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A time of arrival measurement
apparatus is (TMU) used to measure
the time of arrival of a radio signal
(30) transmitted by a mobile commu-
nication station (MS) operating in a
wireless mobile communication net-
work. The apparatus is provided with
information indicative (36) of a pre-
determined point in time at which the
radio signal is to be transmitted. The
time of arrival measurement apparatus

monitors for arrival of the radio sig-

nal only during a period of time after
the predetermined point in time. The
time of arrival measurement appara-

tus also receives information (BSIC,
HRN) from which it can determine an

informational content of the radio sig-
nal.
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IMPROVEMENTS IN MAKING TIME OF ARRIVAL MEASUREMENTS

This application is a continuation-in-part of copending U.S. Serial No. 09/123,201
(Attorney Docket No. 34645-424) filed on July 27, 1998. This application discloses
subject matter related to subject matter disclosed in copending U.S. Serial No. 09/131,150
(Attorney Docket No. 34645-423)filed on August 7, 1998, which is hereby incorporated

herein by reference.

FIELD OF THE INVENTION
Theinvention relates generally to locating the position of amobile communication
unitinawireless communication network and, more particularly, touplink time of arrival

measurements.

BACKGROUND OF THE INVENTION

The ability to locate the position of a mobile communication unit operating in a
wireless communication system provides many well known advantages. Exemplary uses of
such position locating capability include security applications, emergency response
applications, and travel guidance applications. Among several possible techniques for
providing position locating capability, uplink time of arrival (TOA) techniques are attractive
because they normally do not require any changes to the mobile communication units.

One example of an uplink time of arrival approach will now be described with
respect to the Global System for Mobile Communication (GSM), which is exemplary of a
wireless communication system in which uplink time of arrival techniques are applicable.
When an external application (or the GSM network itself) decides to locate the position of
amobileunit (alsoreferred to as mobile station), aMobile Location Center forces (viaa
base station controller) the mobile unit to perform a conventional intracell handover,

whereupon the mobile unit transmits up to 70 uplink access bursts, oneburst per TDMA
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frame (i.e., one burstevery 8 timeslots). The mobile unittransmits the access burstsin an
attempt to comply with the intracell handover command.

The Mobile Location Center (MLC)orders a number of TOA Measurement Units
(TMUs)to capture the access bursts and measure thetime of arrival of each burstat each
TMU. The TMUs then provide the MLC with their time of arrival measurements and
reliability estimates for these measurements. Inorder to compute the position of the mobile
station, the MLC uses the time of arrival values and corresponding reliability parameters, the
geographic location coordinates of the TMUs, and information regarding time differences
among the respective internal time bases of the TMUs. For example, each TMU can be
provided with anabsolute time reference (e.g., a Global Positioning System (GPS) clock),
in which case the TMUs are all synchronized together, so that relative time differences
among the TMUs are not a factor in the MLC's calculation of the position of the mobile
station.

However, if the TMUs do not include an absolute time reference, then therelative
differences among their respective local time references can be determined, for example, by
having each TMU measure the time of arrival of an uplink burst from astationary reference
mobile station positioned ata known location in the network. Thetime of arrival information
forthereference mobile station is then transmitted from the TMUs to the MLC. The MLC
can use these time of arrival measurements to compute the relative differences in the timing
references of the respective TMUs, also referred to as inter-TMU time differences (ITTDs).

More specifically, because the MLC knows the location of the reference mobile
station and also knows the locations of the TMUs, the MLC can easily calculate the
expected difference (in absolute time) between the time of arrival of the burst ata first TMU
and the time of arrival of the burst at a second TMU. Then, whenthe MLC receives the
time of arrival information as actually observed at the first and second TMUs, it can
compare the difference between observed arrival times to the expected difference as
previously calculated. By this comparison, the actual time difference between the local time
references of the firstand second TMUs (the ITTD of the first and second TMUs) can be

readily determined. Time of arrival measurements on the reference mobile station canbe
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made periodically by the TMUs, and provided to the MLC for use in determining the
ITTDs, so that MLC can maintain an updated record of the ITTDs.

Inaddition to the technique described above, other conventional techniques arealso
available for determining the ITTDs.

Because the MLC knows the ITTDs (or alternatively knows thatthe TMUs are all
synchronized by a GPS system), it can calculate an estimate of the position ofagiven mobile
station from the time of arrival information provided by the TMUs, using conventional Time
Difference of Arrival (TDOA) techniques.

