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Introduction
In the last RAN4#100e meeting, there are some initial discussions for the WI of Rel-17 positioning. The general RRM requirement impacts in this WI were summarized in WF[1].  In this contribution, we provide more detailed analysis on the open issues of the latency reduction for NR positioning enhancement in Rel17. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Discussion
In the last meeting, the following agreements related to latency reduction with the less measurement samples were achieved as below [1].
	Issue 2-1-1: Reduction of DL PRS processing samples is possible under certain conditions
· Reduction of DL PRS processing samples is possible under certain conditions
Issue 2-1-0: How to define low latency enhancements due to reduced number of processing samples with regards to Rel-16 accuracy requirements
GTW agreement 24.08.21:
· Low latency enhancement
· It is RAN4 understanding that the reduction of the number of DL PRS processing samples is possible under certain conditions
· In some cases, the reduction of the number of DL PRS processing samples is feasible under assumption of relaxation of the Rel-16 NR positioning accuracy requirements for the existing side conditions (e.g. SINR, PRS configurations, channel models, etc.)
· In some cases, the reduction of the number of DL PRS processing samples is feasible under assumption of keeping Rel-16 NR positioning accuracy requirements and for the case of using different side conditions (e.g. SINR, PRS configurations, channel models, etc.)
· For Rel-17, low latency NR Positioning requirements definition the goal is to meet the existing Rel-16 NR positioning accuracy requirements
· FFS whether to consider limited relaxations of requirements for specific scenarios
Issue 2-1-1: Low latency enhancements due to reduced number of processing samples with regards to dependency on side condition
Follow GTW agreement from issue 2-1-4
FFS: increasing feasibility to reduce number of processing samples with new higher side conditions Ês/Iot
Issue 2-1-2: Low latency enhancements due to reduced number of processing samples with regards to dependency on applicable channel model
Follow GTW agreement from issue 2-1-4

	Issue 2-1-4: RAN4 focus to evaluate impact of reducing number of processing samples
GTW agreement 24.08.21:
· Further study the impact of reducing number of processing samples
· Number of processing PRS samples: 1, 2, 3, 4 (reference/R16 assumption)
· PRS BW: FFS
· SNR conditions:
· Option 1: Rel-16 side condition
· Option 2: Higher SNR side conditions than in Rel-16
· Channel models:
· Option 1: Rel-16 channel models
· Option 2: LOS channel models (e.g. TDL-D, TDL-E)
Note: other parameters and options are not precluded

	Issue 2-1-6: Reduction of number of samples
FFS, since dependency on other issues
FFS feasibility of M = 1 sample

	

	Issue 2-1-8: Indication of number of samples to be expected
FFS based on other WG outcome and RAN4 outcome regarding reduced PRS processing samples framework/requirements

	Issue 2-1-9: Define a set of enhanced measurement accuracy requirements based on sample reduction
FFS based on outcome of study on reducing PRS processing samples



Conditions with the less RSTD measurement samples
First of all, RAN4 needs to evaluate the impacts due to reduce the number of processing samples from the following perspectives:
· Number of processing PRS samples: 1, 2, 3, 4 (reference/R16 assumption)
· PRS BW: FFS
· SNR conditions:
· Option 1: Rel-16 side condition
· Option 2: Higher SNR side conditions than in Rel-16
· Channel models:
· Option 1: Rel-16 channel models
· Option 2: LOS channel models (e.g. TDL-D, TDL-E)

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), for all PRS BW ([≥24, ≥64, ≥128]),  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 obvious 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. 


That is:
Observation 1: Under the practical fading channels, the reduction on the number of measurements samples can result in the performance degradation obviously. But fortunately, such degradation can be converged at 5% CDF in LOS channel model.


[image: ][image: ][image: ] [image: ]

Figure 2. Simulation results with higher SINR side condition

On the other hand, as RAN1&4 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. 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 can be improved under LOS channel model (e.g. TDL-D) with the higher SINR side conditions. 
Observation 2b:  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. 

Shortly, the higher SINR side condition can help to improve the performance under LOS fading channel. And since RAN4 preferred to define the Rel17 requirements for positioning with same requirements, we can propose that:

Proposal 1: It is possible and feasible to reuse the current RSTD accuracy requirements in  Rel16 [2]  to these measurements with less measurement samples under LOS channel and higher SINR side condition(e.g. SINR=[0,-6]dB for the reference cell and neighbor cell respectively).

Number of the less RSTD measurement samples
Furthermore, we also need to further evaluate the number of reduction measurement samples among {1,2,4} below. 
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Figure 3a.
Observation 3a: Under LOS channel model, when PRS BW is too small the obvious performance degradation when M=2 can be observed as that when M=1.
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Figure 3b.

