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1   Introduction
At RAN2#62, Vodafone raised the issue of PCI planning at country borders in R2-082321 [1], It was noted during the discussion that there is an issue to solve but that a more elaborate solution should only be considered if the current blacklisting mechanism is not sufficient to address it.  In this contribution, Vodafone provides more information about how PCI planning is currently performed at country borders for UMTS and argues that the existing blacklisting mechanism is not sufficient. 
2 PCI Planning at Country Borders for UMTS
The guideline for border coordination for UMTS (at least in Europe) is provided by the European Radio Communications (ERC) recommendation 01-01 of the CEPT (European Conference of Postal and Communications Administration) [2]. 

According to this recommendation, administrations should agree on a repartition of code groups on an equitable basis. In border areas, codes are divided in 6 ‘code sets’ containing each one sixth of the available code groups. Each country is allocated three code sets (half of the codes) in a bilateral case and two code sets in a trilateral case (please see appendix 2 and [2] for further details) which they can preferentially used at country borders. 

Hence, for the UMTS scrambling code planning at country borders, operators need to only use their preferential scrambling codes in configuring the intra/inter-frequency Neighbour Cell lists. UEs would not reselect or handover to a cross border neighbour cell if the scrambling code is not part of its NCL for idle /connected mode. In effect, the UE is provided with a whitelist of scrambling codes as part of the NCL configuration. 
3. PCI allocation at Country Borders in EUTRAN

In EUTRAN though, the UE is expected to detect the intra-frequency and inter-frequency neighbour cells without the assistance of a Neighbour Cell List (NCL) (TS 36.300[3]).  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 carrier frequency. 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 and/or UE experiencing excessive interference from the cross border neighbour. The issue of PCI collision is addressed by proper coordination at country borders by operators as described in Section 2. However, since there is no intra frequency/inter-frequency Neighbour Cell List configured in EUTRA, UEs additionally need to be made aware of which PCIs are not suitable for cell reselection in idle mode or handover in connected mode. 
Currently, ‘maxCellBlack’ in TS 36.331 [4] is configured to 16. One way to avoid UEs trying to reselect to a cross border cell is to configure the blacklist of each country border cell with the PCIs being used by neighbour cells for operators across the border on the same frequency. Such an approach first requires that operators are aware of the detailed planning of the cross border operator since the operator can only ‘blacklist’ PCIs rather than providing a ‘whitelist’ as in UMTS. Moreover, each cell can only be configured with a blacklist of up to 16 PCIs.
However, it is likely that two operators (administrations) across a border share half or one third of the PCI space i.e. 252 or 168 PCIs. In order to facilitate planning considerably, it would be easier for all the cross border PCIs to be blacklisted. In UMTS, the use of the NCL in effect implies that all cells not in the NCL are not considered as candidates for reselection in idle mode and for measurement reporting in connected mode. Hence, we believe that it should not be an issue in LTE to also ignore the blacklisted cross border PCIs. 

Proposal 1: In cell border regions, the network should indicate a blacklist or whitelist of cross border PCIs to UEs in System Information (SIB 4 and SIB 5).

Proposal 2: UEs should ignore the blacklisted cross border PCIs during cell reselection in Idle Mode and for measurement reporting in Connected Mode
4 Introduction of ‘Cross border’ PCI blacklist/whitelist in SIB 4 and SIB 5

The current RRC specifications (TS 36.331 [4]) allow up to 16 cells to be blacklisted. Obviously, this range is not sufficient to blacklist all the cross border PCIs and simplify planning at country borders. In our view, we should not extend the value of ‘maxCellBlack’ to indicate all blacklisted ‘cross border’ PCIs as this will result is a significant increase in the size of SIB 4 and SIB 5 at country borders e.g. as much as 3000 bits. 

