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RAN1 has discussed the topic of multipath RSTD for the OTDOA enhancement, and has sent an LS [1] to RAN2 including the following agreements.
On support of multipath RSTD:
· RAN1 decides to prioritize the following for the OTDOA enhancement
· Support Multipath RSTD reporting by UE to E-SMLC
· Multipath RSTD includes relative timing difference information of up to two additional peaks (i.e., 0, 1 or 2) relative the reference peak for each cell (reference or neighbor). 
· The reference peak of a cell (reference and neighbor) is the peak used for the current RSTD reporting determined by the UE to be the most likely. 
· Based on a maximum relative timing difference of 4μs and a resolution of 0.5Ts, each relative timing difference is represented by an integer in the range [-256…255].
· Reporting of the timing difference information between the reference peak and the additional peaks for each cell (reference or neighbor) is a “best effort” practice by the UE.
· Note: there will not be new measurement definition intended for 36.214.
Given these agreements, there is a need to discuss and decide on related signalling in RAN2, which is the scope of this contribution.
Introduction and Stage-2 Text Proposal  
Since Multipath RSTD is introduced as a best effort practice, and there is no new measurement definition provided, it is important to describe and exemplify this new feature in the stage-2 specification [2]. 
First, the option of providing information about additional paths needs to be added to the description about the location information that may be transferred from the UE to E-SMLC:
The UE can, in order to enrich the downlink timing measurements, also signal information about received additional peaks in addition to the reference peak per cell from which the downlink timing measurements are obtained, see also Section A.1.	
Second, an informative example should be added to the appendix:
[bookmark: _Toc439073350]A.1	Additional peaks reporting for downlink positioning
Downlink positioning is based on UE time of arrival (TOA) estimation of positioning reference signals (PRSs) from a reference and neighbouring cells. The UE receiver may detect several occurances or correlation peaks from a specific cell over a time window, and the UE tries to identify the reference peak as the most likely line of sight peak. Peaks later in time are considered to be due to non-line of sight propagation and earlier in time due to noise. The additional peaks reporting (Section 8.2.2.3) enables capable UEs to also report these additional peaks from reference and/or neighbouring cells.
[image: ]
Figure A.1-1: Illustration of reference and additional peaks in the received positioning reference signals from the reference cell and the neighbour cell.
One example illustrating a possible situation at the UE receiver with both a reference peak and additional peaks from a reference cell and a neighbour cell is shown in Figure A.1-1. The UE receiver has detected multiple TOA peaks for both the reference cell and a neighbour cell i. For both the reference cell and the neighbour cell, the UE estimates reference peak TOA t0 and ti respectively. The Reference Signal Time Difference (RSTD) is determined by the UE as the time difference between these reference peaks. The reference peak can be selected based on different strategies, such as the peak with the highest likelihood to be a relevant first peak, or the first peak among the detected peaks. The selection of the reference peak is implementation specific.
In addition, there are additional peaks in Figure A.1-1, which are represented by the relative time difference to the reference peak. For the reference cell in Figure A.1-1 with the reference peak TOA t0 and TOA of additional peaks t0,1 and t0,2, the additional peaks are represented by the relative time differences 0,1 = t0,1 - t0 and 0,2 = t0,2 - t0. Similarly, for the neighbour cell i in Figure A.1-1 with the reference peak TOA ti and TOA of additional peaks ti,1 and ti,2, the additional peaks are represented by the relative time differences i,1 = ti,1 - ti and 0,2 = ti,2 - ti.
Proposal 1: Update 36.305 according to the text proposals above, and approve the CR in [3].  
Stage-3 Introduction
There is a need for signalling design to stage 3 [4] to accommodate the RAN1 agreements and support Multipath RSTD.
Add an associated UE capability
There needs to be an associated UE capability indication additionalPeaksReport for multipath RSTD, to allow the target device to indicate whether it supports reporting of additional paths of not.
Add an indication about expected multipath
Similar to existing information from the location server to the target device concerning expected RSTD and expected RSTD uncertainty, the location server can provide a Boolean indication expectedMultipath about whether multipath propagation in association to a cell (reference or neighbour) is likely of not. The location server can log historical information of reports from target devices in past to, or information about positioning accuracies, in consideration of the particular cell, to support the determination of the indication. The target device can use the indication to make assumptions about the PRS reception and whether it is reasonable to search for additional paths or not.
Add IE and description for reporting of additional paths
The term reference peak needs to be defined since it is the reference for the relative time difference for the additional peaks. Therefore, the following is proposed to be added to the description of rstd:
The relative time difference is determined as the difference between the reference peak reception time of the neighbour cell and the reference peak reception time of the reference cell.
Moreover, a new IE AdditionalPeak is needed to describe an additional peak, including a relative time difference between the additional peak time of arrival and the reference peak time of arrival. Optionally, the target device can also include information about the time of arrival estimation accuracy of the relative time difference. This is the same scope as the rstd-Quality. Thus, the existing OTDOA-MeasQuality can be used to represent the uncertainty. Furthermore, the target device can report a list of up to two AdditionalPeak elements per cell (reference or neighbour) in the OTDOA-SignalMeasurementInformation IE.
Summary of the stage 3 additions
The stage 3 changes to [4] are described in detail in [5].
Proposal 2: Update 36.355 according to the CR in [5].
1 Conclusions
In summary, we have the following proposals:
Proposal 1: Update 36.305 according to the text proposals above, and approve the CR in [3].  
Proposal 2: Update 36.355 according to the CR in [5].
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