One problem with the above-described uplink time of arrival techniques is that the
TMUs do not know when they should expect, or begin to monitor for, the access bursts
from the mobile station. This has the following disadvantages. The sensitivity of
conventional time of arrival measurement algorithms decreases as theuncertainty inthe a
priori knowledge of the arrival time increases. Thisis due to the fact thatmore noiseand
interference is received if the receiver does not know when the "meaningful” data is coming,
Also, the TMU must monitor fora longtime in order to be sure that it captures the desired
bursts. Thus, the utilization efficiency of the TMU hardware is disadvantageously degraded.

Furthermore, in a frequency hopping system such as GSM, the access bursts are
transmitted on a frequency hopped channel. In this situation, notonly does the TMU not
know when to begin monitoring for the access bursts, but it also does not know which
frequency it should monitor. Thus, notonly is an undesirably long monitoring time possible,
but the TMU would also be required to include areceiver for each frequency in the hop
sequence so that all possible frequencies could be monitored.

Itis therefore desirable to providetime of arrival measuring devices with information
indicative of when the access bursts can be expected to arrive, and which frequency will be
used to transmit the access bursts. Accordingto the present invention, such information is
providedto time of arrival measuring devices, thereby avoiding the aforementioned problems
associated with conventional time of arrival techniques.

Also, for positioning purposes, time of arrival measurements are sometimes

performed on radio links having a signal-to-noise and interference ratio (SN IR ) farbelow
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zero. Especially indoors and in rural environments, sensitivity can become a problem. Also,
the TMUs that will perform the time of arrival measurements mustbe selected before the
actual measurements are performed, when no information on SN IR is available. Thus, itis
unavoidable that the radio links between at least some of the selected TMUs and the
selected mobile unit will have a very poor SNR. Prediction simulators indicate that every
dB that can be won in the measurement is valuable. This is especially true withrespectto
TMUs implemented without antenna diversity, in which case several dB arelost. Thisof
course degrades the system performance significantly.

It is therefore desirable to provide the TMUs with enhanced sensitivity to the
signaling from the mobile unit. This is achieved according to the present invention by
providing the TMUs with information from which the TMUs can determine inadvance

certain encrypted bits in theuplink access burst that will be transmitted by the mobileunit.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGURE 1 is ablock diagram of an exemplary wireless communication system
including uplink time of arrival capability according to the present invention.

FIGURE 2 illustrates an example of the mobile location center of FIGURE 1 in
greater detail.

FIGURE 3 illustrates an example of the TOA measurement units of FIGURE 1 in
greater detail.

FIGURE 4is aflow diagram which illustrates example operations of the structure
of FIGURES 1-3 to implementuplink timeof arrival techniques according to the present
invention.

FIGURE 5 illustrates how an example monitoring window is determined according |
to the invention.

FIGURE 6 illustrates another example of the mobile location center of FIGURE 1.

FIGURE 7 illustrates another example of the TOA measurement units of FIGURE
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FIGURE 8 is a flow diagram which illustrates example operations of the structure
of FIGURES 1, 6 and 7 to implement uplink time of arrival techniques according to the
present invention.

FIGURE 9illustrates sensitivity enhancement achieved by the invention inthe TMUs
of FIGURE 1.

DETAILED DESCRIPTION

FIGURE 1 illustrates one example of a pertinent portion of a wireless
communication system including the uplink time of arrival capability according to the present
invention. The invention is implemented ina GSM network in the example of FIGURE 1.
As shown in FIGURE 1, a GSM mobile switching center MSC is coupled for
communication with a plurality of GSM base station controllers BSCs, which are inturn
coupled to communicate with one ormore GSM base transceiver stations BTSs. Thebase
transceiver stations are capable of radio communication with a plurality of mobile stations
MSs viathe airinterface. Communication from the MSC tothe MSs viathe BSCs and the
BTSs is well known in the art.

FIGURE 1 also includes time of arrival measurement units TMUs which
communicate with respective base transceiver stations via radio signaling through the air
interface. A mobile location center MLC is coupled to communicate with the mobile
switching center MSC using conventional GSM signaling protocol. InFIGURE 1,the MLC
can receive arequest to locate the position of a mobile station MS1. Such arequest can
be received from a node within the network itself, or from an external location application
asillustrated at 11 in FIGURE 1. In response to this request, the MLC interrogates the
MSC tothereby determinethe serving BTS 15 (i.e., the serving GSM cell) and to receive
from the serving BSC 13 (viaMSC) all available physical channel parameters associated
with the serving cell, including all frequency hopping parameters. The MLC decides which
TMUs should be involved in the uplink time of arrival measurements, and initiates a
conventional intracell handover command (viaMSC and BSC 13), which intracell handover

command is then to be transmitted to the mobile station MS1 by BTS 15.