Consequently, it is important to have an optimised way of indicating the list of ‘cross border’ black listed PCIs to the UE. As observed in [4], network can also provide a ‘whitelist’ of allowed PCIs from which UE can infer the ‘cross border’ PCI blacklist. 
In R2-083617 [5], the issue of blacklist/whitelist optimisation was discussed further and a number of alternatives were provided. In Vodafone’s view, only the optimisations that allow the indication of a block of contiguous PCIs are necessary as supported by the ECR directive [2]. In this respect, only the following options need to be considered for the ‘country border’ whitelist
Option 1: use of start value + Range or End value [5]

This option seems the simplest way to code the ‘cross border’ whitelist but it has a number of drawbacks:

· It is not the best possible optimisation as it requires at least 18 bits for one block

· If an operator is allocated N non contiguous blocks of PCIs, the whitelist size grows to n*18 e.g. 54 bits for 3 blocks.
Option 2: 3 Bits of the PCI are reserved to identify a block of PCIs and an 8 bit bitmap is provided to UE to indicate which blocks are ‘allowed PCIs’. 
This is in effect a whitelist of PCIs but it is straightforward for UE to infer the blacklisted PCIs from the information provided.

The 3 bits can be the 3 most significant bits of the PCI as indicated in [5] or it could be the 3 least significant bits of 
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 [5] as described in [1].
One issue with this approach is that it results into a split of 8 blocks rather than 6 as recommended by the ERC directive [2]. In our view the value of 6 blocks is significant in the sense that the likelihood of 3 countries at a border is more common (see Appendix 2) and we need an equitable division of the PCIs among three countries.
In order to solve this issue, it is proposed that UE can implicitly deduce the blocks of allowed/non-allowed PCIs from a bitmap. Since we need to divide the PCIs into 6 equal blocks, it is proposed that a 6 bits bitmap is used. 
Proposal 3: A bitmap of 6 bits is used to indicate implicitly to UE which of the 6 PCI blocks of 84 consecutive PCIs are allowed for UE. If bit N of the bitmap is set to "1’ it implies that PCIs ( N-1)*84 to (84*N -1) are allowed and the remaining PCIs are blacklisted e.g. bit map 000011 means that PCIs 0-83 and 84 to 167 are allowed.
The mapping between the bit map position and the PCI blocks are illustrated in Table 1:
	‘Position ‘N’ of bit in bitmap
	PCI Block Range Allowed if bit N =1 

	1
	0-83

	2
	84-167

	3
	168-251

	4
	252-335

	5
	336-419

	6
	420-504


Table 1: mapping between Allowed code groups and position of Bit N in bit map (Group is allowed if Bit N =1)
4.1 Bitmap Signalling
A text proposal is provided in the Appendix 1 for the 6 bits bitmap to indicate the allowed/non-allowed PCIs at country borders. 

4   Summary
In this contribution, Vodafone addresses the issue of PCI allocation at country borders and makes the following proposal:

Proposal 1: In cell border regions, the network should indicate a blacklist or whitelist of cross border PCIs to UEs in System Information (SIB 4 and SIB 5).

Proposal 2: UEs should ignore the blacklisted cross border PCIs during cell reselection in Idle Mode and for measurement reporting in Connected Mode
Proposal 3: A bitmap of 6 bits is used to indicate implicitly to UE which of the 6 PCI blocks of 84 consecutive PCIs are allowed for UE. If bit N of the bitmap is set to "1’ it implies that PCIs ( N-1)*84 to (84*N -1) are allowed and the remaining PCIs are blacklisted e.g. bit map 000011 means that PCIs 0-83 and 84 to 167 are allowed.
RAN2 is kindly requested to discuss the issue of PCI allocation at country borders and agree of the proposals made in this document. 
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Appendix 1
Start of change

SystemInformationBlockType4

The IE SystemInformationBlockType4 contains neighbouring cell related information relevant only for intra-frequency cell re-selection. The IE includes cells with specific re-selection parameters as well as blacklisted cells (including blacklisted cells at country borders).
SystemInformationBlockType4 information element
-- ASN1START

SystemInformationBlockType4 ::=

SEQUENCE {


intraFreqNeighbouringCellList

IntraFreqNeighbouringCellList

OPTIONAL,


intraFreqBlacklistedCellList

IntraFreqBlacklistedCellList

OPTIONAL,


...

