wo 2012/062647 A1 I I A0KO 000 DO OO

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

(19) World Intellectual Property Organization. /g I I AT 00 K000 O 1
International Bureau S,/ )
g ' Joy . . .
. . _ S (10) International Publication Number
(43) International Publication Date \'{:/_?___/
18 May 2012 (18.05.2012) PCT WO 2012/062647 Al

(51) International Patent Classification: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
HO4W 24/02 (2009.01) DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
. . HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
(21) International Application Number: KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD
PCT/EP2011/069312 ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NL
(22) International Filing Date: NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU,
3 November 2011 (03.11.2011) RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,

(25) Filing Language: English ZM, ZW.
(26) Publication Language: English  (84) Designated States (unless otherwise indicated, for every
(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
10290607.0 12 November 2010 (12.11.2010) EP Sg’[ 5\]/3[ LZI\{{[)LSE» MW, N&ﬁﬁ“}%{ Sl?(» SLk%Z»N%»
, , , Burasian , AZ, BY, KG, KZ, ,
(71) Applicant (for all designated States except US): ALCA- RU, TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ,
TEL LUCENT [FR/FR]; 3, avenue Octave Gréard, DE, DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT,
F-75007 Paris (FR). LT, LU, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS,

(72) Inventors; and SE, SI, SK, SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM,

(75) Inventors/Applicants (for US only): EWE, Lutz GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).
[DE/DE]; Thomas-Mann-Strasse 9, 70469 Stuttgart (DE). Declarations under Rule 4.17:
BAKKER, Hajo-Erich [DE/DE]; Alemannenstrasse

30-1, 71735 Eberdingen (DE). — as to applicant’s entitlement to apply for and be granted

a patent (Rule 4.17(i1))

(74) Agent: URLICHS, Stefan; Alcatel-Lucent Deutschland ___ of inventorship (Rule 4.17(iv))
AG, Intellectual Property & Standards, Lorenzstr. 10,
70435 Stuttgart (DE). Published:
(81) Designated States (unless otherwise indicated, for every —  With international search report (Art. 21(3))

kind of national protection available): AE, AG, AL, AM,
AOQ, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,

(54) Title: AUTOMATIC NEIGHBOR RELATION TABLE SETUP

Fig. 1

108 110
jmeasuremeth X2 'setiip’ . |

106

(57) Abstract: The invention relates to a method of adding a cell identity to a neighbour relation table of a base station serving at
least one mobile device in a cellular digital wireless telecommunication system, the neighbour relation table storing a set of cell
identities of previously detected cells, wherein the method comprises the following steps: - reading the set of cell identities from
the neighbour relation table by the base station; - transmitting the set of cell identities from the base station to the at least one mo-
bile device; - measuring signal power of signals received from neighbouring base stations by the at least one mobile device and re-
porting the cell identity of one of the neighbouring base stations, from which one of the signals has been received, by the at least
one mobile device to the serving base station of the mobile device, if both of the following conditions are fulfilled: -signal power
of the one of the signals is greater than a signal power threshold; -the cell identity of the neighbouring cell is not an element of the
set of cell identities; upon receipt of the report from the at least one mobile device by the serving base station, adding the reported
cell identity to the neighbour relation table.



10

15

20

25

WO 2012/062647 PCT/EP2011/069312

Automatic neighbor relation table setup

Description

Field of the invention

The invention relates to the field of mobile telecommunication, more specifically to

automatic neighbor relation table setup in mobile telecommunication.

Background and related art

According to Third Generation Partnership Project (3GPP) specifications mobile de-
vices in a cellular digital telecommunication network can be set into an Automatic
Neighbor Relation (ANR) setup mode via a Radio Resource Control (RRC) mes-
sage. In this mode the mobile devices in the respective cell measure signal power
signals from neighboring base stations. If the signal of a neighboring base station
has a signal power above a signal power threshold for at least a time period also
called time-to-trigger (TTT), the physical cell identity (PCI) of this cell is reported to
the serving base station of the respective mobile device.

