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IMPROVEMENTS IN DOWNLINK OBSERVED TIME DIFFERENCE
MEASUREMENTS

This applicationis a continuation-in-part of U.S. Serial No. 09/131,150 (Attorey
5 Docket No. 34645-423) filed on August 7, 1998.

FIELD OF THE INVENTION
The invention relates generallyto locating the position of amobile communication
unit in a wireless communication network and, more particularly, tomaking downlink

10 observed time difference measurements.

BACKGROUND OF THE INVENTION
The ability to locate the position of a mobile communication unitoperatingin a
wireless communication system (for example, a cellular communication system) provides
15 many wellknown advantages. Exemplaryuses of such position location capability mclude
security applications, emergency response applications, and travel guidance applications.
Several known techniques for providing positionlocation involve the measurement of certain
characteristics of communication signals, such as the time of arrival (TOA), the round trip
delay, orthe angle of arrival of a communication signal. Someof'thesetechniques canbe
20 further divided into uplink or downlink approaches. In the uplink category, a base
transceiver station (BTS)orother receiver performs the measurements on communication
signals originating at a mobile communication unit (or mobile station). In downlink
approaches, the mobilestation performs the measurements on signals originating atbase
transceiver stations or other transmitters.
25 One example of a downlink technique for locating the position of amobilestation
istheobserved time difference (OTD) technique. Thistechniquewill nowbe described with
respect tothe Global System for Mobile Coinrmunication (GSM), whichis exemplary of a
cellular communication system in which downlink obsérvedtime differencetechniques are
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applicable. The OTD techniqueis implemented, for example, by having the mobile station
measurethe time difference between arrival times of selected radio signals transmitted from
diﬂ‘erentbaseh‘ansceivaétaﬁons. Assumingthe geometry shownin FIGURE 1, and further
assuming thattwo signals aretransmitted simultaneously from thebasetransceiverstations
BTS1and BTS2, and letting T1and T2 denote the times of amrival of the respective signals
at the mobile station, then the observed time difference OTD is given by the following
equation:

T1-T2=(dl -d2)/c, (Eq. 1)
where d1 and d2 are therespective distances from BTS1 and BTS2 to themobile station.
The locations of BTS1 and BTS2 are known, and the pos__sible locations of the mobile
station are described by the hyperbola 15 shown in FIGURE 1. By combining
measurements from at leastthreebase transceiver stations, a position estimate forthe mobile
station can be obtained.

Most conventional cellular communication systems (including GSM systems) are
asynchronous, that is, each base transceiver station uses its own internal clock reference to
generateits frame and time slot structure. Therefore, the frame structures of the different

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

'not perfectly stable. Asaconsequence, an OTD measurement s not really meaningful for

locating the position of a mobilestationunless the differences intiming between the base
transceiver stations beiﬁg usedis known. This difference, often referred to as thereal time
differenceor RTD, represents the actual difference in absolutetime betweenthe transmission
of respective signals (e.g., respective synchronization bursts in GSM) from respective base
transceiver stations, which signals would be transmitted simultaneously if the frame structures
of the base transceiver stations were perfectly synchronized.

Among several possible approaches to determine the real time difference RTD
between base transceive_r stations, two conventional examples are: absolutetime stamping
in therespectivebase transceiver stations; and use of stationary reference mobiles located
inknown positions. Inthelatter example, the reference mobile measures downlink signals

sentfrom various basetransceiver stations. Because the respective distances between the
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various base transceiver stations and the stationary reference mobile stationareknown, the
expected time difference in arrival times of the respective signals from the base transceiver
stations canbe easily calculated. Thereal time difference RTD between base transceiver
stations is simply the difference between the expected time difference of arrival and the
observed time difference of arrival actually observed at the reference mobilestation. The
reference mobile station can periodically make the downlink time of arrival measurements
andreport them to amobilelocation nodein the network so that thenetwork can maintain
an updated record of the RTDs.

The techniquesunderlyingknown OTD methods are very similarto procedures used
conventionally by mobilestations tosynchronizeto a serving base transceiver station and
makemeasurements ona numberof neighboring base transceiverstations as instructed by
the serving cell (as inmobile assisted hand-off operations). The mobilestationneedsto
knowwhichbase transceiver stations are to be monitored for OTD measurements. This
information can typically be provided in conventional system information messages
broadcasted inthe cell, for example on a GSM cell's BCCH (broadcast control channels)
frequency. This system information typically includes alist of frequencies of neighboring cells
which are tobe measured. The mobile station scans the designated frequencies to detect
afrequency correction burst, whichis an easily identifiable burst that appears approximately
every 50 ms in GSM. |

Aftersuccessful detection of a frequency correction burst, themobilestation knows
that in GSM the next frame will contain asynchronization burst SB. Thesynchronization
burst SB contains the Base Station Identity Code (BSIC) and information indicative of the
frame numberof the current frame in which the burst SB is occurring. The mobilestation
measures thetime of arrival of the synchronization burst SB at themobile station relative to
the timing of mobile station's own serving cell. Sincenow themobile station knows the
frame structure of the neighboring base transceiver station relative to its own serving base
transceiver station timing, it is possibleto repeatthetime of artival measurements to improve
accuracy. This procedureis repeated until all frequencies (i.e.,allBTSs)onthe listhave

been measured. Theobserved time differente values recorded by the mobile station are
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then transferred to a mobile stationlocation node in the cellular system, which node performs
the position determination based on the observed time difference values, the real time
difference values and the geographic locations of the base traxlsc;eiver stations.

