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1   Introduction
In EUTRAN, the UE is expected to detect the intra-frequency and inter-frequency neighbour cells without the assistance of a Neighbour Cell List [1].  This implies that in a country border region, UE may be able to detect cells in its own network and also cells over the country border making use of same frequency band. Moreover, if no coordination exists among operators in country border regions, neighbour cells might be allocated the same Physical Cell Identity (PCI) and this will result in UE being unable to detect the intra-network cell or UE experiencing excessive interference from the cross border neighbour. In our view, a mechanism is required to prevent such a situation arising in country border areas. This contribution makes a proposal to address this issue.
2   Cell Identification in Country Border Region
In EUTRAN, UE acquires time and frequency synchronisation by detecting the Primary and Secondary synchronisation channels. UE can also deduce the Physical Cell Identity (PCI) from these signals. 
There are 504 unreserved and unique physical-layer cell identities. A physical-layer cell identity is uniquely defined by the number
[image: image30.wmf](1bis)

ID

N

in the range of 0 to 167, representing the physical-layer cell-identity group, and a number
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 in the range of 0 to 2, representing the physical-layer identity within the physical-layer cell-identity group [2].

The PCI (
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) is defined as follows [2]:
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In a country border area, a UE can potentially detect  
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 EMBED Equation.3  [image: image6.wmf]and
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 of a cross border cell. If no network planning coordination exists between operators on either side of the country border, UE might unnecessarily measure and report the neighbouring operator’s cell. Worst still, if cross border operator has allocated the same PCI as the serving cell then UE might suffer from excessive interference and might not be able to identify both cells with the same PCI. Figure 1 illustrates the problem.

[image: image8]
Figure 1: Uncoordinated allocation of PCIs at country border region resulting in PCI clash and UE unnecessarily measuring and reporting cells with PCIs 13 and 20.
One way to address this issue is for a ‘whitelist’ to be broadcast in country border region system information indicating all the valid PCIs the UE should measure while ignoring all other detected PCIs. One issue with this approach is the possibility of a cross border operator allocating the same PCI as in the serving cell. This solution requires operators to agree on detailed PCI planning at Country Border regions to avoid clashes. This is likely to be a tedious process, especially if one operator decides to change the PCI planning pattern. The same issues arise with using a ‘blacklist’ approach as operators would have to have up to date knowledge of the PCIs being used by cross border operators in order to blacklist them. 
3   Proposal to Facilitate PCI Planning at Country Border
In GSM, the Network Colour Code (NCC) [3] concept is used to differentiate between two cells using the same BCCH carrier frequency. The ‘NCC Permitted’ IE is broadcast in the system information message to indicate to the UE the BCCH carriers with valid NCC which it can measure and report. The NCC permitted IE can indicate up to 8 valid PLMNs for UE to measure and report.  Our proposal lends this idea to EUTRAN in the following manner.
In equation (1), 
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 has a range of 0 to 167. In order to represent this range 8 bits are required (0-255).  It is proposed that the 3 least significant bits of 
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 are used as a Network Colour Code, resulting in 8 possible groups of 21 PCIs which network operators at the country border area can share depending on the number of operators in the region. We can thus redefine 
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where 
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represent the 3 least significant bits of 
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 and 
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 represent the remaining 5 bits of 
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. Figure 2 illustrates the way bits in 
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 are interpreted.
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Figure 2: Embedding 
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If there are only two operators at the country border region, for example, each operator can use half of the 
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values i.e. 0 to 3 and 4 to 7 respectively. Thus each operator would have half of the 504 possible PCIs for allocation at the country border. 

The UE is triggered to check the 3 least significant bits of 
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 when checking the secondary synchronisation channels by the presence of an ‘LTE NCC permitted’ IE which is optional in System Information Block Type 4 (for intra-frequency) and System Information Block Type 5 (for inter-frequency). The presence of this IE is optional and can be defined as a bit map in the same manner as in GSM.  A text proposal for the definition of the ‘LTE NCC permitted’ IE in SIB 4 and SIB 5 is given in the appendix.  Similarly, it is also proposed that this new IE is included in the EUTRAN Neighbour Cell List (NCL) broadcast in UTRAN and GERAN 
The advantages with this solution are that no change to the PCI definition is required and it harmonises the planning at country borders between operators. Moreover, UE is not required to read the PLMN of a detected neighbour cell to identify whether the cell is a valid one to measure and report or not.
4   Summary

In this contribution, we address the issue of PCI planning in country border regions. If no planning exists among operators at country borders it is possible that same Physical Cell Identities are allocated to neighbouring cells at country borders in the case where the LTE frequency allocation is the same on both sides of the border. This will lead to network operation problems at country borders. In order to assist operators in planning PCI allocation at country borders easily the following proposals have been made:
1) The 3 least significant bits of 
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 which can be detected on the secondary synchronisation channel are interpreted as the LTE Network Colour Code (NCC).

2) Operators at country borders can share up to 8 available NCC.
3) A new optional IE ‘LTE NCC permitted’ needs to be introduced in SIB4 and SIB5 for LTE.

4) The presence of the ‘LTE NCC permitted’ IE in SIB4 and/or SIB5 is a trigger for UE to interpret 3 least significant bits of 
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 which can be detected on secondary synchronisation channel as the Network Colour Code.

