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1 Introduction

In 3GPP RAN1 #82bis, the discussion of the OTDOA positioning dealing with the same PCI issue gave two directions of potential enhancements [1]:
1) TP-specific PRS muting pattern method;
2) Virtual PCI to generate TP-specific sequence/vshift.
This contribution shows our view on the solution for the same PCI issue.
2 Considerations on the same PCI issue 
The procedure of OTDOA includes the following steps in principle:

· The network configures the UE with a number of reference signals, each of which associates with a unique “identifier” and separates from each other in either time or frequency domain. 
· The UE measures the reference signals for RSTD and reports RSTD measurements, each of which is associated with one of configured unique “identifiers”. 

In the current specification, the “identifier” is the physical cell identification (PCID), which is meanwhile used in generation of PRS and CRS that can be measured for RSTD. In an environment with multiple cells having the same PCID, the same PRS or CRS are transmitted from multiple cells which results in location ambiguity for reference cell or neighbouring cell. Up to nowadays, OTDOA is not considered being able to work in the network environment of the same PCI. 
Because CRS is transmitted as the demodulation reference, it is not supposed to modify CRS transmission to solve the same-PCI issue in OTDOA positioning. While the network can avoid RSTD measurement based on CRS alone by configuring PRS_Info IE, it still needs discussion on whether CRS is allowed in RSTD measurement in addition to measurement on PRS. In fact, whether a UE configured with PRS_Info IE should be allowed to measure PRS only or PRS+CRS jointly would have a direct impact to how the same-PCI issue is solved. The details of the two choices are discussed as following. 
Choice-1: The UE configured with PRS_Info IE is allowed to measure PRS only, but never PRS+CRS
In this choice, the PCID fields in the existing OTDOA IEs, including OTDOA-ReferenceCellInfo, OTDOA-NeighbourCellInfoElement and OTDOA-SignalMeasurementInformation, are specifically applicable to PRS only. Then what needs to be done to differentiate PRS signals in the same-PCI condition is to differentiate the above-mentioned PCID field. With respect to standardization, no additional changes are needed to RAN1/2 specification except the clarification that the PCID relating to the PRS sequence/vshift (in RAN1 scope) and OTDOA configuration/reporting IEs (in RAN2 scope) is the cell identification “configured” for OTDOA purpose, which is independent from the physical cell identification used for other purposes. 

Proposal 1: If the UE configured with PRS_Info IE is allowed to measure PRS only but never PRS+CRS, the solution for the same-PCI issue is to clarify in specification that the PCID in the following specifications is the cell identification configured for OTDOA purpose, and is independent from the physical cell identification used for other purposes.
· PCID in PRS sequence generation and vshift allocation;
· PCID in OTDOA configuration IEs and RSTD reporting IE, i.e., OTDOA-ReferenceCellInfo, OTDOA-NeighbourCellInfoElement and OTDOA-SignalMeasurementInformation
With the above proposed clarification, the same-PCI issue can be solved by assigning the “configured” PCID to different values, regardless of the actual physical cell identification of the corresponding cell. 
Choice-2: The UE configured with PRS_Info IE is allowed to measure PRS+CRS

In this choice, the PCID in the OTDOA configuration IE should be retained at least to support the timing measurement based on CRS. Meanwhile, two design targets should be met in order to solve the same-PCI issue:
· Target-1: OTDOA configuration should be able to disable CRS for RSTD measurement per basis of single reference/neighbouring cell. 

· Target-2: OTDOA configuration should support separated PRS signals for the same PCID, where each PRS signal corresponds to a unique configuration identifier that is also used in RSTD reporting.  
To meet the first design target, it is a straight-forward solution to include a binary indication signalling in OTDOA-ReferenceCellInfo and OTDOA-NeighbourCellInfoElement to indicate whether timing measurement based on CRS is allowed or not.  
To meet the second design target, two solutions were raised in [1]. 
· Solution 1: TP-specific PRS muting pattern method. 
· Solution 2: Virtual PCI to generate TP-specific sequence/vshift.
The comparisons between the two solutions are briefly given below. 
1) Unique identification for OTDOA configuration and RSTD reporting