Because themobile station does notknow when the frequency correction burst (and
thus the following synchronization burst SB) will appear, the brute force method described
above, namely monitoring for the frequency corréction burst, must be used.

The time required to capture a synchronization burst will depend on the
measurement mode. OTD measurements can bemade, for example, when call setup is
being performed ona GSM SDCCH (Stand-alone Dedxcated Control Channel), orduring
idle frames when the mobilestationisin call modé, or.d.uring speech interrupt. For example;
ifthe mobilestation mak&s themeasurements incall mode, tﬁen_the mobilestation canonly
make measurements during idle frayhes, which conventionally occur in GSM systems every
120 ms. The probability thata particular synchronization burst will appear withinthe idle .
frame is approximately 1 in 10, because the synchronization burst conventiohally occurs
once every ten frames in GSM. Accordingly, on-a"v&age, 5idleframes willbeneeded,
meaning 0.6 seconds perbasetransceiverstation. Thus, ifitis desired to measureat least
6 neighboring base transceiver stations, anaverage measurementtimeof’3 or4seconds will
be required, which ma'y be prohibitively long in many gpplications.

Themobile station is guaranteed to have measured ti_ie synchronization burst SB if
the mobile station captures and stores all signals (for exaﬁplg all signals on the BTS's
BCCH frequency in GSM) for 10 consecutive frames. H'&wever, providingthe mobile
station with thememory and computational capacity to capture (and thereafter process)all
signal information in 10 consecutive frames is disadvahtageously complex.

Moreover, inareas such as urban areas characterized by high interference levels,
and inrural areas with lﬁrge distances between base transceiver stations, theprobability of
detecting the synchronization burst SB may be unacceptabiy low, because the signals will
typically be characterized by low signal-to-noise ratios_.-l

Due also to the low signal-to-noiseratio, itistypic#llyvery difficult to decode the
BSIC in the synchronizationburst SB. The probability of taking ghost spikes instead ofa
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synchronization burst SB is therefore disadvantageously increased in instances of low signal-
to-noise ratio.

Forlocating amobile station operating in a network using a Code Division Multiple
Access (CDMA) air interface, one known downlink OTD approach, which has been
proposed for standardization, uses some conventional cell-search signals provided inthe
CDMA network. This known downlink OTD approach is alsoreferred to hereinafter as
the "proposed" approach or technique. 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
(UMTS)and the ITU's IMT-2000 System. In suchsystems, the proposed downlink OTD
positioning technique is perfformed by the mobile station during predetermined idle periods
wherein themobilestation's serving base transceiver station ceases all transmission inorder
to enhance the mobilestation's ability to detectsignals transmitted by neighboring base
transceiver stations. Certain signals conventionally provided for cell-searching in the
aforementioned CDMA systems, namely a first search code (FSC) and a second search
code (SSC), are also used in performing downlink OTD positioning.

During the idle period(s) of its serving base transceiver station, amobile station uses
amatchedfilterthatis matched tothe firstsearchcode FSC, justas is done in conventional
cell-searching. The FSCis conventionallytransmitted by all base transceiver stations in
CDMA networks such as mentioned above. The FSCis 256 chips fongand is transmitted
by eachbasetransceiver station once every timeslot, thatis, one tenth of the time (each time
slot is 2,560 chips long). Each ray of each base transceiver station within the mobile
station's hearable range results in a peak in the signal output from the matched filter. Inthe
conventional peak detection process, the results from several time slots are typically
combined non-coherently to improve the peak detection. In conventionat cell-searching, the
mobilestation typically chooses the strongest detected peak. However, inthe proposed
downlink OTD positioning technique, thetime of arrival (TOA)of each detected peak is

measured by the mobile station using conventional time of arrival measurement techniques,
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so the observed time differences (OTDs) between the times of arrival of the respective
peaks can be calculated.
Eachbase transceiver station operating in the aforementioned CDMA networks also
conventionally transmitsan associated second search code (SSC), which includes asetof
16 codes arranged and transmitted in a certain order. The.16 codes are transmitted.
sequentially, onecodepertimeslot, and each of the 16 codes is transmitted simul'mneously.

with theFSC transmitted in that timeslot. The exemplary conventional CDMA systems

‘mentioned above have 16 time slots per frame, sothe entire SSC pattern, including all 16

codes, is repeated once every frame. The SSC pattern, with its 16 codes arrangedina
certain order, specifies, from among a plurality of possible code groups, a single code group
associated with the base transceiver station. Each code groupincludes a plurality of CDOMA
spreading codes, and each basetransceiver stationuses oneof'the spreading codes from
its associated code group.

Foreach base transceiverstation within hearable range, amobilestation performing
the proposed downlink OTD positioning technique correlates the temporal location of that
base transceiver station's FSC peak with the 16 codes of 1ts SSC pattem, justas isdone
in conventional cell-searching. This correlating moces# typically uses non-coherent
combining. Ifthe peak is successfully correlated with an SSC pattern, then this correlation
resultindicates the code group associated with thebase transceiver stationthat produced
the FSC peak. | :

TheFSC peak timing (i.e., themeasured TOAs and/or OTDs)and the code group
for each detected base transceiver station can then bereported to a mobilelocation node
inthe network, alongWith power and quality measurements made during the FSC peak
detection process and during the FSC-SSC correlationgi)rocess.