10

15

20

25

WO 00/07404 PCT/SE99/01307

-6~

The intracell handover command in GSM includes starting frame and time slot
information which directs the mobile station to begin the conventional access burst
(responsive to the intracell handover command) ata specified TDMA timeslotin aspecified
TDMA frame. When initiating the intracell handover command via communication with
BSC 13, theMLC either specifies to BSC 13 the frame number and time slot number, or
receives from BSC 13 the frame number and time slot number that have been specified by
BSC 13.

Communications between the MLC and the TMUs can occur, for example, via
cable connections between the MLC and the TMUs (see, e.g., 12 in FIGURE 1), or via the
airinterface between the TMUs and BTSs (see, e.g., 14 in FIGURE 1) and the network
communication path from BTS through BSC and MSC to MLC.

The TMUs periodically monitor the broadcast control channels of the respective
base transceiver stations with which they communicate. Each TMU provides the MLC with
the frame structure timing of its associated BTS relative to the TMU's own local time
reference. This framestructure timing information can be transmitted from the TMUs to the
MLC via, for example, conventional Short Message Service utilizing the air interfaée
between the TMU and the MLC. This frame structure timing information can be updated
periodically by the TMUs and sent to MLC periodically. Thus, when the MLC initiates the
intracell handover command, which specifies the frame number and time slot number for the
access burst from the mobile station, the MLC also knows the frame structure timing
currently used by the mobile station MS1 in communication with its serving base transceiver
station 15.

Moreover, the MLC also knows any inter-TMU timing differences (ITTDs) among
the TMUs selected to make the uplink time of arrival measurements on the mobile station
MS1. As described above in detail, the TMUSs can all include a conventional absolute time
reference, or the MLC can calculate the inter-TMU time differences among the TMUs using
uplink time of arrival measurements made by the TMUs on a stationary reference mobile
station located in a known position. The MLC can therefore determine the frame structure

timing according to the local time reference of any TMU by simply translating the frame
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structuretiming measurement from the local timing of the TMU that made the frame structure
timing measurement (TMU 17 in the example of FIGURE 1) to the local timing of any of the
TMUs selected to make TOA measurements on MS1. Thus, whenthe MLC requests an
intracell handover command specifying a frame number and time slot number of the access
burst, the MLC can also communicate to the selected TMUs the frame number, the timeslot
number and the frame structure timing of the serving BTS (and thus themobile station also)
relative to the local timing of each respective TMU. Now, each TMU willknow, relative
to its own local timing reference, precisely when the mobile station will begin transmitting the
first access burst.

Inaddition, the mobile location center can request from the base station controller
13 the conventional hopping sequence parameters associated with the serving base
transceiver station 15. These parameters can also be transmitted from MLC to the TMUs
along with the frame number, time slot number and framestructure timing. Withknowledge
of the conventional hopping sequence parameters and the frame and time slot numbers, the
TMUs can then calculate the hopping sequence in conventional fashion. Thus, the TMUs
will all know when (frame and time slot numbers), and on which frequency, to begin
monitoring for the arrival of the access burst from the mobile station.

The MLC may also compute a monitor window beginning atthe starting time as
specified by the frame number and time slot number in the intracell handover command, and
extending for atime period determined as shown in the example of FIGURE 5. FIGURE
5 illustrates one example of how monitoring windows can be established for the TMUs of
FIGURE 1. The example of FIGURE 5 illustrates determination of amonitoring window
fora TMU 57 that is substantially cosited with a base transceiver station designated as
BTS2. The TMU illustrated in FIGURE 5 will make time of arrival measurements on bursts
received from a mobile station currently being served by the base transceiver station
designated as BTS1. Inthis situation, the longest transmission time before the burst arrives
atthe TMU will occur when the mobile station is located at 51, namely on theboundary of
serving cell 53 opposite the TMU 57. If TO designates the starting time of the access burst

(as defined by the frame number and time slot number received by the mobile station in the
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intracell handover command), then the access burst from the mobile station will actually
arrive at BTS1 at the starting time TO due to the fact that the mobile station is synchronized
to the serving BTS1. This operation is conventional in, for example, GSM systems.