The ANR mode serves for the serving base station to get to know PCls of its
neighbors. For example if a new cell is introduced into an existing network, the
neighboring base stations set their mobile devices into the ANR setup mode. Some
mobile devices will be located near the newly introduced cell and measure signals
from the neighboring cell. The physical cell identity of the newly introduced cell is
then reported to the serving base station of the respective mobile device. If the PCI
is not yet known to the serving base station, the serving base station transmits a
signal to the mobile device having reported the newly introduced cell. The signal is
indicative for the mobile device to measure a cell global identity (CGI) of the newly
discovered cell. The serving base station then establishes via X2 interface a con-

nection to the base station of the newly introduced cell.
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The report of the PCI from the mobile device to the base station is called according
to 3GPP specifications an A4 event. The A4 event is triggered always when a mo-
bile device measures a signal power from a neighboring base station for a certain

time period above a signal threshold.

In ,ANRF for UTRAN® (3GPP Draft; R3-102739; 2010-10-1) by ZTE et al. it is de-
scribed that the RNC keeps a NRT for each cell that the RNC has. For each NR, the
NRT contains the Target Cell Identifier (TCI), which identifies the target cell. For
UTRAN, the TCI corresponds to the UTAN Cell PLMN-Id + LAI + RAC + Cell Iden-
tity(RNC ID) + PSC + UARFCN of the target cell.

Summary

It is an object of the present invention to provide an improved method of adding a
cell identity to a neighbor relation table, an improved base station apparatus, an im-
proved mobile device, and improved computer-readable storage media for such an

improved mobile device and such an improved base station apparatus.

This object is achieved by the method, the base station apparatus, the mobile de-
vice, and the computer-readable storage media according to the independent

claims. Embodiments of the invention are given in the dependent claims.

The invention relates to a method of adding a cell identity to a neighbor relation ta-

ble of a base station serving at least one mobile device in a cellular digital wireless

telecommunication system. The neighbor relation table stores a set of cell identities
of previously detected cells. The previously detected cells may have been detected
by other mobile devices and/or the serving base station and/or other base stations.

A mobile device may be understood herein for example as a mobile telephone, a

mobile computer, a personal digital assistant, or a smartphone.

The set of cell identities is read from the neighbor relation table by the base station.
The neighbor relation table of the base station may also be empty. In this case the

set of cell identities comprises no cell identity. In other words, the set of cell identi-
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ties may also be empty. The set of cell identities is then transmitted from the base

station to the at least one mobile device. The mobile device stores the set of cell
identities. The mobile device measures signal power of signals received from
neighboring base stations and reports the set identity of one of the neighboring base
stations to the serving base station, if the following two conditions are fulfilled. The
signal power of the one of the signals is greater than a signal power threshold and
the cell identity of the neighboring cell is not an element of the set of cell identities.
In other words, the cell identity is only reported to the neighboring cell, if the serving
base station has not indicated to the at least one mobile device that the cell identity

is already known to the serving base station.

Upon receipt of the report from the at least one mobile device by the serving base
station, the reported cell identity is added to the neighbor relation table of the serv-

ing base station.

In other words, the serving base station transmits information about neighboring
cells already known to the serving base station to the at least one mobile device.
The mobile device then transmits only an additional cell identity, if the cell identity
has not been transmitted to the at least one mobile device by the serving base sta-

tion before.

According to embodiments of the invention cell global identity of the neighboring cell
is transmitted to the serving base station, if the two conditions are fulfilied. Then, a
wired connection is established between the base station and the one of the
neighboring base stations. This wired connection is preferably established via the
X2 interface according to 3GPP standards.

Embodiments of the invention are advantageous, because it is avoided that cell
identities already known to the serving base station are transmitted from the at least
one mobile device to the serving base station. The at least one mobile device stores
information about cell identities known to the serving base station. If the cell identity
is already known to the serving base station, the at least one mobile device does not
transmit the respective cell identity to the serving base station. Unnecessary data

transmissions are avoided. In other words, according to 3GPP standards unneces-
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sary A4 events are avoided, because the at least one mobile device stores informa-

tion about physical cell identities already known to the serving base station.

According to embodiments of the invention further cell identities are reported from a
neighbor relation table of the one of the neighboring base stations to the serving

base station. The further cell identities are then added to the neighbor relation table
of the serving base station. In other words, the neighbor relation table of the serving
base station is updated with cell identities of neighbors of the one of the neighboring
base stations. These base stations may also be referred to as neighbor’s neighbors

of the serving base station.

According to embodiments of the invention information is transmitted to that at least
one mobile device from the serving base station. The information causes the at least
one mobile device to measure signal power of signals received from the neighboring
base stations and to report the cell identity of the one of the neighboring base sta-
tion, if the two conditions are fulfilled. In other words, the serving base station
transmits an RRC message to the at least one mobile device switching the at least
one mobile device to the ANR setup mode. Alternatively, the at least one mobile
device may for example be already switched to the ANR setup mode before.