The mobile location node already knows the RTDs among the base transceiver
stations (conventionally obtained from, e.g., absolutetime stamping 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 RTD information, in combination with the aforementioned peak timing, power and
quality information received from the mobile station, the mobilelocation node can identify
the base transceiver station corresponding to each FSC peak. For example, if the
location of the mobile station isknown within a4. Skilometer range of uncertainty, thisrange
corresponds to 64 chips. Hfthe frame structure timing of one candidate basetransceiver
station differs from that of another candidate base transceiver station in the same code group
by more than the 64 chip uncertainty, then the correct oneof those base transceiver stations
can always be determined. Assuming that the frame structure timing of each base
transceiverstationis random, the probability that any two base transceiver stations will have
aframestructuretiming difference therebetween (that s, a real time difference RTD) of 64
chips orless is 64/40,960, because each frameincludes 40,960 chips (16 timeslots x 2560
chips/timeslot). Thus, theprobability that a peak produced by onebasetransceiver station
canbedistinguished from a peak produced by anotherbase u'anscéiverstaﬁon ofthesame
code group is 99.8% (1-64/40,960). The other 0.2% of situations can be handled by more
advanced schemes, for instanceby using power measurements and by choosing the base
transceiver stationthat gives the best fitin a conventional location-determining cost-function.

Once each FSC peak has been matched to its corresponding base transceiver
station, the TOA and/or OTD information can be used, in combination with theknown RTD
information and the known geographical locations of the base transceiver stations, to
determine the geographical position of the mobile station.

Theproposed downlink OTD positioning technique has thefollowing exemplary
disadvantages. Becausethetimingof'the neighboring (non-serving) base transceiver stations
is completely unknown to the mobile station whenit begins thedownlink OTD process, the
mobile station must perform the FSC-SSC correlation processing for the entirety of its base
transceiver station's idle period(s). Thus, the matched filterused in detectingthe FSC peak
mustdisadvantageously operate for the entire length of eachidle period. Also, becausethe
codes inthe SSC pattern aredifferent in each timeslot, the mobilestation must correlate
with several SSCs, and then save the results for non-coherent combining. This

disadvantageously requires additional computation cdpability and additional memory.
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Because the FSC-SSC correlation processing mustsequentially follow the FSC
peak detection, the acquisition time in the proposed downlink OTD approach can be

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

rural areas with large distances between base transceiver stations, canmake it difficult, and
sometimes impossible, to detect the FSC and the SSC with sufficient probability.
Another problem is that the codes associated with differentbase transceiver stations
have quitehigh cross-correlations, becausethe FSC codes are all identical and because the
16 codes of each SSC patternrepresentasubset produced from asetof 17 uniquecodes.
These high cross-correlations do not die out with increased numbers of combined
correlations, because the same codes arerepeated in every ﬁmne. This disadvantageously
increases the probability that the mobile station may correlate a given FSC peak to the
wrong SSC pattern, especially if the FSC from a strong base transceiver station arrives
temporally close to the FSC from a weaker base transceiver station. .
Itis desirable in view of the foregoing to improvethe mobilestation's ability to detect
downlink signals used in known downlink observed tin:;e difference approaches.

The present invention attempts to overcome the aforementioned disadvantages of

- . known downlink observed time difference approaches by proi_;idingforimpmved sensitivity

in detecting the downlink communication signals used for making observed time difference

measurements at mobile stations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 diagrammatically illustrates how the location of amobilestation canbe
determined using downlink observed time difference measurements.

FIGURE 2 isablock diagram of an exemplary wireless communications system
including downlink observed time difference measurement capability according to the
present invention.

FIGURE 3 illustrates one example of relative timing difference between base
transceiver stations such as shown in FIGURE 2.

FIGURE 4 illustrates an exemplary time slotstructure of the frames of FIGURE 3.

This Sheet Has Been Replaced
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FIGURE 5 illustrates an exemplary quarterbit structure of the time slotof FIGURE

FIGURE 6 illustrates pertinent portions of a mobile station having downlink
observed time difference measurement capability according to one embodiment of the
present invention.

FIGURE 7 illustrates how an example downlink monitoring window is determined
according to the invention. |
FIGURE 8 illustrates pertinent portions of amobilestation having downlink observed time
difference measurement capabilities according to further embodiments of the present

invention.

DETAILED DESCRIPTION

FIGURE 2 illustrates one example of a pertinent portion of a wireless
communication system including the downlink observed time difference measurement
capability according to the present invention. The invention is implemented ina GSM
network in the example of FIGURE 2. As shown in FIGURE 2, a GSM mobileswitching
center MSC is coupled for communication with a plurality of GSM base station controllers
BSCs, whichare in tumn coupled to communicate with oneor more GSM basetransceiver
stations BTSs. Thebase transceiver stations are capable of radio communication with a
plurality of mobile stations MSs viathe airinterface. Communicationfrom the MSCtothe
MSs via the BSCs and the BTSs is well known in the art.

FIGURE2 also includes amobile location center MLC coupled to communicate
bidirectionally with the mobile switching center MSC using conventional GSM signaling
protocol. InNFIGURE 2, the ML C canreceive arequest to locate the position of amobile
stationMS1. Such arequestistypicallyreceived from alocation application21 coupled
to communicate with the MLC. The location application 21 can be a node within the
network itself, oran external location application. Inrésponseto therequestto locatethe
positionof mobile station MS1, the MLC intetrogates therietwork to thereby determine the
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serving BTS 23 (i.e., the serving GSM cell), and decides which BT Ss should be selected
for the downlink observed time difference measurements.

