2005/062798 A2 I A1 0 Y0 0 OO0 O A

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

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
14 July 2005 (14.07.2005)

A 000 00O

(10) International Publication Number

WO 2005/062798 A2

(51) International Patent Classification: Not classified
(21) International Application Number:
PCT/US2004/042509

(22) International Filing Date:
17 December 2004 (17.12.2004)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/531,419 19 December 2003 (19.12.2003) US
(71) Applicant (for all designated States except US): IBIS
TELECOM, INC. [US/US]; 8950 Costa Verde Boulevard

#4433, San Diego, CA 92122 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): SCHEINERT,
Stefan [DE/US]; 8950 Costa Verde Boulevard #4433, San
Diego, CA 92122 (US). BENDER, Daniel, M. [US/US];
4341 Nobel Drive, #114, San Diego, CA 92122 (US).

(74) Agents: SCHMELZER, Troy, M. et al.; Hogan & Hart-
son L.L.P., Biltmore Tower, 500 South Grand Avenue, Suite
1900, Los Angeles, CA 90071 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
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), Burasian (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, MC, 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:
without international search report and to be republished
upon receipt of that report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: BASE STATION INTERFERENCE CONTROL USING TIMESLOT RESOURCE MANAGEMENT

(57) Abstract: A personal base station configured to connect to the Internet and establish a small area of wireless coverage including
means for controlling interference with neighboring personal base stations using a timeslot management mechanism. Timeslot man-
agement mechanisms include timeslot interference detection, timeslot power reduction, timeslot allocation, timeslot offset calibra-
tion, and timeslot synchronization management that minimizes the number of frequencies required to control inter-cell interference

between neighboring personal base stations.

APPLE 1009



WO 2005/062798

PCT/US2004/042509

BASE STATION INTERFERENCE CONTROL USING

TIMESLOT RESOURCE MANAGEMENT

Related Applications

[0001] This application claims the benefit of U.S. provisional application no.
60/531,419, filed December 19, 2003. This applicationis a continuation—in—pai‘t of

U.S. non-provisional application serial no. 10/280,733, filed October 25, 2002.

Field of the Invention
[0002] The present invention relates generally to radio or wireless communications
and, more particularly, to iﬁterference control by use of timeslot management for
pico/personal base stations integrated into conventional wireless networks.

Background of the Inventioh
[0003] In rolling out a conventional wireless carrier nétwork, one of the primary
considerations is the process of selecting and allocating frequency channels for all
of the cellular base sté,tions within the system. VThis process, which is called
frequency reuse or frequency planning, depends on various factors such as
frequencies available for use, cell geometry, type of antenna, and topography.
[0004] A key parameter in determining frequency reuse is the
Carrier-to-Interference (C/I) ratio, which measures the ratio of the poWer level of
the radio frequency carrier to thé power level of the inteffergnce signal in the
channel. The C/I ratio helps to determine the maximum interference level that will

still allow a cellular system configuration to provide an acceptable quality of

service.
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[0005] In rolling out a new GSM outdoor macro base station network, assuming a
standard 4/12 geometry cell cluster reuse pattern (sée FIG. 1), .a minimum of 12
frequencies is typically required to keep the quality of service within tolerable
limits. For the GSM network, that means meeting or exceeding the GSM 9 db C/1
ratio specification.

[0005] In rolling out a new GSM outdoor micro or pico base station network, one
of several frequency planning strategies may be implemented. One strategy is to
allocate new (unused) frequencies to the micro/pico cells, depending on the
availability of unused frequencies in the carrier's inventory. Al;ematively, the
carrier may choose to share the same frequencies allocated to the existing macra
cell network. In either case, assuming a standard 4/12 geometric ceil cluster reuse
pattern, a minimum of 9 to 12 frequencies is typically required to meet or exceed
the GSM 9 db C/I quality of service specification for the micro/pico cell network.
The reason for the reduced number of frequencies is that the micro or pico cells are
deployed 'below the clutter height, which means ‘a higher signal loss to more distant
 areas, effectively reducing the interference level.

[0007] When considering the rollout of yet another network of base tstations,
specifically indoor pico or personal base stations, the superior frequency planning
strategy would be to -allocate new (unused) frequencies, in order to avoid
interference from the more powerful outdoor macro stations, particularly in high
rise structures. Although allocating new (unused) frequencies is a superior strategy
(easier to implement) than sharing the frequencies with the macro- and micro cells

when rolling out a new indoor network, it is not always feasible, for several

reasomns.
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[0008] First, most carriers do not own enough additional.ﬁ‘equencies to implement
| the unused frequency strategy. Typically, the only unused frequencies in a carrier
bandwidth inventory are the two "guard" frequencies on the extreme ends of the
carrier's licensed bandwidth. These frequencies, however; are typically unusable in
a practical sense because of potential interference from frequehcies licensed and
deployed by other carriers. Secondly, even if these two guard frequencies were
used, they would not allow the carrier to meet or exceed the current GSM 9db C/1
ratio quality of service specification discussed above.
[0009] From the carriers point of view, an idea_l solution to their frequency
planning problem would be a method or mechanism allowing the rollout (;f aGSM
network of indoor pico or personal base stations that fulfills the following criteria: a)
use of only one or two ﬁnused frequencies, preferably guard frequencies, b)
satisfaction of the GSM 9 db C/I ratio qualify of service specification, and c)
seamless integration with the carriers existing outdoor macro/micro network.
[0010] Conventional Tﬁneslot Allocation Management: Conventional networks
use time slot allocation management to help control mobile station interference
within a single cell, rather than between cells. A base station or base station
controller allocates time slots'within channels to all of the mobile stations within its
cell, ensuring that no two mobiles are transmitting or receiving signals within the
same time slots, thereby avoiding any interferencé between mobile stations within
a particular cell. In addition, the mobile station measures the signal strength or
signal quality (based on the Bit Error Ratio), and passes the information to the Base
Station Controller, which ulﬁmately decides if and when the power level should be

