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Introduction
[bookmark: _Hlk510705081]Rel-17 NR enhanced positioning is studying various sub-issues and sub-features to improve positioning accuracy, latency and resource efficiency as discussed in WF and email discussion [2,3]. In this contribution, we discuss ‘other’ items for NR positioning enhancements that has been discussed in Rel-17 NR positioning. Also, we additionally discuss RAN1 LS [4, R1-2112744] on the first path SRS-RSRP requirements. This contriution mainly provides our views on  
· DL PRS path RSRP
· UL SRS path RSRP
· RSTD reporting enhancement

Discussion 

RAN4#101 WF and email discussion in [2,3] provides discussion topics below.
	DL PRS path RSRP
o	Accuracy requirements for DL PRS path RSRP is related to performance part of the WI and will be discussed during the performance WI.
o	No agreement to sent LS Response to RAN1 on DL PRS path RSRP (response to R4-2119414/ R1-2110627).
PRS measurement outside the measurement gap
o	Do NOT send LS Response to RAN1 on PRS measurement outside the measurement gap (response to R4-2117013/R1-2108639) and wait for further input from RAN1.
RSTD reporting enhancement
o	FFS: whether RSTD reporting enhancement is needed
o	FFS: Options for RSTD reporting enhancement
•	Option 1: HW
o	Ask RAN1/2 to update the RSTD reporting signalling in Rel-17 to allow UE reporting an RSTD reference resource for each PFL.
•	Option 2: Vivo, CATT, OPPO
o	Do not update RSTD reporting signalling in Rel-17 as proposed in Option 1.




[bookmark: _Hlk85734278][bookmark: _Hlk85733531]DL-PRS path RSRP requirements (LS R1-2110627)

RAN1 has introduced first path PRS-RSRP measurement. It is a new measurement additional to other measurements like AoA or ToA to improve positioning estimation accuracy. A basic UE behavior is to read the power at the channel path where a UE detects the first time tap. The RX measuring DL-ToA can be reused for the first path detection, the additional discussion on UE behavior to read the first path PRS-RSRP is needed.
	RAN4#100 Agreement on first path PRS-RSRP
Wait for RAN1 outcome
FFS: Requirements for first path PRS-RSRP and their feasibility


RAN1#106b Agreement:
For both UE-based and UE-assisted DL-AOD, the UE can be requested subject to UE capability to measure and report (for UE-assisted) the PRS RSRP of the first path
· FFS: Details of measurement and reporting of PRS RSRP of the first path


RAN1#106b Agreement:
The measured path DL PRS RSRP for ith path delay is defined as the power of the received DL PRS signal configured for the measurement at the ith path delay of the channel response, and
· path DL PRS RSRP for 1st path delay is the power corresponding to the first detected path
· FFS: Whether the path RSRP measurement is normalized with PRS RSRP.
· FFS: Whether the definition of the ith path delay (other than i=1) is required.
· Note: UE may choose to use a time window to compute path DL PRS RSRP by UE implementation (there is no impact to specifications managed by RAN1 for this)
· Note: This does not imply that the path delay has to be reported in DL-AoD positioning
· Send LS to RAN4 to check the details of the definition and feedback if they identify any update is necessary.



Observation 1 : DL PRS RSRP for 1st path delay is the power corresponding to the first detected path. The RX measuring DL-ToA can be reused for the first path detection.

Proposal 1 : We prefer to focus on discussion about the first path RSRP requirement (i=1). Preclude requirement study on the ith path delay (other than i=1) as RAN#100 agreement (no requirements impact due to multipath/NLOS mitigation)

We prefer to report normalized path RSRP by a total PRS-RSRP value as default, if the first path RSRP is reported additionally together with RSTD or RToA. It is one indicator how much power is allocated to the first tap comparing the rest of paths as reference information for LoS/NLoS. So normalization should be taken if the first path RSRP is additionally report with RSTD or RToA. 

Proposal 2 : The a path RSRP needs to be normalized for reporting, if the first path RSRP is reported additionally together with RSTD or RToA.

If a path-RSRS value is reported with the total PRS-RSRP value, then the normalization is not essential. The absolute path-RSRP value can deliver additional location fingerpint information to LMF for advanced localization algorithms. However, the absolute path-RSRP report requires additional information on time domain. Depending on UE sampling rate with downsampling and oversampling, the path-RSRP value is read differently, it has dependency on time domain sample process. 

Proposal 3 : If a path RSRP is reported together with the total PRS-RSRP value, then the normalization is not essential. The absolute path RSRP report can deliver extra information to LMF.

Proposal 4 : Depending on RX sampling rate with downsampling and oversampling, an absolute path-RSRP value can be read differently up to UE implementation. ( FFS : How to set the sampling rate reference or measurement time window requires further studes.)


[bookmark: _Hlk92718923]PRS measurement outside the measurement gap
We provide our views on PRS measurement outside the measurement gap in [Nokia R4-2200645].