The MLC canthengenerate a positioning request m@ssage formobilestation MS]1,
indicating the frequencies and BSICs (the BSICs are conventionally available in networks
such as the GSM network) of the base transceiver stations selected to bemonitored, and
thereal time differences RTDs between the serving BTS and each of the selected BT Ss.
The positioning request message can be communicated from the MLC toMS1 viaMSC,
BSC21,BTS 23, and theairinterfacebetween BTS 23 andMS1. BecauseMS1 knows
when synchronization bursts will amrive from its ownserving BTS, MS1 canusethe RTD
information to calculate approximately when synchronization bursts will arrive from the
selected neighboring BTSs. This will be described in more detail hereinafter.

Theaforementioned information can also be senttd MS1 as adedicated message

" during, for example call setup. Moreover, the aforementioned information can alsobesent

toMS1 periodically on a broadcast control channe] as asystem information message. The
RTDs can be calculated by the ML.C using OTD informationreceived from areference
mobilestation, as described hereinabove, or the RTDs can be provided to the MLC using
other conventional techniques.

FIGURES 3-5 illustrate the concept of real time differences among base transceiver

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

FIGURE 33 illustrates thereal time difference between the frame structure timing of
apairofbase transceive_i’ stations designated in FIGURE3 asBTS2and BTS1. In GSM,
the TDMA framesused by thebase transceiver stations arel_zl_umbered'in arepetitive cyclic
pattern, each cycle(also called a hyperframe) including 2,715,648 frames numbered as
frame O through frame2,715,647. Inthe example of FIGURE 3, frame 0of BTS1 timewise
overlaps with frame 828 of BTS2.

Referring nowto FIGURE 4, each TDMA frame in GSM s divided into eight time
slots TS, numbered time slot 0 through time slot 7. As sh@wn inFIGURE S5, each GSM
timeslot is further divided into 625 quarter bits QB, so that during each timeslot atotal of
625/4=156.25bits aretransniitted. Thereal time differenceRTD between BTS2 and BT1

‘PCT/SE99/01322
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is thus conventionally expressed as the triplet (FND, TND, QND), wherein FND is the
difference (FN2 -FN1)between the TDMA frame numbers of BTS2and BTS1, TND/is
the difference (TN2 - TN1)betweenthe timeslotnumbers of BTS2 and BTS 1, and QND
isthe difference (QN2 - QN 1) between the quarter bit numbers of BTS2 and BTS1. For
example, with reference to FIGURES 3-5, if quarter bit O of time slot 0 of frame 0 of BTS 1
is aligned in time with quarterbit37 of timeslot 6 of frame 828 of BTS2, then thereal time
difference RTD between BTS2 and BTS 1 is given by thetriplet (FN2-FN1, TN2-TN1,
QN2 - QN1), where FN2, TN2 and QN2 are the frame number, time slot number and
quarterbitnumber of BTS2, and FN1, TN1 and QN1 are thesame parameters of BTS1.
Thus, the triplet is (828 - 0, 6 - 0, 37 - 0), or simply (828, 6, 37).

When the mobilestation MS1 receives from ML C thereal time difference RTD

between its own serving base transceiver station, for example BTS1 of FIGURE 3, and

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

measurements, for example BTS2 of FIGURE3, the mobilestation MS1 canuse theRTD
triplet(FND, TND, QND)along with the known frame structure timing (FN1, TNI1,QN1)
of theservingbasetransceiver station BTS1 to determine the frame structuretiming of BTS2
relativeto thatof BTS1. Thefollowing calculations canbe madeby themobilestation MS1
to determine the current frame mumber FN2 of BTS2 at any given point (FN1, TN1,QN1)
in the time base of BTS1.

QN2 = QN1 + QND (Eq. 2)

TN2' =TN1 + TND + (QN2’ div 625) (Eq. 3)
FN2’ =FN1 +FND + (TN2’ div 8) (Eq. 4)
FN2 =FN2' mod 2,715,648 (Eq. 5)

Inthe foregoing equations, "div" represents integer division, and "mod" is modulo
n division, wherein "x mod n" = "the remainder when x is divided by n".

Thesynchronization burst SB in GSM contains 78 encoded informationbitsand a
predetermined 64 bit training sequence, as is well known in the art. The 78 encoded
information bits contain BSIC and the so-called reduced frame number, conventionally

expressed in three parts, T1, T2and T3 . The conventional relationship between the frame
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number (FN) of the synbhronization- burst SB and the parameters T1, T2 and T3’ is as

follows:
T1=FNdiv (26 x 51) (Eq. 6)
T2 =FNmod 26 Eq. 7
T3=FNmod51 (Eq. 8)
T3'=(T3-1)div 10 (Eq.9)

Thus, oncethe current frame number FN2 of BTS2 has been calculated as shownabove
withrespect to equations 2-5, then the parameter T3 canbe determined by plugging FN2
into equation 8 above.

In conventional GSM networks, the synchronization burst SB occurs intime slot 0
of frames 1, 11, 21, 31 and 41 of a 51-frame repeating sequence of TDMA frames

- transmitted on the BTS's BCCH (broadcast control channels) carrier. Thus, T3 above.
. indicates wherethe current frame FN2 is located within the 51-frame repeating sequence.
' - Because, as mentioned above, the synchronization burst SB occurs intime slot O of frames
- 15

1, 11, 21, 31 and 41 of this 51-frame repeating sequence, the next T3 (call it T3n) that

. satisfies therelationship, (T3 - 1)mod 10=0, will designate theframe of BTS2 in whichthe

nextsynchronization burst SB will occur. The corresponding frame number (call it FIN2n)
is then determined by: : _
FN2n = (FN2 + DT3) mod 2,715,648, (Eq.10)
where DT3 = (T3n - T3) mod 51.

