(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

International Bureau

(43) International Publication Date
2 October 2008 (02.10.2008)

) IO OO0 OO

(10) International Publication Number

WO 2008/118149 Al

(51) International Patent Classification:
HO04B 7/15 (2006.01)

(21) International Application Number:
PCT/US2007/023483

(22) International Filing Date:
8 November 2007 (08.11.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
11/728,123 23 March 2007 (23.03.2007) US
(71) Applicant (for all designated States except US): LGC
WIRELESS, INC. [US/US]; 2540 Junction Ave., San

Jose, CA 95124 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SCHEINERT, Ste-
fan [DE/US]; 2450 Junction Ave., San Jose, CA 95134
(US). WALTHER, Peter [DE/US]; 2450 Junction Ave.,
San Jose, CA 95134 (US).

(74) Agent: WESTBERG, Derek, J.; 569 Clyde Ave, Ste.
530, Mountain View, CA 94043 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE, EG,
ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L,
IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK,
LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW,
MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL,
PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(54) Title: LOCALIZATION OF A MOBILE DEVICE IN DISTRIBUTED ANTENNA COMMUNICATION SYSTEM

149 A1 I A0 O OO

A 1160 108a
102
100 1220 ) J‘\\~
106a
Transcei verl—{ D
104 12 B85
J 1166 o=
to telephone 174 1226 ) F_]\ 08b
network 106b
Bas_e Transceiver \7/\ / Transceiverf——-
Station kj
1o Hl
: e
. 116n
122n ) Tz
J Transceiverl— 106n D
oo
775 ooo
™ 108n
Controller Meter 120
Fig. 1

@0 (57) Abstract: The present invention provides a method and apparatus for localization of a mobile device in a distributed antenna
w= communications system. In accordance with an embodiment of the invention, a distributed antenna system includes a plurality of
: distributed antennas that are communicatively coupled to a hub. A mobile communications device to be located is communicatively
@0 coupled to the hub via one or more of the antennas. The method for locating the mobile device comprises: receiving a message
& at the hub that identifies the mobile device to be located; discriminating among communications signals received from each of the

distributed antennas using a channel and a spreading code to identify a signal from the mobile device; identifying messages from

the mobile device to be located; and determining which of the antennas is closest to the mobile device to be located by monitoring

received signal strength of the identified signal.
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LOCALIZATION OF A MOBILE DEVICE IN DISTRIBUTED ANTENNA
COMMUNICATIONS SYSTEM

Field of the Invention

[0001] The present invention relates to the field of wireless communications and, more
particularly, to localization of mobile devices in a distributed antenna communications

system.

Background of the Invention

[0002] A conventional distributed antenna system (DAS) provides indoor or outdoor
coverage for wireless communications. Transmitted power is divided among several
antennas in distributed locations so as to provide a large coverage area using less
transmitted power than would be required by a single antenna system. The antennas of a
typical DAS are connected to a cellular base station and are used for cellular mobile
communications.

[0003] It can be desired to locate a mobile device within a DAS, for example, for
emergency purposes (e.g., 911 calls). However, because the received signals from the
distributed antennas are typically combined in the uplink to the base station recetver, the
base station has no ability to determine which of the distributed antennas is closest to the

transmitting mobile device.

Summary of the Invention

[0004]  The present invention provides a method and apparatus for localization of a
mobile device in a distributed antenna communications system. In accordance with an
embodiment of the invention, a distributed antenna system includes a plurality of
distributed antennas that are communicatively coupled to a hub. A mobile
communications device to be located is communicatively coupled to the hub via one or
more of the antennas. The method for locating the mobile device comprises: receiving a
message at the hub that identifies the mobile device to be located; discriminating among
communications signals received from each of the distributed antennas using a channel

and a spreading code to identify a signal from the mobile device; and determining which
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of the antennas is closest to the mobile device to be located by monitoring received signal
strength of the identified signal. A

[0005] In accordance with an alternative embodiment of the method, the method
comprises: receiving an indication at the hub that notifies the hub of commencement of
locating the mobile device; instructing the mobile device to modulate its output power;
identifying a received signal from the mobile device having modulated output power; and
identifying a particular antenna unit among the plurality having a highest received power
level from the mobile device.