Due to the aforementioned synchronization, the access burst will have already
arrived at BTS1 attime TO, so the total transmission time to the TMU willbe TO+d,,/c,
whered ,isthe distance between BTS1 and the TMU 57, and cis thespeed of light. On
the other hand, the shortest transmission time between the mobile station and the TMU will
occur when the mobile station is located at 52, namely on the cell boundary of cell 53
nearest to the TMU. With the mobile station located at 52, the access burst will have
reached point A at time T0, so that the total transmission time to the TMU will be givenby
TO+(d,, - 2r)/c, whereris theradius of the serving cell 53. Thus, the monitoring window
forthe TMU 57 of FIGURE 5 would begin attime TO +(d,, - 2r)/c, and would extend until
time TO+d,,/c. This monitoring window is easily calculated by the MLC which has stored
therein or available thereto the cell radius information of all cells covered by the ML.C, and
either the distances between all base transceiver stations (in the case of TMUs cosited with
the base transceiver stations) or the geographic coordinates of all base transceiver stations
and all TMUs (to accommodate architectures wherein the TMUs are not necessarily cosited
with base transceiver stations).

Ratherthanusing the cell radius rto calculate the search window, the MLC could
alternatively use the current Timing Advance (TA) value, whichis conventionally available
from theserving BTS. The TA value gives arough estimate of the distance between the
mobile station and the serving BTS. Because the TA value will correspond to a distance
less than or equal to the cell radius r, use of the TA value can often reduce the search
window by locating the beginning point of the window later in time than it would be if the cell
radius r were used.

FIGURE 2 illustrates one example of the mobile location center MLC of FIGURE
1in greater detail. Inthe example of FIGURE 2, the MLC includes a position locator 21
which receives the location requests from the location application or network modeat 11

inFIGURE 1. The position locator is coupled to ageographic storage portion 24 for storing
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therein, for example, the geographic coordinates of the TMUs, the geographic coordinates
of the base transceiver stations, and the cell radius of each cell covered by the MLC (or
current TA value of any mobile station that is being located). The position locator includes
an input 23 where time of arrival information (and associated reliability estimate) from the
TMUs is received. The position locator 21 implements well-known time difference of arrival
techniques in response to the time of arrival information.

Forexample, position locator 21 can operate to solve the equation OTD =GTD
+1TTD where OTD is the observed time difference (difference between TMU-measured
times of arrival), GTD is geographic time difference (difference between times of arrival in
absolute time). Thus, the observed time differences differ from the geographic time
differences dueto ITTD as described above. When MLC is locating a mobile station, OTD
and ITTD are known, so the equation is solved for GTD, and when MLC is determining the
ITTDs using a stationary reference mobile, OTD and GTD are known, so ITTD can be
calculated. When the position of themobile station has been located by the position locator,
the position locator outputs the position location information to the requesting node (network
orexternal) from which the original location request was received. Positionlocator21 can
determine the ITTDs from time of arrival measurements madeby TMUs on a stationary
reference mobile station. The ITTDs are stored in storage portion 29.

The position locator also outputs an intracell handover request (HO) to BSC, in
which the position locator can specify the desired starting frame and time slot numbers.

The MLC furtherincludes a window determiner 25 which determines the monitoring
window for each TMU, for example, in the manner described above with respect to
FIGURE 5. The window determiner has aninput 27 forreceiving the starting time (frame
number FN and time slot number TSN) from the BSC 13 (viaM SC). Window determiner
25 is also coupled to geographic storage portion 24 to permit access to geographic location
information needed to compute the monitoring windows. A timingtranslator 26 receives
frame structure timing information for each BTS from the associated TMU assigned to
measure that BTS, and uses the ITTDs stored at 29 to translate the frame structure timing

information into the timing reference of every other TMU. Frame structure timing
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information for every BTS relative to every TMU’s local timing reference is stored in storage
portion 20.

The MLC includes a further input for receiving the hopping sequence information
from the BSC 13(via MSC). The MLC provides as output a positioning measurement
command to the selected TMUs (viaMSC, BSC and BTS), the command including (1)
monitoring window information and the frame number FN and time slot number TSN from
window determiner 25, (2) hopping sequence information as received at MLC from BSC,
and (3) localized frame structure timing from storage portion 20.

