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1. Introduction
The contribution discusses about the expected behaviours for a target device in the event of a handover occurring during an LPP session, in particular with regard to choice of reference cell and determining priorities of measurement post hand-over.
2. Discussion

As per 36.355 LPP (LTE Positioning Protocol) specification, the IE OTDOA-ProvideAssistanceData is used by the location server to provide assistance data to enable UE‑assisted downlink OTDOA. It informs the target device about an assistance data reference cell defined by the IE OTDOA-ReferenceCellInfo and a list of neighbour cells defined by the OTDOA-NeighbourCellInfoList.
The set of cells in the OTDOA-NeighbourCellInfoList is grouped per frequency layer and in the decreasing order of priority for measurement to be performed by the target device, with the first cell in the list being the highest priority for measurement. The prioritization of the cells in the list is left to server implementation. The target device should provide the available measurements in the same order as provided by the server.
The IE OTDOA-SignalMeasurementInformation is used by the target device to provide RSTD measurements to the location server. In a neighbourMeasurementList, the RSTD measurements are provided for a neighbour cell and the RSTD reference cell, both of which are provided in OTDOA-ProvideAssistanceData. The RSTD reference cell may or may not be the same as the assistance data reference cell provided in OTDOA-ReferenceCellInfo.
During an LPP session, assume that OTDOA-ProvideAssistanceData provided by the network is as follows:

	OTDOA-ReferenceCellInfo
X


OTDOA-NeighbourCellInfoList
Layer 1
M1
M2
..
M20

Layer 2
N1
N2
..
N23

Layer 3
P1
P2
..
P21


UE was performing RSTD measurements with reference cell as X (the assistance data reference cell and also the serving cell). The priority for measurement of neighbor cells was derived from the OTDOA-NeighbourCellInfoList.
 

While RSTD measurements for the current session were ongoing, HO happens from cell X to cell N2 (which was not a serving cell). Subsequently two alternative behaviours are possible: 

Option 1: UE does not change the RSTD reference cell upon handover (and uses the same cell X as reference for RSTD measurements) 

This requires a bit complex implementation (e.g. to handle measurement gap for inter-frequency RSTD if needed. Also, determining, and reporting in OTDOA-SignalMeasurementInformation, SFN for a cell which is not serving cell may not always be possible).
Option 2: UE changes the RSTD reference cell to the new serving cell N2.

Option 2 is easier to implement as compared to Option 1.

Further, with option 2, from the definition of neighbourMeasurementList ("This list contains the measured RSTD values for neighbor cells together with the RSTD reference cell, along with quality for each measurement"), two possible interpretations may be drawn:

2a) Assistance data reference cell X is not to be measured or reported (since it was not configured as a neighbour cell)

2b) Assistance data reference cell is now to be considered as a neighbour cell (and is to be measured and reported if possible).

Interpretation 2a may only be suitable for few scenarios where the assistance data reference cell is not available (out of coverage, etc.), hence we think 2b is the correct interpretation.
Proposal 1: Clarify behaviour that when UE changes the RSTD reference cell (due to handover to a non-serving cell or other reasons), it considers previously configured Assistance data reference cell as a neighbour cell.

Assume UE changed the RSTD reference cell to N2, and now considers X as a neighbor cell. It needs to perform RSTD measurements with the new reference, and in due time (Response time) report the new reference N2 along with the some or all of the neighbors X,M1,M2,..M20, N1, N3..N23, P1, P2..P21. But post-handover, UE has no information about what is the priority assigned for measurement & reporting of the old reference cell X, and of other cells in comparison to X. Without assistance of network, UE itself has no way to correctly guess the priority of the cell X in its new geographical location and as per considerations of geometry/PRS synchronization etc., and is forced to choose a random priority.

This is not in line with the guideline in spec section 6.5.1.2 (“The target device should provide the available measurements in the same order as provided by the server.”), and moreover is expected to impact the position accuracy of UE.