changed or a handover should be initiated.
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[0011] Conventional Channel Structure and Use of ‘Timeslots: Since radio

spectrum is a limited fesource shared by all users, a method must be devised to

divide up the bandwidth among as many users as possible. The method chosen by

. GSM is a combination of Time and Frequency Division Multiple Access

(TDMA/FDMA). The FDMA part involves division by frequency of the total MHz

bandwidth into allocatable carrier frequencies of 200 kHz bandwidth. One or more
carrier frequencies are then assigned to each base station. Each carrier frequency
. consists of 2 iOO kHz channels separated by a duplex distance (e.g. 45 MHz in
GSM 900). One frequency is used for the downlink (BTS - MS) and the other
frequency is used for the uplink (MS - BTS). The pair of one 200 kHz channels is
called a duplex channel.

[0012] Each of these duplex channels is then divided in time, using a TDMA
scheme, into eight time slots. Groups of eight consecutive time slots form TDMA
frames, each with duration of 4.615 ms. Each time slot is a burst period (BP)
during which a Uansnﬁésion burst of modulated bits is broadcast. One time slot is
used for transmission by the mobile (uplink) and one for reception (downlink).
They are separated in time so that the mobile unit does not receive and transmit at
the same time, a fact that simplifies the electronics.

[0013] The GSM BP lasts 15/26 milliseconds (ms) (or approximately 0.577ms).
Eight burst periods are grouped into a TDMA frame (120/26ms, or approximately
4.615ms), which forms the basic unit for the definition of logical channels, an
endlessly recurring cycle of BP time slot transmissions.

[0014] Logical channels are defined by the number and position of their

corresponding burst periods or time slots. The logical channels are used to
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exchange information between mobile stations and base stations. The logical
channels are divided into dedicated channels, which are alloéated to a mobile
station, and common channels, which are used by mobile stations in idle mode.
Within a logical channel, the transmission (downlink) to émobile station occurs 3
timeslots earlier than the reception (uplink) from a mobile station.

[0015] The first carrier within a cell is called the Broadcast Control Channel
(BCCH) carrier. The BCCH carrier transmits BCCH system information over
timeslot 0, plus Access Grant Channels, Paging channels and most often SDCCH
channels. The BCCH carrier has to be on at all times, so the mobiles in surrounding -
cells and in its cell can check the BCCH carrier signal on all timeslots. - Another
characteristic of the BCCH carrier signal is the base station transmitting the BCCH
carrier signal does so with a constant output power. Even if traffic channels are in
active use, creating potential interference with the BCCH carrier signal, the BCCH
carrier signal is still transmitted with a constant output power on all timeslots. All
other frequency carriers of a cell (TCH carriers) can be switched of if there isno
traffic on the carrier/timeslot.

[0016] Conventional Power Control: To minimize co-channel interference and
conserve power, both the mobiles and the base transceiver stations operate at the
lowest power level that will maintain an acceptable signal quality. Power levels
can be stepped up or down in steps of 2 dB frorh the peak power for the class down
fo a minimum of 13 dBm (20 milliwatts) or 2.5 mW in GSM 1900. The power
control is typically done on the TCH carriers. Mobile and base stations need only

transmit enough power to make a connection. Any more is superfluous, and using

less power means less interference.
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[0017] The ﬁobile and base station measures the signal strength and signal quality
(based on the Bit Error Ratio), and passes the information to the Base Station
Controller, which ultimately decides if and when the power level should be
changed in either the mobile or the base station. Power control needs to be handled
carefully, since there is the possibility of instability. This arises from having a
mobile increase its power in response to increased co-channel interference caused
by another mobile increasing its power.

[0018] In contrast to conventional use of GSM timeslot allocation managerﬁent to
control interference, the present invention uses a timeslot allocation management to
reduce the number of frequencies required to control interference between
neighboring cells (intercell interference control). A mechanisrﬁ for such a
capability is provided for both macro base stations and pico or peréonal base

stations.

