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(57) ABSTRACT 

A method and apparatus of allocating a Physical Cell Identi 
fier (PCI) is disclosed in an embodiment of the present inven 
tion allowing different cells to operate on different frequen 
cies while eliminating or reducing risk of PCI conflicts. 
Thereby PCI allocation is provided that is effective also in a 
multi-frequency environment. 
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METHOD AND APPARATUS OF PHYSICAL 
CELL IDENTIFIER ALLOCATION 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The application claims the priority of Chinese 
patent application No. 200810165942.X filed on 25 Sep. 
2008 and Chinese patent application No. 200810174695.X 
filed on 31 Oct. 2008, the entire disclosures of which are 
hereby incorporated by reference herein. 

TECHNICAL FIELD 

0002 The present invention relates to the communication 
field, and in particular, to a method and apparatus of Physical 
Cell Identifier (PCI) allocation in cellular mobile communi 
cation systems. 

BACKGROUND 

0003. The radio performance in the 3' Generation (3G) 
network has been improved greatly. However, from the per 
spective of commercial operation, the operator needs to 
reduce costs of network construction and operation so as to 
win the markets with more cost-efficient network services for 
the users. The linchpin of reducing the operation cost is to 
reduce the network planning and network optimization pro 
cesses that involve manual operation, thereby enhancing the 
network automation functions. Consequently, PCT automatic 
allocation is an important content of the radio network system 
planning and optimization currently. 
0004. The automatic allocation of PCIs is performed by an 
Evolved Node B which is also called an eNB. The automatic 
allocation aims to allocate a proper PCI automatically for the 
newly introduced cell of the eNB. According to the protocol, 
there are 504 available PCIs in total. Therefore, in the prac 
tical networking, it is necessary to multiplex such PCIs. If the 
PCIs are allocated improperly, the PCI may conflict between 
the cells. Given below are two examples of the conflict: 
0005 I. As shown in FIG. 1, there are three cells: cell 1 
(101), cell 2 (102), and cell 3 (103). Cell 1 and cell 3 work 
under the same frequency, and their PCI is the same, namely, 
PCIA; cell 2 is direct neighbor of cell 1 and cell 3. (Two cells 
in radio-sense adjacent to each other or (partially) overlap 
ping as regards geographical radio coverage are examples of 
direct neighbors); and the PCI of cell 2 is PCIB. When the 
User Equipment (UE) in cell 2 initiates a handover request, 
the UE detects cell 1 and cell 3. Because cell 1 and cell 3 have 
the same PCI, the eNB of cell 2 is unable to determine which 
cell can serve as a target cell according to the PCI, and the 
eNB is unable to notify the UE to hand over. 
0006 II. As shown in FIG. 2, there are two adjacent cells: 
cell 1 and cell 2. Cell 1 is partially overlapping with cell 2; cell 
1 and cell 2 are working under the same frequency and have 
the same PCI, namely, PCIA. If the UE is in the overlap of cell 
1 and cell 2, the UE can detect at most one cell. 
0007. In order to avoid the foregoing conflict, precise plan 
ning need be performed at the time of allocating the PCI to the 
cell. 
0008. The existing standard provides a mechanism of allo 
cating the PCIS in a same-frequency scenario as follows. 
When an eNB is started, the eNB obtains the PCI used by one 
or more cells neighboring the one or more cells of the started 
eNB through an X2 or S1 interface message. Therefore, a PCI 
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unused by the adjacent cell of the cell under the new eNB is 
allocated to the cell under the new eNB, and the foregoing 
conflict is avoided. 
0009. The foregoing method provides automatic alloca 
tion of PCI for cells operating on the same-frequency. 
According to prior art, for cells operating on disjoint frequen 
cies, no corresponding mechanism is available to PCI alloca 
tion and PCI conflict therefore may occur. 