[0006] In accordance with an another alternative embodiment of the method, the '
method comprises: receiving a message at the hub that identifies the mobile device to be
located; identifying a received signal from the mobile device in a frequency channel and
timeslot of the mobile device; and determining which of the antennas is closest to the

mobile device to be located by monitoring received signal strength of the identified signal

Brief Description of the Drawings

[0007])  The present invention is described with respect to particular exemplary
embodiments thereof and reference is accordingly made to the drawings in which:
[0008])  Figure 1 illustrates a distributed antenna communications system in accordance
with an embodiment of the present invention;

[0009] Figure 2 illustrates a method of locating a mobile device in a distributed
antenna communications system in accordance with an embodiment of the present
invention;

[0010]  Figure 3 illustrates a timing diagram showing modulated output power of a
mobile device being located in accordance with an embodiment of the present invention;
[0011]  Figure 4 illustrates a distributed antenna communications system in accordance
with an alternative embodiment of the present invention;

[0012]  Figure 5 illustrates an alternative method of locating a mobile device in a
distributed antenna communications system in accordance with an embodiment of the
present invention,;

[0013]  Figure 6 illustrates distributed antenna units having location transmitters in

accordance with an embodiment of the present invention;
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[0014]  Figure 7 illustrates distributed antenna units having signal strength
measurement capability in accordance with an embodiment of the present invention;
[0015]  Figure 8 illustrates a distributed antenna communications system having
multiple base stations in accordance with an embodiment of the present invention;
[0016]  Figure 9 illustrates a timing diagram for responding to. multiple requests to
locate mobile devices in accordance with an embodiment of the present invention; and
[0017]  Figure 10 illustrates a distributed antenna communications system having
multiple base stations in accordance with an alternative embodiment of the present

invention.

Detailed Description of the Invention

[0018] Figure 1 illustrates a distributed antenna communications system 100 in
accordance with an embodiment of the present invention. The system 100 includes a
communications hub 102, a base station 104, a plurality of distributed antennas 106a-n
coupled to ports of the hub 102 and one or more mobile communijcations devices 108a-n
that are communicatively coupled to the hub 102 via the antermas 106a-n. The base
station 104 may be located at the site of a cellular service provider and may be coupled to
a telephone network via a backhaul 110. The hub 102 may be located at the premises of
a telecommunications subscriber with the antennas 106a-n being distributed throughout
the premises. For example, the hub 102 may be located within a building (e.g., in a
utility room) with the antennas distributed throughout the building so as to provide indoor
coverage areas for mobile devices 108a-n. The mobile devices 108a-n may be, for
example, cell phones. While three mobile devices 108a-n and three antennas 106a-n are
illustrated, it will be apparent that more or fewer of either may be present. In an
embodiment, up to eight antennas 106a-n may be coupled to a single hub 102.
Additionally, one or more of the antennas 106a-n may be located outdoors.

[0019]  The system 100 preferably provides for two-way communications. For the
downlink, telecommunications signals are received by the base station 104 from the
telephone network and distributed to the antennas 106a-n. To accomplish this, a
transceiver 112 may receive the downlink signal from the base station 104. The

transceiver 112 then amplifies the downlink signal to an appropriate level for forwarding
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to a distribution node 114. The distribution node 114 then repeats and distributes the
signal to a plurality of transceivers 116a-n such that each of the transceivers 116a-n
receives a copy of the downlink signal. The transceivers 116a-n each transmits the signal
received from the distribution node 114 via a corresponding one of the antennas 106a-n.
The mobile devices 108a-n each pick up the downlink signal from one or more of the
antennas 106a-n.

[0020] For the uplink, signals from the mobile devices 108a-n are received by the
transceivers 116a-n via the antennas 106a-n. The signals are then forwarded to the
distribution node 114 which combines the signals (e.g., by simple summation) into a
combined signal. The combined signal is transmitted to the base station 104 by the
transceiver 112. The base station 104 then forwards the combined signal to the telephone
network.

