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1 Introduction
In RAN4#100e meeting, the issues on latency reduction of positioning measurement were discussed which include the processing samples reduction, UE processing capability, measurement gaps and measurement period. And the conclusions and remaining issues were captured in [1]. 
In this paper, we further discuss the latency reduction of positioning measurements and give our proposals. 
2 Discussion
2.1 Processing samples reduction
In last meeting, RAN4 discussed the reduced PRS processing samples based on the RAN1 LS [2]. It was agreed in [1] that the reduction of the number of DL PRS processing samples is possible under certain conditions and the conclusion has been informed to RAN1 by the response LS [3]. But the conditions in which the number of PRS processing samples can be reduced need to be further studied. 
In R16, the core and performance requirements of UE positioning measurement (including RSTD, PRS RSRP and UE Rx-Tx time difference) are defined based on 4 samples which include the number of samples derived by simulation and the number of samples reserved for AGC and for covering different scenarios . In this part, we will discuss these two aspects in order to reduce the number of processing samples in R17. 
For the number of samples derived from simulation, there were the following conclusions in last meeting [1]: 
	· 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


To evaluate the impact of the factors above, some simulation works are needed and before which the simulation assumption should be aligned. Based on the following agreements [2], for Rel-17 low latency NR positioning requirements definition, the goal is to meet the existing Rel-16 NR positioning accuracy requirements. So the results summary [4] and the simulation assumption [5-6] in R16 which is based on 4 samples and multiple sets of PRS configuration can be the reference. On top of the R16 simulation, we need to evaluate the higher PRS bandwidth or higher SINR side condition or LOS channels to find out how many processing samples can be reduced under each condition or under the combination of some conditions. 
Based on the considerations above, we give the draft simulation assumption in Annex. And it is proposed to discuss and approve the simulation assumption in this meeting. 
	· 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


Proposal 1: RAN4 discuss and approve the simulation assumption shown in Annex for the evaluation of the PRS processing samples reduction in this meeting. 
For the number of PRS processing samples for AGC, there are the following agreements in last meeting [1]: 
	RAN4 to revisit AGC margins in the context of latency reduction
RAN4 to study under which circumstances additional sample or no additional sample needs to be considered for AGC margin when the number of samples only is 1 or 2.
Candidate options:
· Option 1: (CMCC)
· For the case that target PRS is within active BWP, the number of samples can be reduced, since AGC is not needed, which is similar as the measurement delay requirements of inter-frequency measurement without measurement gap.
· For the case that UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info), the number of samples can be reduced, since AGC is not needed, or the number of samples used for AGC can be reduced.
· Option 2: 
· TBA


For the current R16 NR positioning requirements, 3 processing samples are reserved for AGC settling margin since all the PRS measurement in R16 is performed within gap. But in our understanding, the number of samples needed for AGC settling is related to UE implementation and is possible to be reduced under some cases.  For example, in RAN1 LS [7], the PRS measurement outside gap is introduced. In this case, the PRS bandwidth is within active BWP, so UE need not to switch the RF to receive the target PRS signal and AGC is not needed. 
Proposal 2: For the PRS measurement outside gap i.e when the PRS bandwidth is within the active BWP and the PRS resources have the same numerology as the active BWP, the processing samples for AGC are not needed. 
In another case, for the measurement on a different frequency layer, UE need to switch to the different layers and AGC settling is needed before measurement. But if the interval time between two measurements is short and the AGC has been done in the first measurement, then it is not needed for the second measurement. So for measurement requirements definition, the AGC settling is not needed for every measurement and the processing samples for AGC margin can be reduced. And in our understanding, the AGC settling is implemented in symbol level, so if there are enough PRS symbols in one sample or UE can process more symbols in one sample periodicity, it should be possible to complete the AGC adjustment in less processing samples. 
Proposal 3: For the PRS measurement with small periodicity or the PRS measurement with resources having multiple PRS symbols in one sample or for the UE which have higher processing capability, the processing samples for AGC margin can be reduced. 
From RAN1’s LS, it can be seen that RAN1 is going to define UE capability for the reduction of the number of processing samples and the relation with capability {N,T} have RAN4 dependency. Based on the analysis above, we think the processing samples reduction is not only related to UE processing capability, but also related to the PRS configuration. So if the reduction of the PRS processing samples is defined as UE capability, it should be a new and separated capability with UE processing capability {N,T}. 
Proposal 4: If the reduction of the PRS processing samples is defined as UE capability, it should be a new and separated capability with UE processing capability {N,T}. 
Based on PRS measurement requirements in R16, if the capability of performing measurement within M (1<=M<4) samples is introduced, the measurement requirements can also be defined based on this capability. The formula of the measurement requirements can be still kept, but the number of measurement samples can be related to the UE capability rather than a constant. 
Proposal 5: If the capability of performing measurement within M (1<=M<4) samples is introduced, the measurement requirements can also be specified based on this capability by modifying the factor of the samples number in the formula of R16 requirements. 
For the impact on different measurement (PRS-RSRP, PRS-RSTD and UE Rx-Tx time difference measurement), in our understanding, it is better to define same principle of processing samples reduction at least for AGC margin. But for the simulation samples, it should depend on the simulation results. So whether the reduced number of PRS processing samples is same for different measurement types should be decided after the simulation is performed. 
Proposal 6: For the impact on different measurement (PRS-RSRP, PRS-RSTD and UE Rx-Tx time difference measurement), it is better to define same principle of processing samples reduction at least for AGC margin. But the impact of simulation samples reduction should be decided after the simulations are performed. 
2.2 UE processing capability
The UE processing capability {N,T} was discussed in last meeting and the candidate options are captured in [1] as below: 
	Issue 2-2-1: On enhanced {N,T} capability 
Candidate options:
· Option 1: 
· Wait for further input/outcome from RAN1/2
· Option 2: 
· RAN4 can identify latency causes due to {N,T}
· RAN4 to study new set of {N, T} to allow a shorter processing time T along with MG configurations.