UL SRS path RSRP requirements (LS R1-2112744)

	Definition
1. UL SRS reference signal received path power (UL SRS-RSRPP) is defined as the power of the received UL SRS signal configured for the measurement at the i-th path delay of the channel response, where UL SRS-RSRPP for 1st path delay is the power corresponding to the first detected path. 
1. Working assumption: For frequency range 1, the reference point for the UL SRS-RSRPP shall be the antenna connector of the gNB. For frequency range 2, UL SRS-RSRPP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. 
1. Note: The following two options are supported by gNB to LMF:
2. Option 1 (RX diversity for the first path UL SRS-RSRPP)
0. The same RX branch(es) as applied for the first path UL SRS-RSRPP measurements are used for the additional paths UL SRS-RSRPP measurements if those are provided together
0. For frequency range 1 and 2, if receiver diversity is in use by the gNB for UL SRS-RSRPP measurements, then reported UL SRS-RSRPP value for the first path shall not be lower than the corresponding UL SRS-RSRPP for the first path of any of the individual receiver branches
2. Option 2 (RX diversity for UL SRS-RSRP)
The same RX branch(es) as applied for UL SRS-RSRP measurements are used for UL SRS-RSRPP measurements (i.e., the first and additional paths UL SRS-RSRPP if those are provided)



If the measurement target for UL SRS-RSRP is the LoS tap, the RX diversity issue is not so critical, however, it is a reighley fading tap (i.e. NLOS multi-path), the measurement of RSRP is expected to vary depending on RX antenna. Therefore, the options is given up to what is a measurement target for positioning.

The working assumption shows that at least the receiver can distinguish the UL channel status of each antenna connector, there can be various implementation to measure i-th path RSRP. One implementation is that the receiver searches ToA and path-RSRP per an antenna input first, and then select one of the multiple antenna for measurement determination. Another will be that the receiver combines the channels from multiple antenna, and then determine a ToA and a path RSRP. This will be a implementation difference. 

Anyhow, one report with one ToA are made for report, it seems not necessary for LMF to know about RX diversity impact for UL SRS-RSRPP. Unless this is not for purpose to report path RSRPP per RX antenna, we propose RAN4 to work on option-1 the same RX branch(es) as applied for the first path UL SRS-RSRPP measurements are used for the additional paths UL SRS-RSRPP measurements if those are provided together.

Proposal 5 : Study the path UL-RSRP measurement for UL-SRSP with option-1 that The same RX branch(es) as applied for the first path UL SRS-RSRPP measurements are used.

Proposal 6 : For path UL-RSRP, the same argument as DL path-RSRP exists. RAN4 takes the same framework for UL-RSRP, if RAN4 makes agreements on DL path-RSRP measurements and reporting.



RSTD reporting enhancement
On the FFS point for the option 1 in ‘RSTD reporting enhancement’, it proposes UE reporting the RSTD measurements per PFL. Since RAN4 is also discussing within MG and outside of MG, the measurement report impacts on the latency up to how and when a UE measures. Therefore, it ssems useful to support low latency reporting to allow the UE to report a “partial” measurement report. But it is not necessarily to be limited to per-PFL. 
Proposal 7 : Partial measurement report can help to reduce the latency. RAN4 further works on how to make partial measurement report and its requirement depending on PFL or MG configuration etc.

Conclusion
DL-PRS path RSRP requirements (LS R1-2110627)
Observation 1 : DL PRS RSRP for 1st path delay is the power corresponding to the first detected path. The RX measuring DL-ToA can be reused for the first path detection.

Proposal 1 : We prefer to focus on discussion about the first path RSRP requirement. Preclude requirement study on the ith path delay (other than i=1) as RAN#100 agreement (no requirements impact due to multipath/NLOS mitigation).

Proposal 2 : The a path RSRP should be normalized for reporting, if the first path RSRP is reported additionally together with RSTD.

Proposal 3 : If a path RSRP is reported together with the total PRS-RSRP value, then the normalization is not essential. The absolute path RSRP report can deliver extra information to LMF.

Proposal 4 : Depending on RX sampling rate with downsampling and oversampling, an absolute path-RSRP value can be read differently up to UE implementation. ( FFS : How to set the sampling rate reference or measurement time window requires further studes.)

UL SRS path RSRP requirements (LS R1-2112744)

Proposal 5 : Study the path UL-RSRP measurement for UL-SRSP with option-1 that The same RX branch(es) as applied for the first path UL SRS-RSRPP measurements are used.

Proposal 6 : For path UL-RSRP, the same argument as DL path-RSRP exists. RAN4 takes the same framework for UL-RSRP, if RAN4 makes agreements on DL path-RSRP measurements and reporting.


RSTD reporting enhancement
Proposal 7 : Partial measurement report can help to reduce the latency. RAN4 further works on how to make partial measurement report and its requirement depending on PFL or MG configuration etc.
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