}

IntraFreqNeighbouringCellList ::=

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


physicalCellIdentity




PhysicalCellIdentity,


q-OffsetCell






ENUMERATED {













dB-24, dB-22, dB-20, dB-18, dB-16, dB-14,













dB-12, dB-10, dB-8, dB-6, dB-5, dB-4, dB-3,













dB-2, dB-1, dB0, dB1, dB2, dB3, dB4, dB5,













dB6, dB8, dB10, dB12, dB14, dB16, dB18,













dB20, dB22, dB24, spare1},


...

}

IntraFreqBlacklistedCellList ::=

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



physicalCellIdentity



PhysicalCellIdentity
CountryBorderBlacklist




BIT STRING (SIZE (6)) 



OPTIONAL
}

-- ASN1STOP

	SystemInformationBlockType4 field descriptions

	intraFreqNeighbouringCellList

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

	q-OffsetCell 

The value in dB. Value dB-24 corresponds to -24 dB, dB-22 corresponds to -22 dB and so on.

	intraFreqBlacklistedCellList 

List of blacklisted intra-frequency neighbouring cells

	 LTENCCpermitted

Field encoded as a bit map to indicate which block(s) of PCIs are allowed/not allowed at country borders for a UE. If bit N of the bitmap is set to "0’ it implies that PCIs ( N-1)*84 to (84*N -1) are not allowed and the remaining PCIs are allowed e.g. bit map 000011 means that PCIs 0-83 and 84 to 167 are allowed and PCIs 168 to 504 are blacklisted.


–
SystemInformationBlockType5

The IE SystemInformationBlockType5 contains information relevant only for inter-frequency cell re-selection i.e. 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


InterFreqCarrierFreqList,


...

}

InterFreqCarrierFreqList ::=

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


eutra-CarrierFreq




EUTRA-DL-CarrierFreq,


t-ReselectionEUTRAN




INTEGER (0..7),


speedDependentScalingParameters 
SEQUENCE {



t-ReselectionEUTRAN-SF-Medium 

ENUMERATED {oDot25, oDot5, oDot75, lDot0}, 



t-ReselectionEUTRAN-SF-High 

ENUMERATED {oDot25, oDot5, oDot75, lDot0}


}















OPTIONAL,

-- need OP


threshX-High





INTEGER (0..56),


threshX-Low






INTEGER (0..56),


measurementBandwidth



MeasurementBandwidth,


cellReselectionPriority



INTEGER (0..7)





OPTIONAL,


q-OffsetFreq





ENUMERATED {












dB-24, dB-22, dB-20, dB-18, dB-16, dB-14, 












dB-12, dB-10, dB-8, dB-6, dB-5, dB-4, dB-3, 












dB-2, dB-1, dB0, dB1, dB2, dB3, dB4, dB5, 












dB6, dB8, dB10, dB12, dB14, dB16, dB18, 












dB20, dB22, dB24, spare1}




DEFAULT dB0,


interFreqNeighbouringCellList

InterFreqNeighbouringCellList
OPTIONAL,


interFreqBlacklistedCellList

InterFreqBlacklistedCellList
OPTIONAL,


...