According to embodiments of the invention the set of cell identities is transmitted to
every mobile device in the cell of the serving base station, whenever at least one
cell identity has been added to the set of cell identities. in other words, when the
neighbor relation table of the serving base station is updated, the updated set of cell
identities is transmitted to every mobile device in the cell. This is advantageous, be-
cause every mobile device always stores information about every cell identity known
to the serving base station.

According to embodiments of the invention the set of cell identities is transmitted to
every mobile device in the cell of the serving base station only once, when the re-
spective mobile device establishes a connection to the base station after having
been moved into the cell or after having been switched on. This is advantageous
because unnecessary data transmissions are avoided. This is especially advanta-

geous, when a new cell is added to an already existing network. In this case usually
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5
every neighboring base station of the serving base station is already known to the

serving base station except for the base station of the newly added cell.

According to embodiments of the invention a further set of cell identities is transmit-
ted to the at least one mobile device. The further set of cell identities is indicative of
cell identities, to which a handover of the at least one mobile device is avoided. This
set of cell identities may also be referred to as a blacklist for handover procedures
according to 3GPP standards. The further set of cell identities is not identical to the
set of cell identities. The further set of cell identities is a blacklist for handovers ac-
cording to 3GPP standards. The set of cell identities may be referred to as a black-

list for A4 events according to 3GPP standards.

According to embodiments of the invention the mobile device detects the CGI of the
neighbouring base station automatically after having reported the respective cell
identity to the serving base station. The CGl is also transmitted automatically by the
mobile device to the serving base station automatically. Transmission of the CGI
may be performed after having transmitted the cell identity or together with the cell
identity. Signaling effort is reduced by transmitting the cell identity together with the
CGl.

It is not possible to use only one blacklist for both purposes. For the handover a
blacklist would be used as an A4 event blacklist, no handovers would be possible to
any neighboring cell of the serving base station already known to the serving base
station.

In another aspect the invention relates to a base station apparatus with means for
reading the set of cell identities from the neighbor relation table, means for transmit-
ting the set of cell identities to the at least one mobile device and means for receiv-
ing a report about a cell identity from the at least one mobile device. The base sta-
tion apparatus further comprises means for adding the reported cell identity to the
neighbor relation table.

In another aspect the invention relates to a computer-readable storage medium

comprising instructions that when executed by a base station apparatus according
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to embodiments of the invention cause the base station apparatus to perform a
method according to embodiments of the invention. The method comprises reading
the set of cell identities from the neighbor relation table, transmitting the set of cell
identities to the at least one mobile dévice, and receiving a report about the cell
identity from the at least one mobile device, and adding the reported cell identity to
the neighbor relation table.

It is to be noted that the cell identity may for example be a physical cell identity ac-
cording to 3GPP standards.

In yet another aspect the invention relates to a mobile device with means for receiv-
ing a set of cell identities from a serving base station. The mobile device further
comprises means for measuring signal power of signals received from neighboring
base stations and means for reporting a cell identity of one of the neighboring base
stations, from which one of the signals has been received, to the serving base sta-
tion. Two conditions have to be fulfilled before a cell identity is reported to the serv-
ing base station. First, the signal power of the one of the signals has to be greater
than a signal power threshold. Second, the cell identity of the neighboring cell is not
an element of the set of cell identities.

In yet another aspect the invention relates to a computer-readable storage medium
comprising instructions that when executed by a mobile device according to em-
bodiments of the invention cause the mobile device to receive a set of cell identities
from a serving base station, measure signal power of signals received from
neighboring base stations, and report a cell identity of one of the neighboring base
stations. The cell identity has to be the cell identity of the base station, from which
one of the signals has been received fulfilling two conditions. Firstly, the signal
power of the one of the signals has to be greater than a signal power threshold and
secondly, the cell identity of the neighboring cell is not an element of the set of cell
identities.

Brief description of the drawings
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In the following embodiments of the invention are explained in greater detail, by way

of example only, making reference to the drawings in which:

Fig. 1 is a schematic view of a method according to embodiments of the in-
vention; and
Fig. 2 is a block diagram of a base station apparatus and a mobile device

according to embodiments of the invention.