FIGURE 3 illustrates an example embodiment of the TMUs of FIGURE 1. The
TMU of FIGURE 3 includes a frame structure monitor 31 including an input 32 for
monitoring the broadcast control channel (or other channel suitable for determining frame
structure timing) of the associated base transceiver station of FIGURE 1, and an output 34
for providing the frame structure timing information to the MLC (viaBTS, BSC and MSC).
The frame structure monitor receives its timing from the TMU's local clock 33. As
discussed above, the frame structure monitor receives the broadcast control channel of the

associated BTS and determines the frame structure timing of the BT S relative tothe TMU's

local clock. This frame structure timing information is then transmitted to the MLC at 34.

The TMU of FIGURE 3 further includes a time of arrival monitor 35 which includes
aninput 30 for receiving the access bursts from a mobile station, and a further input 36 for
receiving the positioning measurement command information provided by MLC as described
above. Thetimeof arrival monitor also includes an output 37 for providing time of arrival
information (and associated reliability estimates) to the MLC. Thetime of arrival monitor
35 canmonitor the input 30 for access bursts during the window as defined by the received
window information. The window information and starting frame and time slot numbers (FN
and TSN) are interpreted by the TOA monitor 35 in conjunction with the localized frame
structure timing information, so themonitoring window is properly adjusted to the local clock
timing of the TMU.

The time of arrival monitor also uses the hopping sequence information, in

conjunction with the starting frame and time slot numbers to compute the hopping sequence



10

15

20

25

WO 00/07404 PCT/SE99/01307

11-

used by the mobile station and its serving base transceiver station. Such computationofa
frequency hopping sequence is a well known conventional procedure. Thus, the TMU will
advantageously monitor the access bursts onthe correct frequency and during alimited
window of time which includes the arrival time of the access bursts. The window is of
course easily re-used to measure subsequent access bursts in the (potentially) 70 burst
sequence. Evenwithout receiving the window information, the monitor would still know the
burststarting time from FN, TSN and the localized frame structure timing, and thus could
alternatively monitor for a predetermined default window time beginning at theknown
starting time.

FIGURE 4 illustrates exemplary operations of the wireless communication system
portion of FIGURE 1, including theuplink time of arrival techniques of the present invention.
At61,the MLC receives arequest to locate the position of a particular mobile station. At
62, the MLC determines the serving cell, obtains transmission parameters of the mobile
station (including hopping sequence parameters), and selects which TMUs should be
involved in the time of arrival measurement. At 63, thestarting frame number and timeslot
number forthe first access burst is specified, eitherby MLC orfrom BSC. At64,the MLC
computes the monitoring window for each selected TMU. At 65, the MLC sends the
monitoring windows and hopping sequence information to the selected TMUs along with the
starting frame and time slotnumbers and the localized frame structure timing information.
At 66, the selected TMUs compute the hopping sequence. At67, the intracell handover
commend is sent to the mobile station, and the mobile station transmits the access burst in
responsethereto. At68, the TMUs record thetime of arrival of the access burst within their
respective monitoring windows. At69,the TMUs send thetime of arrival information to the
MLC. At70,the MLC computes the position of the mobile station and relays the position
information to the requesting node.

As mentioned above, the MLC receives from each TMU the frame structure timing
ofthe associated BTS relative to the TMU's own local timereference. This information,
when combined with conventional downlink time of arrival measurements made on BTSs

by astationary reference mobile station, permits the MLC to calculate the ITTDs. Ifthe
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reference mobile station makes time of arrival measurements ontwo BTSs, for example, by
monitoring the broadcast control channel of each BTS, then the MLC can receive this
information (e.g., viaBTS, BSC and MSC) and calculate the timing difference between the
BTSs. Because the MLC also knows the timing of each BT S's broadcast control channel
frame structure relative to the associated TMU, the MLC can easily calculate the ITTD
between the two TMUs associated with thetwo BT Ss measured by the reference mobile
station. This technique for determining the ITTDs according to the present invention
advantageously permits the reference mobile station simply to monitor existing downlink
signals from the BTSs, rather than transmit uplink signals to be measured by the TMUs, thus
requiring no additional traffic in the network for performing ITTD determinations.
The intracell handover command in GSM conventionally includes a Handover
Reference Number (HRN) associated with the particular handover. When initiating the
intracell handover command viacommunication withBSC 13, the MLC can receive from
BSC 13 the BSIC of the BTS that is the intended handover target and the Handover
Reference Number that has been specified for the handoverby BSC 13. The MLC can
then communicate to the selected TMUSs the BSIC and the Handover Reference Number.
The BSIC and the Handover Reference Number areused in GSM to produce 36
encrypted bits that are included along with a 41 bit training sequence in the conventional
access bursts transmitted by the mobile station. Thus, when the TMUs are provided with
the BSIC (6 bits) and the HRN (8 bits), the TMUs can utilize a well known algorithm in the
GSM standard to produce from the BSIC and HRN bits the 36 encrypted bits of the access
burst (see e.g., Draft prETS 300 575 (GSM 05.03 version 4.5.0); July 1997, page 23).
By knowing all 77 information bits (36 encrypted bits plus 41 known training bits)
ofthe access burst in advance, rather than knowing only the 41 bit training sequence as in
the prior art, the sensitivity atthe TMUs is directly enhanced, as shown by the simulation
example of FIGURE 9. InFIGURE 9, the horizontal axis corresponds to SNIR and the
vertical axis corresponds to the standard deviation of the time of arrival estimate, Groag.
Knowledge of the additional 36 bits permits the TMUs to achieve, in a far noisier