}

InterFreqNeighbouringCellList ::=
SEQUENCE (SIZE (1..maxCellInter)) OF SEQUENCE {


physicalCellIdentity



PhysicalCellIdentity,


q-OffsetCell





ENUMERATED {












dB-24, dB-22, dB-20, dB-18, dB-16, dB-14, 












dB-12, dB-10, dB-8, dB-6, dB-5, dB-4, dB-3, 












dB-2, dB-1, dB0, dB1, dB2, dB3, dB4, dB5, 












dB6, dB8, dB10, dB12, dB14, dB16, dB18, 












dB20, dB22, dB24, spare}

}

InterFreqBlacklistedCellList ::=
SEQUENCE (SIZE (1..maxCellBlack)) OF SEQUENCE {


physicalCellIdentity



PhysicalCellIdentity
CountryBorderBlacklist 



BIT STRING (SIZE (6)) 



OPTIONAL
}

-- ASN1STOP

	SystemInformationBlockType5 field descriptions

	threshX-High 

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

	threshX-Low 

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

	speedDependentScalingParameters
Speed dependent scaling parameters. If the IE is not present, the UE behaviour is specified in [4]

	t-ReselectionEUTRAN

Cell reselection timer value TreselectionRAT for E-UTRAN. In seconds

	t-ReselectionEUTRAN-SF-Medium
The IE t-ReselectionEUTRAN is multiplied with this factor if the UE is in Medium Mobility state as defined in [4]. Value oDot25 corresponds to 0.25, oDot5 corresponds to 0.5 , oDot75 corresponds to 0.75 and so on. 

	t-ReselectionEUTRAN-SF-High
The IE t-ReselectionEUTRAN is multiplied with this factor if the UE is in High Mobility state as defined in [4]. Value oDot25 corresponds to 0.25, oDot5 corresponds to 0.5 , oDot75 corresponds to 0.75 and so on.

	measurementBandwidth

Measurement bandwidth common for all neighbouring cells on the frequency.

	cellReselectionPriority

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

	q-OffsetFreq 

The value q-OffsetFreq in dB. Value dB-24 corresponds to -24 dB, dB-22 corresponds to -22 dB and so on.

	interFreqNeighbouringCellList

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

	q-OffsetCell 

The value q-OffsetCell in dB. Value dB-24 corresponds to -24 dB, dB-22 corresponds to -22 dB and so on.

	interFreqBlacklistedCellList 

List of blacklisted inter-frequency neighbouring cells

	CountryBorderBlacklist
Field encoded as a bit map to indicate which block(s) of PCIs are allowed/not allowed at country borders for a UE. If bit N of the bitmap is set to "0’ it implies that PCIs ( N-1)*84 to (84*N -1) are not allowed and the remaining PCIs are allowed e.g. bit map 000011 means that PCIs 0-83 and 84 to 167 are allowed and PCIs 168 to 504 are blacklisted


End of change
Start of Change

5.5
Measurements

5.5.1
Introduction

The UE reports measurement information in accordance with the measurement configuration as provided by E-UTRAN. E-UTRAN provides the measurement configuration applicable for a UE in RRC_CONNECTED state by means of dedicated signalling, i.e. using the RRCConnectionReconfiguration message.
The UE can be requested to perform the following types of measurement:

-
Intra-frequency measurements: measurements at the downlink carrier frequency of the serving cell.

-
Inter-frequency measurements: measurements at frequencies that differ from the downlink carrier frequency of the serving cell.

-
Inter-RAT measurements of UTRA frequencies.

-
Inter-RAT measurements of GERAN frequencies.

-
Inter-RAT measurements of CDMA2000 HRPD or 1xRTT frequencies.

The measurement configuration includes the following parameters:

1.
Measurement objects: The objects on which the UE shall perform the measurements.

-
For intra-frequency and inter-frequency measurements a measurement object is a single E-UTRA carrier frequency. Associated with this carrier frequency, E-UTRAN can configure a list of cell specific offsets and a list of ‘blacklisted’ cells (optionally a ‘CountryBorderBlacklist’  at country borders).  Blacklisted cells are not considered in event evaluation or measurement reporting. 

-
For inter-RAT UTRA measurements a measurement object is a set of cells on a single UTRA carrier frequency.