Summary of the Invention
[0019] United States applicatiori no. 10/280,733, filed October 25, 2002 and
having common assignee, propc;ses a portable, low power base station configured
to convey wireless traffic between a mobile base station and a éonventional
wireless network via the Internet. The base station may be referred to as a
“personal” or “pico” base station (“PBS”), and is configured to connect to the
Internet at a user-selected location and establishés a small area of wireless coverage
within a greater macrocell network. The user sets the operating parameters of the
base station. United States application no. 10/280,733 is incorporated by reference,
and its subject matter has been published in corresponding International

Publication No. WO 2004/040938.
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[0020] The present invention provides a method for enabling a network of indoor
pico or personal base stations (PBSs) meeting the criteria set forth in the
background section above. In particular, the method enables a network of pico or
personal base stations, using one or two unused frequencies, to provide an
acceptable level of services within an existing carrier network of macro base
stations. This is accomplished by controlling interference between neighboring
pico/personal base stations using various timeslot management mechanisms.
[0021] The present invention also provides a method to reduce the number of
frequencies required to control interference between neighboring pico or personal
base stations (PBS). The present invention comprises one or more of the following
GSM TDMA timeslot resource management procedures: timeslot interference
detection, timeslot power reduction, timeslot élloclation, timeslot offset calibration,
and timeslot synchronization. One or more of these resource management
procedures are applied to both BCCH and TCH timeslot resources. There are many
configurations (mechanisms and embodiments) to achieve this function.

[0022] It is important to note that this invention benefits a carrier rolling out 'an
indoor pico/personal base station network whether the carrier elects to implement
either a shared or unused frequency planning strategy for the PBS network. It is
also important to note that this invention is not only applicable to inter-cell
interference control between PBS cells, but also between PBS and macro base
station cells as well in a shared strategy.

[0023] The principles underlying the PBS interference detection and resource
management procedures are straightforward. FIG. 1 shows two neighboring PBS

cells with interfering mobile signals. FIG. 2 illustrates the process flow model for .
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initializing, updating, and maintaining two PBS interference detection: databases.
FIGS. 3 and 4 illustrate the "Power off" state with thé event "PoWer on" (Power On
Startup Procedure) and "Power On" state operational procedures for timeslot
interference detection, interference database updates, and timeslot resource
management.

[0024] As illustrated in FIG. 2, each PBS maintains its own interference databases.
The two PBS databaées‘ shown are used to track TCH and BCCH timeslot
interference for neighboring PBS units. The BCCH DB is a long-term database (i.e.
weeks and months), adjusting its active interference timeslot list to reflect the
comings and goings of neighboring PBS units. The TCH is a short-term database
(i.e. minutes, hours, and days), adjusting its active interference ﬁmeslot list to
reflect the real time mobile services provided by neighboring PBS units.

[0025] The PBS units operate in one of two modes. During the "Power On Startup"
procedure the PBS is in mobile mode (i.e. receive on the downlink frequency), and
in "Power On" state the PBS switéhes intermittently back and forth from normal
Base station mode (i.e. transmit on the downlink frequency and receive on the
uplink frequency) to sampling mode (similar to mobile mode) as necessary to
detect BCCH interfering signal.

[0026] As embodied in this invention, during the "Power On Startup™ procedure,
the PBS detects BCCH signals from a neighboring PBS and adds interfering
timeslots to it active list. In "Power On" state, the PBS sw{tches intermittently to a
Sampling Mode to detect BCCH signals from a neighboring PBS and either adds
timeslots (when signal is detected) or deletes timeslots (when the absence of a

previously detected signal is noted over a long period of time, e.g. months) to or
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from its BCCH DB active interference list. Coincidently, as embodied 1n this

invention, the PBS, when in "Power On" state, aléo detects TCH signals from'

neighboring mobiles and adds or deletés timeslots in real time from its TCH DB

active interference list.

[0027] Whenever there is a change of state in either the BCCH DB or TCH DB (i.e.

the addition or deletion of interfering timeslots to the DB), or various flags or

counters indicate TCH or BCCH timeslot interferers have been detected, the PBS

takes steps to manage the timeslot resources appropriately by performing one or

more of several procedures, as appropriate:  timeslot -allocation (selecting

lnon—interfering timeslots for future mobile service requests), timeslot power

control (decreasing power on interfering timeslots and increasihg power on

non-interfering timeslots), timeslot offset calibration (offsetting BCCH TDMA

timeframes to avoid interfering with neighboring PBS control signals), and or.
timeslot synchronization (synchronizing TDMA timeframes with those of
neighboring PBS units to avoid interference problems associated with timeslot
frequency drift). |

[0028] Timeslot allocation as embodied in this invention is a procedure for
selecting non-interfering timeslots that are not on the PBS active interference DB
lists for use by future mobiles requests within the local PBS cell.

[0029] Timeslot power control as embodied iﬁ this invention is a procedure that
reduces PBC local cell broadcast strength on interfering timeslots in active use by
neighboring PBC cells. Power levels are reset to their original levels when the local

PBS cell is no longer receiving interfering signals.

10
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[0630] Timeslot offset calibration as embodied in this invention is a procedure for
the local PBS cell offset its BCCH TDMA timeﬁ"ame to avoid interference by
avoiding use of the same BCCH timeframe used by the neighboring PBS cell.
[0031] Timeslot synchronization as embodied in this invention is a procedure for
the local PBS cell to synchronize its :TDMA timeframe clock with a central clock
reference, like GPS, the Internet or those of neighboring PBS units in order to avoid
interference problems associated with timeslot frequency drift.
[0032] Other systéms, methods, features, and advantages of the present invention
will be or become apparent to one with skill in the art upon examination of the -
following drawings and detaﬂed description. It is intended that all such add1t10na1
systems, methods, features, and advantages be 1ncluded within this descnptlon be
within the scope of the present invention, and be protected by the application.
Brief Description of the Drawings
[0033] The foregoing and other systems, methods, features, and advantages of fhe
present invention will be more readily understood upon consideration of the
following detailed description of the invention, taken in conjunction with reference
to the accompanying drawings. The elements (components) in the drawings are not
necessarily to scale, emphasis instead being placed upon clearly illustrating the
principles of the present invention and the relationships between the elements.
Moreover, in the drawings, like (i‘deﬁtical) text reference or text descriptions
designate corresponding elements (components) consistently in the multiple
figures or diagrams.
[0034] FIG. 1 is a block diagram showing interference between mobile stations

located in neighboring PBS cells in adjoining apartments.