environment, the same accuracy as could be achieved using only the 41 tramingbits in aless
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noisy environment. This enhances the time of arrival measurements made by the TMU,
reduces the risk of measurement errors, and reduces the time required to make the
necessary measurements.

FIGURE 6 is similar to FIGURE 2 but shows an MLC receiving the BSIC and
HRN from the BSC, and also shows the MLC transmitting the BSIC and HRN to the
TMUs.

FIGURE 7 is similarto FIGURE 3, butshows a TOA monitor 35A receiving the
BSIC and HRN as inputs from MLC.

FIGURE 8 illustrates an example modification of the operations of FIGURE 4 to
include the above-described use of the BSIC and HRN. In particular, blocks 63, 65 and
66 from FIGURE 4 are shown modified at 63 A, 65A and 66 A, respectively, to illustrate
theuse of the BSIC and HRN. In particular, at 63 A, the BSC specifies the BSIC and HRN
in addition to the other information illustrated at 63 in FIGURE 4. At65A, the MLC sends
the BSIC and HRN to the selected TMUs along with the additional information illustrated
at 65in FIGURE 4. At66A, the TMUs compute the encrypted bits of the access bursts
in addition to computing the hopping sequence illustrated at 66 in FIGURE 4. In the
example of FIGURE 8, operations other than at 63A, 65A and 66A inFIGURE 8 canbe
the same as disclosed in FIGURE 4.

It should be understood that the above-described use of BSIC and HRN to
compute encrypted bits can be implemented together with or separately from the above-
described use of monitor windows, burst starting times and frequency hopping calculations.

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 1S:

1. A method of using a time of arrival measurement apparatus to measure the
time of arrival of a radio signal transmitted by amobile communication station operating in
a wireless mobile communication network, comprising:

providing the time of arrival measurement apparatus with information indicative of
a predetermined point in time at which the radio signal is to be transmitted; and

using thetime of arrival measurement apparatus to monitor for arrival of the radio

signal only during a period of time after said predetermined point in time.

2. Themethod of Claim 1, wherein said providing step includes expressing the
predetermined point in time relative to a time base of the time of arrival measurement

apparatus.

3. The method of Clam 2, including determining a relative timing relationship
between the predetermined point in time and the time base of the time of arrival

measurement apparatus.

4. Themethod of Claim 3, wherein said determining step includes monitoring
aradio communication channel used by the mobile station and determining therefrom a
relationship between communication timing of the mobile station and the time base of the

time of arrival measurement apparatus.

5. The method of Claim 4, wherein the radio communication channel is a
control channel of a fixed-site transceiver serving the mobile station, and the communication

timing is frame structure timing of the fixed-site transceiver.

6. The method of Claim 1, including specifying the information to anodein the

network, and thereafter communicating the information from the node to the mobile station.
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7. Themethod of Claim 1, including communicating the information from a
node in the network to the mobile station, and also communicating the information from the

node in the network to a further node in the network that performs said providing step.

8. Themethod of Claim 1, including calculating the period of time based on the
information indicative of the predetermined point in time and based on geographic
characteristics of the network, the period of time including a predetermined beginning point
in time and a predetermined ending point in time, and providing to the time of arrival

measurement apparatus information indicative of the period of time.

9. Themethod of Claim 8, wherein the beginning point in time of said period
of time is separated by a further period of time from the predetermined point in time at which

the radio signal is to be transmitted.