This capability was defined in RAN1 in R16 positioning and has been included in the measurement requirements.  It was raised in last meeting to study new sets of {N,T} values to allow a shorter processing time T. From requirements perspective, it has no impact on the current requirements. From latency reduction perspective, we think it might be a possible approach to introduce high capability UE with longer N or shorter T value. But this depends on UE implementation and we think it should be lower priority. Also in our understanding, the capability related issue should be in RAN1/2 scope. 
Proposal 7: The latency enhancements on UE capability {N, T} is within RAN1/2 scope. RAN4 wait for the outcome of RAN1/2 discussion. 
2.3 MG gaps
In RAN1#106e meeting, RAN1 further studied the latency reduction with regards to MG enhancement and one LS [7] was sent to RAN2/3/4 with the following agreements: 
	Working assumption:
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.


From RAN1’s agreements, the PRS measurement outside gap should be supported subject to UE capability. So RAN4 need to define a new set of measurement requirements for the PRS measurements outside gap which are based on UE capability. And the requirements for the measurement which includes both inside gap and outside gap may be also needed based on RAN1 further outcome. 
Proposal 8: RAN4 need to define new set of measurement requirements for the PRS measurements outside gap and possibly the requirements for the measurement which includes both inside gap and outside gap. 
For the measurement requirements outside gap, the measurement requirements for the measurement within gap in R16 can be a reference. The impact of PRS resources configuration (including periodicity, number of resources in a slot, PRS resources duration and muting patterns), UE processing capability and Rx beam sweeping factor should be the same as those in R16. But the measurement gap repetition period doesn’t need to be considered i.e. the available PRS periodicity in each positioning frequency layer should be  and the definition of  in R16 can be reused. 
Besides, the other factors in measurement requirements such as CSSF, the number of samples, the approach on the calculation of multiple positioning frequency layers and the requirements applicability need to be revisited. The UE capability of PRS prioritization should be also considered and the further outcome from RAN1 is needed. 
Proposal 9: For the measurement requirements of the PRS measurement outside gap, the measurement requirements for PRS measurement within gap can be baseline with the following factors revisited or newly included: 
· The available PRS periodicity in each positioning frequency layer 
· CSSFoutside_gap
· The number of samples which can be considered with processing samples reduction
· The approach on the calculation of multiple positioning frequency layers
· The requirements applicability
· UE capability of PRS prioritization
· PRS processing window
As for introducing new measurement gap patterns, the candidate options were captured in [1] as below: 
	Issue 2-3-3: Introduction of new measurement gap patterns
Candidate options:
· Option 1: 
· No introduction of new gap patterns at current stage, FFS based on outcome of other WGs
· Option2: 
· Analyse issues with existing other MG patterns
· Study new MG patterns in the context of latency reduction for positioning
· Option 2a:
· RAN4 may introduce new gaps for positioning dependent on necessity and issues found with existing gaps


At least for now we don’t see clear justification to introduce new gap patterns for latency reduction. If new measurement gap patterns are going to be introduced to reduce latency, shorter MGRP is needed. But the smallest MGRP in existing specification is already 20ms, considering the data throughput, we don’t think it is a good approach to introduce shorter period. As we are doing other enhancement on latency reduction, the introduction of new gap patterns should be low priority. 
Proposal 10: No introduction of new gap patterns at current stage. 
As for the relation with R17 MG enhancement features, the candidate options in last meeting were captured in [1] as below: 
	Issue 2-3-6: MG enchancement features
Candidate options:
· Option 1:
· Option 1a: RAN4 to agree the use of MG enhancements feature of pre-configured MG for positioning measurement in the framework of reducing latency for positioning.
· Option 1b: RAN4 to agree the use of MG enhancements feature of concurrent MG for positioning measurement in the framework of reducing latency for positioning.
· Option 2: 
· Wait for outcome of RAN1 on MG related enhancements