-
For inter-RAT GERAN measurements a measurement object is a set of GERAN carrier frequencies.

-
For inter-RAT CDMA2000 measurements a measurement object is a set of cells on a single (HRPD or 1xRTT) carrier frequency.

2.
Reporting configurations: A list of reporting configurations where each reporting configuration consists of the following: 

-
Reporting criterion: The criterion that triggers the UE to send a measurement report. This can either be periodical or a single event description.

-
Reporting format: The quantities that the UE includes in the measurement report and associated information (e.g. number of cells to report). 

3.
Measurement identities: A list of measurement identities where each measurement identity links one measurement object with one reporting configuration. By configuring multiple measurement identities it is possible to link more than one measurement object to the same reporting configuration, as well as to link more than one reporting configuration to the same measurement object. The measurement identity is used as a reference number in the measurement report.

4.
Quantity configurations: One quantity configuration is configured for intra-frequency measurements, one for inter-frequency measurements and one per RAT type. The quantity configuration defines the measurement quantities and associated filtering used for all event evaluation and related reporting of that measurement type. One filter can be configured per measurement quantity.
5.
Measurement gaps: Periods that the UE may use to perform measurements, i.e. no (UL, DL) transmissions are scheduled.

E-UTRAN only configures a single Measurement object for a given frequency, i.e. it is not possible to configure two or more Measurement objects for the same frequency with different associated parameters, e.g. different offsets and/ or blacklists. E-UTRAN may configure multiple instances of the same event e.g. by configuring two reporting configurations with different thresholds.

The Measurement objects are specified per RAT type, with the E-UTRA measurement object list including both the intra-frequency object (i.e. the object corresponding to the serving frequency) and the inter-frequency object(s). The Reporting configuration includes separate lists for E-UTRA and for Inter-RAT reporting configurations. The E-UTRA reporting configuration list includes both intra- and inter-frequency reporting configurations (and events). There is a single Measurement identities list. Any E-UTRA measurement object can be linked to any E-UTRA reporting configuration. Some E-UTRA reporting configurations may not be linked to a measurement object. Likewise, some E-UTRA measurement objects may not be linked to an E-UTRA reporting configurations. The same rules apply for the linking of inter-RAT measurement objects and inter-RAT reporting configurations.
The measurement procedures distinguish the following types of cells:

1.
The serving cell.
2.
Listed cells - these are cells listed within the measurement object(s).
3.
Detected cells - these are cells that are not listed within the measurement object(s) but are detected by the UE on the carrier frequency(ies) indicated by the measurement object(s).
For E-UTRA, the UE measures and reports on the serving cell, listed cells and detected cells. For Inter-RAT UTRA the UE measures and reports on listed cells. For Inter-RAT GERAN the UE measures and reports on detected cells. For Inter-RAT CDMA2000 the UE measures and reports on listed cells.

NOTE 1:
For Inter-RAT UTRA and CDMA2000 the UE measures and reports also on detected cells for the purpose of SON.

NOTE 2:
This specification is based on the assumption that CSG cells of home deployment type are not indicated within the neighbour list. Furthermore, the assumption is that for non-home deployments, the physical layer identity is unique within the area of a large macro cell (i.e. as for UTRAN).

End of change

Start of Change

MeasObjectEUTRA
The IE MeasObjectEUTRA specifies information applicable for intra-frequency or inter-frequency E‑UTRA neighbouring cells.
MeasObjectEUTRA information element
-- ASN1START

