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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] with following agreement 
· For RAT-dependent positioning enhancements, including OTDOA enhancements, CID/E-CID enhancements, PRS Beacons, define physical layer design, core requirements and corresponding procedures/signalling [RAN1, RAN2, RAN3, RAN4]. The work includes the following but not limited to:
· Sort out the options for OTDOA/E-CID enhancements for Work Item with the progress achieved in the Release 13 indoor positioning Work Item[2] as the starting point [RAN1]
In this contribution, we share our views on RSTD reporting enhancement in OTDOA.
2. Time Offset Reporting
OTDOA is a wireless positioning technique in which the UE measures the time of arrival (ToA) of the specific reference signals from multiple cells and reports the reference signal time differences (RSTDs) to its location server (E-SMLC). The E-SMLC calculates the UE’s position according to received RSTDs and the collected positions of these cells.  



               
             (a)  Stronger LoS signal than NLoS signal                      (b) Weaker LoS signal than NLoS signal
Fig. 1 Multipath transmissions 

Due to the multipath propagation, one UE will receive the PRS by LoS transmission and/or NLoS transmission as shown in Fig. 1. The ToA of LoS transmission will be earlier than the ToA of NLoS transmission. However, due to the possible obstacles between the transmission point and UE, received signalling strength is very weak possibly so that it is difficult for the UE to distinguish this signal from the noise. Therefore sometimes the RSTD reported by the UE might be measured based on the NLoS signal. If the location server utilizes NLoS-based RSTD reporting for OTDOA positioning, then there will be possible larger error in the obtained positioning results. So NLoS-based RSTD measurement is the main error source in the OTDOA positioning. 
RSTD reporting with multiple measurement hypotheses, which has been discussed in 3GPP during the discussion of Indoor Positioning Enhancement Rel-13/Rel-14, might be a feasible way to solve this problem. In our opinion, one potential solution is to allow the UE reporting additional time offsets besides the RSTD measurement results. 
Suppose that, according to the ToA measurement results, the UE thinks that the peak at time  is the LoS peak of  (reference cell) with the highest probability, and the peak at time  is the LoS peak of  (neighboring cell) with highest probability. Therefore, in the existing OTDOA solution, the UE will report  to the location server. However, if  is the ToA of LoS peak, then the location server will have to use received NLoS-based RSTD for UE positioning. In order to solve this problem, it is proposed to allow the UE reporting the time offsets of selected peaks corresponding to the baseline peak, which is used for RSTD calculation, in the small cell, for example (as shown in Fig. 2)
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·  
· 
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·  
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Fig. 2 ToA estimation

Proposal 1: The RSTD measurement reporting from the UE to the location server could include the time offset information of additional peaks corresponding to their individual baseline peaks, which are used for RSTD derivation, in the same cell.  

3. Specification Update
In order to support the time offset reporting, the time offset measurement results could be added into the IE OTDOA-SignalMeasurementInformation, which is used by the UE for RSTD reporting, as follows [4]. 

OTDOA-SignalMeasurementInformation ::= SEQUENCE {
	systemFrameNumber		BIT STRING (SIZE (10)),
	physCellIdRef			INTEGER (0..503),
	cellGlobalIdRef			ECGI					OPTIONAL,
	earfcnRef				ARFCN-ValueEUTRA		OPTIONAL,		-- Cond NotSameAsRef0
	referenceQuality		OTDOA-MeasQuality		OPTIONAL,
	timeOffsetList			TimeOffsetList			OPTIONAL,
	neighbourMeasurementList	NeighbourMeasurementList,
	...,
	[[ earfcnRef-v9a0		ARFCN-ValueEUTRA-v9a0	OPTIONAL		-- Cond NotSameAsRef1
	]]
}

NeighbourMeasurementList ::= SEQUENCE (SIZE(1..24)) OF NeighbourMeasurementElement

NeighbourMeasurementElement ::= SEQUENCE {
	physCellIdNeighbour		INTEGER (0..503),
	cellGlobalIdNeighbour	ECGI					OPTIONAL,
	earfcnNeighbour			ARFCN-ValueEUTRA		OPTIONAL,		-- Cond NotSameAsRef2
	rstd					INTEGER (0..12711),
    timeOffsetList			TimeOffsetList			OPTIONAL,
	rstd-Quality			OTDOA-MeasQuality,
	...,
	[[ earfcnNeighbour-v9a0	ARFCN-ValueEUTRA-v9a0	OPTIONAL		-- Cond NotSameAsRef3
	]]
}
 
TimeOffsetList ::= SEQUENCE (SIZE(1..x)) OF TimeOffsetElement

TiemOffsetElement ::= SEQUENCE {
    timeOffset				INTEGER (0..y),			
}

Proposal 2: The supported maximal number of the time offsets for each cell in one RSTD measurement reporting is for further study.
Proposal 3: The value range of the time offset is for further study. 

4. Conclusions
In this contribution, we give our views on the time offset reporting with the following proposals:
Proposal 1: The RSTD measurement reporting from the UE to the location server could include the time offset information of additional peaks corresponding to their individual baseline peaks, which are used for RSTD derivation, in the same cell.  
Proposal 2: The supported maximal number of the time offsets for each cell in one RSTD measurement reporting is for further study.
Proposal 3: The value range of the time offset is for further study.   
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