This issue is also discussed in gap enhancement WI and it has been agreed that the pre-configured MG and concurrent MG can be used for PRS measurement. So we don’t need to discuss the issue repeatedly. 
Proposal 11: The use of MG enhancement features (pre-configured MG and concurrent MG) for PRS measurement has been discussed and agreed in R17 gap enhancement WI. We don’t need to repeatedly discuss here. 
3 Summary
In this paper, the issues on latency reduction of positioning measurement are discussed, and the following observations and proposals are given: 
Proposal 1: RAN4 discuss and approve the simulation assumption shown in Annex for the evaluation of the PRS processing samples reduction in this meeting. 
Proposal 2: For the PRS measurement outside gap i.e when the PRS bandwidth is within the active BWP and the PRS resources have the same numerology as the active BWP, the processing samples for AGC are not needed. 
Proposal 3: For the PRS measurement with small periodicity or the PRS measurement with resources having multiple PRS symbols in one sample or for the UE which have higher processing capability, the processing samples for AGC margin can be reduced. 
Proposal 4: If the reduction of the PRS processing samples is defined as UE capability, it should be a new and separated capability with UE processing capability {N,T}. 
Proposal 5: If the capability of performing measurement within M (1<=M<4) samples is introduced, the measurement requirements can also be specified based on this capability by modifying the factor of the samples number in the formula of R16 requirements. 
Proposal 6: For the impact on different measurement (PRS-RSRP, PRS-RSTD and UE Rx-Tx time difference measurement), it is better to define same principle of processing samples reduction at least for AGC margin. But the impact of simulation samples reduction should be decided after the simulations are performed. 
Proposal 7: The latency enhancements on UE capability {N, T} is within RAN1/2 scope. RAN4 wait for the outcome of RAN1/2 discussion. 
Proposal 8: RAN4 need to define new set of measurement requirements for the PRS measurements outside gap and possibly the requirements for the measurement which includes both inside gap and outside gap. 
Proposal 9: For the measurement requirements of the PRS measurement outside gap, the measurement requirements for PRS measurement within gap can be baseline with the following factors revisited or newly included: 
· The available PRS periodicity in each positioning frequency layer 
· CSSFoutside_gap
· The number of samples which can be considered with processing samples reduction
· The approach on the calculation of multiple positioning frequency layers
· The requirements applicability
· UE capability of PRS prioritization
· PRS processing window
Proposal 10: No introduction of new gap patterns at current stage. 
Proposal 11: The use of MG enhancement features (pre-configured MG and concurrent MG) for PRS measurement has been discussed and agreed in R17 gap enhancement WI. We don’t need to repeatedly discuss here. 
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Introduction
In RAN4#100e, it was agreed to further study the parameters for reducing the number of the PRS processing samples [1]. This contribution provides the link level simulation assumption for PRS based RSTD, PRS-RSRP and UE Rx-Tx time difference measurement which is based on R16 NR positioning simulation [2-3]. And companies are encouraged to provide simulation results based on the simulation assumption. 
Simulation assumptions
Table 1: General parameters
	Parameter
	Value

	
	FR1
	FR2

	Cell layout
	3 cells at distinct locations: <cell 1, cell 2, cell 3>, where cell 1 is the reference cell

	[bookmark: _Hlk23422847]Network synchronization
	•	Synchronous with time shifts <0, 0, 3 us>
•	Asynchronous with time shifts: <0, 7 symbols, -7 symbols> 

	Duplex modes
	FDD and TDD

	TDD specific parameters (TTD configuration is in 38.133, section A.3.1.4)
	· TDDConf.1.1 (15 kHz)
· TDDConf.2.1 (30 kHz)
	· TDDConf.3.1 (120 kHz)

	Data and CCH load in PRS symbols
	no other cell transmissions in its positioning symbols, except PRS

	Data and CCH load in non-PRS symbols
	1) 50% utilization in time
2) 100% RE utilization

	Cyclic prefix
	Normal

	DRX
	OFF

	Carrier frequency / BW / SCS / duplex mode
	· 2 GHz
· 10 MHz, 20 MHz, 50 MHz
· 15 kHz
· FDD, TDD
· 4 GHz
· 20 MHz, 50 MHz, 100 MHz
· 30 kHz
· FDD, TDD
	· 40 GHz
· 50 MHz, 100 MHz, 200 MHz
· 120 kHz
· TDD