Detailed description

Like numbered elements in these Figs. are either identical elements or perform the
same function. Elements which have been discussed previously will not necessarily

be discussed in later Figs. if the function is identical.

Fig. 1 is a schematic view of a method according to embodiments of the invention.
At step 100 a mobile device detects a signal of a neighboring cell of the serving cell
with a signal power above a signal power threshold for a time period being longer
than a time period threshold. The physical cell identity of the neighboring cell is read
by the mobile device and compared to a set of physical cell identities stored in a
data storage of the mobile device. The set of cell identities has previously been
transmitted from the serving base station to the mobile device and comprises physi-
cal cell identities of the neighbor relation table of the serving base station. In other
words, the mobile device stores information about the physical cell identities of

neighbor cells of the serving base station.

After measuring of signal power two cases have to be distinguished. The physical
cell identity of the neighboring cell may be known to the serving base station. This
corresponds to step 102 of Fig. 1. Step 104 of Fig. 1 represents the case that the
physical cell identity of the neighboring cell is not known to the serving base station.

The physical cell identity of the neighboring cell is compared with the set of physical
cell identities stored in the mobile device. If the set of physical cell identities is in the

set of the physical cell identities, the mobile device takes no further action. In other
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words, unnecessary A4 events according to 3GPP standards are avoided, because
the mobile device stores information about the physical cell identities known to the

serving base station.

If the physical cell identity of the neighboring cell is not comprised by the set of
physical cell identities stored in the mobile device, an A4 event 106 is transmitted to

the serving base station.

After the A4 event 106 a CGl measurement 108 is performed by the mobile device.
The CGIl measurement may be performed automatically by the mobile device or the
CGI measurement may be triggered from the serving base station. CGl measure-
ment 108 may be performed automatically by the mobile device, because the mobile
device estimates that a CGl measurement is necessary, because the physical cell
identity of the neighboring cell is not part of the set of physical cell identities stored
in the mobile device.

In step 110 a connection between the serving base station and the base station of
the neighboring cell is established via X2 interface.

Fig. 2 is a block diagram of a base station 200 and a mobile device 202. The base
station apparatus 200 comprises a processor 204, a data storage 206 comprising
program instructions 208, and an antenna 210. The mobile device 202 comprises a
processor 212, a data storage 214 comprising program instructions 216, and an an-
tenna 218.

The processor 204 of base station 200 is adapted to execute program instructions
208. When executing program instructions 208 the processor 204 reads a set of cell
identities from the neighbor relation table of the base station 200. The neighbor rela-
tion table may also be stored in data storage 206. Processor 204 further causes the
base station apparatus to transmit the set of cell identities to the mobile device 202
via antenna 210. Mobile device 202 receives the set of cell identities via antenna
218 and stores the set of cell identities in data storage 214.
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Processor 212 of mobile device 202 is adapted to execute program instructions 216
stored in data storage 214. Program instructions 216 cause the processor 212 to
measure signal power of signals received from neighboring base stations. If the sig-
nal power of one of the measured signals is greater than a signal power and the cell
identity of the neighboring cell with this signal is not an element of the set of cell
identities stored in data storage 214, the cell identity is reported by mobile device
202 via antenna 218 to base station 200. Base station 200 receives the cell identity
via antenna 210. The reported cell identity is then added to the neighbor relation

table of base station 200.

Additionally, an updated set of cell identities may then be transmitted from base sta-
tion 200 to mobile device 202.
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Listofreference numerals

100 | Measure signal power
102 | PCI known

104 | PCI unknown

106 | A4 event

108 | CGl measurement
110 | X2 setup

200 | Base station

202 | Mobile device

204 | Processor

206 | Data storage

208 | Program instructions
210 | Antenna

212 | Processor

214 | Data storage

216 | Program instructions
218 | Antenna
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1. A method of adding a cell identity to a neighbour relation table of a base sta-
tion serving at least one mobile device in a 3GPP cellular digital wireless tele-
communication system, the neighbour relation table storing a set of cell iden-
tities of previously detected cells, wherein the method comprises the follow-
ing steps:

- reading the set of cell identities from the neighbour relation table by
the base station;

- transmitting the set of cell identities from the base station to the at
least one mobile device;

- measuring signal power of signals received from neighbouring base
stations by the at least one mobile device and reporting the cell iden-
tity of one of the neighbouring base stations, from which one of the
signals has been received, by the at least one mobile device to the
serving base station of the mobile device, if both of the following condi-
tions are fulfilled:

= signal power of the one of the signals is greater than a signal
power threshold;

* the cell identity of the neighbouring cell is not an element of
the set of cell identities;

- upon receipt of the report from the at least one mobile device by the
serving base station, adding the reported cell identity to the neighbour
relation table.