10
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[0035] FIG. 2 is a block flow diagram shdwing how PBS TCH and BCCH DBs are
maintained and used to manage timeslot resources. |
[0036] FIG. 3 is a block flow diagram showing the PBS Power-On Startup
procédure. ‘
[0037] FIG. 4 is a block flow diagram is a continuation of FIG. 3 showing the PBS
operational procedures that continuously update the BCCH/TCH DBs and the
ongoing procedures that éontinuously manage timeslot resources.
[0038] FIG. 5 is a block diagram showing logical timeslot allocation and power
reduction resource management to cont;ol interference between neighboring PBS
cells.
[0039] FIG. 6 is a block diagram showmg initial PES Startup with ECCH timeslot
offset calibration, and subsequent timeslot resource management.
[QO40] FIG. 7 is a block diagram showing the impact on field strength when
timeslots between base stations become asynchronous.

Detailed Descriptidn of the Preferred Embodiménts
[0041] Introduction
[0042] United States application no. 10/280,733, filed October 25, 2‘002 and
having common assignee, proposes a poftable, low power base station configured
to convey wireless traffic between a mobile base étation and a conventional
wireless network via the Internet. The base station may be. referred to as a
“personal” or “pico” base station (“PBS”), and is configured to connect to the
Internet at a user-selected location and establishes a small area of wireless coverage
within a greater macrocell n;etwork. The user sets the operating parameters of the

base station. United States application no. 10/280,7 33 is incorporated by reference,

11
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and its subject matter has been p\ublished in corresponding Internétional
Publication No. WO 2004/040938.‘

[0043] 1.0 Implementation

[0044] The embodiment of the present invention can be viewed as a method
consisting of one or more of the following resource management procedures:
timeslot interference detection and database update, timeslot power reduction,
timeslot allocation, timeslot offset calibration, and timeslot synchronization. One
or more of these resource management procedures is applied to both TCH and
BCCH GSM TDMA timeslot resources. Section 2.0 describes the PBS Startup
procedures that initially detects interference between neighboring PBS cells
(Figure 1), fills the interference BCCH/TCH DBs (Figure 2), anci subsequently
implements timeslot resource startup management (Figures 3-7). Section 3.0
describes the PBS Operational procedures that continuously detect i:ntérference, |
update the interference BCCH/TCH DBs, and continuously manage timeslot
resources (Figures 2 -7). |

[0045] 2.0 PBS Startup Power On Procedure

[0046] ‘When a new PBS is initially activated or an existing PBS corﬁes alive
following some event such as a connection to the Internet or power outage, it starts
the Power On Startup procedure illustrated in Figure 3. Embodiments of these
Power On Startup procedures are described below in Sections 2.1 through 2.6
‘[0047] 2.1 Power On Startup

[0048] One embodiment of the Power On procedure occurs whenever a PBS loses

electrical power, either because of a power outage or because its on-o£¥ switch was

12
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toggled to the off pbsition. Following the power outage or toggling of the on-off .
switch to the "on" pbsition, the PBS resets itself to the Startup Mode.

[0049] Another embodiment of Power On occurs whenever the PBS is
disconnected from the Internet. When the PBS is reconnected t;) the Internet, the
PBS resets itself to the Startup Mode.

[0050] Another embodiment of Power On occurs whenever the PBS compares the
most recent TCH data entry With the current time clock. If the time difference (TD)
between the most recent entry and the current time clock is greater than a specified .
time difference limit (TD-int), sp.ch as 7 days, then the PBS resets itself to the = -
Startup Mode. |

[0051] 2.2 Delete DB Entries

[0052] Each PBS maintains its own interference databases (see Figure 2): The two
PBS databases are used to track TCH and BCCH timeslot interference for
neighboring PBS units (see FIG. 1). The BCCH DB is a long-tenD database (i.e.
weeks and months), adjusting its active interference timeslot list to reflect the
comings and goings of ﬁeighboring PBS units. The TCH is a short-term database
(i.e. minutes, hours, and days), adjusting its active interference timeslot list to
reflect the real time mobile services provided by neighboring PHS units.

[0053] One embodiment of the Delete DB Entries procedure is to delete all active.
entries from the PHS TCH and BCCH DBs (FIG. 2) whenever the PHS detects that

it is in the Startup Mode, based on the embodiments for Power On set forth in

Section 2.1 above.