	Propagation conditions [TS 38.101-4]
	AWGN, 
TDL-C (300 ns delay spread, 100 Hz), 
TDL-A (30 ns delay spread, 5Hz), 
TDL-B (100 ns delay spread, 200Hz)
TDL-D (30 ns delay spread, 5Hz), 
TDL-E (30 ns delay spread, 5Hz) 
	AWGN, 
TDL-C (60 ns delay spread, 300 Hz), 
TDL-D (30 ns delay spread, 5Hz), 
TDL-E (30 ns delay spread, 5Hz) 

	Es/Iot for three cells (cell 1, cell 2, cell 3), [dB]
	(-6, -13, -13)
(-3, -13, -13)
 (0, -13, -13)
(-6, -10, -10)
(-3, -10, -10)
(0, -10, -10)
(-6, -8, -8)
(-3, -8, -8)
(0, -8, -8)
(-6, -6, -6)
(-3, -6, -6)
(0, -6, -6)
	(-6, -13, -13)
(-3, -13, -13)
 (0, -13, -13)
(-6, -10, -10)
(-3, -10, -10)
(0, -10, -10)
(-6, -8, -8)
(-3, -8, -8)
(0, -8, -8)
(-6, -6, -6)
(-3, -6, -6)
(0, -6, -6)

	SNR for three cells (cell 1, cell 2, cell 3) [dB]
	(-5.4, -11.7, -11.7)
(-2.3, -10.8, -10.8)
 (0.9, -9.3, -9.3)
(-4.9, -8.3, -8.3)
(-1.6, -7.3, -7.3)
(2, -5.4, -5.4)
(-4.2, -5.8, -5.8)
(-0.7, -4.6, -4.6)
(3.4, -2.2, -2.2)
(-3, -3, -3)
(1, -1.2, -1.2)
(7.1, 3.1, 3.1)
	(-5.4, -11.7, -11.7)
(-2.3, -10.8, -10.8)
 (0.9, -9.3, -9.3)
(-4.9, -8.3, -8.3)
(-1.6, -7.3, -7.3)
(2, -5.4, -5.4)
(-4.2, -5.8, -5.8)
(-0.7, -4.6, -4.6)
(3.4, -2.2, -2.2)
(-3, -3, -3)
(1, -1.2, -1.2)
(7.1, 3.1, 3.1)

	Number of UE receive antennas
	2 rx (uncorrelated with equal gain, no rx beamforming)

	UE measurement bandwidth
	Full carrier bandwidth

	Number of samples
	1,2,3,4


Table 2: PRS transmission configuration parameters
	Parameter
	Value

	Number of transmit PRS antennas
	1

	Cell ID, TRP ID, PRS Resource Set ID
	Selected to ensure non-overlapping PRS REs in frequency

	Number of DL PRS Resource sets for a positioning fix
	1 (including all PRS resource repetitions)


	PRS transmission bandwidth (in PRBs) - full carrier BW

	· 15 kHz: 
· 52 (10MHz), 104 (20MHz), 268 (50MHz)
· 30 kHz: 
· 48 (20MHz),132 (50MHz), 272 (100MHz)
	· 120 kHz:
· 32(50MHz),64(100MHz), 128 132 (200MHz)

	Comb
	Comb-4, comb-6, comb-2 (with muting), comb-12

	DL-PRS-ResourceRepetitionFactor
	1, 2, 4, 16

	PRS-ResourceTimeGap
	1, 2, 4
	1, 8, 16

	PRS muting
	No muting (comb-4, comb-6, comb-12), muting (comb-2)

	Power boosting
	No power boosting

	ExpectedRSTD-Uncertainty
	5 us (15 kHz), 2.5 us (30 kHz), 0.625 us (120 kHz)

	NOTE 1: nr-DL-PRS-expectedRSTD-uncerainty is a member of NR-DL-PRS-AssistanceData which is a common NR positioning IE applicable to all positioning methods (see clause 6.4.3 of TS 37.355).


At least the following performance characteristics are to be provided for PRS RSTD:
· RSTD error CDFs for the 2 neighbour cells 
· 90%-ile of the RSTD errors for each neighbour cell
At least the following performance characteristics are to be provided for PRS RSRP:
· RSRP error CDFs for 3 cells
· 90%-ile of the RSRP errors for each cell
At least the following performance characteristics are to be provided for TUE-RX:
· TUE-RX error CDFs for the 3 cells 
· 90%-ile of the TUE-RX errors for each cell
In the above, 
· RSTD error = estimated RSTD – ideal RSTD (based on perfect channel knowledge).
· PRS-RSRP error = estimated PRS-RSRP – ideal PRS-RSRP (based on perfect channel knowledge).
· TUE-RX error = abs(estimated TUE-RX – ideal TUE-RX ) (based on perfect channel and UE location knowledge).
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