SUMMARY 

0010. A method and apparatus of allocating PCI is dis 
closed. According to an aspect of the present invention, prior 
art PCI conflict in a different-frequency scenario is overcome 
by obtaining neighboring cell information of cells neighbor 
ing to a first cell, the neighboring cell information including 
physical cell identifier information of cells which are neigh 
boring to the cells neighboring to the first cell, and the cells 
neighboring to the first cell irrespective of whether the fre 
quencies are identical or disjoint; and allocating, according to 
the neighboring cell information, a physical cell identifier for 
the first cell. 
0011. Also, according to an aspect of the invention PCI is 
allocated, and the transferred neighboring cell information 
preferably includes physical cell identifier information for 
neighboring cells also if operating on a frequency different 
from neighbor cell frequency. 
0012. According to an embodiment of the invention, an 
information obtaining module configured to obtain neighbor 
ing cell information of cells neighboring to a first cell, the 
neighboring cell information including physical cell identi 
fier information of cells which are neighboring to the cells 
neighboring to the first cell, the cells neighboring to the first 
cell including one or more cells also if operating on a fre 
quency different from a frequency of the first cell; an alloca 
tion module configured to allocate, according to the neigh 
boring cell information obtained by the information obtaining 
module, a physical cell identifier for the first cell. 
0013. In an example embodiment, a cell obtains neighbor 
cell information of a cell neighboring a newly activated cell. 
The neighboring cell information includes the neighboring 
cell information of the one or more cells also if operating on 
a frequency different from the frequency of the newly acti 
vated cell. According to the neighboring cell information, the 
PCI of the newly activated cell is obtained, thus accomplish 
ing automatic allocation of PCIS also in a multi-frequency 
scenario and further improving the system's reliability. 
0014 Further, in an embodiment of the invention a PCI 
conflict or potential conflict is detected and PCI may be 
allocated also without full knowledge about all existing 
neighbor cells. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 shows a first scenario of PCI conflict known 
in prior art. 
0016 FIG. 2 shows a second scenario of PCI conflict 
known in prior art. 
(0017 FIG.3 is a flowchart of a method for allocating PCIs 
in an embodiment of the present invention. 
0018 FIG. 4 is another flowchart of a method for allocat 
ing PCIs in an embodiment of the present invention. 
0019 FIG. 5 is another flowchart of a method for allocat 
ing PCIs in an embodiment of the present invention. 
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0020 FIG. 6 is another flowchart of a method for allocat 
ing PCIs in an embodiment of the present invention. 
0021 FIG. 7 is another flowchart of a method for allocat 
ing PCIs in an embodiment of the present invention. 
0022 FIG. 8 is another flowchart of a method for allocat 
ing PCIs in an embodiment of the present invention. 
0023 FIG.9 shows an application scenario in an embodi 
ment of the present invention. 
0024 FIG. 10 shows a structure of an eNB in an embodi 
ment of the present invention. 
0025 FIG. 11 shows a structure of an apparatus for allo 
cating PCIs in an embodiment of the present invention. 

DETAILED DESCRIPTION 

0026. In order to accomplish automatic allocation of PCIs 
in a disjoint- or multi-frequency scenario, a method of PCI 
allocation is disclosed in an example embodiment of the 
present invention as detailed below by reference to accompa 
nying drawings. 
0027. For reasons of explanation and illustration of no 
limitation to the scope of invention, consider cell 3 of FIG.9 
being an activated cell, and eNB3 covering or serving cell 3. 
0028. As shown in FIG. 9. example cell 7 operates on 
frequency f2. Example cells 1-6 operate on frequency f1. 
Cells of different operating frequencies may have different 
radii or coverage areas also if served by one and the same 
eNB. Cell's 7 coverage area in the example is so big that the 
coverage area of each one of cells 1-6 is within the coverage 
area of cell 7, i.e. cells 1-6 are neighboring cell 7. In this 
non-exclusive example each eNB, eNB1-eNB7, serves a 
single cell Cell 1-Cell 7. Within the scope of invention, an 
eNB may serve one cell or a plurality of cells. 
0029. In a scenario described in relation to FIG.9, if a UE 
in cell 7 need switch to a cell of frequency f1, PCI of each one 
of cells 1 to 7 shall be different from the PCI of any other cell 
among the cells 1 to 7 to avoid conflict. 
0030 Suppose, as an example, that cell 3 is a newly acti 
vated cell. First eNB serving cell 3 need consider both cell's 
3 direct neighbor cells working under a frequency identical to 
the frequency of cell 3 (cell 2 and cell 4) and cell's 3 indirect 
neighbor cells working under a frequency identical to the 
frequency of cell 3 (cell 1, cell 5, and cell 6) of cell 3 when 
allocating a PCI to cell 3. Second, handover of a UE in cell 7 
(operating on frequency f2) to a cell of frequency f1 is pro 
tected from errors if the PCI finally obtained by cell 3 is 
different from those of cells 1, 2, 4, 5, and 6. Prior art tech 
nology may detect cells which are direct or indirect neigh 
boring cells (cells 1, 2, 4, and 5) and are operating on a 
frequency identical to the frequency of the cell 3, but does not 
necessarily detect a direct or indirect neighbor cell operating 
on a disjoint frequency. While cell 6 is a direct neighbor cell 
of cell 7 in a multi-frequency scenario, prior art technology 
may not detect cell 6. 
0031 FIG. 3 schematically illustrates an example method 
of PCI allocation. The method includes: 
0032. 301: Neighboring cell information is obtained by a 
newly activated cell. The neighboring cell information 
includes PCIs of the cells neighboring the newly activated 
cell. 
0033. In preferred embodiments of the present invention, 
neighboring cell information includes the information of cells 
working under a frequency different from the frequency of the 
newly activated cell, if any. The direct neighboring cell is a 
(detected, 301) cell which is adjacent to or overlapping with 
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the newly activated cell. In an LTE system, an eNB that covers 
the newly activated cell sends a request to one or more eNBs 
serving direct neighbor cells of the newly activated cell 
through an X2 or S1 interface. Such a request may be, for 
example, an X2 SETUP REQUEST message or an X2 
UPDATE message, or another newly added message. 
0034 302: PCI for the newly activated cell is set in accor 
dance with the neighbor cell information. 
0035. In an embodiment in accordance with FIG. 3, PCI 
information included in the neighboring cell information may 
be removed from a PCI list stored by a cell, such as cell 3 in 
FIG. 9, so as to obtain a new or revised PCI list. A PCI is 
selected from the new PCI list and allocated to the newly 
activated cell. Alternatively, the neighboring cell information 
is reported by cell 3 to an Operation Administration Mainte 
nance (OAM) system, and PCI is allocated to the newly 
activated cell by the OAM system. 
0036. In order to have a better understanding of the 
embodiments of the present invention, the method for obtain 
ing the PCI of the newly activated cell disclosed in this 
embodiment and the concept of neighboring cells are 
explained in further detail below. 
0037. In an example embodiment of the present invention, 
the eNB of a newly activated cell obtains a list of PCIs 
available to the newly activated cell. After obtaining the infor 
mation of one or more neighboring cells of the newly acti 
vated cell, the eNB retrieves the PCIs of the one or more 
neighboring cells of the newly activated cell. According to the 
PCI of the neighboring cell, the eNB selects a PCI not used by 
the neighboring cells of the newly activated cell from the 
stored PCI list. When all PCIs in the PCI list are unavailable, 
the eNB obtains available PCIs from the OAM system. Con 
sequently, the system efficiency is improved. Alternatively, 
after obtaining the information on the one or more neighbor 
ing cells, the eNB extracts the PCIs of the cells, e.g. operating 
on a frequency identical to the frequency of the newly acti 
vated cell, and sends the PCIs to the OAM system, and the 
OAM system allocates a PCI to the newly activated cell. 
0038 Neighboring cells described in preferred embodi 
ments of present invention may refer one or more direct 
neighboring cells or one or more indirect neighboring cells of 
an existing cell. As used herein, with the concept of neighbor 
cell, a direct neighbor cell or indirect neighbor cell refers to a 
cell adjacent to or overlapping with the cell of origin or a cell 
adjacent to or overlapping with a direct neighboring cell, 
respectively. This does not exclude that the concept may also 
apply to a cell served by an eNB neighboring an eNB serving 
a cell of origin, a neighbor eNB, or a cell served by an eNB 
neighboring the neighbor eNB and not being the eNB serving 
the cell of origin. 
0039 Example methods of allocating a PCI are described 
below. 
0040 FIG. 4 shows schematically a method according to a 

