwhichtheradio 

15 ·• · signal is to be transmitted. 

20 

18. The method of Claim 15, wherein said information includes information 

indicative of a radio transmitter from which the radio signal is to be transmitted. 

19. The method of Claim 18, wherein the communication network is a GSM 

network, and wherein the information indicative of the radio.transmitter includes a base 

station identity code (BSIC) which identifies a base station in the GSM network. 

20. An apparatus foruse in locating the position ofamobilecommunication 

25 station in a wireless communication network, comprising: 

adetenninerfordeterminingwheneachofa plurality of radio signals is expected to 

arrive at the mobile communication station; and 

a radio signalmonitorformeu.uring respective times of arrival oftheradio signals, 

said monitor provided in the mobile communication station and having an input coupled to 
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said determinertoreceivetb.ereftom information indicative of when the radio signals are 

expected to arrive atthe mobile communication station, saidmonitorresponsiveto said 

information to monitor for arrival of the radio signals. 

21. The apparatus of Claim 20, wherein said determiner is provided in the 

mobile communication station. 

22. The apparatus of Claim 20, wherein said detenninerdetennines respective 

periods of timeduringwhichtherespectiveradio signals are expected to arrive at the mobile 

10 communication station. 

23. The apparatus of CJaim 20, wherein said detenniner includes an input for 

receiving real timedifferenceinformationindicativeof differences betweenatimebaseused 

by aradio transmitterservingthemobile communication station and respective time bases 

15 used by radio transmitters which transmitth.eradiosignals, said detenninerresponsiveto the 

realtimedifferenceinfonnationfordetennining,relativetothetimebaseusedbytheserving 

radio transmitter, a plurality of points in time at which the respective radio signals are 

expected to arrive at the mobile communication station. 

20 24. The apparatus of Claim 23, wherein said detennineris operable to use the 

points in timeto determine respective periods of time during which the respective radio 

signals are expected to arrive at the mobile communication station. 

25. The apparatus of Claim 24, wherein said detenniner is operable during 

25 determination of said periods of time to accowitforrespectivedistances to be traveled by 

the radio signals in order to reach the mobile communication station, said detenniner 

operable to estimate maximum possible distances of travel and minimum possible distances 

of travel and, foreachradiosignal, to establish abeginningpointof the associated period 

of time based on the point in time at which arrival is expected and the minimum possible 

ili1ii1iif 
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distance of travel, andto establish an ending point of the associated period of time based 

onthepointintimeatwhichanival.isexpectedandthemaximumpossibledistanceoftravel. 

26. The apparams of Claim 20, wherein theoommunication network is a cellular 

5 communication network. 

10 

15 

20 

27. The apparatus of Claim 26, wherein thecommunicationnetwork is a GSM 

network. 

28. An apparatus formeasuringthe time of arrival of a radio signal thereat, 

comprising: 

an inputforreceivinginformation from which an infonnational content of the radio 

signal can be determined but which information does notitselfreveal the informational 

content of the radio signal; 

adetenninercoupled to said input andresponsiveto saidinfonnationfor detennining 

the informational content of the radio signal; and . 

aradiosignalmonitorformeasuringthetimeofmivaloftheradiosignal,said 

monitor coupled to said determinerforusingsaidinformational contentoftheradio signal 

· in measuring the time of arrival of the radio signal. 

29. The apparatus of Claim 28, wherein said infonnation includes infonnation 

indicative of transmission timing of the radio signal. 

30. The apparatus of Claim 29, wherein said transmission timing information is 

25 real time difference infonnationindicativeof adifferencebetween a time base known to the 

apparatus and a time base used by a radio transmitter from which the radio signal is to be 

transmitted. 
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31. The apparatus of Claim 28, wherein said infonnationincludes infonnation 

indicative of a radio transmitter from which the radio signal is to be transmitted. 

32. TheapparatusofClaim3 l, whereinthecommunicationnetworkis a GSM 

5 network, and wherein the information indicative of the radio transmitter includes a base 

station identity code (BSIC) which identifies a base station in the GSM network. 

33. The apparatus of Claim 28, wherein the apparatus is a mobile radio 

communication station. 

10 

34. The method of Claim 2, wherein the radio signals are Code Division 

Multiple Access (CDMA) signals. 

35. The method of Claim 14, wherein the radio signals are Code Division 

15 Multiple Access (CDMA) signals. 

20 

36. The apparatus of Claim 20, wherein the radio signals are Code Division 

Multiple Access (CDMA) signals. 

37. The method of Claim 34, wherein said monitoring step includes, for each 

radio signal, correlating said radio signal with afirstoodethat is periodically transmitted by 

theassociatedradio transmitterand, simultaneouslywith.said correlating step, correlating 

said radio signal with a code pattern that includes a plurality of second codes which are 

sequentially transmitted by the associated radio transmitter such that each of the second 

25 codes in the code pattern is transmitted simultaneously with one of said periodic 

transmissions of the first code. 

38. The method of Claim 37, including providing, for each radio transmitter, 

infonnation indicative of a code group to which the radio transmitter belongs. and further 

This Sheet1· · 1;ai:;~ Replaced 
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includingthemobile communicationstationdetenniningsaidcodepatteminresponseto said 

code group information. 

39. The method of Claim 37, including detecting said transmitted first and 

5 second codes by combining results of said correlating steps. 

40. The method of Claim 34, includingprovidinginfonnation indicative of 

spreading codes respectivelyusedbytheradio transmitters, and themobiJe communication 

station detenniningfrom said spreading code information the spreading codes used by the 

10 respective radio transmitters, said monitoring step including using the spreading codes to 

monitorradio signals ofbroadcastchannels associated withtherespectiveradiotransmitters. 

41. The apparatus of Claim 36, incJudingacodegeneratorcoupled to said radio 

signal monitor for providing thereto codes for use in JI10nitoring said radio signals. 

15 

42. TheapparatusofClaim41, whereinsaid codes include spreading codes 

respectively associated with said radio signals. 

43. The apparatus of Claim 41, wherein said codes include codes carried by 

20 said radio signals. 

44. The apparatus of Claim 43, wherein said codes include code patterns 

respectively associated with radio transmitters used topmducetherespectiveradio signals. 

25 45. The apparatus of Claim 41, wherein said code generatorincludes an input 

for receiving code identification infonnation responsive to which said codes are provided. 

46. The apparatus of Claim 41, wherein said code generatoris provided in the 

mobile communication station. 
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