10.  The method of Claim 1, including providing to the time of arrival
measurement apparatus information indicative of a frequency at which the radio signal is to
be transmitted, and using the time of arrival measurement apparatus to monitor the frequency

for arrival of the radio signal.

11.  Themethod of Claim 10, wherein the information indicative of the frequency
at which the radio signal is to be transmitted includes the information indicative of the
predetermined pointin timeat which the radio signal is to be transmitted, along with further
information indicative of frequency hopping parameters used by the mobile station, and
including determining the frequency based on the information indicative of frequency hopping
parameters and the information indicative of the predetermined point in time at which the

radio signal is to be transmitted.

12.  Themethod of Claim 1, wherein said providing step includes providing the

information to a plurality of time of arrival measurement apparatuses, and wherein the
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information provided to each time of arrival measurement apparatus expresses the
predetermined point in time relative to a time base of that particular time of arrival

measurement apparatus.

13.  Themethodof Claim 12, including receiving from afirsttime of arrival
measurement apparatus information indicative of a timing relationship between a time base
ofthe firsttime of arrival measurement apparatus and communication timingused by the
mobile station, and determining from the timingrelationship a plurality of other timing
relationships between the communication timing used by the mobile station and the

respective time bases of the other time of arrival measurement apparatuses.

14.  Themethod of Claim 13, including determining differences among the time

bases of the respective time of arrival measurement apparatuses.

15. The method of Claim 1, wherein the wireless communication network is a

GSM network.

16.  Anapparatus foruse in locating a mobile station in a wireless communication
network, comprising:

aplurality of time of arrival monitors, each said time of arrival monitor for monitoring
an air interface to determine when a radio signal transmitted by the mobile station has arrived
at said time of arrival monitor;

each said time of arrival monitor including an input for receiving first information
indicative of a predetermined point in time at which the mobilestation is to transmit the radio
signal, wherein said firstinformation received at each time of arrival monitor expresses said
predetermined point in time with respectto alocal time base associated with that particular
time of arrival monitor; and

each said time of arrival monitor including an output for providing second information

indicative of a time of arrival of the radio signal at that time of arrival monitor.
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17.  The apparatus of Claim 16, wherein each said time of arrival monitor
includes an input for receiving third information indicative of frequency hopping parameters

used by the mobile station.

18.  Theapparatus of Claim 17, wherein each said time of arrival monitor is
responsive to said first information and said third information for calculating a frequency at
which the radio signal will be transmitted by the mobile station, and each said time of arrival

monitor is operable to monitor the calculated frequency for arrival of the radio signal.

19.  The apparatus of Claim 16, wherein each said time of arrival monitor
includes an input for receiving second information indicative of a period of time during which
said time of arrival monitor is to monitor the air interface for arrival of the radio signal,
wherein said period of time is separated from said predetermined pointin time by a further

period of time.

20.  The apparatus of Claim 16, including a plurality of timing monitors
respectively associated with said time of arrival monitors, each of said timing monitors
coupled to the air interface for monitoring aradio channel used by the mobile station and
determining therefrom a timing relationship between communication timingused by the
mobile station and the local time base of the associated time of arrival monitor, each of said
timing monitors including an output for outputting third information indicative of said timing

relationship.

21.  Theapparatus of Claim 20, wherein theradio communication channel is a
control channel of a fixed-site transceiver serving the mobile station, and the communication

timing is frame structure timing of the fixed-site transceiver.

22.  Theapparatus of Claim 16, wherein the wireless communication network

is a GSM network.
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23.  Anapparatus foruse inlocating amobile station in a wireless communication
network, comprising:

an input for receiving a request to locate the mobile station;

an output for indicating that aradio signal is to be transmitted from the mobile station
for use in locating the mobile station; and

an output for providing to a plurality of time of arrival measurement devices first
information indicative of a predetermined point intime at which theradio signal isto be

transmitted by the mobile station.

24.  The apparatus of Claim 23, including an input for receiving second
information indicative of a timing relationship between communication timingused by the

mobile station and a time base used by a selected time of arrival measurement device.

25.  Theapparatus of Claim 24, including a translator responsive to said second
information for determining further timing relationships between the communication timing
used by the mobile station and respective time bases used by other time of arrival
measurement devices, and an output for outputting the further timing relationships to the

respective time of arrival measurement devices.