[0054] 2.3 Set PBS in MS Mode

13
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[0055] When the PBS is powered-on, it initially enters into a startup mobile station
mode rather then the base station mode. While in mobile mode, the PHS can
receive downlink data sent by other base stations, just like any other mobile statioﬁ.
While in the mobile mods, it is important to note that the PHS transmits ﬁo signals.
[0056] The exemplary embodiments for Setting the PHS in MS mode are similar to
the embodiments set forth in Section 2.2 above for the Delete DB Entries procedure.
One embodiment of the Set PHS in MS Mode procedure is to have the PHS
automatically enter the Startup Mobile Mode whenever the PHS detects that it is in
the Startup Mode, based on the embodiments set forth in Section 2.1 above.
[0057] 2.4 Start BCCH Detection
[0058] When in Mobile Mode, the PHS does not transmit or provide services to the
mobiles, but searches for other neighboring PHS cells broadcasting BCCH signals
on the assigqed frequency. This is illustrated in FIG. 1. While scanning in mobile
mode, the PBS detects interfering timeslots using one or more procedures.

[0059] One e‘xemplary» emBodiment of interfereﬁce detection is the following
procedure. While in Mobile Mode, the PBS scans for BCCH signals in all timeslots
on the assigned frequency. If the PBS can detect any BCCH messages in the
downlink path it will add this timeslot to the BCCH DB.

[0060] Another exemplary embodiment requires that any BCCH timeslot
interference signals detected need'to exceed a preset FS-BCCH threshold. If that
threshold is exceeded, a Flag (F-int) or any yes/no binary indicator is setto indicafé
an interference condition is occurring for a particular timeslot (e.g. true), indicating

BCCH Detection. For example, BCCH timeslot interference is detected if PBS can
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receive BCCH messages and the received field strength o-f the downlink path
exceeds FS_BCCH (e.g. -80 dBm). | |

[0061] Another embodiment for interference detection is entirely independent of
the aBsolute field strength. Whilerin Startup Mobile Mode, the PBS scans for
BCCH signals on assigned frequencies. Whenever a decoded BCCH signal is
detected, interference Ais occurring and the timeslot interference Flag or yes/no
binary indicator is set (e.g. true), indicating BCCH Detection.

[0062] 2.5 Set BCCH Offset -

[0063] The Set BCCH Offset procedure sets its own BCCH timeslot for a PBS
during the Power On procedure that its timeframe is offset by one or more timeslot
increments against interfering BCCH timeslots. An example of BCCH timeslot
offset may be seen in Figure 6.

[0064] One emboldiment of the Set BCCH Offset procedure is as follows. Before
the Offset occurs, a PBS detects one or more BCCH signals from interfering PBS -
cell(s) on one or more of its timeslots (e.g. timeslot 2 in FIG. 6) using one of the
BCCH detection embodiment,procedures described in Section 2.4 above. The PBS
then resets (récalibraies) its TDMA framing so that the interfering BCCH signal
originally detected in one PBS timeslot (e.g. timeslot 2 in FIG. 6) is subsequently
detected in a different timeslot (e.g. timeslot 6 in FIG. 6). Note that because this
procedure is done in "mobile mode", the offset must take into consideration the
BS-MS delay offset. The BCCH offset procedure is considered "correct", if later,
after the PBS switches to base station mode, its own BCCH timeslot and all

interfering BCCH timeslots from neighboring PBS cells are not overlapped.

[0065] 2.6 Fill BCCH DB

15
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[0066]'The BCCH DB is a long-term database, adjusting its active interference
timeslot list to reflect the comings and goings of 4neighb{oring PBS units. One
embodiment of the Fill BCCH DB ﬁrocedure for a PBS in the Mobile Mode uses
the timeslot interferenée flags or any other binary indicators that were set to "True" -
in the Start BCCH Detection Procedure (see Section 2.4) above in order to identify
and add active interference timeslots to the BCCH DB. Even though the
maintenance of the BCCH DB might be a long term process, the initial fill
. procedure occurs in a matter of seconds.

[0067] 2.7 Set PBS in BS mode ' ‘

[0068] After filling the BCCH DB, the PBS switches from MS mode to ES mode.
While in BS mode, the PBS repeives in the frequency band where the mobiles are
transmitting and transmits in the frequency band where other base stations transnﬁt.
In other words, it receives in uplink and transmits in downlink, lﬂce any - other
standard base station.

[0069] 2.8 Start Other Proéedures

[0070] During the "power. on" transition, several messages are sent to initiate
different processes (procedures); so that once the "power on" state is reached these
functions are active. Start Other Procedures includes the following examples.
"Start TCH detection" which starts the TCH detection précess and coﬂtinuously
monitors the timeslots. "Start Power Control", which - starts the power
control/power redﬁction process. Similar is "Start BCCH detection" and "Start
synchronization". The details are described in the following paragraphs.

[0071] 3.0 PBS in "Power on" State

16
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[0072] Once a PBS is in "Power On" state, more processes become active (see
above) and generate events described in figure 4. The procedures in "Power On"
state are described beloﬁl in Sections 3.1 through 3.6.

[0073] Start TCH Detection (TCH Detection / TCH Missing)

[0074] In order to control. inter-cell timeslot interference, the present invention -
detects interference occurrences (TCH Detection) or absence of occurrences (TCH
Missing) by monitoring measured field strength of ifs idle time slots in the personal
base station and counting interference occurrences (see FIG. 5).

