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Introduction
During RAN4 #100-e meeting, several methods to reduce the positioning measurement latency were discussed and some initial conclusions were achieved [1]. This paper will provide our considerations and proposals on latency reduction of positioning measurements.
	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 2-1-4: 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 2-3-2: Wait for RAN1 conclusions before discussing gapless PRS measurement requirements 
Wait for RAN1 conclusions before discussing gapless PRS measurement requirements

	Issue 2-3-5: Revise PRS measurement period requirement in Rel-17 for low-latency NR positioning measurements in relation to measurement gaps
FFS revision can be discussed based on conclusions of latency reduction methods
Issue 2-4-1: Measurement period optimizations related to T_last
RAN4 to consider measurement period optimizations related to T_last for positioning frequency layers in which all PRS resources are contained within a single measurement gap instance per T_(available_PRS”,” i)
FFS the details of such measurement period optimizations



Discussion
Processing sample reduction
As the aforementioned agreements, reducing the number of PRS processing samples is feasible and the exact number of PRS samples depends on side conditions, like SINR, PRS configuration, channel model and so on. This section will discuss the impacts of these side conditions with the example of PRS-RSRP measurements. Table-1 shows some simulation results for PRS-RSRP measurements under different side conditions. Our simulation results focus on SINR and PRS configuration in fading channel. The impact of channel models should be excluded at least for PRS-RSRP measurements since in Rel-16, a unified RSRP accuracy requirement is defined for both AWGN and fading channels. 
It is observed that the performance loss between 4 samples and [1~2] samples is negligible with higher SINR condition and/or wider PRS bandwidth. Besides, with larger PRS-NormLengthPerSlot, the number of PRS samples could be reduced with little performance degradation compared with the existing accuracy requirements. 
Proposal 1: PRS-NormLengthPerSlot should be considered to reduce the number of PRS samples.
Table-1, Simulation results for PRS-RSRP at [5%, 95%]
	
	
	PRS-NormLengthPerSlot = 1
	PRS-NormLengthPerSlot = 2

	BW
	Es/Iot
	1 sample
	2 samples
	3 samples
	4 samples
	1 sample
	2 samples
	3 samples
	4 samples

	52RB
	-3dB
	[-0.85, 0.73]
	[-0.63, 0.50]
	[-0.54, 0.47]
	[-0.46, 0.38]
	[-0.62, 0.55]
	[-0.48, 0.42]
	[-0.39, 0.32]
	[-0.35, 0.25]

	
	-6dB
	[-1.39, 1.22]
	[-0.98, 0.81]
	[-0.89, 0.73]
	[-0.73, 0.61]
	[-0.99, 0.85]
	[-0.85, 0.70]
	[-0.67, 0.56]
	[-0.60, 0.46]

	
	-8dB
	[-2.39, 2.18]
	[-1.51, 1.82]
	[-1.44, 1.50]
	[-1.32, 1.24]
	[-1.48, 1.53]
	[-1.32, 1.02]
	[-1.08, 0.84]
	[-0.94, 0.71]

	
	-10dB
	[-3.13, 3.83]
	[-2.39, 3.17]
	[-1.87, 2.71]
	[-1.54, 2.59]
	[-2.40, 2.80]
	[-1.96, 1.94]
	[-1.75, 1.68]
	[-1.54, 1.62]

	
	-13dB
	[-3.77, 5.19]
	[-2.21, 4.22]
	[-1.80, 4.15]
	[-1.49, 3.99]
	[-2.8, 3.91]
	[-2.12, 3.23]
	[-1.86, 2.81]
	[-1.62, 2.74]

	268RB
	-3dB
	[-0.29, 0.31]
	[-0.20, 0.20]
	[-0.17, 0.17]
	[-0.16, 0.14]
	[-0.21, 0.19]
	[-0.14, 0.15]
	[-0.12, 0.12]
	[-0.10, 0.10]

	
	-6dB
	[-0.46, 0.46]
	[-0.32, 0.33]
	[0.27, 0.26]
	[-0.26, 0.22]
	[-0.34, 0.31]
	[-0.22, 0.24]
	[-0.19, 0.19]
	[-0.16, 0.16]

	
	-8dB
	[-0.84, 0.77]
	[-0.58, 0.53]
	[-0.49, 0.42]
	[-0.46, 0.35]
	[-0.61, 0.56]
	[-0.41, 0.39]
	[-0.38, 0.30]
	[-0.30, 0.26]

	
	-10dB
	[-1.76, 1.44]
	[-1.19, 0.96]
	[-1.07, 0.77]
	[-0.97, 0.67]
	[-1.18, 0.95]
	[-0.84, 0.76]
	[-0.76, 0.55]
	[-0.58, 0.49]