[0021]  In an embodiment, the downlink signal from the base station 104 is RF (Radio
Frequency). For example, this signal is communicated via a cable or via a wireless link
between the transceiver 112 and the base station 104. In this case, the transceiver 112
may down-convert the downlink signal from RF to IF. This signal is then distributed to
the transceivers 116a-n in IF. The transceivers 116a-n up-convert the IF signal to RF
(Radio Frequency) before transmitting the signal to the mobile devices 108a-n. For the
uplink, the transceivers 116a-n down-convert RF signals received from the mobile
devices 108a-n to IF. These IF signals are then processed and combined for delivery to
the transceiver 112 in IF. The transceiver 112 then up-converts the IF signal to RF for
delivery the base station 104

[0022]  So that multiple mobile devices 108a-n may communicate via the system 100
simultaneously, each communicates in a different channel. For example, CDMA (Code-
Division, Multiple Access) protocols for cellular communication, such as UMTS
(Universal Mobile Telecommunications System), or TDMA (Time-Division, Multiple-
Access) protocols for cellular communication, such as GSM (Global System for Mobile
Communications) may be employed by the system 100. Thus, for the downlink, the same
signal including the various channels is transmitted via each of the antennas 106a-n so
that it may be received by any of the mobile devices 108a-n without regard to which of

the antennas 106a-n is closest to a particular one of the mobile devices. For the up-link,
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the signal from a particular mobile device may be picked up by one or more antennas
106a-n. As shown in Figure 1, the signal from device 108a is picked up by antennas
106a and 106b, though the signal may be stronger at one of the antennas than the other.
As is also shown in Figure 1, the signal from device 108b is picked up only by antenna
106n. The signal from device 108n is also picked up only by the antenna 106n. All of
the signals picked up by any of the antennas 106-n are combined at node 114 and
included in the combined signal received at the base station 104.

[0023] Because the signals from the mobile devices 108a-n are combined, the base
station 104 is not able to determine which of the antennas 106a-n is picking up the signal
from a particular mobile device and, thus, the base station 104 cannot determine the
location of that mobile device. It may be desired, however, to locate a particular mobile
device within the system 100, for example, for emergency purposes (e.g., 911 calls).
[0024] Figure 2 illustrates a method 200 of locating a mobile device in a distributed
antenna communications system in accordance with an embodiment of the present
invention. The method 200 may be employed within the system 100 of Figure 1. Ina
step 202, localization is initiated. For example, the base station 104 may receive an
emergency 911 call from one of the mobile units 108a or 108b. The base station 104 may
then initiate localization of the calling mobile unit so as to assist emergency personnel to
locate the caller. This may be accomplished by the base station 104 sending a message to
the hub 102 which instructs elements of the hub 102 that localization is being initiated.
The message sent to the hub 102 may also identify the mobile device to be localized,
though this is not always necessary. If the mobile device is identified by the message, the
message may identify the mobile device by the frequency channel (e.g. for UMTS) it is
operating in or by its frequency channel and timeslot (e.g. for GSM). As shown in Figure
1, a hub controller 118 may receive this message from the base station 104.

[0025]  In addition, in step 202, the mobile device being localized is instructed to
modulate its output power so that its output power changes over time. For example, the
base station 104 may send a message to the particular device instructing it to adjust its
output power to first level (e.g., 10 mW). Then, the base station 104 may send another

message instructing the device to adjust its output power to a second level (e.g., 50 mW).
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The base station 104 may send a series of such messages to the particular mobile device
being localized so that the level of its output power follows an identifiable pattern.
[0026] Figure 3 illustrates a timing diagram showing modulated output power of a
mobile device being located in accordance with an embodiment of the present invention.
As shown in Figure 3, the mobile device adjusts its output power to a first level L; at a
time ty in response to a received instruction. Then, the mobile device adjusts its output
power to a second level L, at a time t; in response to another received instruction. Later,
the mobile device adjusts it output power to the first level L at time t; in response to yet
another received instruction. In this manner, the output power level of the mobile device
follows an identifiable pattern. While Figure 3 shows the level oscillating between two
levels at uniform time intervals, this is not necessary. All that is needed for the output
power to follow a pattern which is distinct from that of any other mobile device
communicating within the system 100.