Observation 3b: Under LOS channel model, when PRS BW is larger enough the performance degradation when M=2 can be ignorable in comparison with that of M=1.  
Therefore, we can propose that
Proposal 2: M=2 is also feasible when SINR side conditions are same as these of Rel16 when PRS BW is larger enough.
In summary, regarding to the current Rel16 requirements [2], whether the less samples RSTD measurement are feasible under the following parameters combination summarized in the table below.
	Channel
	SINR
	PRS BW
	M
	Performance can meet Rel16 requirements or not (feasibility)

	LOS

	Rel16 SINR side conditions(e.g. [-6,-13,-13]
	>24
	4
	Yes (Baseline in Rel16)

	
	
	
	2
	NO

	
	
	
	1
	NO

	
	
	>104
	4
	yes

	
	
	
	2
	Yes

	
	
	
	1
	No

	
	Higher SINR side conditions(e.g. [0,-6,-6]
	>24
	4
	yes

	
	
	
	2
	Yes

	
	
	
	1
	Yes



As highlighted in the table above, both M=1,2 are feasible for the different conditions(e.g. M-1 for LOS and higher SINR, but M=2 for LOS and lower SINR). Thus UE can indicate either of “M” from [1,2,4] depending on the PRS parameters including SINR side condition, channel model and PRS BW.
At same time, RAN1 also agreed LMF can request UE to report the measurement with either M-sample or 4-sample. It is also very straightforward to enable UE to indicate the expected “M” based on the known conditions (e.g. SINR, and channel propagation) via NRPPa message. 
Proposal 3: It is necessary to indicate the number of samples to be expected (e.g. 1 or 2) with which UE can support the latency RSTD measurement accuracy requirements also.  

UE capability to support the reduced number of measurement samples
Additionally, in the last RAN1 meeting, there are also agreements below.
	Agreement:
Subject to UE capability, support LMF to explicitly request UE to report the measurement with either M-sample or 4-sample, if RAN4 has supported M-sample measurement.
· FFS signalling details.



In other words, from RAN4 perspective, the accuracy requirements’ applicability can be defined based UE capability to support M sample or not. Also for the delay requirements(core part) obviously it depends on such UE capability directly.
Proposal 4: RAN4 needs to specify the requirements for NR positioning measurement with “M” samples up to UE capability and other side conditions as below.
	 
	Specific conditions (e.g. SINR, channel which under R4 discussion) being met
	Specific conditions (e.g. SINR, channel which under R4 discussion) can’t be met

	UE capable to support M samples
	R16 
	Relaxed requirements / or No requirements

	UE NOT capable to support M samples
	No requirements




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 4: 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 5: 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).
PRS measurement gap enhancement
In RAN1, the possible measurement gap enhancement in RAN1 were discussed. Up to now, some agreements/working assumptions in RAN1 was achieved [3, R1-2108639]
	· Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
· Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
· Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
· Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected.
· Cap. 1B: Only the DL signals/channels from a certain band/CC are affected.
· FFS: band or CC
· Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window
· A UE shall be able to declare a PRS processing capability outside MG.
· FFS: Details of capability signalling (e.g., per UE or per band, etc.)
· For the purpose of this feature, PRS-related conditions are expected to be specified, with the following to be down-selected:
· Alt. 1: Applicable to serving cell PRS only 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
· Note: When the UE determines higher priority for other DL signals/channels over the PRS measurement/processing, the UE is not expected to measure/process DL PRS which is applicable to all of the above capability options.  
· Further study
· Further details of which other DL signals/channels to be prioritized 
· How the UE determines DL PRS’s priority based on one or more of the following:
· Opt. 1: Based on indication/configuration from serving gNB
· Opt. 2: Other options (e.g., implicit, signalling from LMF, etc)
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· Prioritization conditions of processing PRS over other DL channels/signals or vice versa.
· Send an LS to RAN2, RAN3 and RAN4 informing them of this working assumption and requesting feedback in case they have concerns.



For the prioritization positioning inside MG, there are also similar discussion in RAN4 for WI of NR_MG_enh (multiple concurrent gap). It is also to keep the consistent rules for both them.
Proposal 6: RAN4 can study the multiple gaps for PRS and other measurements in the current Rel17 NR MG_enh WI.  
Conclusion
This contribution provided more detailed analysis on the open issues of the latency reduction for NR positioning enhancement in Rel17. 
Observation 1a: Under NLOS fading channels (e.g. TDL-A, TDL-C), for all PRS BW ([≥24, ≥64, ≥128]),  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 obvious 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 1: Under the practical fading channels, the reduction on the number of measurements samples can result in the performance degradation obviously. But fortunately, such degradation can be converged at 5% CDF in LOS channel model.

Observation 2a:  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 2b:  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 1: It is possible and feasible to reuse the current RSTD accuracy requirements in  Rel16 [2]  to these measurements with less measurement samples under LOS channel and higher SINR side condition(e.g. SINR=[0,-6]dB for the reference cell and neighbor cell respectively).
Observation 3a: Under LOS channel model, when PRS BW is too small the obvious performance degradation when M=2 can be observed as that when M=1.
Observation 3b: Under LOS channel model, when PRS BW is larger enough the performance degradation when M=2 can be ignorable in comparison with that of M=1.  

Proposal 2: M=2 is also feasible when SINR side conditions are same as these of Rel16 when PRS BW is larger enough.
Proposal 3: It is necessary to indicate the number of samples to be expected (e.g. 1 or 2) with which UE can support the latency RSTD measurement accuracy requirements also.  
Proposal 4: RAN4 needs to specify the requirements for NR positioning measurement with “M” samples up to UE capability and other side conditions as below.
	 
	Specific conditions (e.g. SINR, channel which under R4 discussion) being met
	Specific conditions (e.g. SINR, channel which under R4 discussion) can’t be met

	UE capable to support M samples
	R16 
	Relaxed requirements / or No requirements

	UE NOT capable to support M samples
	No requirements



Observation 4: The necessary requirements for the measurement wo MG shall be defined in RAN4.
Proposal 5: 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).
Proposal 6: RAN4 can study the multiple gaps for PRS and other measurements in the current Rel17 NR MG_enh WI.  
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