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In RAN1’s LS on “Multipath RSTD reporting and CRS usage together with PRS”, RAN4 was informed on the following agreements made in RAN1 [1]:
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.
In this paper, we will discuss the potential impact of the multipath RSTD measurement reporting on RAN4’s RSTD measurement requirements.
Multipath on RSTD Measurements
A reference signal time difference (RSTD) measurement is the measured difference between the time of arrivals (ToA) from the measured neighbouring cell and the reference cell. Due to the multipath propagation, a UE may receive the positioning reference signals (PRS) from a cell by line of sight (LoS) transmission and/or non-LoS (NLoS) transmission as shown in Fig. 1. The ToA of LoS transmission will be earlier than the ToA of NLoS transmission. Due to the possible obstacles between the cell and UE, the signal strength of LoS signals may often times be too weak to be correctly detected, and the measured ToA, or RSTD, in this case may be based on NLoS signals. 
When NLoS RSTD is reported to the location server for OTDOA positioning, there will be possible larger positioning error because the NLoS RSTD may have large difference with the real LoS RSTD. In a wireless environment, especially for indoor environment, RSTD measurements based on NLoS signals becomes unavoidable and often times dominant. Thus, how to minimize or mitigate the measurement errors caused by NLoS RSTD measurement has been the interest of investigation for many years in OTDOA positioning. 



               
             (a)  Stronger LoS signal than NLoS signal                      (b) Weaker LoS signal than NLoS signal
Fig. 1 Multipath transmissions 
In RAN1’s LS on “Multipath RSTD reporting and CRS usage together with PRS”, RAN4 was informed on the following agreements made in RAN1 [1]:
· 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.
As shown in Figure 2, assume  and  corresponding to the LoS ToA from  (reference cell) and  (measured neighbouring cell), and the UE picks  as ToA measurement result for  (reference cell), but the NLoS ToA at time  as ToA measurement result of  (neighboring cell). Then, with the current RSTD measurement definition, the UE will report the NLoS  to the location server, which may in turn, results in large errors in OTDOA positioning. 
The multipath RSTD measurement reporting, as indicated in RAN1’s LS, provides the opportunity for the location server to minimize the errors caused by the problem. By allowing the UE reporting the time offsets of selected peaks corresponding to the reference peak, e.g., 
· Time offsets corresponding to 
 

·  Time offsets corresponding to 
 



Fig. 2 ToA estimation
as shown in the Figure 2, it provides the opportunity to the positioning server use  to create the right LoS RSTD measurements for positioning solution.
Impact on RSTD Measurement Requirements in TS 36.133
As indicated in RAN1’s LS, “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”, we should expect that there is no change in existing RSTD measurement accuracy requirements, which are created based on the reference peaks the reference and neighbour cells.
Observation 1: UEs that support multipath RSTD measurements should still follow the existing RTSD performance requirements defined in TS 36.133 for the reference RSTD measurements (RSTD measurements with reference peaks);
Then, for the new multipath RSTD measurement, RAN4 will need to investigate:
1) Whether to define the new multipath RSTD measurement performance requirements;
2) If it is decided to define the new multipath RSTD measurement performance requirements, how to defined the performance requirements.
Since multipath RSTD is a new measurement for supporting NLoS positioning, especially for indoor applications, and given the importance of the indoor positioning for location based service and public safety, we suggest defining the corresponding performance requirements for the new multipath RSTD measurements.
Proposal 1: RAN4 should define the new performance requirements for multipath RSTD measurements;
Since the multipath RSTD measurements should be created by the UE at the same time as the existing RSTD measurement requirements, we expect multipath RSTD measurements should have the same measurement delay as existing RSTD measurement requirements.
Proposal 2: Existing RSTD measurement delay requirements should be applicable to multipath RSTD measurements;
As for the measurement accuracy of the multipath RSTD measurements, RAN4 may need to further discuss the accuracy requirements under certain multipath conditions, include the relative power difference and relative timing offset between the LoS and NLoS signals. 
Proposal 3: RAN4 should investigate the accuracy requirements of the multipath RSTD measurements   under certain multipath models, include the relative power difference and relative timing offset between the LoS and NLoS signals.
Conclusions
In this paper, we discussed the potential impact of multipath RSTD measurement reporting on RAN4’s RSTD measurement requirements. The paper proposes:

Proposal 1: RAN4 should define the new performance requirements for multipath RSTD measurements;
Proposal 2: Existing RSTD measurement delay requirements should be applicable to multipath RSTD measurements;
Proposal 3: RAN4 should investigate the accuracy requirements of the multipath RSTD measurements   under certain multipath models, include the relative power difference and relative timing offset between the LoS and NLoS signals.
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