[0027] Returning to Figure 2, in a step 204, one or more of the antennas 106a-n that
receives the modulated signal are identified. This may be accomplished by the hub 102
measuring the strength of the different signals received from each of the distributed
antennas 106a-n. As shown in Figure 1, a signal strength meter 120 is coupled to lines
122a-n from each of the transceivers 116a-n. The signal strength meter may
simultaneously monitor all of the lines 122a-n or it may cycle through the lines 122a-n,
méasuring signal strength on the lines one-at-a-time. Further, the signal strength meter
120 may be tuned to the appropriate channel identified by the base station 104 for the
mobile device to be located. In addition, for TDMS protocols, measurement intervals
may optionally be timed to coincide with the timeslot being used by the mobile device.
To accomplish this, the base station 104 may provide framing reference information to
the controller 118. Alternatively, the signal strength meter can measure the combined
strength of a frequency range that includes several channels without regard to timeslot.
[0028] Inresponse to the initiation message sent in step 202, the controller 118 may
then monitor the strength of the signals measured by the meter 120 and identify which
signal or signals received from the distributed antennas 106a-n contains the distinct
power modulation pattern. If only one of the signals contains the pattern, this indicates

that the mobile device sending the pattern is located in the vicinity of the one of the
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antennas 106a-n that received that particular signal. Because the location of each of the
antennas 106a-n is known, the location of the mobile device is determined from this
information.

[0029] If more than one of the signals received from the distributed antennas 106a-n
contain the distinct power modulation pattern, the controller 118 may further determine
which of the distributed antennas 106a-n receives the highest level of the distinct
modulation pattern in step 206. This indicates that the mobile device sending the pattern
1s located closest to the one of the antennas that received the strongest level of the
particular signal. Because the location of each of the antennas 106a-n is known, the
location of the mobile device is determined from this information. Step 206 need not be
performed if only one antenna receives a signal from the mobile device whose location is
to be determined.

[0030] The method described above can be used to determine the location of a mobile
device using CDMA or TDMA protocols and does not require the hub 102 to have
knowledge of the particular frequency channel or timeslot of the mobile device. In an
alternative embodiment applicable to TDMA protocols, such as GSM, the mobile device
need not modulate its output power to be localized. Rather, the frequency channel and
timeslot being used by the mobile device can be used to uniquely identify the signal from
the mobile device. This is because it can be expected that no other device will be
operating in the same channel and timeslot at the same time. To determine which of the
antennas 106a-n is closest to the mobile device, the signal strength from each of the
antennas 106a-n is measured at the frequency and the timeslot of the mobile device and
compared to determine which 1s strongest and, therefore, closest to the mobile device.
More particularly, in a first step, localization is initiated by the base station 104 sending a
message to the hub 102 which identifies the mobile device to be localized. The message
may identify the mobile device by its frequency channel and timeslot. In a second step,
the strength of the signal received from each of the distributed antennas 106a-n is
measured for the frequency channel and timeslot of the mobile device being located.

This may be accomplished by tuning the signal strength meter 120 to the frequency
channel being used by the mobile device and by the controller 118 timing measurement

intervals so that they coincide with the timeslot being used by that mobile device (using
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framing reference information received from the base station 104). As before, the signal
strength meter 120 may simultaneously monitor all of the lines 122a-n or it may cycle
through the lines 122a-n, measuring signal strength on the lines one-at-a-time. If a signal
is detected in the frequency channel and timeslot from only one of the antennas 106a-n,
this indicates that the mobile device is located in the vicinity of that one of the antennas.
Because the location of each of the antennas 106a-n is known, the location of the mobile
device is determined from this information. If more than one of the distributed antennas
106a-n picks up the signal in the frequency channel and timeslot of the mobile device
being located, the controller 118 may further determine which of the distributed antennas
106a-n receives the highest level in that frequency channel and timeslot. This indicates
that the mobile device is located closest to the one of the antennas that received the
strongest level in the frequency channel and timeslot.