2. Method according to claim 1, wherein the method further comprises the steps
of:
- transmitting a cell global identity of the neighbouring cell to the serving
base station, if the two conditions are fulfilled; and
- establishing a wired connection between the base station and the one

of the neighbouring base stations.
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3. Method according to claim 2, wherein the method further comprises the step
of:
- reporting further cell identities from a neighbour relation table of the
one of the neighbouring base stations to the serving base station; and
- adding the further cell identities to the neighbour relation table of the
serving base station.

4. Method according to any one of the preceding claims, wherein the method
comprises further the step of:

- transmitting information to the at least one mobile device from the
serving base station, wherein the information causes the at least one
mobile device to measure signal power of signals received from the
neighbouring base stations and to report the cell identity of the one of

the neighbouring base stations.

5. Method according to any one of the preceding claims, wherein the set of cell
identities is transmitted to every mobile device in the cell of the serving base
station, whenever at least one cell identity has been added to the set of cell
identities.

6. Method according to any one of the claims 1-4, wherein the set of cell identi-
ties is transmitted to every mobile device in the cell of the serving base sta-
tion only once, when the respective mobile device establishes a connection
to the base station after having been moved into the cell or after having been
switched on.

7. Method according to any one of the preceding claims, wherein a further set of
cell identities is transmitted to the at least one mobile device, the further set
of cell identities being indicative of cell identities, to which a handover of the
at least one mobile device is avoided.

8. Method according to any one of the preceding claims, wherein the cell global

identity of the neighbouring cell is transmitted automatically to the serving
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base station after reporting the cell identity of the neighbouring base station

to the serving base station.

9. Method according to any one of the preceding claims, wherein the cell iden-
tity of the neighbouring base station and the cell global identity of the
neighbouring cell are transmitted automatically within one report to the serv-
ing base station.

10. A base station apparatus for a 3GPP cellular digital wireless telecommunica-

tion system comprising

means for reading the set of cell identities from the neighbour relation

table, the neighbour relation table being adapted for storing a set of

cell identities of previously detected cells;

- means for transmitting the set of cell identities to the at least one mo-
bile device;

- means for receiving a report about a cell identity from the at least one
mobile device; and

- means for adding the reported cell identity to the neighbour relation

table.

11.A computer-readable storage medium comprising instructions that when exe-
cuted by a base station apparatus cause the base station apparatus to per-
form a method of adding a cell identity to a neighbour relation table of a base
station serving at least one mobile device in a 3GPP cellular digital wireless
telecommunication system, the neighbour relation table storing a set of cell
identities of previously detected cells, wherein the method comprises the fol-
lowing steps:

- reading the set of cell identities from the neighbour relation table;

- transmitting the set of cell identities to the at least one mobile device;

- receiving a report about a cell identity from the at least one mobile de-
vice, adding the reported cell identity to the neighbour relation table.

12. A mobile device for a 3GPP cellular digital wireless telecommunication sys-

tem comprising
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14
means for receiving a set of cell identities from a serving base station,

the set of cell identities received from the base station having been
read from a neighbour relation table of the base station;
means for measuring signal power of signals received from neighbour-
ing base stations; and
means for reporting a cell identity of one of the neighbouring base sta-
tions, from which one of the signals has been received, to the serving
base station, if both of the following conditions are fulfilled:

= signal power of the one of the signals is greater than a signal

power threshold;
= the cell identity of the neighbouring cell is not an element of

the set of cell identities.

13. A computer-readable storage medium comprising instructions that when exe-

cuted by a mobile device for a 3GPP cellular digital wireless telecommunica-

tion system cause the mobile device to:

receive a set of cell identities from a serving base station, the set of
cell identities received from the base station having been read from a
neighbour relation table of the base station;
measure signal power of signals received from neighbouring base sta-
tions; and
report a cell identity of one of the neighbouring base stations, from
which one of the signals has been received, to the serving base sta-
tion, if both of the following conditions are fulfilled:

= signal power of the one of the signals is greater than a signal

power threshold;
= the cell identity of the neighbouring cell is not an element of

the set of cell identities.
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