first embodiment of the invention, comprising: 
0041. 401: A radio coverage cell such as cell 3 of FIG.9 is 
activated. 

0042. 402: A list of PCIs available to cell 3 is obtained. 
0043. In this embodiment, example eNB3 of FIG. 9 
obtains a list of available PCIs under the frequency f1 from 
the OAM system. This step is optional. If the eNB3 sends the 
PCIs of the neighboring cells of cell 3 under f1 (namely, the 
neighboring cells of cell 3 that works under f1) to the OAM 
system in step 406, this step is omitted. 
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0044 403: The direct neighboring cells of cell 3 under all 
frequencies are detected. 
0045. In this embodiment, eNB3 detects the direct neigh 
boring cells under all frequencies through an integrated 
downlink detector. Alternatively, through an Automatic 
Neighbor Relation Function (ANR), eNB3 detects cells 2, 4 
and 7. 

0046 404: Information is exchanged with the eNBs of the 
direct neighboring cells to obtain neighboring cell informa 
tion of the direct neighboring cells. 
0047. In this embodiment, eNB3 sends a request to each of 
eNB2, eNB4 and eNB7 through an X2 or S1 interface. The 
request includes an instruction parameter which instructs the 
each of neighboring cells, i.e. cells 2, 4 and 7, to send the 
neighboring cell information of their neighboring cells under 
the frequency f1. The neighboring cells of cells 2, 4 and 7 
include direct neighboring cells and indirect neighboring 
cells. The neighboring cell information of cells 2, 4 and 7 
includes the PCI information of the neighboring cells of cells 
2, 4 and 7. eNB2, eNB4 and eNB7 respond to the request of 
eNB3 through an X2 or S1 interface, and return the PCI 
information of the direct neighboring cells and their respec 
tive neighboring cell lists to eNB3. The neighboring cell list 
returned by eNB2 to eNB3 includes the PCI information of 
cell 1; the neighboring cell list returned by eNB4 to eNB3 
includes the PCI information of cell 5; and the neighboring 
cell list returned by eNB7 to eNB3 includes the PCI informa 
tion of cell 6. 

0048 405: The PCIs of cell 3's neighboring cells working 
under f1 are extracted from the neighboring cell information. 
0049. In this embodiment, eNB3 extracts the PCIs of cells 
1, 2, 4, 5 and 6 from the neighboring cell information. 
0050 406: According to the neighboring cell information, 
a PCI for the newly activated cell is obtained. 
0051. In this embodiment, eNB3 removes the PCIs of cells 
1, 2, 4, 5, and 6 from the list of available PCIs obtained in step 
402 so as to obtain a new PCI list, and eNB3 selects a PCI for 
the newly activated cell from the new PCI list. Alternatively, 
eNB3 reports the PCIs of the neighboring cells working under 
f1 to the OAM system. The OAM system selects an available 
PCI according to the reported PCIs already used by the neigh 
boring cells and sends the selected PCI to eNB3. 
0052 A second embodiment of the present invention is 
described below. 

