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Introduction
[bookmark: _Hlk506299356]In RAN1#98, an LS was sent to RAN2 to inform about agreed reference signals, measurements and also some relation to positioning techniques for which the reference signals and associated measurements are intended to facilitate. The positioning techniques are indicated for information purpose as examples and do not intend to influence higher layer signalling to be developed by RAN2. The tables below from the LS provide mappings between reference signals and gNB measurements based on the latest status of the RAN1 discussion. 

	DL/UL Reference Signals 
	gNB Measurements 
	To facilitate support of the following positioning techniques 

	Rel.16 SRS for positioning 
	UL RTOA 
	UL-TDOA 

	Rel.16 SRS for positioning 
	UL SRS-RSRP 
	UL-TDOA, UL-AoA, Multi-RTT 

	Rel.16 SRS for positioning, Rel.16 DL PRS 
	gNB Rx-Tx time difference 
	Multi-RTT 

	Rel.16 SRS for positioning, 
	AoA and ZoA 
	UL-AoA, Multi-RTT 


 

	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID




Some of these UE measurements are based on UE time of arrival measurements. As has been discussed during the NR positioning work item [1] and also previously for LTE positioning [2], there are significant benefits from including detected additional paths by the UE. In this contribution, we discuss the necessity to support reporting of additional paths also in NR Rel. 16.

[bookmark: _Ref178064866]Discussion
In the Rel. 14 work item on LTE positioning enhancements, rich UE reporting was considered in the scope of RSTD reporting for OTDOA. Significant benefits were observed [2], and additional path reporting was agreed in Rel 14 LPP. Reporting of additional paths has also been investigated during the NR positioning work item [1] and significant benefits have again been observed.
Observation 1	UE reporting of detected additional paths with measurements based on downlink time of arrival significantly improves positioning.
Therefore, it seems obvious that the LTE additional path reporting shall also be supported in NR.
Proposal 1	Support UE reporting of detected additional paths with NR measurements based on downlink time of arrival. 
In LTE, the additional paths field is described in the following way, reference cell example:
additionalPathsRef
This field specifies one or more additional detected path timing values for the RSTD reference cell, relative to the path timing used for determining the rstd value. If this field was requested but is not included, it means the UE did not detect any additional path timing values.
Hence, absence of additional paths in the reporting means that the UE did not detect any additional paths.
Proposal 2	A UE measurement report not including additional paths for a specific resource is interpreted that the UE did not detect any additional paths. 
In LTE, the maximum number of additional paths per cell that could be reported was set to 2. It is reasonable to discuss the maximum number of additional paths to be reported. It could be a fixed number or configurable from the network.
Proposal 3	RAN2 to discuss the maximum additional paths per configured resource the UE supports, and whether the number is fixed, or configurable from the network  
Conclusion
Based on the discussion in section 2 we observe and propose the following: 
Observation 1	UE reporting of detected additional paths with measurements based on downlink time of arrival significantly improves positioning.
Proposal 1	Support UE reporting of detected additional paths with NR measurements based on downlink time of arrival. 
Proposal 2	A UE measurement report not including additional paths for a specific resource is interpreted that the UE did not detect any additional paths. 
Proposal 3	RAN2 to discuss the maximum additional paths per configured resource the UE supports, and whether the number is fixed, or configurable from the network  
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