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1 Introduction
A new WI of further Indoor positioning enhancements for UTRA and LTE has been approved In RAN plenary #71 meeting [1]. An LS R1-165853 from RAN1 has been sent to RAN3 [2].
	RAN1 agreed to prioritize the OTDOA enhancements for the same PCI:
· Support positioning related reporting by a UE corresponding to the respective PRS muting pattern per TP

· Support virtual cell ID per TP

· Define   
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for PRS sequence/vshift generation per TP

· With     
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RAN1 would like to bring this information to the attention of RAN2 and RAN3, and would like RAN2, RAN3 to take this information into account in their work on Release 14 further indoor positioning WI.


In this paper, we discuss the signalling design for OTDOA enhancements for the same PCI. 
2 Problem Statement

The same PCI problem has been studied both in [3] TR36.855 and [4] TR37.857. 

In certain het-net deployments, some non-collocated TPs may have the identical PCI as the associated macro cell (e.g., CoMP Scenario 4  as shown in Figure 1 below). Similar, small cell enhancements scenarios may result in a shared PCI deployment scenario. 
Since the PRS is associated with the PCI of the cell, identical PRS sequences would be transmitted by multiple transmission points. Therefore, the UE reported RSTD measurements cannot be uniquely associated with a particular transmission point and the location server does not know the actual transmission point coordinates of the signal measured by the UE.   
The current solution in such deployment scenarios is to transmit PRS from the macro cell only (and not from the e.g., associated TPs).  However, this would reduce the number of possible UE measurements for positioning, since the TP transmission points would not be exploited.
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Figure 1: Network with low power TPs within the macro cell coverage deployed with same PCI.
3 Solutions description and specifications impact

As in the LS[2], the same PCI OTDOA solution could use TP-specific muting pattern and TP-specific PRS to make same PCI TP useful for OTDOA. 
3.1 TP-specific muting pattern design
Since several TPs share the same PCI, the PRS transmitted by these TPs are the same. As shown in TR36.855 section 7.2.3.1 and TR37.857 section 7.1.1.1.9, in order to solve same PCI problem, 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.  According to the LS[2], TP-specific muting pattern needs to be supported.
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Figure2. Muting Pattern based solution 
E-SMLC needs to provide assistance data with TP-ID list and corresponding muting pattern to UE to inform PRS muting pattern per TP. UE could report TP-ID together with other measurement reporting, in IE OTDOA-SignalMeasurementInformation.  The E-SMLC can distinguish RSTD results from different TPs with same PCI, and can utilize PRS send by TPs to calculate UE location.
In order to enable E-SMLC gathering TP-ID and associated muting pattern, the eNB should report the per TP PRS muting pattern to the ESMLC via LPPa. Similar as CSI-RSRP solution, the cell portion concept can be reused for TP-ID. 

The cell portion ID only introduces in E-CID in LPPa. It is recommended to introduce cell portion ID in OTDOA as well. 
Proposal 1: Use cell portion concept already defined in TS36.455 to identify PRS transmitting point with same PCI for OTDOA.
This solution will not have impact on the current physical design for positioning signal but only some signalling shall be introduced as the following:

· Specifications Impact and backward compatibility
Same PCI TPs can be distinguished without consuming further resources while keeping backward compatibility.  
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 without any modification, enabling TP-specific OTDOA configuration. 

LPP modification:

Transfer Cell portion ID along with muting pattern in the LPP to distinguish TP and Macro cell. Cell portion’s PCI and ECGI is the same of the cell it belong to. In this way, Each UE could only report cell portion ID in OTDOA-SignalMeasurementInformation IE.
LPPa modification:

Currently, the cell portion concept is not applicable for OTDOA. There is no cell portion based muting reporting in LPPa. It is needed to introduce the cell portion ID in the OTDOA information exchange for LPPa, specifically for muting pattern reporting. 
Proposal 2: Introduce per cell portion muting pattern in LPPa.
FCC recommended vertical positioning to determine which floor UE located for emergency call. Currently E-SMLC could only obtain altitude information of transmitting point. However it is difficult to accurately covert altitude information to the floor number information due to different building structure. Therefore, it is recommended to transfer the floor number of TP to E-SMLC.  E-SMLC could use floor information to calculate which floor UE located.
Proposal 3 : Introduce floor number information of TP in LPPa.
3.2 TP-specific PRS generation
The different PRS sequences may be based on a ‘PRS ID” 
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 which is associated with a TP (cell portion) according to the LS [2]. TP of same PCI will generate different PRS based on PRS ID instead. UE can distinguish TP in this way. 
E-SMLC needs to provide assistance data with cell portion ID list and corresponding PRS ID to UE. UE could report cell portion ID together with other measurement reporting, in IE OTDOA-SignalMeasurementInformation.  The E-SMLC can distinguish RSTD results from different TPs with same PCI, and can utilize PRS send by TPs to calculate UE location.
In order to enable E-SMLC gathering cell portion ID and associated PRS ID, the eNB should report the PRS ID and corresponding TP ID to the ESMLC via LPPa. 
The reason not to use PRS ID to replace TP ID is to decouple TP ID and physical PRS ID. Operator could assign PRS ID to TP based on network planning dynamically. Changing PRS ID assigned to TP will be easy. If directly using PRS ID for TP ID, it may cause problem when network planning changed.
· LPP Modification:

1. Add prsID in OTDOA-ReferenceCellInfo, OTDOA-NeighbourCellInfoList, OTDOA-SignalMeasurementInformation. 

	prsID  (Optional)

This field specifies the physical cell identity of the assistance data reference/neighbor cell that only apply for PRS. It will not affect other physical layer, e.g. CRS.


· LPPa Modification:

1. Add prsIDlist in OTDOA Cell Information 

Proposal 4: Introduce per cell portion PRS ID in LPPa.
4 Conclusion

In this paper, we discuss possible solutions the same PCI case for OTDOA enhancements using time-domain separation method and TP-specific PRS solution. A corresponding t CR [5] is also presented.
Proposal 1: Use cell portion concept already defined in TS36.455 to identify PRS transmitting point with same PCI for OTDOA.
Proposal 2: Introduce per cell portion muting pattern in LPPa.
Proposal 3: Introduce floor number information of TP in LPPa.
Proposal 4: Introduce per cell portion PRS ID in LPPa.
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