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1. Introduction
A new work item on “Further Indoor Positioning Enhancements for UTRA and LTE” was approved at RAN#71 meeting [1]. In following RAN1#84bis meeting, it was agreed that [2] 

· As a starting point for Rel-14 WI, RAN1 decides to prioritize the following:

· 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

· FFS: How to generate PRS sequence /v_shift with the virtual cell ID per TP until RAN1#85

In this contribution, we share our view regarding the OTDOA enhancement for the same PCI.
2. Discussion
2.1 Transmission Point Identification
OTDOA is a downlink positioning solution in LTE/LTE-A. One example for the basic procedure of OTDOA positioning is given in Fig. 1, where [3][4]

	· Step 1:
	The location server requests the eNB to transfer OTDOA information to it;

	· Step 2:
	The eNB responds OTDOA information of the relevant cells to the location server;

	· Step 3:
	The location server provides OTDOA assistance data to enable UE-assisted downlink OTDOA;

	· Step 4:
	The UE provides OTDOA location measurements (i.e. RSTD measurements) to the location server;


Step + is an assistant message, by which the UE can request OTDOA assistance data from a location server. The final UE positioning will be achieved in the location server according to collected RSTD measurement information and the known positions of relative transmission points.  

[image: image1]
Fig. 1 Example for basic information exchange in OTDOA positioning
Table 1 Summary of transferred information for cell identification in OTDOA
	Steps
	Information Flow
	Transferred Information for Cell Identification

	
	Source
	Target
	

	Step 1
	location server
	eNB
	Request OTDOA information

	Step 2
	eNB
	location server
	Provide cell-specific OTDOA information

· Physical Cell ID

· Global Cell ID

	Step 3
	location server
	UE
	Provide cell-specific OTDOA assistance information

· Physical Cell ID

· Global Cell ID (optional)

where the server should include Global Cell ID if it considers that it is needed to resolve ambiguity in the cell indicated by Physical Cell ID.

	Step 4
	UE
	location server
	Provide cell-specific OTDOA measurement information

· Physical Cell ID
· Global Cell ID (optional)

where the UE shall provide the Global Cell ID of reference cell if the UE knows this ID, and shall provide the Global Cell ID of neighbour cell if the UE was able to determine it at the time of measurement.

	Step +
	UE
	location server
	Request cell-specific OTDOA assistance information

· Physical Cell ID
where Physical Cell ID corresponds to the current primary cell of the UE.


The existing information for cell identification in the steps above is summarized in Table 1. It can be easily observed that 
· In step 2, Global Cell ID and Physical Cell ID are the mandatory parameters.
· In step 3, Physical Cell ID is the mandatory parameter while Global Cell ID is the optional parameter for cell identification with the consideration of overhead reduction. However Global Cell ID should be included if location server considers that it is needed to resolve ambiguity in the cell indicated by Physical Cell ID.
· In step 4, Physical Cell ID is the mandatory parameter while Global Cell ID is the optional parameter for cell identification. However the UE shall provide the Global Cell ID of reference cell if the UE knows this ID, and shall provide the Global Cell ID of neighbour cell if the UE was able to determine it at the time of measurement.
· In step +, only Physical Cell ID corresponding to the current primary cell of the UE is provided by the UE.
Due to the possible ambiguity in the cell identification by using Physical Cell ID, the globally unique identity of a cell would be necessary in some cases. Similarly, in the scenario of multiple transmission points sharing same Physical Cell ID, the parameter(s) to globally uniquely identify the transmission point should be provided during OTDOA information exchange as mandatory parameter(s) or optional parameter(s). This globally unique identity could be the group information of Global Cell ID and Cell Portion ID.
Proposal 1: The transmission point should be able to be identified by the globally unique identity during OTDOA information exchange between location server and eNB, and between location server and UE.

2.2 TP-Specific PRS Sequence Generation and Frequency Shift
In the existing specification [5], Physical Cell ID is used for PRS sequence generation as follows
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where 
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 is the initial pseudo-random sequence for PRS sequence generation, 
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When the same Physical Cell ID is shared by multiple transmission points, for example in the case of RRH deployment, these transmission points with same Physical Cell ID will have same PRS sequence and frequency shift for PRS signalling transmission. Consequently it would be very difficult for the UE to distinguish these PRSs in the code and frequency domains if these PRSs are transmitted in same subframe.
Similar issue for CSI reference signalling generation has been discussed in LTE-A Rel-11. The solution in LTE-A Rel-11 is to define a new Virtual Physical Cell ID to replace existing Physical Cell ID directly for CSI-RS sequence generation if Virtual Physical Cell ID is configured by higher layers during CSI-RS parameter configuration. In our view, the principle in CSI-RS sequence generation is also can be used for PRS sequence generation and frequency shift with the considerations of the simplicity and consistence in LTE-A.
Proposal 2: The initial pseudo-random sequence for the PRS sequence generation could be defined as
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The quantity 
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Proposal 3: The PRS frequency shift parameter 
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 could be defined as
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One additional detail on Virtual Physical Cell ID is the range of the value, especially on whether it needs to be bigger than the range of Physical Cell ID. It will very much depend on the target deployment scenario for same PCI issue. We suggest RAN1 to study and decide the range of Virtual Physical Cell ID and inform RAN2 about the decision. 

Proposal 4: RAN1 should decide the range of VCI and send LS to RAN2 for LPP interface update.
3. Conclusions

In this contribution, we give our views on OTDOA enhancement with the following proposals:

Proposal 1: The transmission point should be able to be identified by the globally unique identity during OTDOA information exchange between location server and eNB, and between location server and UE.

Proposal 2: The initial pseudo-random sequence for the PRS sequence generation could be defined as
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Proposal 3: The PRS frequency shift parameter 
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Proposal 4: RAN1 should decide the range of VCI and send LS to RAN2 for LPP interface update.
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