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1 Introduction
In R3-152566, it proposed to use virtual PCI based solution to resolve the same PCI issue. However, there was another proposal in RAN1 and RAN2 to have a combined solution with both PCI based solution and muting based solution.
In this contribution, we give the introduction of this new solution and including the specification impacts.
2 Solutions and specifications impact
Several solutions are given in [6] TR36.855 (section 7.2 and 7.3) and [7] TR37.857 for same PCI case problem as list below:

· OTDOA enhancements for same PCI problem
· Time–domain separation of transmissions from different TPs in the same shared cell
· TP-specific muting pattern  (RAN2 LPP/RAN3 LPPa)
· TP-specific set of subframes within a positioning occasion (RAN2 LPP/RAN3 LPPa)
· TP-specific signal sequences 
· Using virtual PCI  (RAN2 LPP/RAN3 LPPa)
· Using CSI-RS for RSTD  (RAN2 LPP/RAN3 LPPa/RAN4 TS36.133)
A summary and comparison of different solutions for OTDOA enhancements can be found in TR36.855 section 7.2.3.2. Solution performances are extensively studied in TR36.855 and TR37.857. 

The focus of this paper is on the TP-specific muting solution and virtual PCI solution. We propose a whole package of solution that can combine time domain and VCID solutions. By doing so, operators can have full degree of freedom in time/frequency/code domain to support OTDOA in same PCI TP.
3.1 Combine TP-specific muting pattern and VCID 

Add a new “TP-ID” and a new “VCID” together with PRS-info which has prs-Mutinginfo-r9 in the OTDOA assistance data. The “TP-ID” is used to represent TP ID in higher layer, while the “VCID” is like a scramble ID to generate TP-specific PRS sequence/vshift.

The TP-ID be identical to the "Cell Portion ID" defined in LPPa [20]. A Cell Portion is a geographical part of a cell and uniquely identified by its "Cell Portion ID". The "Cell Portion ID" has been introduced in Rel-12 in order to obtain Cell-ID location to a finer granularity in case of TPs are deployed.

In this way, UE can understand that PRS is send from a TP from “TP-ID”. The corresponding muting pattern and/or PRS sequence/vshift (from VCID) can also be understood.

OTDOA-NeighbourCellInfoElement ::= SEQUENCE {

physCellId






INTEGER (0..503),

cellGlobalId





ECGI



OPTIONAL,

-- Need ON


earfcn







ARFCN-ValueEUTRA
OPTIONAL,

-- Cond NotSameAsRef0


cpLength






ENUMERATED {normal, extended, ...} 
















OPTIONAL,

-- Cond NotSameAsRef1


prsInfo   (Contian muting info)

PRS-Info


OPTIONAL,

-- Cond NotSameAsRef2


antennaPortConfig




ENUMERATED {ports-1-or-2, ports-4, ...}
















OPTIONAL,  

-- Cond NotsameAsRef3


slotNumberOffset




INTEGER (0..19)

OPTIONAL,

-- Cond NotSameAsRef4


prs-SubframeOffset




INTEGER (0..1279)
OPTIONAL,

-- Cond InterFreq

expectedRSTD





INTEGER (0..16383),


expectedRSTD-Uncertainty


INTEGER (0..1023),


...,


[[ earfcn-v9a0




ARFCN-ValueEUTRA-v9a0
OPTIONAL

-- Cond NotSameAsRef5


]],


[[  TP-Id-r13


INTEGER (0..255)


OPTIONAL

-- Need OR



VCID-r13

INTEGER (0..1024)

 OPTIONAL

-- Need OR

]]
When reporting, UE only report TP-ID along with RSTD results in order to make E-SMLC understand that the TP corresponding to.

NeighbourMeasurementElement ::= SEQUENCE {


physCellIdNeighbour

INTEGER (0..503),

cellGlobalIdNeighbour
ECGI




OPTIONAL,


earfcnNeighbour


ARFCN-ValueEUTRA

OPTIONAL,

-- Cond NotSameAsRef2


rstd




INTEGER (0..12711),


rstd-Quality


OTDOA-MeasQuality,


...,


[[ earfcnNeighbour-v9a0
ARFCN-ValueEUTRA-v9a0
OPTIONAL

-- Cond NotSameAsRef3


]],


[[
TP-Id-r13
INTEGER (0..255)

OPTIONAL

]]
In this way, both VCID and time domain separation is supported. Operators can have full degree of freedom by using time and/or frequency and/or code domain to support OTDOA in same PCI TP. In the following section 3.2 and 3.3 gives the example to illustrate the usage of VPCI or muting pattern in this solution.
· LPPa Modification:

1. Introduce cellPortionID for OTDOA，enabling per cell portion information exchange in LPPa e.g. per cell portion muting pattern, and per cell portion positioning information.
2. Add virtualCellID per cell portion for OTDOA
3.2 Usage of Virtual cell ID (VCID) 
The different PRS sequences may be based on a ‘virtual PCI” which is associated with a TP (cell portion). TP of same PCI will generate different PRS sequence or vshift based on virtual PCI instead. UE can distinguish TP in this way. The UE, eNB and E-SMLC should understand the difference of virtual PCI and PCI. Virtual cell ID planning is needed to avoid/minimize PRS collisions in neighbor TPs in different cells
The pseudo-random sequence generator for the PRS sequence may initialized with:
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where: 
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The vshift of the PRS pattern may be defined based on the NVCID; e.g., 
vshift = (NVCID) mod 6. By this, the TPs are separated in code- and frequency domain, which should not create additional interference for legacy UEs which can measure only the macro cell.
NVCID is a newly introduced identity associated with a particular transmission point (TP) associated with the same PCI. Therefore, the PRS sequence depends on the physical cell ID (VCID, NVCID), and the CRS sequence depends on the physical cell ID (PCI, 
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) with no change. 
The value of NVCID may beyond 512 in order to enable legacy UEs to measure the macro cell PRS and CRS.

New UEs which are able to understand the additional assistance data could measure the PRS transmitted by TP 

3.3 Discussion on TP-specific muting pattern
In case the PRS are the same from TPs, as shown in TR36.855 section 7.2.3.1 and TR37.857 section 7.1.1.1.9, the TPs with same PCI can be assigned with different PRS muting patterns as shown in figure 2 in OTDOA assistance data. Each bit in muting info represents the PRS presences (0 represents the PRS is muted in the corresponding PRS positioning occasion). In this way, UE can distinguish PRS transmitted by certain TP from different muting patterns. 
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Figure2. PRS positioning occasions for Solution 1 

Current LPP specifications do not support TP-specific configuration. It is recommended to reuse cell portion concept defined in LPPa TS36.455, and regard TP as cell portion, which is a geographical part of a cell. For any TP (cell portion), its PCI and ECGI is the same of the cell it belong to. In this way, The OTDOA Assistance Data IE can be reused to TP, enabling TP-specific OTDOA configuration. 

UE need to report cell portion id configured and used for measuring RSTD for a cell/TP together with other measurement reporting. The cell portion concept defined in LPPa can be reused, while the cell portion id can be used to identify TPs. Therefore, the E-SMLC can distinguish RSTD results for different TPs with same PCI, and can utilize RSTD measurement to calculate UE location. 
This solution will not have impact on the current physical design for positioning signal but only needs to define a “TP-ID”.

3 Conclusion

In this paper, we propose a solution that can combine time domain and VCID solutions. By doing so, operators can have full degree of freedom in time/frequency/code domain to support OTDOA in same PCI TP. 

Proposal: It is proposed to agree solution that combines TP-specific muting pattern and VCID and corresponding changes in this paper.
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