Based on chosen priority, different UEs will prioritize measurements differently, so within the Response-Time, the time available for the iterative measurement of same cells will differ. The difference would manifest as difference in accuracy of RSTD measurements, and shall be accentuated if there are multiple hand-overs during the LPP session. It is clearly possible that a UE wrongly considered cell X as low priority even though it was important, or X was wrongly considered higher priority over another more important cell. It is even possible that for a sizeable list, assigning lower priority to old reference cell after HO may even cause it to be not reported (due to limited time available for RSTD measurement) and assigning higher priority to it can cause some other important cell to be not reported. 
Few possible solutions to this are discussed below:

Solution 1:
One option is to define a static priority for all cells including Assistance data reference cell in the OTDOA-ProvideAssistanceData. But static priority list may not be a good option because of following reasons: 
a) Accuracy of RSTD measurements depend upon geometry. Static priority may not be sufficient to ensure accuracy across (possibly multiple) handovers and over a response time which can be large.
b) It is possible that the new reference cell after HO is low in priority list. As all RSTD measurements are reported in relation to the reference cell, poor measurement accuracy for it will have a non-trivial impact.

Solution 2:
After handover, UE behaviour can be defined wherein UE can request LPP server for Assistance data again using OTDOA-RequestAssistanceData message. This should be allowed regardless of the value of IE assistanceAvailability in received OTDOA-RequestLocationInformation message. Ongoing measurements and measurement timer are not halted by UE. Clearly Solution 2 provides more flexibility as compared to Solution 1. To make this solution feasible even when IE assistanceAvailability is FALSE, enhancement is needed in specification. 
Solution 3:
In Solution 2, LPP server may not always be able to determine that the request for assistance data has been sent due to handover only or for other reasons. (LPP server may only have an approximate idea of the old serving cell and hence may not be able to conclude with certainty about occurrence of HO solely based on the PCID of new serving cell included by UE in the OTDOA-RequestAssistanceData message). Because of this, server can not identify whether UE is asking for additional assistance data cells, or purpose is just to get any updated information post hand-over. 


Two shortcomings can be noted :
a) Server response may not be in accordance with UE needs. (For e.g. server sends additional assistance data cells even though UE requirement was only for fresh information about measurement priorities of already known cells)
b) Across hand-overs it is possible that much of the contents of OTDOA-ProvideAssistanceData  can be reused, and very few changes except priority of cells may need to be newly communicated. Hence sending a compressed message is sufficient. But this advantage cannot be exploited without server being clearly aware that this is handover scenario; and the entire message needs to be resent (very few IEs are Need ON).

Hence in Solution 3 it is additionally proposed that OTDOA-RequestAssistanceData message shall also include an additional optional IE IsHandover indicating that the message is triggered specifically for requesting only updated information post handover. 

Solution 2 Vs Solution 3
Solution 2 has the advantage of requiring minimal changes whereas Solution 3 can help improve accuracy and compactness of server response.
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The problem of identifying updated priorities, as well as the Solution 2 and 3 are equally applicable when no switch of reference cell is carried out by UE. The generic proposal is as below:

Proposal 2:  Define behaviour that when handover occurs during LPP session, UE can request LPP server for Assistance data again using OTDOA-RequestAssistanceData, regardless of the value of assistanceAvailability in received OTDOA-RequestLocationInformation message. As a further enhancement, OTDOA-RequestAssistanceData message may also include an additional IE IsHandover. 

Proposal 3:
To discuss the possibility that upon identifying that OTDOA-RequestAssistanceData message has been triggered specifically for requesting only updated information post handover , the LPP server shall have flexibility to only send necessary contents of OTDOA-ProvideAssistanceData message, and UE should decode it accordingly.
3. Conclusion

Proposal 1: Clarify behaviour that when UE changes the RSTD reference cell (due to handover to a non-serving cell or other reasons), it considers previously configured Assistance data reference cell as a neighbour cell.

Proposal 2: Define behaviour that when Handover occurs during LPP session, UE can request LPP server for Assistance data again using OTDOA-RequestAssistanceData, regardless of the value of assistanceAvailability in received OTDOA-RequestLocationInformation message. As a further enhancement, OTDOA-RequestAssistanceData message may also include an additional IE IsHandover. 

Proposal 3:
To discuss the possibility that upon identifying that OTDOA-RequestAssistanceData message has been triggered specifically for requesting only updated information post handover , the LPP server shall have flexibility to only send necessary contents of OTDOA-ProvideAssistanceData message, and UE should decode it accordingly.
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