0053 As shown in FIG. 5, steps 501-503 in the second 
embodiment are similar to steps 401-403 described in the first 
embodiment of the present invention and are not repeated 
herein. 

0054 504: Information is exchanged between a cell such 
as example cell 3 of FIG. 9 and the eNBs that cover direct 
neighboring cells of cell 3 to obtain neighboring cell infor 
mation of the neighboring cells of cell 3. 
0055. In this embodiment, eNB3 sends a request to each of 
eNB2, eNB4 and eNB7 through an X2 or S1 interface. The 
request includes an instruction parameter which instructs the 
neighboring cells, i.e. cells 2, 4 and 7, to send neighboring cell 
information of their direct neighboring cells and indirect 
neighboring cells. The neighboring cell information includes 
PCI information of the neighboring cells and Cell Global ID 
(CGI) information of the neighboring cells. The CGI of each 
cell is unique. A CGI of a cell is composed of a Public 
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0056 Land Mobile Communication Network (PLMN) 
ID, an eNB ID and a cell ID. 
0057 Through an X2 or S1 interface, each of eNB2, eNB4 
and eNB7 responds to the request of eNB3, as an example 
eNB, by providing its neighboring cell information to eNB3 
serving cell 3 (i.e. the PCI information and CGI information 
of each of cells 1, 2, 4, 5, 6 and 7). 
0058 505: The PCIs of the neighboring cells under f1 are 
extracted from the neighboring cell information. 
0059. In this embodiment, the frequency information of 
the cells is obtained through the CGIs of the cells by the 
following way: 
0060) 1. The eNB3 sends a request to each of eNB2, eNB4 
and eNB7 through an X2 or S1 interface, requesting to obtain 
the frequency information of all neighboring cells. The 
request includes the CGI information of neighboring cells. 
Each of eNB2, eNB4 and eNB7 responds to such a request 
sent by eNB3 respectively, and returns the frequency infor 
mation of its neighboring cells to eNB3. 
0061 2. The eNB3 reports request information to the 
OAM system. If eNB3 and the target eNB with its frequency 
queried are in the same OAM system, the query for the fre 
quency of the target eNB can be performed through the OAM 
system. If eNB3 and the targeteNB with its frequency queried 
are in different OAM systems, the OAM system that covers 
the target cell performs the query for the frequency of the 
target eNB, and the target cell sends the obtained frequency 
information to eNB3. 
0062. After eNB3 obtains the frequency information of 
the neighboring cells of cell 3, the PCIs of the neighboring 
cells working under the frequency f1 are extracted, namely, 
the PCIs of cells 1, 2, 4, 5 and 6 are extracted. 
0063 Step 506 is similar to step 406, and is not repeated 
herein. 
0064. The third embodiment of the present invention is 
described below. 
0065. As shown in FIG. 6, steps 601-603 in the third 
embodiment are similar to steps 401-403 in the first embodi 
ment of the present invention, and are not repeated herein. 
0.066 604: Information is exchanged by eNB3/cell 3, as an 
example, with the eNBs that cover the direct neighboring 
cells of cell 3 to obtain neighboring cell information of the 
neighboring cells of cell 3. 
0067. In this embodiment, eNB3 sends a request to eNB2, 
eNB4 and eNB7 through an X2 or S1 interface, requesting to 
obtain neighboring cell information of all neighboring cells 
of cell 3. The neighboring cell information includes PCI 
information, CGI information and frequency information of 
neighboring cells, or includes the PCI information and the 
frequency information. 
0068. Through an X2 or S1 interface, each of eNB2, eNB4 
and eNB7 responds to the request of eNB3 by providing its 
cell information to eNB3 serving cell 3 (i.e. PCI, CGI and 
frequency information of each of cells 2, 4, and 7) and pref 
erably by providing its neighboring cell information (i.e. PCI, 
CGI and frequency information of each of cells 1, 5 and 6). 
0069. In this embodiment, if both frequency information 
and CGI information are included in the information 
exchange with eNB3, eNB3 does not need to obtain the fre 
quency information according to the CGI, e.g., from OAM. 
Moreover, after obtaining the CGI information, the measure 
ment performed by the UE for the CGI is reduced in the 
subsequent ANR process. Moreover, the obtained CGI facili 
tates obtaining more information about the neighboring cells. 
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0070 605: The PCIs of cell 3's neighboring cells operat 
ing on a frequency identical to the frequency of cell 3 are 
extracted from the neighboring cell information. 
(0071. In this embodiment, eNB3 extracts the PCIs of the 
neighboring cells under the frequency f1, i.e. the PCIs of cells 
1, 2, 4, 5, and 6. 
0072 Step 606 is similar to step 406, and is not repeated 
herein. 
0073. The fourth embodiment of the present invention is 
described below. 
0074 As shown in FIG. 7, step 701 and step 702 are 
similar to step 401 and step 402 in the first embodiment, and 
are not repeated herein. 
0075 703: An example cell's 3 direct neighboring cells 
working under a frequency identical to the frequency of cell3 
are detected. 
0076. In this embodiment, with the downlink detector or 
the ANR function being integrated in eNB3 serving example 
cell 3, eNB3 detects cells 2 and 4. 
0077 704: Information is exchanged by cell 3 with the 
eNBs of the direct neighboring cells of cell 3 to obtain neigh 
boring cell information of the direct neighboring cells of cell 
3 
0078. In this embodiment, eNB3 sends a request to each of 
eNB2 and eNB4 through an X2 or S1 interface to request for 
the neighboring cell lists of cell 2 and cell 4 as well as the 
information of cell 2 and cell 4. 
0079. Each of eNB2 and eNB4 responds to the request of 
eNB3, and then sends the PCI and the CGI of cell 2 and cell 
4, as well as the neighboring cell list of all frequencies of cell 
2 and cell 4 to eNB3. 
0080. The neighboring cell list of cell 2 includes the PCI 
and the CGI of cell 1 and cell 7; and the neighboring cell list 
of cell 4 includes the PCI and the CGI of cell 5 and cell 7. 
I0081 705: Information is exchanged by cell 3 with the 
eNBs of the direct neighboring cells of cell 3 to obtain neigh 
boring cell information of cell 3. 
0082 706: The frequencies of the indirect neighboring 
cells are queried. 
0083. In this embodiment, eNB3 queries the frequencies 
of the indirect neighboring cells of cell 3 through the CGI. 
The detailed query method is the same as the query method 
described in step 505. 
0084. After identifying that the frequency of cell 7 is f2 
which is different from the working frequency of cell 3, eNB3 
regards the cell 7 as a different-frequency neighboring cell 
which is a cell having a frequency different to the frequency 
of the cell 3. 
I0085 707: The information of the different-frequency 