MeasObjectEUTRA ::=




SEQUENCE {


eutra-CarrierInfo




EUTRA-DL-CarrierFreq,


measurementBandwidth



MeasurementBandwidth


OPTIONAL,
-- Need FFS

offsetFreq






ENUMERATED {












dB-24, dB-22, dB-20, dB-18, dB-16, dB-14, 












dB-12, dB-10, dB-8, dB-6, dB-5, dB-4, dB-3, 












dB-2, dB-1, dB0, dB1, dB2, dB3, dB4, dB5, 












dB6, dB8, dB10, dB12, dB14, dB16, dB18, 












dB20, dB22, dB24, spare}
DEFAULT dB0,


-- Neighbour cell list


cellsToRemoveList




CellIndexList



OPTIONAL,

-- Need OC


cellsToAddModifyList



NeighCellsToAddModifyList
OPTIONAL,

-- Need OC


-- Black list


blackListedCellsToRemoveList

CellIndexList
OPTIONAL,




-- Need OC


blackListedCellsToAddModifyList

BlackListedCellsToAddModifyList
OPTIONAL,
-- Need OC


cellForWhichToReportCGI



PhysicalCellIdentity


OPTIONAL,


...

}
NeighCellsToAddModifyList ::=

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


cellIndex






INTEGER (1..maxCellMeas),

cellIdentity





PhysicalCellIdentity,


cellIndividualOffset



ENUMERATED {












dB-24, dB-22, dB-20, dB-18, dB-16, dB-14, 












dB-12, dB-10, dB-8, dB-6, dB-5, dB-4, dB-3, 












dB-2, dB-1, dB0, dB1, dB2, dB3, dB4, dB5, 












dB6, dB8, dB10, dB12, dB14, dB16, dB18, 












dB20, dB22, dB24, spare}

}

BlackListedCellsToAddModifyList ::=
SEQUENCE (SIZE (1..maxCellMeas)) OF SEQUENCE {


cellIndex






INTEGER (1..maxCellMeas),



-- value range FFS

cellIdentity





PhysicalCellIdentity


CountryBorderBlacklist 



BIT STRING (SIZE (6)) 



OPTIONAL
}
-- ASN1STOP

	MeasObjectEUTRA field descriptions

	eutra-CarrierInfo

Identifies E‑UTRA carrier frequency for which this configuration is valid.

	measurementBandwidth

Measurement bandwidth common for all neighbouring cells on the frequency. The need for this IE is FFS (the original intention was that the IE would be mandatory for frequencies other than the serving one and optional for the serving frequency with absence indicating a default value)

	offsetFreq

Offset value applicable to the carrier frequency. Value dB-24 corresponds to -24 dB, dB-22 corresponds to -22 dB and so on.

	cellsToRemoveList
List of cells to remove from the neighbouring cell list.

	cellsToAddModifyList
List of cells to add/ modify in the neighbouring cell list. If eutra-CarrierInfo identifies the E‑UTRA carrier frequency of the serving cell and measurement event A3 is configured the list shall include the serving cell.

	cellIndex

Entry index in the neighbouring cell list.

	physicalCellIdentity

Physical cell identity of a cell in neighbouring cell list.

	cellIndividualOffset
Cell individual offset applicable to a specific neighbouring cell. Value dB-24 corresponds to -24 dB, dB-22 corresponds to -22 dB and so on.

	blackListedCellsToRemoveList

List of cells to remove from the black list of cells.

	blackListedCellsToAddModifyList

List of cells to add/ modify in the black list of cells.

	blackListedCellIndex

Entry index in the black list of cells.

	blackListedPhysicalCellIdentity

Physical cell identity of a cell in the black list.

	CountryBorderBlacklist
Field encoded as a bit map to indicate which block(s) of PCIs are allowed/not allowed at country borders for a UE. If bit N of the bitmap is set to "0’ it implies that PCIs ( N-1)*84 to (84*N -1) are not allowed and the remaining PCIs are allowed e.g. bit map 000011 means that PCIs 0-83 and 84 to 167 are allowed and PCIs 168 to 504 are blacklisted


End of Change

Appendix 2: ECR Directive for Country Border Planning [2]
According to the ECR recommendation 01-01[1], EU countries are grouped into 4 country types (1 to 4). For each country type the following table and figure describe the sharing of codes with its neighbouring countries with the following convention of writing:
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