[0031] Figure 4 illustrates a distributed antenna communications system 100’ in
accordance with an alternative embodiment of the present invention. This embodiment is
applicable to CDMA protocols, such as UMTS that use spread spectrum channel
modulation schemes. The system 100’ of Figure 4 may be identical to the system 100 of
Figure 1 with differences described below. Accordingly, like reference numerals are
used for corresponding elements of Figures 1 and 4. The system 100’ differs from the
system 100 of Figure 1 in that a de-spreader 124 is provided. The de-spreader 124 uses
spreading codes to discriminate among channels included in the signals received from the
mobile devices 108a-n on lines 122a-n (via the antennas 106a-n and transceivers 116a-n).
This may be accomplished by the de-spreader converting the IF signals to baseband and
by applying a spreading code. Thus, by using the spreading code of the mobile device to
be located, the de-spreader removes components of the received signal that are
contrnibuted by other mobile devices operating within the system 100°. The meter 120
and controller 118 monitor the levels corresponding to the identified channel and
compares those levels for each of the antennas 106a-n to determine which of the antennas
106a-n is closest to the mobile device being located.

[0032]  Figure 5 illustrates a method 500 of locating a mobile device in a distributed
antenna communications system in accordance with an embodiment of the present

invention. The method 500 may be employed within the system 100’ of Figure 4. In a
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step 502, localization is initiated. For example, the base station 104 may receive an
emergency 911 call from one of the mobile units 108a or 108b. The base station 104 may
then initiate localization of the calling mobile unit so as to assist emergency personnel to
locate the caller. This may be accomplished by the base station 104 sending a message to
the hub 102 which identifies the mobile device to be localized. The message may, for
example, identify the mobile device by its frequency channel and unique transmission
spreading code. The hub controller 118 may receive this message from the base station
104.

[0033] In a step 504, one or more signals received by the hub 102 from the mobile
devices 108a-n are identified as originating from the mobile device whose location is to
be determined. This may be accomplished by the de-spreader 124 using the spreading
code to discriminate the signal from the mobile device being located from the other
signals received from the transceivers 116a-n of the hub 102. The signal strength meter
120 measures the level of the discriminated signal from each of the antennas 106a-n. If
the discriminated signal is picked up by only one of the antennas, this indicates that the
mobile device is located in the vicinity of the one of the antennas 106a-n that picked up
the signal. Because the location of each of the antennas 106a-n is known, the location of
the mobile device is determined from this information.

[0034] If more than one of the distributed antennas 106a-n picked up the discriminated
signal from the mobile device, the controller 118 may further determine which of the
distributed antennas 106a-n receives the highest level of the signal in step 506. To
accomplish this, the signal strength meter 120 and controller 118 may monitor and
compare the signal levels received from the antennas that are picking up the signal to
determine which has the highest level. Because the location of each of the antennas
106a-n is known, the location of the mobile device is determined from this information.
Step 506 need not be performed if only one antenna receives a signal from the mobile
device whose location is to be determined.

[0035] Once the particular mobile device is located using any of the localization
methods described herein, additional steps may be taken to send a notification of the
location to personnel for facilitating locating the mobile device and, thus, the caller. For

example, an e-mail may be automatically generated by the controller 118 and sent to an
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emergency call processing center via the base station 104 and a wide area computer
network (e.g. the Internet) so that emergency personnel can be informed of the caller’s
location. As another example, a message or signal may be sent by the controller 118 to
circuitry associated with the nearest antenna which then activates an optical and/or
acoustical signal which can be perceived by emergency personnel or which sends a
message which can be perceived by equipment carried by emergency personnel.

[0036] Figure 6 illustrates an embodiment in which each distributed antenna 106a-n is
associated with an antenna unit 126a-n having a location emitter 128a-n. Once the
antenna closest to the mobile device being located is identified by the controller 118
(Figs. 1 and 4), the controller 118 may send a signal to the antenna unit 126a-n associated
with that particular antenna 106a-n, instructing activation of its location emitter 128a-n.
The activation signal may be sent via a wired connection (e.g. via the antenna unit’s
connection to the hub) or via a wireless connection (e.g. sent directly to the antenna unit).
[0037] The particular location emitter 128a-n which is determined to be closest to thé
mobile device being located may then emit a human perceptible signal, such as an optical
signal (e.g. a flashing light), or an audible signal (e.g. a beeping sound). This emitted
signal may then be used to facilitate personnel in locating that particular antenna unit and,
thus, the particular mobile device and caller. Alternatively, the particular location emitter
128a-n may send short range wireless message to equipment carried by personnel
attempting to locate the caller. For example, the location emitters 128a-n may operate in
accordance with a wireless personal area network (PAN) protocol such as Bluetooth or
ZigBee. This message may include location information which facilitates personnel in
locating the particular antenna unit and, thus, the particular mobile device and caller. For
example, the location information may be in the form of a text message, such as “Go up
the stairs to the second floor and proceed down the hallway to the right” or “The caller is
located in the southeastern wing of the building.”