Now, the parameters T1, T2 and T3’ canbe determined by plugging FN2n into
equations 6 and 7 and plugging T3n into equation 9. Accordingto the GSM standard, the
parameters T1, T2 and T3', along with the BSIC, can be expressed using 25 bits. The
BSIC bits can be determined from the BSIC information received atMS1, and the bits
representing T1, T2 and T3’ can be determined from eqﬂations 6,7and 9. The mobile
station MS 1 can then apply to the aforementioned 25 bits, a well known coding algorithm
described inthe GSM standard (ETSIGSM Specification 05.03), inorder to generate from
those 25 bits the 78 encoded bits in the synchronization burst.
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In this manner, the mobile station MS1 now knows, with respect to the frame
structure timing of its own serving BTS 1, the frame number FN2n of BTS2 in which the
synchronization burstwill occur. Asmentioned above, thesynchronizationburst always

occurs in time slot 0, so the mobile station MS1 now knows exactly when the

synchronization burst will be transmitted by BTS2. Moreover, the mobile station MS 1 now
alsoknows all 78 encoded bits along with all 64 training bits of thesynchronization burst.
With knowledge of 142 bits rather than just 64 bits, the mobilestation can achieve better
accuracy inmaking time of arrival measurements than in the conventional situation wherein
only 64bits areknown. Moreover, with 142 known bits, itis possiblefor the mobile station
MS11o achieve, inafarnoisier environment, the same accuracy as couldbe achieved using
64 bits in a less noisy environment.

Becausethe positionof the mobile station MS1 relativeto a given neighboring BTS
(e.g., BTS 28 of FIGURE2) is notknown, the synchronization burst SB from that BTS will
notarrive at themobile station MS1 at precisely the time that was calculated by the mobile
station. FIGURE 7 illustrates one example of how a search window canbe defined to
encompass the time at which the synchronization burst can be expected to arrive at the
mobile station MS1. 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
calculated can befound inEq. 10. MS1knows whenthe corresponding SB (SB1) with the
same frame numberwill arrive, or would have arrived, from the serving BTS1. Letthis time
instant be denoted by TO, relative to the mobile station's timebase.

MS1is within thecircle71. Theradiusrofthis circle cane.g.,be determined by
the cell radius or derived from the timing advance value. Considerthetwo extreme cases.
One extreme case is when MS1 is at 74. Then SB2 arrives at time T0O+ RTD +d12/c
since SB2 travels d12 further than SB1 does. The other extreme case is whenMS1 is at
75. Then SB2 arrives at TO+RTD+(d12 - 2r)/c. Thus, when the mobile is between 75
and 74, SB2 arrives inthe window [TO+RTD+(d12-2r)/c-k, TO+RTD +d12/c +k],

where k accounts for inaccuracies in the provided RTD and d12 values.
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Since RTD is known, MS1 can predict with a certain uncertainty whenthe SB2
from BTS2 (non serving) will arrive.

The ability to calculate a search window permits the synchronization burstto be
detected with higherreliability compared to when the amrival time is completelyunknown,
and the complexity of themobile station is reduced compared to prior art mobilestations.
Forexample, data from the wholesearch window can bereceived in real time and stored
for later processing, whichis notrealistically feasibleif the search window is requiredto'be
10 TDMA frames long, as is necessary to guarantee capturing the synchronization burst
using conventional techniques. In addition, the search window permits the total
measurement time to be reduced.

Useofthe RTDknowledgeto calculate thestarting time and search window for the
synchronization burst SB can significantly reducethe measurementtime inmaking downlink

OTD measurements. Without receiving the RTD information, the mobile station is .

~ conventionally required to search continuously until the frequency correction burst is

detected, sothat the mobile station knows the synchronization burst will occur in the next

frame. WithRTD information correspondingto'all base transceiver stations tobe measured,

the mobile station can schedule the various measurements and limit the monitoring times to

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

FIGURES illustrates an example implementationof a pertinent portion of themobile
station MS1 of FIGURE 2 for making downlink observed time difference measurements
accordingto the present invention. Themobile station in;_cludes asynchronization burst
determiner 61 which receives as input (for example from MLC of FIGURE 2viaMSC,
BSC21 and BTS 23) the frequency, the BSIC, and the RTDrelative to the serving base
transceiver station, of éach basetransceiver station selected for OTD measurements. The
synchronization burst determiner also receives information about the distances between its
servingbase transceiver station and all neighboring base transceiver stations, along with cell

radius information for all neighboring base transceiver stations. This information canbe

_periodicallyupdated byMLC (asMS1 roams), and stored into amemory as shown at 63
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in FIGURE 6, or the information 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 arrival time of the synchronization burstrelativeto the frame structure
time base 60 of the serving cell (serving base transceiver station), and outputs this
information at 64 to a time of arrival monitor 65. Also at 64, the synchronization burst
determineroutputs tothe time of arrival monitor the 78 encrypted bits and the 64 training
bits of the synchronization burst of each selected BTS. Thesynchronization burst determiner
also calculates search windows for each selected base transceiver station, and outputs this
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 the BTSs at 68. Thetime of arrival monitor can use the calculated arrival time
information, thewindow information and the 142 bit sequence informationto maketime of
arrival measurements for each selected base transceiver station. With this information, the
time of arrival monitor can efficiently schedule the various measurements and, as necessary,
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 inany desired conventional manner, orin the
manners described in detail in copending U.S. Serial No. 08/978,960 filed on November
26, 1997, which is hereby incorporated herein by reference.

