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Introduction
In the last RAN4#99e meeting, there are some initial discussion for the WI of Rel-17 positioning [1]. The general RRM requirement impacts in this WI were summarized in [2].  In this contribution, we provide more detailed analysis on the open issues of the latency reduction for NR positioning enhancement in Rel17. 
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In the last meeting, the following agreements related to latency reduction objects were achieved as below.
	· RAN4 requirements definition on latency reduction are reliant on RAN1 solutions, which RAN4 needs to discuss after RAN1 has made agreement.
· Candidate options:
· Analyze factors that impact measurement requirements from RAN4 perspective to identify possible enhancements regarding latency reduction
· Option 1: Yes
· Option 2: TBA
· Outcome of possible definition of {N,T} capabilities to indicate measurement/processing time (T) in relation to reference signal duration (T) by other WGs can be studied by RAN4
· FFS: RAN4 to study possible Rel-17 latency enhancements in relation to UE capability {N, T} within Rel-16 framework
· FFS: Discuss and identify (further) conditions which can lead to enhanced requirements regarding UE measurement time 
· Wait on outcome of RAN1/2 on measurement gap enhancements or gapless measurement. Introducing new measurement gap patterns is FFS and shall be addressed in the next meeting.



Reduced number of measurement samples
Rel-16 assumes 4 samples of PRS resources in specifying positioning measurement period requirements in order to guarantee fair accuracy performance under the side condition of -13dB SINR. In some of the use cases, say industrial scenarios, a dense deployment enables the UE to have a much higher SINR environment and it is feasible to consider a reduced number of measurement samples in terms of guaranteeing fair accuracy performance. This leads to a largely reduced measurement and report latency in positioning. 
Currently RAN1 starts already discussions on the possible enhancements in assuming a much higher SINR side condition so that we can achieve much reduced positioning latency under certain use cases. RAN4 also needs to consider and discuss if this approach is clearly justified in RAN4 perspective and further to specify an enhanced set of accuracy requirements that is suitable for higher SINR side condition.
From RAN4 RRM requirements themselves, obviously the necessary measurement samples to guarantee the measurement accuracy requirements can contribute the total measurement delay. That is in RAN1 LS[3]
	“Agreement:
M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.
0. One sample corresponds to one instance
0. Send an LS to RAN4 informing that
1. M-sample (1<=M<4) measurements corresponding to measurements performed within M (1<=M<4) instances of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.
0. RAN4 is requested to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.
RAN1 to further study at least the following aspects for allowing M-sample (1<=M<4) PRS processing
0. Details of UE capability
0. Signaling details, e.g., to indicate whether measurement is based on one or more samples
0. Whether the PRS sample processing time is defined and the relation with (N, T).
5. Note: This may have RAN4 dependency



Based on the simulation results below, we can see:
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Figure 1a. Simulation results under NLOS channels
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Figure 1b. Simulation results under LOS channel 
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 Figure 1c. Simulation results under AWGN channel
Observation 1a: Under NLOS fading channels (e.g. TDL-A, TDL-C), RSTD measurement accuracy will be degraded significantly when number of measurement samples less than 4 (e.g. 1 sample). For an instance, there is an error floor at >5% CDF with 1 sample. 

Observation 1b: Under LOS fading channel (e.g. TDL-D), the performance degradation of RSTD measurement accuracy due to single measurement sample can also be identified.

Observation 1c: Under AWGN channels, the performance of RSTD measurement accuracy with single measurement sample is little degraded and can meet the current requirements in Rel16[4,TS38.133 v16.8.0]
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Figure 2. Simulation results with higher SINR side condition

On the other hand, as RAN1 discussed, the higher SINR side condition is possible to improve the performance with single measurement sample. Thus, the impacts of less sample with the higher SINR side condition was also investigated in RAN4. Firstly in our previous discussion on UE Rx-Tx time difference acracy requirements, it was noted that the UE Rx-Tx timing difference accuracy requirements under the different side conditions (high SINR -3dB and low SINR -13dB) could be similar [WF]. From the numerical results in Figure 2, when increase the SINR side conditions of the measured cells(e.g. SINR=[-6, -13,-13] to [0,-6,-6] ), the performance will be improved little. 
Observation 2a:  RSTD measurement accuracy with single measurement sample under AWGN channel can be similar when SINR condition being increased. 
Observation 2b:  RSTD measurement accuracy with single measurement sample can be improved under LOS channel model (e.g. TDL-D) with the higher SINR side conditions. 
Observation 2c:  RSTD measurement accuracy with single measurement sample can’t be improved enough to guarantee meet Rel16 requirements under NLOS channel model even with the higher SINR side conditions. 


Therefore, we can conclude that:
Proposal 1a: Under NLOS channels, it is challenging to meet the existing RSTD accuracy requirements [2] with less PRS samples (e.g. 1sample) to reduce PRS measurement latency even with the higher SINR side conditions.
Proposal 1b: Under LOS/AWGN fading channels it is possible to meet the existing RSTD accuracy requirements [2]  with measure less PRS samples (e.g. 1sample) to reduce PRS measurement latency.