The unique identifier in solution 1 for both the OTDOA configuration and RSTD reporting is in a duplet format of <PCID, muting pattern>; while the unique identifier in solution 2 for both the OTDOA configuration and RSTD reporting is a single value of virtual PCID. In other words, within a single OTDOA configuration/reporting session, the UE and network server in solution 1 have to deal with mixed identifiers, i.e., some in single value for certain cells but others in duplet format for rest of cells. This is the additional complexity that is avoided in solution 2.  
2) Capability in supporting OTDOA positioning in small cell deployment with the same PCI

According to solution 1, the muting pattern solution with the muting bitmap of N-bit long would prevent a UE from being configured with more than N small cells in single macro coverage (small cells and macro cell have the same PCI). Secondly, it is still unclear how the muting pattern can be used as a part of identification while at the same time it is used to accomplish its original functionality on interference avoidance. At last, the muting pattern solution requires that any of two cells of the same PCID cannot transmit the PRS in the same subframe, which certainly consumes more resources from total resource pool compared to solution 2 that allows two cells of the same PCI to transmit PRS in the same subframe.     

3) Backward compatibility for legacy UE

First of all, if the legacy UE is built to measure CRS for RSTD, such UE would not work in the same PCI environment anyway for both solution 1 and solution 2. In the case that the legacy UE does not measure CRS for RSTD in an environment containing N cells of the same PCI, the legacy UE in solution 1 can be configured to measure at most one of these N cells because the legacy UE does not support the configuration of multiple cells as well as the reporting of multiple RSTD values for the same PCID identifier. In contrast, the legacy UE in solution 2 can be configured to measure at least one of these N cells, where that cell’s PRS virtual PCID is the same as cell’s real PCID. Such legacy UE can even measure other cell, whose PRS virtual PCID is different from the real PCID, because the legacy UE not monitoring CRS for RSTD would not be aware such difference. 
In summary, the comparisons between the two solutions only show drawbacks of solution 1 but not any advantage of solution 1 over solution 2. Therefore, it is proposed to adopt virtual PCI solution. 
Because the OTDOA configuration IE is now uniquely identified by virtual PCI, rather than real PCID, it is natural to make virtual PCI the mandatory field in OTDOA configuration IE and RSTD reporting IE, while the real PCID as the optional IE field. The appearance of real PCID in the OTDOA configuration IE can be used as a binary signalling to indicate whether or not CRS can be measured for RSTD. 
Proposal 2: If the UE configured with PRS_Info IE is allowed to measure PRS+CRS, the solution for the same-PCI issue includes following:

· Virtual PCI is used to generate TP-specific sequence/vshift;

· Virtual PCI is included as a mandatory field in OTDOA configuration IE and RSTD reporting IE;

· Real PCID is included as an optional field in OTDOA configuration IE, with its appearance or not indicating whether the CRS can be measured for timing of arrival.   
3 Conclusion 

This contribution analyzes the PCI issue and proposes that:

Proposal 1: If the UE configured with PRS_Info IE is allowed to measure PRS only but never PRS+CRS, the solution for the same-PCI issue is to clarify in specification that the PCID in the following specifications is the cell identification configured for OTDOA purpose, and is independent from the physical cell identification used for other purposes.

· RAN1 spec: PCID in PRS sequence generation and vshift allocation;

· RAN2 spec: PCID in OTDOA configuration IEs and RSTD reporting IE, i.e., OTDOA-ReferenceCellInfo, OTDOA-NeighbourCellInfoElement and OTDOA-SignalMeasurementInformation 
Proposal 2: If the UE configured with PRS_Info IE is allowed to measure PRS+CRS, the solution for the same-PCI issue includes following:

· Virtual PCI is used to generate TP-specific sequence/vshift;

· Virtual PCI is included as a mandatory field in OTDOA configuration IE and RSTD reporting IE;

· Real PCID is included as an optional field in OTDOA configuration IE, with its appearance or not indicating whether the CRS can be measured for timing of arrival.   
Due to the proved performance gain of using PRS+CRS jointly for RSTD measurement, we prefer to allow the UE configured with PRS_Info measuring PRS+CRS jointly. 
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