	
	-13dB
	[-2.57, 2.02]
	[-1.66, 1.37]
	[-1.5, 1.12]
	[-1.46, 0.91]
	[-1.85, 1.37]
	[-1.34, 1.03]
	[-1.11, 0.83]
	[-0.97, 0.69]

	Simulation assumptions:
· SCS=15kHz, PRS BW=52RB / 268RB
· RepetitionFactor=1, CombSize=4, NumSymbol=4 / 8, 
· PRS-NormLengthPerSlot = (NumSymbol * RepetitionFactor) / CombSize
· TDL-A channel with 30ns delay spread


Gapless PRS measurements
[bookmark: _GoBack]It is assumed in RAN1 that PRS measurements can be supported outside the MG, but within a processing window when PRS is configured inside the active DL BWP with same numerology. The most intuitive impact to RAN4 is that the MGRP/MGL should be replaced to the periodicity/length of PRS window, and the measurement period scaling factor due to UE processing capability which is defined based on PRS measurement inside MG, such as {N, T}, needs to be reconsidered once further conclusions from RAN1 are reached. Besides, the measurement period may be extended if PRS is determined to be lower priority than over signals/channels. It is hard to define the exact value of period extension and so using the same solution as the PRS collision in Rel-16 is desirable. 
Proposal 2: The period of gapless PRS measurements should be reconsidered based on PRS processing window and PRS processing capability outside MG. 
	Working assumption from RAN1 
· 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 
· 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


Other factors related to measurement period
Issue 2-3-5 and issue 2-4-1 in WF [1] intend to reduce the unnecessary delay due to inappropriate PRS configuration and MG configuration. Ideally, UE is supposed to complete one sample of all PRS resources during each MG period and the following rules are identified to achieve the alignment among PRS configuration, MG configuration and UE processing capability. 
1) The time offset difference between PRS resources in the same positioning frequency layer should be small so that PRS resources could be covered by MGL.
2) The periodicity of PRS resources and MG should be configured as the same value, and they should be very close to, but no shorter than the UE capability T. 
3) The time duration of available PRS in the positioning frequency layer i should be no larger than the UE capability . 
4) The number of PRS resources in each slot in the positioning frequency layer i should be no larger than the UE capability .  
To realize rule 1), all PRS resources in the same frequency layer should be concentrated within MGL as much as possible. One alternative is to increase the number of PRS resources per slot, e.g. via FDM-ed PRS configuration. Then, rule 4) may not be satisfied for UE with lower capability and it is hard to tell whether the measurement period can be reduced in such scenarios. So the trade-off between rule 1) and rule 4) needs further study. 
Proposal 3: Discuss the following rules to achieve the alignment among PRS configuration, MG configuration and UE processing capability
1) The time offset difference between PRS resources in the same positioning frequency layer should be small so that all PRS resources could be covered by MGL.
2) The periodicity of PRS resources and MG should be configured as the same value, and they should be very close to, but no shorter than the UE capability T. 
3) The time duration of available PRS in the positioning frequency layer i should be no larger than the UE capability . 
4) The number of PRS resources in each slot in the positioning frequency layer i should be no larger than the UE capability . 

The PRS requirements in Rel-16 spec is defined as per positioning method/request. When UE is configured with more than one positioning requests, the measurement period for each request may be longer since PRS resources for different requests are assumed to be measured in a TDM-ed manner. However, if same PRS resources are configured for different positioning requests, e.g. RSTD for DL-TDOA and PRS-RSRP for DL-AOD, UE could complete the two kinds of measurement simultaneously and total measurement period will be reduced. 
Proposal 4: Discuss simultaneous measurements for more than one positioning requests if same PRS resources are configured. 
Conclusion
In this contribution, our views on the latency reduction for positioning measurements and the following proposals are given.
Proposal 1: PRS-NormLengthPerSlot should be considered to reduce the number of PRS samples.
Proposal 2: The period of gapless PRS measurements should be reconsidered based on PRS processing window and PRS processing capability outside MG. 
Proposal 3: Discuss the following rules to achieve the alignment among PRS configuration, MG configuration and UE processing capability
1) The time offset difference between PRS resources in the same positioning frequency layer should be small so that all PRS resources could be covered by MGL.
2) The periodicity of PRS resources and MG should be configured as the same value, and they should be very close to, but no shorter than the UE capability T. 
3) The time duration of available PRS in the positioning frequency layer i should be no larger than the UE capability . 
4) The number of PRS resources in each slot in the positioning frequency layer i should be no larger than the UE capability . 
Proposal 4: Discuss simultaneous measurements for more than one positioning requests if same PRS resources are configured. 
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