[0075] One exemplary embodiment of interferenge occurrence monitoring and
counting begins by defining a field strength threshold interference limit: FS-int
(e.g. - 75 dBm). Using this threshold limit, timeslot signal samples are taken
(monitored) and the number of timeslot interforence occurrences identified
(counted). A duration for timeslot signal monitoring is set (e.g., a duration of one
timeslot, although it might be shorter to account for asynchronous issues) and for
each sample signal above of below the threshold limit FS-int, a coumnter N-int is
modiﬁed (i.e. incremented or decremented by some value, as appropriate).

[0076] One exemplary embodiment of TCH Detec;[ion (interference occurrence) is
the following procedure. Whenever a sampled timeslot measured field strength
(FS) exceeds the FS-int threshold, a counter (N-int) will be incrermented by a
designated number (e.g. 1). Conversely, if the FS-int threshold is not reached, the
counter N-int will be decremented by a designated number (e.g. 1). As soon .as tﬁe
counter N-int reaches a limit UP-int (e.g. 3), the interference condition is met,
indicéting TCH Detection. Thé counter N-int is allowed to increase umtil an upper

limit UPPER-int (e.g. 5.) is reached. If a sample does not reach the FS-int
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threshold, the counter N-int is reduced by a designated number (e.g. 1) until the
value 0 is reached. The interference condition is no longer valid as soon as the
counter reaches the value limit LOWER-int (e.g. 2); indicating TCH Missing. It

. should be noted that the procedure could be reversed, which means, the counter can
be decreased if the threshold is reached and increased if the threshold is not
reached.

[0077] A.ﬁother exemplary embodiment of TCH Detection (interference
occurrence) is the following procedure. Whenever the measured field strength (FS)
exceeds the FS-int threshold, a Flag (F-int) or binary yes/no indicator will be set to
indicate an interference condition has occurred (e.g. -true), indicating TCH
Detection. Whenever a measurement is done and the field sﬁength being
monitored (received) does not exceed the FS-int threshold, the Flag (F-int) or -
binary yes/no indicator will be set to indicate an interference condition has not
occurred (e.g. false), indicating TCH Missing.

[0078] 3.2 Start BCCH Detection (BCCH Detection / BCCH Missing)

[0079] BCCH Detection while in "power on" state is similar to BCCH Detection }
during the power on Startup procedure (Section 2.4). While in base station mode,
the PBS can switch to a sampling or receiving mode for idle timeslots.

[0080] One embodiment of Switching to Sampling Mode for idle timeslots is as
follows. The PBS determines which timeslots are idle, i.e. those timeslots neither
in use for BCCH information nor in use for active calls. For those idle timeslots,
the PBS switches off its transmitter, and reverses the receiving band by adjusting
the receiver to the previous transmit frequency (switching from downlink to uplink . .

mode). The PBS is then able to take samples of the downlink timeslots from other
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base stations operating on the same or other frequencies. Note when doing this,
both transmitting and receiving timeslots of the PBS must be idle. This means that
no timeslot is transmitting in downlink and no timeslot is receiving in uplink from
an active mobile in the cell. -

[0081] One exemplary embodiment of interference detection is the following
procedure. First all timeslots are scanned. If the PBS detects any BCCH messages
in the downlink path, indicating BCCH Detection, it. will add this timeslot to the
BCCH DB. If the PBS does not detect any BCCH message in the downlink path,
indicating BCCH Missing, it will delete this timeslot from the BCCH DB.

[0082] Another embodim'eht is that the detect'ed BCCH timeslots inferference
signal must also exceed a present FS-BCCH threshold. If these conditions are mét
a Flag (F-int) or any yes/no binary indicator is set to indicate an interference -
. condition is occurring for a particular timeslot (e.g. true), indicating BCCH
Detection. If these conditions are not met a Flag (F-int) or any yes/no binary
indicator is reset to iﬂdicafe an interference condition is not occurring for a
particular timeslot (e.g. false), indicating BCCH Missing. For example, BCCH
timeslot interference is detécted if PBS can receive BCCH messages and the
received field strength of the downlink path exceeds FS_BCCH (e.g. -80 dBm).
[0083] Another embodiment is that the detection is done in the uplink mode, which
means, the PBS will not switcﬁ to mobile mode during normal base station
operation Instead the PBS will try to measure uplink-BCCH méssages, like
SDCCH and RACH Messages. Note, in t}ﬁs case the DB deletion process for a
BCCH interferer occurs slowly (requiring weeks or months), whereas the DB

addition process for BCCH interferers occurs rapidly (requiring minutes or hours).
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Only aﬁér aprolonged absence of interfering signals from mobiles in a neighboring
PBS cell can it be assumed that the neighboring PBS is permanently inactive. Asin
the procedure for adding DB interferers, here too a counter can be implemented, e.g.
. N-noint. However, to detect a missing BCCH interferer a counter could be
increased each time no BCCH message could be received. When the N-noint
counter reaches a preset value (e.g. 10,000). When the N-noint reaches its preset
value, a Flag (F-noint) or any yes/no binary indicator is sét to indicate the absence
of a BCCH interferer for a particular timeslot (e.g. false), indicéting BCCH
Missing.