(0038] In the embodiments described above, signal strength information is obtained by
measuring the signals at the hub 102. In an alternative embodiment, the signal strength
measurements may be performed at the antennas. Figure 7 illustrates distributed antenna
units having signal strength measurement capability in accordance with an embodiment

of the present invention. As shown in Figure 7, each antenna unit 126a-n is equipped
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with a corresponding signal measurement device 130a-n. Each measurement device
130a-n may include a controller, a signal strength meter, and, optionally, a de-spreader
which operate similarly to the hub controller 118, meter 120 and de-spreader 124
described above in reference to Figures 1 and 4. More particularly, messages received by
the hub controller 118 from the base station 104 may be forwarded to the controllers of
the measurement devices 130a-n. These messages notify the measurement devices 130a-
n of initiation of localization of a mobile device and may also identify the mobile device
to be located. In response, each measurement device 130a-n takes signal strength
measurements (as described herein with respect to the meter 120 of Figures 1 and 4) and
reports the results to the hub controller 118. In an embodiment, these signal strength
measurements may be performed in an identified channel and timeslot using framing
information or using a spreading code received from the hub controller 118.

[0039]  The hub controller 118 then uses the received results to determine whether any
of the antennas 106a-n are picking up the signal from the mobile device to be located. If
only one antenna 106a-n is picking up the signal, this indicates that the mobile device is
located in the vicinity of the one of the antennas 106a-n that picked up the signal. If
more than one of the distributed antennas 106a-n picked up the signal from the mobile
device, the controller 118 may further determine which of the distributed antennas 106a-n
receives the highest level of the signal by comparing the signal levels reported by the
corresponding antenna units 126a-n.

[0040] Inthe embodiments described above, a single base station 104 is coupled to the
hub 102. In other embodiments, two or more base stations may be coupled to the hub
102. Figure 8 illustrates a distributed antenna communications system having multiple
base stations 104a-n in accordance with an embodiment of the present invention. As
shown in Figure 8, each of the base stations 104a-n is coupled to the transceiver 112 for
uplink and downlink communications with the mobile units 108a-n (Figures 1 and 4). In
addition, each of the base stations 104a-n is coupled to the controller 118 via a
corresponding one of communication links 132a-n and via a register 134. Each of the
links 132a-n carries bidirectional serial communications. Thus, each of the links 132a-n

may include a first signal line for communication from the corresponding base unit 104a-
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n to the controller 118 and a second signal line for communication from the controller
118 to the corresponding base station 104a-n.

[0041] When any of the base stations 104a-n determines that a mobile device is to be
located (e.g. in response to receiving a 911 call), that base station 104a-n raises its signal
line to the controller 118. This sets a corresponding indicator bit in the register 134. The
set indicator bit indicates to the controller 118 that the corresponding base station is ready
to initiate localization of a mobile device. If the controller 118 is not already responding
to a set indicator bit from another base station, the controller 118 responds to the base
station by raising the corresponding signal line to the base station. Upon receiving this
response, the base station instructs the mobile unit being located to modulate its output
power. The controller 118 then determines the location of the mobile unit as described
herein with reference to Figures 1 and 3. Once the mobile device has been located, the
controller 118 may clear (i.e. reset) the indicator bit in the register 134. The controller
118 may then respond to any other set indicator bits in the register 134. In this manner,
the controller 118 may process multiple requests to locate mobile devices in the order in
which they are received.

[0042]  Figure 9 illustrates a timing diagram for responding to multiple requests to
locate mobile devices in accordance with an embodiment of the present invention. As
shown in Figure 9, after a first request (Request, ) is received by the controller 118 and no
other request is currently pending, the first request is processed by localizing the mobile
device corresponding to the first request. Then, while the first request is still being
processed, a second request (Request;) is received. Localizing of the mobile device
corresponding to the second request is commenced after the localizing of the mobile
device corresponding to the first request is completed.