neighboring cell and the neighboring cell list of the different 
frequency neighboring cell are obtained. 
I0086. In this embodiment, eNB3 exchanges information 
with eNB7 through an X2 or S1 interface, and obtains the 
PCI, the CGI and the neighboring cell list of cell 7. 
I0087. The neighboring cell list of cell 7 includes the PCI 
and the CGI of the direct neighboring cells of cell 7. 
I0088. In this step, the PCI and the CGI of the direct neigh 
boring cell 6 of cell 7 are obtained. 
I0089 708: The frequency of the cell 7 is queried according 
to the CGI of the cell 7. 
0090. In this embodiment, the detailed query method is the 
same as the query method in step 505. 
0091 709: The PCIs of the neighboring cells working 
under the frequency f1 are extracted. 
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0092. In this embodiment, eNB3 selects the neighboring 
cells according to the frequency information obtained in steps 
706 and 708, and extracts the PCIs of the neighboring cells 
whose frequency is f1; and eNB3 extracts the PCIs of cells 1, 
2, 4, 5, and 6. 
(0093 Step 710 is similar to step 406, and is not repeated 
herein. 
0094. The fifth embodiment of the present invention is 
described below. 
(0095. As shown in FIG. 8, steps 801-803 in this embodi 
ment are similar to steps 701-703 in the first embodiment of 
the present invention, and are not repeated herein. 
(0096 804: Information is exchanged by cell 3 with the 
eNBs of the direct neighboring cells of cell 3 to obtain neigh 
boring cell information of cell 3. 
0097. In this embodiment, eNB3 exchanges information 
through an X2 or S1 interface, and obtains the PCI, the CGI 
and the frequency information of cell 4, or obtains the PCI and 
the frequency information of cell 4, and obtains neighboring 
cell lists of cell 2 and cell 4. 
(0098. Each of eNB2 and eNB4 responds to the request of 
eNB3 by sending the PCI, the CGI and the frequency infor 
mation of each of cell 2 and cell 4 to eNB3, or by sending the 
PCI and the frequency information of each of cell 2 and cell 
4 to eNB3 and sending the neighboring cell lists of all fre 
quencies of each of cell 2 and cell 4 to eNB3. 
(0099. The neighboring cell list of cell 2 includes the PCI, 
the CGI and the frequency information of cell 1 and cell 7, or 
includes the PCI and the frequency information of cell 1 and 
cell 7. The neighboring cell list of cell 4 includes the PCI, the 
CGI and the frequency information of cell 5 and cell 7, or 
includes the PCI and the frequency information of cell 5 and 
cell 7. 
0100 eNB3 determines that cell 7 working under fre 
quency f2 is a different-frequency neighboring cell of cell 3. 
0101 805: The information of the different-frequency 
neighboring cell and the neighboring cell list of the different 
frequency neighboring cell are obtained. 
0102. In this embodiment, eNB3 exchanges information 
with eNB7 through an X2 or S1 interface, and obtains the 
PCI, the CGI and the neighboring cell list of cell 7. 
(0103) The neighboring cell list of cell 7 includes the PCI, 
the CGI and the frequency information or includes the PCI 
and the frequency information of the direct neighboring cells 
of cell 7. 
0104. In this step, the information of cells 1, 2, 4, 5 and 6, 
which are direct neighboring cells of cell 7, is obtained. 
0105 Steps 806-807 are similar to steps 709–710 in the 
fourth embodiment, and are not repeated herein. 
010.6 An eNB is disclosed in an example embodiment of 
the present invention. As shown in FIG. 10, the eNB includes 
a neighboring cell information obtaining module 1001, an 
identifier list updating module 1002 and an identifier allocat 
ing module 1003. The neighboring cell information obtaining 
module 1001 is configured to obtain neighboring cell infor 
mation from an eNB of a direct neighboring cell of a newly 
activated cell, where the neighboring cell information 
includes PCI information of neighboring cells of the eNB, the 
neighboring cells include one or more cells working under a 
frequency which is different to a frequency of the newly 
activated cell, and the direct neighboring cell is a cell adjacent 
to or overlapped with the newly activated cell. The identifier 
list updating module 1002 is configured to remove the PCI 
information of the newly activated cell's neighboring cells 
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working under a frequency which is same to the frequency of 
the newly activated cell from a PCI information list of PCIs 
available to the newly activated cell, and to obtain a new PCI 
information list of PCIs available to the newly activated cell. 
The identifier allocating module 1003 is configured to select 
a PCI for the newly activated cell from the new PCI informa 
tion list obtained by the identifier list updating module 1002. 
0107 Alternatively, the neighboring cell information 
obtaining module 1001 is further configured to obtain neigh 
boring cell information of the direct neighboring cells and the 
indirect neighboring cells from the eNB of the direct neigh 
boring cell of the newly activated cell, where an indirect 
neighboring cell is a cell adjacent to or overlapped with a 
direct neighboring cell. Alternatively, the neighboring cell 
information obtaining module 1001 is configured to obtain 
neighboring cell information of one or more neighboring 
cells working under a frequency same to the frequency of the 
newly activated cell from all the eNBs of the direct neighbor 
ing cells of the newly activated cell. Alternatively, the neigh 
boring cell information obtaining module 1001 is configured 
to obtain neighboring cell information about the neighboring 
cells working under all frequencies from all the eNBs that 
cover the direct neighboring cells of the newly activated cell, 
where the neighboring cell information further includes the 
CGI of the neighboring cells working under all frequencies, 
or further includes the CGI and the frequency information of 
the neighboring cells working under all frequencies. Alterna 
tively, the neighboring cell information obtaining module 
1001 is configured to obtain neighboring cell information of 
the neighboring cells working under all frequencies from the 
eNBs that cover the one or more direct neighboring cells of 
the newly activated cell, which one or more direct neighbor 
ing cells have a frequency same to the frequency of the newly 
activated cell, where the neighboring cell information 
includes PCI information and CGI information, or includes 
PCI information, CGI information, and frequency informa 
tion, and the direct neighboring cells include cells working 
under a frequency different to the frequency of the newly 
activated cell. The detailed method for obtaining the neigh 
boring cell information is described in the foregoing method 
embodiments, and is not repeated herein. 
0108 If the obtained neighboring cell information under 