[0084] Another embodiment of BCCH Detection is as follows. If an idle
non-interfered timeslot is checked for a BCCH message and a BCCH message
cannot be received, a counter (N-int) is reset (e.g. zeroed) and incrermented by a
predefme_d value each timgla BCCH message is detected. This can either be done
independent of the measured field strength or in combination with the requirement
that the BCCH messagé also exceeds a minimum tﬁreshold. If the coumter reaches
the value N-BCCH-MAX (e.g. 2) the "BCCH detection condition is metand, a Flag
(F-int) or any yes/no binary indicator is set to indicaté BCCH interferer for a
particular timeslot (e.g. true), indicating BCCH Detectioﬂ.

[0085] Note that this procedure will also work if the increase/decrease procedure
on the counter is reversed. For example, is a BCCH message is received, the
counter will be decreased. .

[0086] 3.3 Update BCCH and TCH DBs (Add / Delete Interferers)

[0087] The BCCH DB is a long-term database (i.e. weeks and montlas), adjusting

its active interference timeslot list to reflect the comings and goings of neighboring
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PBS units. The TCH is a short-term database (i.e. minutes, hours, and days),
adjusting its active interference timeslot list to reflect the real tiﬁle mobile services
provided by neighboring PBS units. The PBS database configuration is illustrated
in FIG. 2.

[0088] One embodiment of Updating BCCH and TCH DBs is as follows. -
Whenever the PBS detects a new TCH'or BCCH interferer, or the absence of an
interferer on an idle timeslot using one or more of the procedures embodied in
Sections 3.1 (TCH Detection / TCH Missing) or 3.2 (BCCH Detection / BCCH
Missing), the corresponding BCCH DB or TCH DB is adjusted appropriately by
adding to or deleting from its list of active interference timeslots.

[0089] Start TCH Power Control (Reduce Power)

[0090] In order to control timeslot inter-cell interference, the present invention, in
some, but not all situations, adjusts (reduces) the transmission power of selected
timeslots of the PBS. Typically a BCCH carrier base station transmits its BCCH
signal at a constant power level over all idle timeslots ("normal power'). This may ..
interfere with mobiles in another cell. Therefore, this invention cha;riges BCCH
carrier timeslot power levéls to help reduce interference. It does so for the
following reasons. Unlike a macro cell, where base station power reduction ﬁay
affect hundreds of mobiles, in the case of a PBS with a small cell area and low
pbwer output, only a few local neighboring mobiles are potentially affécted.
Furthermore, the impact of this power change is highly beneficial in reducing
interference in neighboring cells; where even a small change in mobile position (i.e.
just a few meters) results in a significant change in field strength. And lastly, full

output power on all timeslots is only important when a mobile is located within the
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Macro-cell and close to the PBS cell, which can trigger a handovef or a
cell-reselection from the conventional macro cell foa PBS cell. However, this
occurs infrequently. The measured field strength in the mobile is only affected if
the mobile measures during a period when a timeslot is powéred down. Evenifthe
mobile measures this timeslot, the measured field strength is attenuated in direct
proportion to the output power reduction (e.g. 6 dB).

[0091] FIG. 1 is a block diégram showing two adjacent apartments [APT 1 and
APT 2] containing mobile stations‘[MS 1 and MS 2) and personal base stations
(PBS 1 and PBS 2). In accordance with this invention, as soon as PBS 2 detects MS
1 as a potential interferer on a particular timeslot, PBS 2 will proceed to adjust
(reduce) its output power on that timeslot, which will help to reduce interference on
the downlink from PBS 2 to MS 1. FIG. 5 illustrates the effect on BCCH field
strength in Timeslot 3 following the reduction of the PBS 2 output power. The
effective signal to noise ratio on the traffic channel in timeslot 3 has been
significantly reduced, thereby reducing the potential for any interference from PBS
2onMS 1.

[0092] An exemplary embodiment to adjust PBS power is as follows. In fhe event
that the PBS determines from its N-int counter or F-in flag or the TCH DB or
BCCH DB that the output power for one of its timeslots needs to be reduced, it
would Reduce Power by a constant designated value Tx-int db (e.g. 6 dB)
(“interfered timeslot power"). Conversely, in the event that the PBS determines
from its N-int counter or F-in flag or TCH DB or BCCH DB that the timeslot is not

interfered, the output power for this timeslot is set to "normal power".
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[0093] In the event that the PBS determines from its N-int counter or F-in flag or
TCH DB or BCCH DB that the-PBS output power needs_ to be reduced, another
embodiﬁent of this invention would Reduce Power for the PHS by the difference
between the PHS field strength and the threshold field strength limit FS-int. For
example, if FS-int = -80 dBm, and the measured field strength of interferer signal is
= -75 dBm, then the output would be reduced by 5 db compared to the "normal
power" level. '

[0094] Start TCH Allocation

[0095] In order to control timeslot inter-cell interfgrence, the present invention, in
some, but not all situations, not only reduces tﬁe transmission power of selected
timeslots used by an interfering PBS cell, but also blocks the use of interfered -
timeslots and allocates (assigns) unused and non-interfered timeslots to any new
calls initiated by mobiles within its cell.

[0096] As can be seen in FIG. 5, in accordance with this invéntion, as soon as the
personal base station [PBS 2] detects a potential mobile station [MS 1] interferer on
Timeslot 3, in addition to reducing the output power on that timeslot (see above),
which helps to reduce interference on the downlink (PBS 2~ MS 1), PBS 2 not only
blocks any ne\VV calls on Timeslot 3 from mobiles within its cell, it also allocates
only unused and non-interfering timeslots, in this exémple, Timeslot 6 for any new
- calls initiated by a mobile station [MS 2] within its cell, which helps to avoid
interference on the uplink (MS 2 - PBS 1).