Afterthe desired time of arrival measurements have been made, the time of arrival
monitorcan output at 66 either thetime of arrival information or the observed time difference
information to the MLC (via BTS 23, BSC 21 and MSC). The MLC then uses this
information in conventional fashionto determine the location of the mobile station MS1,
which locationis then provided in a suitable messageto therequesting application 21 in
FIGURE?2. Altematively, ifMS1 knows the geographiclocations of themeasured BTSs,

then MS1 can calculate its own position.
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-Although OTD measurements on the GSM synchronization burst are described in
detail above, itshould be clear that the techniques of theinvention are applicable to various
other types of bursts as well.

InCDMA systems such as those mentioned above, providing RTD informationto
the mobilestationresults in significant improvements overknown downlink OTD techniques.
Themobile station can use the RTD information to calculate a search window generallyin
themanner described above withrespect to FIGURE 7. Because the mobilestationnow
knows the timing differences between its serving base transceiver station and the respective
neighboring basetransceiver stations, the geometry of F IGURE? canbeusedas aboveto
determine search windows for the respective neighboring base transceiver stations.

Then, foragivenbasetransceiver station, theFSC peak detection and associated
SSCcorrelations need beperformed oﬁlj during thesearch windowin whichthe FSC and

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

information identifies not only when the mobile station should monitor for arrival of signals
from agiven base transceiver station, butalso identiﬁesﬂxebasetransceiver stationand its
code group, the SSC pattern associated with the base transceiver station can be a priori
determined by themobile station. Thus, for the base transceiver station of interest, the FSC
peak detectionand the FSC-SSC correlation canbe performed simultaneously, thereby
advantageously reducing acquisition time significantly as compared to the above-described
known techniques wherein FSC-SSC correlation must follow FSC peak detection.
Reduction in acquisition time permits a corresponding reduction in theieng‘th oftheidle
periods during which the time of arrival information is acquired. Suchreductionintheidle
periods improves the downlink capacity of the network.

As afurtherresultofthe mobile station's aprioriknowledge of the SSC pattern,
thereis noneed to correlate_e 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 siot,

which provides improved signal strength and thus impfoved hearability.
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Because asearch windowis established for each monitored base transceiver station,
theprobability of selecting signals from the wrong base transceiver station is significantly
reduced. Furthermore, becausethecorrelations are performed only in the vicinity of the true
peak, the probability of selecting a false peak is also reduced.

Another advantage of providing the RTD 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

correlate with a broadcast channel of the base transceiver station (for example abroadcast
channel identified from aneighbor list of neighboring base transceiverstations)instead of,
orinadditionto, FSC/SSC. Along with the RTD information, the network can identify for
the mobile station the respective code groups of the base transceiverstations, and also the
respective long (spreading) codes of the broadcast channels. From the code group
identification information and the long code identification information, themobile station can,
using conventional techniques, generate the entire long code (e.g., 40,960 chips) of the
broadcast channel of a given base transceiver station.

Abroadcast channel, for example the Common Control Physical Channel CCPCH
of the aforementioned WCDMA communications systems, typically has apowerlevel on
the same order as the sum of the FSC signal power plus the SSCsignal power. Also, such
broadcast channel is transmitted continuously, rather than ten percent of thetime as with
FSC/SSC. Accordingly, the signal of the broadcast channel contains much more energy
than the FSC/SSC signals. This higher energy level provides improved hearability and
permits faster acquisition.

Becanse thebroadcast channel signal is continuously transmitted, it permits amuch
higherutilization of idle periods than can be achieved using FSC/SSC. Forexample, inany
given timeslot, the broadcast channel provides ten times as many symbols for correlating
than does FSC/SSC. This permits theuse of shorter and/or less frequent idle periods, thus
further improving the downlink capacity of the network.

Becausethe broadcast channel represents only one "code", theamount of memory

needed fornon-coherent combining is half of that required when correlatingFSC and SSC
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(twocodes). Also, becausebasetransceiver stations inthe same vicinity will haveunique
broadcast channels, the probability of selecting the wrong base transceiver station is
negligible. Theunique channels provide cross-correlation properties that are much better
(lower cross-correlation) than with FSC/SSC, so the probability of selecting a false peak
is much smaller than when using FSC/SSC. |

FIGURE 8 diagrammatically illustrates p_eltinént portions of an examplemobile
station which can perform downlink OTD measuremeﬁts in CDMA systems such as
mentioned above. Such CDMA systems can have generally the same architecture as shown
in FIGURE 2, but with the air interface implemented according to CDMA or WCDMA
techniques. Themobile station of FIGURE 8 includes an input 81 for receiving from the
network (e.g., ML.C of FIGURE 2)RTD information indicative of the real time differences
between the serving base transceiver station and the respective neighboring base transceiver
stations onwhich themobile station is to perform downlink OTD measurements. Theinput
81 also receives from the network code group identification information for each base
transceiver station. Inan embodimentwherein broadcast ch_anne_ls 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.

Awindow determiner 83 receives the RTD information from the network, calculates
search windows generally in the manner described above with respectto FIGURE 7, and
outputs thewindow information toa CDMA time of atrival (TOA) monitor 85. Themonitor
85 performs the required operations (e.g., peak detection and correlation) to produce the
time of arrival measurement for each desired base transceiver station.