The corresponding LS reply can be also found in Appendix.
New gap patterns
Trend is that, since UE is able to support concurrent multiple gap patterns dedicated gap pattern for positioning is supported by Rel-17 UE-s. In this case, new gap patterns are largely beneficial in reducing the total latency for UE positioning measurements and reports. Thus, RAN4 should consider introducing more dedicated gap patterns for positioning with shorter MGRP in order to achieve latency reduction, at least for the cases when dedicated positioning gap is allowed for the UE to not share the occasions with other measurements.
Proposal 2: RAN4 to specify new measurement gap patterns dedicated to positioning with shorter MGRP.
PRS measurement without MG
In RAN1, the support of measurement without gap for PRS measurement was discussed.
	Agreement:
●	Further study the following options (with the same numerology) to support PRS measurement without MGs for latency reduction in Rel-17
○	Option 1: The PRS is from the serving cell and UE measurement is inside the active DL BWP 
○	Option 2: The PRS can be from the serving cell and non-serving cell, and UE measurement is inside the active DL BWP 
○	Option 3: The PRS (from the serving cell or non-serving cell) used for UE measurement may extend outside or be completely outside the active DL BWP (including with potentially a different numerology) 
○	Note: RAN1 strives not to increase the PRS measurement time compared with Rel-16 MG-based measurement
●	The following aspects are FFS
○	PRS processing prioritization window
○	Mechanism to trigger UE DL PRS measurements and report 
○	UE/gNB assumptions on processing of DL PRS and other DL physical channels / signals
○	UE DL PRS processing capabilities
●	Note: Companies are encouraged to compare the latency benefits of introducing MG-less PRS measurements over MG-based PRS measurements
●	Note: Depending on the comparison of latency benefits (and other considerations such as complexity) between introducing MG-less PRS measurements and MG-based PRS measurements, none/one/multiple of the above options should be adopted in Rel-17.


Therefore, in RAN4 in Rel17 the measurement requirements wo gap shall be studied.
Observation 3: The necessary requirements for the measurement wo MG shall be defined in RAN4.
Meanwhile, in Rel16 WI, how to handle the collision between PRS and other data when no PRS measurement gap was discussed. Since the limited time in Rel16, this scope was deferred to the further release. Therefore, in Rel17 RAN4 needs to continue the necessary requirements and possible impacts on the existing requirements in TS38.133 .
Proposal 3: RAN4 needs to continue the necessary requirements and possible impacts on the existing requirements in TS38.133 (e.g. the scheduling restriction due to gapless PRS measurement and processing time).

Conclusion
This contribution provided more detailed analysis on the open issues of the latency reduction for NR positioning enhancement in Rel17. And the reply LS for [3] was also attached in Appendix. 
Observation 1a: Under NLOS fading channels (e.g. TDL-A, TDL-C), RSTD measurement accuracy will be degraded significantly when number of measurement samples less than 4 (e.g. 1 sample). For an instance, there is an error floor at >5% CDF with 1 sample. 

Observation 1b: Under LOS channel (e.g. TDL-D), the performance degradation of RSTD measurement accuracy due to single measurement sample can be identified.

Observation 1c: Under AWGN channels, the performance of RSTD measurement accuracy with single measurement sample is little degraded and can meet the current requirements in Rel16[2,TS38.133 v16.8.0]

Observation 2a:  RSTD measurement accuracy with single measurement sample under AWGN channel can be similar when SINR condition being increased. 
Observation 2b:  RSTD measurement accuracy with single measurement sample can be improved under LOS channel model (e.g. TDL-D) with the higher SINR side conditions. 
Observation 2c:  RSTD measurement accuracy with single measurement sample can’t be improved enough to guarantee meet Rel16 requirements under NLOS channel model even with the higher SINR side conditions. 

Proposal 1a: Under NLOS channels, it is challenging to meet the existing RSTD accuracy requirements [2] with less PRS samples (e.g. 1sample) to reduce PRS measurement latency even with the higher SINR side conditions.
Proposal 1b: Under LOS/AWGN fading channels it is possible to meet the existing RSTD accuracy requirements [2]  with measure less PRS samples (e.g. 1sample) to reduce PRS measurement latency.
Proposal 2: RAN4 to specify new measurement gap patterns dedicated to positioning with shorter MGRP.
Observation 3: The necessary requirements for the measurement wo MG shall be defined in RAN4.
Proposal 3: RAN4 needs to continue the necessary requirements and possible impacts on the existing requirements in TS38.133 (e.g. the scheduling restriction due to gapless PRS measurement and processing time).
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Attachments:	


1. Overall Description:
In RAN1 LS[R1-2106185], RAN1 provided the following agreements and request the feedback from RAN4 of feasibility of PRS measurements with less samples/SINR side conditions. 

	Agreement:
M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.
· One sample corresponds to one instance
· Send an LS to RAN4 informing that
· M-sample (1<=M<4) measurements corresponding to measurements performed within M (1<=M<4) instances of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.
· RAN4 is requested to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.
· RAN1 to further study at least the following aspects for allowing M-sample (1<=M<4) PRS processing
· Details of UE capability
· Signaling details, e.g., to indicate whether measurement is based on one or more samples
· Whether the PRS sample processing time is defined and the relation with (N, T).
· Note: This may have RAN4 dependency



RAN4 discussed the agreements and questions in [R1-2106185] for the PRS measurements with less samples, and the following views are provided from RAN4 side: 


· Under NLOS channels, it is challenging to meet the existing accuracy requirements [2] with less PRS samples (e.g. 1sample) to reduce PRS measurement latency even with the higher SINR side conditions.
· Under LOS/AWGN fading channels it is possible to meet the existing accuracy requirements [2]  with measure less PRS samples (e.g. 1sample) to reduce PRS measurement latency.

2. Actions:
To RAN4
ACTION: 	RAN4 kindly asks RAN1 to take the conclusions above into consideration.
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