[0097] An eiemplary embodiment to Start TCH Allocation of timeslots is as
follows. As soon as a PBS detects an interferer on a specific timeslot from its N-int

counter or F-in flags or BCCH DB and TCH DB, the PBS: a) denies use of (blocks)
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those timeslots to any mobiles requesting new service (new calls) within the
detecting PBS cell area, and b) asgigns (allocates) an unused aﬁd non-interfered
timeslot (e.g. the one with the lowest measured field strength signal) to any mobiles
requesting new service (new calls) within the detebting PBS cell. In case all
timeslots have some interference, the timeslot with the least interfering level is
chosen to provide services.

[0098] 3.6 Start Synchronization -

[0099] The present invention provides fqr an additional, but optional procedure
that implements BCCH timeslot synchronization in order to avoid interference on
the BCCH timeslot and drift by neighboring PBS units. This is illustrated inFIG. 7.
PBS 2 detects interference from MS 1 on Timeslot 3. Just as illustréted in FIG. 5,
the PBS 2 proceeds to block Timeslot 3 services for mobiles within its own cell,
reduce its own output power during Timeslot 3, and allocate an unused Timeslot
(e.g. 6) for use by calls from mobiles within its own cell. The problem however, as
shown in Figure 2, is the physical timeslot in the two adjacent cells, Cell 1 and Cell
2, have become asynChionous over time, i.e. the relationship between timeslots in
the two cells are no longer concurrent in time. . |

[0100] If the asynchronous drift between the two cells is not too severe, no action
need be taken to correct the situation. The embodiments of the various methods
and procedures described previously in this application should effectively reduce
any interference from the detecting PBS cell. However, if the asynchironous drift

becomes excessive, an additional procedure that synchronizes neighboring PBS

cells is required.
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[0101] Timeslot Synchronization may be accomplished by using either a mﬁversal
reference clock to reestablish global synchronization >(via GPS or Internet) between
all PBS cells, or by using the BCCH carrier signal to reeétablish local
synchrorﬂzation (via intercell receive mode) between just the nearest neighbor4 PBS
cells.

[0102] One embodiment of this invention is to synchronize all PBS cells to the
GPS reference clock. Another, similar embodiment. of this invention is to
synchronize all PBS qells' to a single signdl coming over the Internet

[0103] Another embodiment of this in\(ention is to have all PBS units periodically
switch into receive mode on a predetermined time interval (e.g. every 60 seconds)
in order to adjust its own TDMA frame to the BCCH signal from its nearest
neighbor. This is possible because the PBS needs only to transmit on timeslot 0 for
the BCCH and e.g. timeslot 1 if there is an active call. The remaining times slots
could be used to tune to the duplex frequency and measure the field strength and
detect the BCCH framing of the édj acent cell(s).

[0104] 4.0 Applicable Technologies

[0105] Although many of the embodiments of the current invention descﬁbed
above are based upon GMS technology, the invention also supports other
technologies, including CDMA, iDEN and 3G/UMTS.

[0106] The scope of the invention also embraces embodiments where new pico,
micro or macro cells are allocated either shared or new frequencies in an existing
carrier network. The scope of this invention also -applies to residential homes,
public areas, businesses, campuses, airports, in’any situation where new pico,

micro, or macro base stations share frequencies. It is understood that the term
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timeslot is used in a logical sense, which means there is a timeslot in downlink e.g.
tsOand a times}bt in uplink ts 0+3. This timeslot pair is called a logical timeslot .
and rep%esents both timeslots in down- and uplink, which uses different frequencies
separated by the dupléx frequency.

[0107] 5.0 Conclusion

[0108] In conclusion, it should be emphasized that the above-described
embodiments of the present invention, particularly, any "preferred” embodiments, .
are merely possible examples of implementations, merely set forth for a clear
understanding of the principleé of the mveﬁtic'm. Many variations and
modifications may be made to the above-described embodiments of the invention
without departing substantially from the spirit-and principles of the invention. . All .
such modifications or variations are intended to be included herein within the scope

of this disclosure and the present invention.
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Claims
1. A personal base station configured to connect to the Intexnet and
establish a small area of wireless coverage comprising:

means for controlling interference with neighboring personal base stations

using a timeslot management mechanism.

2. A personal base station as claimed in claim 1, wherein the timeslot

management mechanism comprises selecting non-interfering timeslots for mobile

. service requests.

3. A personal base station as claimed in claim1, wherein thee timeslot
management mechanism comprises decreasing power on interfering timeslots and

increasing power on non-interfering time slots.

4. A personal base station as claimed in claim 1, wherein the timeslot
management mechanism comprises offsetting its broadcast control chamnel to

avoid interference with neighboring broadcast control channels.

5. A personal base station as claimed in claim 1, wherein the timeslot
management mechanism comprises synchronizing TDMA timeslots with those of

neighboring PBS units to avoid interference problems associated with timeslot

frequency drift.
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6. A personal base station as claimed in claim 1, and further
comprising an interference database for tracking TCH and BCCH timeslot

interference with neighboring personal base stations.
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