Inan embodimentusing FSC/SSC monitoring, a code generator 87 receives from
input 81 code group identification information foreach base transceiver station, generates
therefrom the SSC patterns, and at 84 provides these SSC patterns to the monitor 85. In
another embodiment wherein broadcast channels areto bemeasured, the code generator
87 also receives from input 8 1 long code identification information for the broadcast channel

of each base transceiver station, generates the long codes in responseto the code group
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identification information and the long code identification information, and at 84 provides the
long codes to the monitor 85.
The monitor 85 monitors the CDMA air interface at 89 m accordance with the
search windows, and makes the desired time of arrival measurements. The monitor 85 can
5 output to the network at 86 either the TOA information or the OTD information. The
network (e.g., MLC of FIGURE 2) can use this information in conventional fashion to
determinethe locationof the mobilestation. Alternatively, if the mobile station knows the
geographiclocations 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
between its serving base transceiver station and all neighboringbase transceiverstations,
along with cell radius information for all neighboring base transceiver stations, inorderto
assistthe window determiner in determining the searchwindows. The distanceinformation
can be periodically updated by MLC (as the mobile station roams), and stored into a

15 memory as shown at 82 in FIGURE 8, or the information canbe included in apositioning
requestmessagesent to themobile station by MLLC. The window determineruses theRTD
information to determine for each monitored base transceiver station the approximate
expected arrival time of the monitored signal relative to thetime base 80 of the serving base
transcejver station, and combines this expected arrival time information with the distance

20 information to produce a suitable search window.

Itwill be evident toworkers in the art that the exemplary mobile station portions of
FIGURE 6 and FIGURE 8 can be readily implemented by suitably modifying hardware,
software, or both, in a data processing portion of a conventional mobile station.

Inview of the foregoing description, itshouldbe clear that the downlink observed

25 time difference techniques of the present invention improve the sensitivity of downlink
observed timedifference measurements by providing themobile station withmoreknown
bits from the synchronization burst SB, enhance the accuracy of the time of arrival and

observed timedifference measurements, reduce the risk of measurement errars, reduce the
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time required to make the necessary measurements, and require less memory and data

processing capability in the mobile station.

Although exemplary embodiments of the present invention have been described
above in detail, this does not limit the scope of the invention, which canbe practiced ina

variety of embodiments.
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WHAT IS CLAIMED IS:
1. A method of using a mobile communication station in a wireless

communication network tomeasure respective times of arrival of radio signals respectively
transmitted by a plurality of radio transmitters in the network, comprising:

providing the mobile communication station withreal time difference information
indicativeof differences between atime base used by aradio transmitter serving the mobile
cominunication station and respective time bases used by the other radio transmitters;

the mobile communication station determining, in responsetothe real time difference
information andrelativeto thetime base used by the radio transmitter serving the mobile
communication station, a plurality of points in time at which the respective radio signals are
expected to arrive at the mobile communication station; and

foreach radio signal, the mobile communication stationmonitoring forarrival of the
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
communication network tomeasure respective times of arrival of radio signals respectively
transmitted by a plurality of radio transmitters in the network, comprising:

providing information indicative of when the radio signals are expected fo arrive at
the mobile communication station; and

the mobile communication station monitoring for arrival of the radio signals in

response to the information.

3. The method of Claim 2, wherein said providing step includes providing
information indicative of respective periods of time during which therespective radio signals
are expected to arrive at the mobile communication station, and said monitoring step
incliiding the mobile communication station monitoring for arrival of each radio signal during

the corresponding period of time.
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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 atime
baseusedby aradiotransmitterserving themobile communication stationand respective
time bases used by the radio transmitters being measured; and

inresponse tothereal time difference information, determining, relative tothe time
baseusedby theserving radio transmitter, a plurality of points intime at which therespective

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

5. The method of Claim 4, wherein said providing step further includes using
the points intime to determinerespective periods of time during which the respectiveradio
signals are expected to arrive at themobile communication station, and said monitoring step
including themobile communication station monitoring for arrival of 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 poihts intimeto determine therespective periods of time.

7. Themethod 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

communication station.

8. The method of Claim 7, wherein said accounting step includes estimating,
for each radio signal, a maximum possible 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 timebasedon the

pointintime atwhich arrival is expected and theminimum possible distance of travel, and
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establishing an ending pointofthe associated period of time based onthe pointin time at

which arrival is expected and the maximum possible distance of travel.

10.  Themethod of Claimn 4, wherein said determining step includes themobile

communication station determining the points in time.

11.  Themethod of Claim 4, wherein said radio signals aretransmitted on time
division multiple access channels, and said step of providingreal time difference information
includes expressing a real time differenceusing at Ieast one of a frame number difference,

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

~12. Themethod of Claim 2, wherein the communication network is a celhular

communication network.

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

network.

14.  Amethodoflocating theposition of amobile communication stationina
wireless communication network, comprising:

measuring atthe mobile communication station respective times of arrival of radio
signals respectively transmitted by a plurality of radio transmitters in the network, including
providing information indicative of when the radio signals are expected to arrive at the
mobile communication station, and the mobile communication station monitoring for arrival
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 aradio signal at a radio

communication station operating in a wireless communication network, comprising:
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obtaining from the wireless communication network information from which an
informational content of the radio signal can be determined but which information does not
itself reveal the informational content of the radio signal;
determining the infonnaﬁoﬁal content of the radio signal in response to the
5  information; and |
using the informational content of the radio signal to measure the timeof arrival of
the radio signal. -

16. - Themethod of Claim 15, wherein said information includes information

10 indicative of transmission timing of the radio signal. -

17.  Themethod of Claim 16, wherein said transmission timing information is real
- timedifference informationindicative of a differencebetween atime base knownto theradio
- communication station andatimebaseused’by aradio transmitter from which the radio

15" . signalis to be transmitted.