all frequencies includes only the PCI and the CGI, the eNB 
further includes a frequency obtaining module 1004, which is 
configured to obtain the corresponding frequency informa 
tion from the eNB or the OAM system that covers the direct 
neighboring cells of the newly activated cell according to the 
CGI. 
0109 As shown in FIG. 11, an apparatus for allocating a 
PCI is disclosed in an example embodiment of the present 
invention. The apparatus includes an information obtaining 
module 1101 and an allocating module 1102. 
0110. The functions of the information obtaining module 
1101 are the same as the functions of the neighboring cell 
information obtaining module 1001 in the foregoing embodi 
ment, and are not repeated herein. 
0111. The allocating module 1102 is configured to obtain 
the PCI of the newly activated cell according to the neighbor 
ing cell information obtained by the information obtaining 
module 1101. Specifically, the allocating module may further 
include a list updating module 11021 and a second identifier 
allocating module 11022. The functions of the two modules 
are the same as the functions of the identifier list updating 
module 1002 and the identifier allocating module 1003 
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respectively in the foregoing embodiment, and are not 
repeated herein. Further, the allocating module 1102 is con 
figured to send the PCI of the newly activated cell's neigh 
boring cell working under a frequency same to the frequency 
of the newly activated cell to the OAM system, and receive the 
PCI allocated by the OAM system to the newly activated cell. 
0112 Alternatively, if the obtained neighboring cell infor 
mation under all frequencies includes only PCI and CGI, the 
apparatus further includes a second frequency obtaining 
module 1103. Its functions are the same as the functions of the 
frequency obtaining module 1004 in the foregoing embodi 
ment, and are not repeated herein. 
0113 FIG. 12 illustrates schematically two apparatuses 
(121, 123), e.g. eNBs, of a wireless communications system. 
The apparatuses are preferably interconnected over an X2 
interface. As a non-exclusive example each of the eNBs (121, 
123) serves three cells. One of the example apparatuses com 
prises a neighboring cell information obtaining module 
(122), as described in relation to FIG. 10. The other example 
apparatus (125) comprises processing circuitry (124) and a 
transmitter (123). The processing circuitry is arranged to 
compile a signaling message comprising neighboring cell 
information inclusive of PCI and preferably also related oper 
ating one or more frequencies as described in detail above. 
The apparatus (125) also comprises a transmitter for convey 
ing compiled signaling messages to neighboring eNBS (121) 
in the cellular communication system. 
0114. The methods disclosed in the embodiments of the 
present invention are not limited to the LTE system. Accord 
ingly, the apparatus for allocating a PCI may be implemented 
by an eNB or a network-side entity in other systems. Such a 
network-side entity in other systems may, for instance, be the 
RNC in a WCDMA system or the BSC in a GSM system. 
Alternatively, the apparatus for allocating a PCI may be an 
independent function entity. 
0115 Although embodiments of the present invention 
have been described herein with respect to certain example 
features, aspects and embodiments thereof, the present inven 
tion is not intended to be limited to such example features, 
aspects and embodiments shown herein. It is apparent to 
those skilled in the art that numerous modifications, varia 
tions and other embodiments may be made to the example 
features, aspects and embodiments thereof without departing 
from the spirit and scope of the invention. Therefore, the 
present invention is intended to cover those numerous modi 
fications, variations and other embodiments and the scope of 
protection of the present invention are indicated by the claims 
appended thereto and their equivalents. 
What is claimed is: 
1. A method of physical cell identifier allocation in a wire 