[0043]  Figure 10 illustrates a distributed antenna communications system having
multiple base stations in accordance with an alternative embodiment of the present
invention. As shown in Figure 10, each of the plurality of base stations 104a-n is coupled
to the transceiver 112 for uplink and downlink communications with the mobile units
108a-n (Figures 1 and 4). In addition, each of the base stations 104a-n is coupled to the
controller 118 via a shared communication bus 136. Thus, each of the base stations

104a-n may communicate with the controller 118 via the bus 136.
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[0044] When any of the base stations 104a-n determines that a mobile device is to be
located (e.g. in response to receiving a 911 call), that base station 104a-n sends a message
to the controller 118. The message identifies the originating base station and notifies the
controller 118 that the base station is ready to commence localization of a mobile device.
The message may also identify the mobile device to be located such as by its frequency
channel and timeslot or spreading code. If the controller 118 is not already responding to
such a request message from another base station (or to a prior request from the same
base station), the controller 118 responds to the base station with a response message
which notifies the base station that its request is ready to be processed. Upon receiving
this response, the base station may instruct the mobile unit being located to modulate its
output power (as described above with reference to Figures 1 and 3). Alternatively, the
controller 118 may localize the mobile device by performing signal strength
measurements for the identified frequency channel, frequency channel and timeslot or by
using an appropriate spreading code (as described herein).

[0045]  Once the mobile device has been located, the controller 118 may then respond
to any other request messages. In this manner, the controller 118 may process multiple
requests to locate mobile devices in the order in which they are received. While the
embodiments of Figures 8 and 10 show three base stations 104a-n, it will be apparent that
the system may be implemented with one, two or more than three base stations.

[0046] The foregoing detailed description of the present invention is provided for the
purposes of illustration and is not intended to be exhaustive or to limit the invention to
the embodiments disclosed. Accordingly, the scope of the present invention is defined by

the appended claims.
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Claims

What is claimed is:

1. A method for locating a mobile communications device in a distributed antenna
system in which plural distributed antennas are communicatively coupled to a hub and in
which the mobile device is communicatively coupled to the hub via one or more of the
antennas, the method comprising:
recelving a message at the hub that identifies the mobile device to be located;
discriminating among communications signals received from each of the
distributed antennas using a channel and a spreading code to identify a signal
from the mobile device; and
determining which of the antennas is closest to the mobile device to be located by

monitoring received signal strength of the identified signal.

2. The method according to claim 1, wherein the mobile device communicates using

a CDMA protocol for cellular communications.

3. The method according to claim 1, wherein the message identifies the mobile

device according to its channel and the spreading code.

4. The method according to claim 1, further comprising sending a notification of the
location of the antenna determined to be closest to the mobile device for facilitating

locating the mobile device.

5. The method according to claim 1, wherein the notification is sent from an emitter

associated with the antenna determined to be closest via a wireless personal area network.
6. The method according to claim 1, wherein the notification is sent from an emitter

associated with the antenna determined to be closest in the form of a human perceptible

signal.

14
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7. The method according to claim 1, wherein the notification is sent via a wide area
network
8. The method according to claim 1, wherein the monitoring of received signal

strength of the identified signal is performed at the hub.

9. The method according to claim 1, wherein the monitoring of received signal

strength of the identified signal is performed at the antennas.

10.  The method according to claim 1, wherein a plurality of base stations are coupled
to the hub and further comprising queuing the message at the hub until a prior request to

locate a mobile device has been processed.

11. A distributed antenna system comprising:

a base station configured for communication with a telecommunications network;

a multi-port hub connected to the base station that receives communication
signals from a plurality of ports of the multi-port hub and combines the received
communication signals for forwarding a combined signal to the base station, wherein the
multi-port hub comprises:

a de-spreader that uses a spreading code to identify a signal from a mobile

communications device to be located; and

a controller that determines which of the antennas is closest to the mobile device

to be located by monitoring received signal strength of the identified signal.