5) For interworking, a new optional IE ‘LTE NCC permitted’ is also needed in the NCL broadcast in UTRAN and GERAN.  This allows for the UE to interpret the PCI correctly when the LTE synchronisation channels are detected.
RAN2 is kindly requested to discuss the proposals made in this contribution and to agree on the introduction of a new IE in SIB 4 and SIB 5.  It is also proposed to introduce the new IE for the EUTRAN NCL broadcast in UTRAN. An LS should be sent to GERAN to introduce the LTE NCC permitted IE in the EUTRAN NCL broadcast in GERAN.. 
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Appendix
Text Proposal for SIB 4 and SIB 5

SystemInformationBlockType4

The IE SystemInformationBlockType4 contains information about the serving frequency and intra-frequency neighbouring cells relevant for cell re-selection. The IE includes cell re-selection parameters common for a frequency as well as cell specific re-selection parameters.
SystemInformationBlockType4 information element
-- ASN1START

SystemInformationBlockType4 ::=

SEQUENCE {


servingFreqCellReselectionInfo

SEQUENCE {



s-NonIntraSearch




INTEGER (-60..-28)



OPTIONAL,





















-- value range FFS


threshServingLow




INTEGER (-60..-28),




-- value range FFS


cellReselectionPriority



INTEGER (0..7)




OPTIONAL


},




















-- need FFS

intraFreqNeighbouringCellList

SEQUENCE (SIZE (1..maxCellIntra)) OF SEQUENCE {



physicalCellIdentity



PhysicalCellIdentity,



q-OffsetCell





INTEGER (-15..15)


}

OPTIONAL,


intraFreqBlacklistedCellList

SEQUENCE (SIZE (1..maxCellBlack)) OF SEQUENCE {



physicalCellIdentity



PhysicalCellIdentity


}

OPTIONAL,

LTENCCPermitted





Bitmap OPTIONAL

...

}

-- ASN1STOP

Editor's note:
The extension mechanisms in this system information block are FFS.

	SystemInformationBlockType4 field descriptions

	servingFreqCellReselectionInfo 



	s-NonIntraSearch 

Actual value s-NonIntraSearch = IE value * 2

In dB

	threshServingLow 

Actual value threshServingLow = IE value * 2

In dB

	cellReselectionPriority 

Absolute priority of the serving layer (0 means: highest priority)

	intraFreqNeighbouringCellList

List of intra-frequency neighbouring cells with specific cell re-selection parameters. Location of this IE is FFS, i.e. it may also be in SIB3

	q-OffsetCell 

Actual value q-OffsetCell = IE value * 2.

In dB

	intraFreqBlacklistedCellList 

List of blacklisted intra-frequency neighbouring cells

	LTENCCPermitted

 bitmap (8 bits) indicating to UE the list of networks at country border regions that it is allowed to measure and report. 


–
SystemInformationBlockType5

The IE SystemInformationBlockType5 contains information about other E‑UTRA frequencies and inter-frequency neighbouring cells relevant for cell re-selection. The IE includes cell re-selection parameters common for a frequency as well as cell specific re-selection parameters.
SystemInformationBlockType5 information element
-- ASN1START

SystemInformationBlockType5 ::=

SEQUENCE {


interFreqCarrierFreqList


SEQUENCE (SIZE (1..maxFreq)) OF SEQUENCE {



eutra-CarrierFreq




EUTRA-DL-CarrierFreq,



threshX-High





INTEGER (-60..-28),




-- value range FFS


threshX-Low






INTEGER (-60..-28),




-- value range FFS


measurementBandwidth



MeasurementBandwidth,



cellReselectionPriority



INTEGER (0..7)





OPTIONAL,





















-- value range FFS


q-OffsetFreq





INTEGER (-15..15)




DEFAULT 0,



interFreqNeighbouringCellList

SEQUENCE (SIZE (1..maxCellInter)) OF SEQUENCE {




physicalCellIdentity



PhysicalCellIdentity,




q-OffsetCell





INTEGER (-15..15)



}
OPTIONAL,



interFreqBlacklistedCellList

SEQUENCE (SIZE (1..maxCellBlack)) OF SEQUENCE {




physicalCellIdentity



PhysicalCellIdentity



}
OPTIONAL


LTENCCPermitted





Bitmap OPTIONAL

},


...

}

-- ASN1STOP

Editor's note:
The extension mechanisms in this system information block are FFS.

	SystemInformationBlockType5 field descriptions

	threshX-High 

Parameter "Thresx,high" [36.304]. Actual value in dBm = IE value * 2.

	threshX-Low 

Parameter "Thresx,low" [36.304]. Actual value in dBm = IE value * 2.

	measurementBandwidth

Measurement bandwidth common for all neighbouring cells on the frequency.

	cellReselectionPriority

Absolute priority of the E-UTRA carrier frequency (0 means: highest priority)

	q-OffsetFreq 

Actual value q-OffsetFreq = IE value * 2.

In dB

	interFreqNeighbouringCellList

List of inter-frequency neighbouring cells with specific cell re-selection parameters. 

	q-OffsetCell 

Actual value q-OffsetCell = IE value * 2.

In dB

	interFreqBlacklistedCellList 

List of blacklisted inter-frequency neighbouring cells

	LTENCCPermitted

 bitmap (8 bits) indicating to UE the list of networks at country border regions that it is allowed to measure and report. 


Country A





Country B





LTE Operator A





LTE Operator B





Key





f1





f1





f1





f1





f1





f1





f1





f1





Country Border





PCI 13





PCI10





PCI 15





PCI 15





PCI 16





PCI 20





PCI 18





PC 18
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