less cellular communications system, comprising: 
communication of at least one signaling message compris 

ing neighboring cell information of at least one cell 
neighboring a first cell in addition to information on the 
first cell, said neighboring cell information comprising a 
physical cell identifier, and 

transfer of the at least one signaling message from a first 
eNB serving the first cell to a second eNB. 

2. The method according to claim 1, comprising 
communication of operating frequency information of the 

at least one cell which is neighboring said first cell. 
3. The method according to claim 2, wherein the neighbor 

ing cell operating frequency information is frequency chan 
nel number. 
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4. The method according to claim 2, wherein the neighbor 
ing cell operating frequency information is uplink frequency 
information. 

5. The method according to claim 2, wherein the neighbor 
ing cell operating frequency information is downlink fre 
quency information. 

6. The method according to claim 1, wherein the neighbor 
ing cell information comprises neighboring cell physical cell 
identifier irrespective of neighboring cell operating fre 
quency. 

7. The method according to claim 1, wherein the first eNB 
serves cells of disjoint frequencies. 

8. The method according to claim 1, wherein the eNB 
serves cells operating on disjoint frequencies. 

9. The method according to claim 8, wherein the cells 
operating on disjoint frequencies are of different size interms 
of geographical coverage. 

10. The method according to claim 1, wherein the first eNB 
serves at least one cell operating on a frequency disjoint from 
a frequency on which a cell served by the second eNB is 
operating. 

11. The method according to claim 1, wherein the signaling 
message is an X2 Setup message. 

12. The method according to claim 11, wherein the signal 
ing message is an X2 Setup Request message. 

13. The method according to claim 11, wherein the signal 
ing message is an X2 Setup Response message. 

14. The method according to claim 11, wherein the signal 
ing message is an eNB Configuration Update message. 

15. The method according to claim 1, comprising 
detecting on basis of said neighboring cell information, a. 

at least potentially, conflicting physical cell identifier 
allocation in said first cell. 

16. A method of physical cell identifier allocation in a 
wireless cellular communications system, comprising: 

communication of at least one signaling message compris 
ing neighboring cell information of at least one cell 
neighboring a first cell, said neighboring cell informa 
tion comprising a physical cell identifier irrespective of 
operating frequency of the at least one cell, which is 
neighboring said first cell, and its at least one neighbor 
ing cell; and 

determination of neighboring cell operating frequency on 
the basis of said neighboring cell information in 
response to the communicated information. 

17. A method of physical cell identifier allocation, com 
prising: 

obtaining neighboring cell information from at least one 
cell neighboring a first cell, said neighboring cell infor 
mation comprising physical cell identifier information 
of at least one cell, which is neighboring said at least one 
cell neighboring the first cell, wherein the neighboring 
cell information comprises operation frequency infor 
mation corresponding to the physical cell identifier 
information. 

18. The method according to claim 17, wherein at least one 
of said cells neighboring said first cell comprises is a cell 
operating on a frequency different from a frequency of said 
first cell; and 

allocating, according to said neighboring cell information, 
a physical cell identifier to said first cell. 