26.  Theapparatus of Claim 23, including a position locator having an input for
receiving second information indicative of time difference relationships between time bases
of the plurality of time of arrival measurement devices and having an input for receiving third
information from the plurality of time of arrival measurement devices indicating the time at
which theradio signal from the mobile station arrived at each time of arrival measurement
device, said position locator responsive to said second and third information for determining

the position of the mobile station.
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27.  Theapparatus of Claim 23, including an output for providing to the time of
arrival measurement devices second information indicative of hopping sequence parameters

used by the mobile station.

28.  Theapparatus of Claim 23, wherein the wireless communication network

1s a GSM network.

29.  Theapparatus of Claim 23, including a window determiner having an input
for receiving said first information and for receiving second information indicative of
geographic characteristics of the network, said window determiner responsive to said first
and second information for determining window periods of time during which therespective
time of arrival measurement devices are to monitor for arrival thereat of the radio signal, said
Jast-mentioned output further for providing information indicative of said window periods of

time to the time of arrival measurement devices.

30.  Amethodofdeterminingatimebase differencebetween timeofarrival
measurement units used in locating a mobile station in a wireless communication network,
comprising:

using a stationary reference mobile station to determine a first relationship between
time bases of a pair of stationary transceivers in the network;

usinga first time of arrival measurementunit to determine a second relationship
between thetime base of one of the stationary transceivers and a timebase of the first time
of arrival measurement unit, and using a second time of arrival measurement unit to
determine a third relationship between the time base of the other of the stationary
transceivers and a time base of the second time of arrival measurement unit; and

determining a time base difference between the first and second time of arrival

measurement units in response to the first, second and third relationships.
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31. Themethod of Claim 30, wherein the wireless communication network is
a GSM network.
32.  The method of Claim 1, including providing to the time of arrival

measurement apparatus information from which an informational content of the radio signal
can be determined but which information does not itself reveal the informational content of
theradio signal, and the time of arrival measurement apparatus determining the informational
content of the radio signal in response to the information, and the time of arrival
measurement apparatus using the informational content to measure the time of arrival of the

signal.

33.  The apparatus of Claim 16, wherein each said time of arrival monitor
includes an input for receiving fourth information from which an informational content of the
radio signal can be determined but which information does not tself reveal the informational

content of the radio signal.

34.  Theapparatus of Claim 33, wherein each said time of arrival monitor is
responsive to said fourth information for determining the informational content of theradio
signal and for using the informational content of the radio signal to measure the time of arrival

of the radio signal at that time of arrival monitor.

35.  Amethodoflocating the position of amobile communication station ina
wireless communication network, comprising:

the mobile communication station transmitting an uplink radio signal;

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 informational content of the radio signal in response to the

information; and
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using the informational content of the radio signal to measure the time of arrival of

the radio signal at a plurality of predetermined locations.

36.  The method of Claim 35, wherein said uplink radio signal is a signal
requesting a handover of the mobile communication station to a predetermined fixed-site

transceiver.

37. Themethod of Claim 36, wherein said information includes information

indicative of said fixed-site transceiver.

38. The method of Claim 37, wherein the communication network is a GSM
network, and wherein the information indicative of said fixed-site transceiver includes abase

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

39. The method of Claim 36, wherein said information includes information

identifying the handover.

40. The method of Claim 39, wherein the communication network is a GSM
network, and wherein the information identifying the handover is ahandoverreference

number.

41.  Anapparatus foruse in locating the position of amobile communication
station in a wireless communication network, comprising:

aplurality of timeof arrival monitors, each said time of arrival monitor for monitoring
an airinterface to determine when a radio signal transmitted by the mobile communication
station has arrived at said time of arrival monitor;

each said time of arrival monitor including an input for receiving 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; and
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each said time of arrival monitor responsive to said information for determining the
informational content of the radio signal and using the informational content to measure the

time of arrival of the radio signal at that time of arrival monitor.

5 42.  Theapparatus of Claim 41, wherein said radio signal is asignal requesting

ahandover of the mobile communication station to a predetermined fixed-site transceiver.

43, Theapparatus of Claim 42, wherein said information includes information

indicative of said fixed-site transceiver.

10
44, Theapparatus of Claim 43, wherein the communication network is a GSM
network, and wherein the information indicative of said fixed-site transceiver includes abase
station identity code (BSIC) which identifies a base station in the GSM network.
15 45.  Theapparatus of Claim 42, wherein said information includes information

identifying the handover.

46.  Theapparatus of Claim 45, wherein the communication network is a GSM
network, and wherein the information identifying the handoveris ahandover reference

20 number.
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