18.  Themethodof Claim 15, wherein said information includes information

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

20 19.  Themethod of Claim 18, wherein the communication network isa GSM
network, and wherein the information indicative of the radio transmitterincludes abase

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

20.  Anapparatus foruse inlocating the position of amobile communication
25 station in a wireless communication n_etw@rk, comprising:
adeterminerfor determining when each of a plurality of radiosignals is expectedto
arrive at the mobile communication station; and
aradio signal monitorform_eaﬁ.éuﬁng respectivetimes of. arrival of theradio signals,

saidmonitor provided in themobile communication station and having an input coupled to

This Sheet Has Been Replaced




10

15

20

25

WO 00/08886

. b

-25-
said detenmnertorecewetherefmm information mdlcatxveof when theradio signals are
expected to arrive atthe mobile communication station, said monitor responsive to said

information to monitor for arrival of the radio signals.

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

mobile communication station.

22.  Theapparatus of Claim 20, wherein said determiner determines respective
periods of time during which therespective radio signals are expected to arrive atthe mobile

communication station.

23.  Theapparatus of Claim 20, wherein said determiner includes an inputfor
receiving real time difference information indicative of differences between atime base used
by aradiotransmitterserving themobile communication station and respective time bases
used by radio transmitters which transmit the radio signals, said determiner responsiveto the
realtime difference information for determining, relativeto thetime baseused by the serving
radio transmitter, a plurality of points in time at which the respective radio signals are

expected to arrive at the mobile communication station.

24,  Theapparatus of Claim 23, wherein said determiner is operable to use the
points in time to determine respective periods of time during which therespective radio

signals are expected to arrive at the mobile communication station.

25.  Theapparatus of Claim 24, wherein said determiner is operable during
determination of said periods of time to account forrespective distances tobe traveled by
the radio signals in order to reach the mobile communication station, said determiner
operableto estimate maximum possible distances of travel and minimum possible distances
oftravel and, foreachradiosignal, to establish abeginning point of the associated period

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

PCT/SE99/01322
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distance of travel, and to establish an ending point of the associated period of time based

on the pointin time at which amivalis expected and the maximum possible distance of travel.

26.  Theapparatus of Claim 20, wherein the communication network is a cellular

communication network.

27.  Theapparatus of Claim 26, wherein the communication network isa GSM

network.

28.  Anapparatus formeasuring the timeof arrival of a radio signal thereat,
comprising:

an inputforreceiving information from which an informational content of the radio
signal can bedetermined but which information does notitself reveal the informational -
content of the radio signal;

adeterminer coupled tosaid input and responsive to said information for determining
the informational content of the radio signal; and -

aradio signal monitor for measuring the time of arrival of the radio signal, said

monitor coupled tosaid determiner forusing said informational contentof the radio signal

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

29.  Theapparatus of Claim 28, wherein said information includes information

indicative of transmission timing of the radio signal.

30.  Theapparatusof Claim 29, wherein said transmission timing informationis
real time difference information indicative of a difference between atime base known to the
apparatus and a timebaseused by aradio transmitter from which the radio signal is tobe

transmitted.
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31.  Theapparatusof Claim 28, wherein said information includes information
indicative of a radio transmitter from which the radio signal is to be transmitted.

' 32, Theapparatusof Claim 31, wherein the communication network is a GSM
network, and wherein the information indicative of the radio transmitter includes abase
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.

34.  The method of Claim 2, wherein the radio signals are Code Division
Mutltiple Access (CDMA) signals.

35.  Themethod of Claim 14, wherein the radio signals are Code Division
Multiple Access (CDMA) signals.

36.  Theapparatus of Claim 20, wherein the radiosignals are Code Division
Multiple Access (CDMA) signals.

37.  Themethod of Claim 34, wherein said monitoring step includes, for each
radio signal, correlating said radio signal with a first code that is periodically transmitted by
theassociated radio transmitterand, simultaneously with 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
codes in the code pattern is transmitted simultaneously with one of said periodic

transmissions of the first code.

38.  Themethodof Claim 37, including providing, for each radio transmitter,
information indicative of a code group to which the radio transmitter belongs, and further
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including themobile communication station determiningsaid code pattern in responseto said

code group information.

39, - Themethod of Claim 37, including detecting said transmitted first and

second codes by combining results of said correlating steps.

40.  Themethod of Claim 34, including providing information indicative of
spreading codes respectivelyused by theradio transmitters, and themobile communication
station determining from said spreading code information the spreading codes used by the
respectiveradio tranémittexs, said monitoring step includingusing the spreading codes to

monitorradio signals of broadcast channels associated with the respective radio transmitters.

41.  Theapparatusof Claim 36, inchuding a code generator coupled to said radio

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

42.  Theapparatus of Claim 41, wherein said codes include spreading codes

respectively associated with said radio signals.

43,  Theapparatus of Claim 41, wherein said codes include codes carried by

said radio signals.

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

respectively associated with radio transmitters used to produce the respectiveradio signals.

45.  Theapparatusof Claim 41, whereinsaid code generatorincludes aninput

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

46.  Theapparatus of Claim 41, whereinsaid code generatoris provided inthe

mobile communication station.
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