19. The method according to claim 17, wherein said neigh 
boring cell information comprises neighboring cell informa 
tion of at least one indirect neighboring cell of said first cell, 
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said direct neighboring cell of said first cell being a cell 
adjacent to or overlapping with said first cell, and said indirect 
neighboring cell of said first cell being a cell adjacent to or 
overlapping with said direct neighboring cell. 

20. The method according to claim 19, wherein obtaining 
neighboring cell information of at least one cell neighboring 
said first cell comprises: 

obtaining a first neighboring cell information of said first 
cell, said first neighboring cell information comprising 
physical cell identifier information of one or more direct 
neighboring cells of said first cell; 

obtaining a second neighboring cell information of said at 
least one direct neighboring cell according to said first 
neighboring cell information of said first cell, said sec 
ond neighboring cell information comprising physical 
cell identifier information of at least one indirect neigh 
boring cell of said first cell; 

wherein said neighboring cell information of at least one 
cell neighboring said first cell comprises said first neigh 
boring cell information and said second neighboring cell 
information. 

21. The method according to claim 20, wherein obtaining a 
second neighboring cell information of said at least one direct 
neighboring cell comprises: 

obtaining neighboring cell information from each one of 
said at least one direct neighboring cell, said second 
neighboring cell information comprising a neighboring 
cell information from each one of said at least one direct 
neighboring cell, wherein said neighboring cell infor 
mation of each one of said at least one direct neighboring 
cell comprises at least one of: 
physical cell identifier information of one or more cells 
which are indirect neighboring cells of said first cell 
and which operate on said frequency of said first cell; 

physical cell identifier information and cell global ID 
information of one or more cells which are indirect 
neighboring cells of said first cell; and 

physical cell identifier information, cell global ID infor 
mation and frequency information of one or more 
cells which are indirect neighboring cells of said first 
cell. 

22. The method according to claim 21, comprising: 
obtaining according to cell global ID information of said at 

least one cell, which is indirect neighboring cell of said 
first cell, frequency information of said one or more 
cells, wherein said neighboring cell information of cells 
neighboring to said first cell comprises said frequency 
information of said at lest one cell. 

23. The method of claim 20, wherein said at least one direct 
neighboring cell of said first cell is a cell operating on said 
frequency of said first cell and said second neighboring cell 
information further comprises cell global ID information of 
said at least one indirect neighboring cell of said first cell. 

24. The method of claim 23, wherein conditionally upon 
said neighboring cell information of each one of said one or 
more cells operating on a frequency different from said fre 
quency of said first cell comprises: 

obtaining, according to cell global ID information of direct 
neighboring cells of each one of said at least one cell 
operating on a frequency different from said frequency 
of said first cell, frequency information of direct neigh 
boring cells of each one of said at least one cell operating 
on a frequency different from said frequency of said first 
cell, wherein said neighboring cell information of cells 



US 2010/0075681 A1 

neighboring said first cell further comprises said fre 
quency information of direct neighboring cells of each 
one of said at least one cell operating on a frequency 
different from said frequency of said first cell. 

25. The method of claim 21, comprising: 
obtaining, from at least one eNB of a direct neighboring 

cell of said first cell or from an operation administration 
maintenance system, said frequency information of said 
one or more cells or said frequency information of said 
direct neighboring cells of each one of said one or more 
cells working under a frequency different to said fre 
quency of said first cell. 

26. An apparatus of physical cell identifier allocation, said 
apparatus comprising: 

an information obtaining module configured to obtain 
neighboring cell information of at least one cell neigh 
boring a cell served by the apparatus, said neighboring 
cell information comprising physical cell identifier 
information of at least one cell which is neighboring said 
at least one cell neighboring said cell served by the 
apparatus. 

27. The apparatus according to claim 26 wherein the infor 
mation obtaining module is configured to retrieve neighbor 
ing cell information comprising operation frequency infor 
mation corresponding to a physical cell identifier of the 
neighboring cell information. 
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28. An apparatus of physical cell identifier allocation, said 
apparatus comprising: 

processing circuitry arranged to compile a signaling mes 
Sage comprising neighboring cell information, wherein 
the neighboring cell information comprises an element 
of physical cell identifier of at least one cell neighboring 
a first cell served by the apparatus; and 

a transmitter arranged to transmit the signaling message as 
controlled by the processing circuitry. 

29. The apparatus according to claim 28, wherein the trans 
mitter is controlled to transmit the signaling message condi 
tionally upon request from an apparatus serving a second cell. 

30. The apparatus according to claim 28, wherein the pro 
cessing circuitry is adapted to compile the signaling message 
comprising neighboring cell information, wherein the neigh 
boring cell information comprises an element of operating 
frequency corresponding to the physical cell identifier. 

31. A wireless cellular communication system comprising 
an apparatus in claim 26 and an apparatus in 28, wherein the 
apparatuses are interconnected for exchange of a signaling 
message comprising physical cell identifier and operating 
frequency elements. 

32. The system according to claim 31, wherein the inter 
connection is an interconnection over an X2 interface. 

c c c c c 