12. A method for locating a mobile device in a distributed antenna system in which
plural distributed antennas are communicatively coupled to a hub and in which the
mobile device is communicatively coupled to the hub via one or more of the antennas, the
method comprising:

receiving an indication at the hub that notifies the hub of commencement of
locating the mobile device;

instructing the mobile device to modulate its output power;

15
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identifying a received signal from the mobile device having modulated output
power; and
identifying a particular antenna unit among the plurality having a highest received

power level from the mobile device.

13.  The method according to claim 9, wherein the mobile device communicates using

a CDMA protocol for cellular communications.

14.  The method according to claim 9, wherein the indication is a message that
identifies the mobile device according to its frequency channel or according to its

frequency channel and timeslot.

15.  The method according to claim 9, wherein the mobile device communicates using

a TDMA protocol for cellular communications.

16.  The method according to claim 9, further comprising sending a notification of the
location of the antenna determined to be closest to the mobile device for facilitating

locating the mobile device.

17. The method according to claim 9, wherein the notification is sent from an emitter

associated with the antenna determined to be closest via a wireless personal area network.
18.  The method according to claim 9, wherein the notification is sent from an emitter
associated with the antenna determined to be closest in the form of a human perceptible

signal.

19.  The method according to claim 9, wherein the notification is sent via a wide area
network

20. The method according to claim 9, wherein the identifying the received signal

from the mobile device having modulated output power is performed at the hub.
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21. The method according to claim 9, wherein the identifying the received signal

from the mobile device having modulated output power is performed at the antennas.

22. The method according to claim 1, wherein a plurality of base stations are coupled
to the hub and wherein the indication is set in a register until a prior request to locate a

mobile device has been processed.

23. A distributed antenna system comprising:

a base station configured for communication with a telecommunications network;
and

a multi-port hub connected to the base station that receives communication
signals from a plurality of ports of the multi-port repeater hub and combines the received
communication signals for forwarding a combined signal to the base station, wherein the
multi-port hub determines which of the antennas is closest to a mobile device to be
located by the base station instructing the mobile device to modulate its output power, the
hub identifying a received signal from the mobile device by its modulated output power,
and identifying a particular antenna unit among the plurality having a highest received

power level from the mobile device.

24. A method for locating a mobile communications device in a distributed antenna
system in which plural distributed antennas are communicatively coupled to a hub and in
which the mobile device is communicatively coupled to the hub via one or more of the
antennas, the method comprising:
receiving a message at the hub that identifies the mobile device to be located;
identifying a received signal from the mobile device in a frequency channel and
timeslot of the mobile device; and
determining which of the antennas is closest to the mobile device to be located by

monitoring received signal strength of the identified signal.
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25.  The method according to claim 24, wherein the mobile device communicates

using a TDMA protocol for cellular communications.

26.  The method according to claim 24, wherein the message identifies the mobile

device according to its frequency channel and timeslot.

27.  The method according to claim 24, further comprising sending a notification of
the location of the antenna determined to be closest to the mobile device for facilitating

locating the mobile device.

28. The method according to claim 24, wherein the notification is sent from an
emitter associated with the antenna determined to be closest via a wireless personal area

network.
29.  The method according to claim 24, wherein the notification is sent from an
emitter associated with the antenna determined to be closest in the form of a human

perceptible signal.

30.  The method according to claim 24, wherein the notification is sent via a wide area

network

31.  The method according to claim 24, wherein the monitoring of received signal

strength of the identified signal is performed at the hub.

32.  The method according to claim 24, wherein the monitoring of received signal

strength of the identified signal is performed at the antennas.
33.  The method according to claim 24, wherein a plurality of base stations are

coupled to the hub and further comprising queuing the message at the hub until a prior

request to locate a mobile device has been processed.
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34, A distributed antenna system comprising:
a base station configured for communication with a telecommunications
network; and
a multi-port hub connected to the base station that receives communication
signals from a plurality of ports of the multi-port repeater hub and combines the
received communication signals for forwarding a combined signal to the base
station, wherein the multi-port hub determines which of the antennas is closest to
a mobile device to be located by identifying a received signal from the mobile
device by its frequency channel and timeslot, and identifying a particular antenna
unit among the plurality having a highest received power level from the mobile

device.
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