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Introduction
RAN4#100-e discussed latency reduction for positioning measurement, and the outcome of the discussions are captured in WF [1]. Based on our understanding, the following issues are to be further discussed:
· Reduced sample number
· Enhancement to MG 
· MG-less measurement 
In this paper we will provide our views on RAN4 impacts due to latency reduction for positioning measurement.
Discussion
Reduced sample number
Delay, accuracy and side condition
	· 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


RAN4 is supposed to conduct performance evaluation for PRS measurement with reduced number of samples, in order to obtain the conclusion on the exact sample number, the impact on the accuracy and the related side conditions. We provided our results in the companion paper [2].
In our view, it would be desirable to keep the accuracy unchanged as much as possible because the Rel-16 accuracy requirements is already a minimum for meeting the positioning accuracy requirements for NR. Latency reduction would not be very meaningful if it comes with degradation in the positioning accuracy.
Based on our results [2], 
	Observation 1: For RSTD accuracy, with 1-sample
· it is feasible to achieve similar accuracy as Rel-16 requirements at -6dB Es/Iot under all propagation conditions assumed in Rel-16
· it is feasible to achieve similar accuracy as Rel-16 requirements at -13dB Es/Iot for some but not all cases under AWGN channel
· it is NOT feasible to achieve similar accuracy as Rel-16 requirements for all cases at -13dB Es/Iot under TDL-A/C or TDL-D channel
Observation 2: For RSTD accuracy, with 2-sample
· it is feasible to achieve similar accuracy as Rel-16 requirements at -6dB Es/Iot under all propagation conditions assumed in Rel-16
· it is feasible to achieve similar accuracy as Rel-16 requirements at -13dB Es/Iot for all cases under AWGN and TDL-D channel
· it is NOT feasible to achieve similar accuracy as Rel-16 requirements for most cases at -13dB Es/Iot under TDL-A/C channel
Observation 3: For PRS-RSRP accuracy, 
· there is non-negligible performance degradation when going from 4-sample to 2-sample and to 1-sample, under all propagation conditions and at both -13dB and -6dB Es/Iot.
· the performance degradation is smaller at -6dB Es/Iot compared to -13dB Es/Iot.
Observation 4: The performance trend for UE Rx-Tx is similar to RSTD.


Based on above observations, we suggest to define 1-sample measurement based on -6dB Es/Iot. 
· This would allow meaningful measurement latency reduction compared to 2-sample
· Delay caused by one additional sample may be large since PRS periodicity is typically long
· Additional sample may be required for AGC as discussed in the next section
· This would allow reduced sample number to be use-able for all propagation conditions
· This would allow reduced sample number to be use-able for all PRS configurations
· This would allow similar accuracy for RSTD and Rx-Tx as Rel-16, and smallest accuracy gap for PRS-RSRP compared to Rel-16
Proposal 1: Without considering AGC, RAN4 to define 1-sample measurement based on -6dB Es/Iot.
AGC
	Issue 2-1-7: AGC margin considerations for latency enhancements
· 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.


Positioning measurement is triggered by LMF, and only when positioning service is required, so it is very likely that when requested to measure a PLF, UE has no prior information for that frequency layer, or the information is outdated. In such cases, UE may need to do AGC before the measurement can be done. 
Therefore, at least for MG based PRS measurement, it would require at least 1 sample for AGC. This is similar as inter-frequency RRM measurement where 3 samples are assumed for AGC. 
In RAN4#100-e, some companies proposed that when PRS is fully confined within serving BWP, it should be possible to skip AGC as for intra-frequency measurement. This is a valid point, however, we think a separate AGC sample would still be needed if the target Es/Iot for the PRS measurement is -13dB. This is because serving cell demodulation is targeting at -6dB, so the gain settings for receiving serving cell data may not be re-usable for PRS measurement. 
If the enhanced measurement period with smaller number of samples are based Es/Iot condition of -6dB as we suggested above, and PRS BW is fully confined in active BWP, AGC may be skipped. This is another reason why we prefer to define measurement with reduced sample number at -6dB Es/Iot.
Proposal 2: One sample for AGC is needed except for the case where PRS BW is fully confined in active BWP and Es/Iot side condition is -6dB.
RRM requirements
	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


Issue 2-1-8 is being discussed in RAN1, and in RAN1#106-e it was agreed that 
	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.


For Issue 2-1-9, we suggest to define only one set of enhanced requirements corresponding to the minimum number of samples seen as feasible by RAN4, which includes the measurement period requirements, accuracy requirements and the side conditions. 
Based on our Proposal 1, this means defining a new set of requirements based on 1-sample in measurement plus 0 or 1 sample for AGC, same or slightly reduced accuracy (pending on evaluation in the performance part) and -6dB Es/Iot condition. We do not see the need to define another set of requirements e.g. based on 2- or 3-sample.  
As to the applicability, based on above RAN1 agreement, when LMF request UE to report the measurement with M-sample (M<4), the enhanced measurement period requirements should apply along with new accuracy provided the side conditions are met, otherwise the legacy measurement period requirements should apply along with legacy accuracy under legacy side conditions.
Proposal 3: RAN4 to define one set of enhanced requirements for reduced sample number. 
Enhancement to MG 
MG activation enhancement from RAN1
RAN1 has discussed MG related enhancements for latency reduction with following agreements from RAN1#106-bis-e.
	Agreement:
· Support the following options (in the agreement made in RAN1#106-e) for a new mechanism of MG activation request for the purpose of positioning.
· Option 2: by UE (via UCI or UL MAC CE)
· Select only one of UCI and UL MAC CE in RAN1#106bis-e
· Option 1: by LMF (via an NRPPa message)
· Note: This is transparent to the UE
Agreement:
· Support using UL MAC CE for MG activation request by UE (Option 2) for the purpose of positioning.
Agreement:
· Support the following option (from the agreement made in RAN1#106-e) for a new MG activation procedure to be performed by the gNB for the purpose of positioning.
· Option 2: DL MAC CE
· FFS: Deactivation process 
Agreement:
· With regards to MG activation by DL MAC CE, further study
· DL MAC CE payload
· The necessity of pre-configuration of MGs in higher layers.


In our view, there is no RAN4 impact related to MG activation request as this is related to how gNB could obtain the information regarding the need for MG for positioning measurement. 
Another aspect discussed in RAN1 is the MG activation, and the proposal to support MAC CE based activation. In our view, RAN4 may need to discuss how it inter-works with RRC configured MG:
· Would this MG override the RRC configured MG when it is activated? 
· Can this MG be used for RRM measurement?
· Can this MG be supported in the context of concurrent MGs?
We understand RAN1 is still discussing the details of the new MG activation, e.g. whether the MG is pre-configured or not and how it is deactivated. RAN4 could wait for further conclusions from RAN1.
Proposal 4: RAN4 to wait for further conclusions from RAN1 and to discuss how the new MG activation procedure inter-works with the RRC configured MG.
RAN4 enhancements related to MG
	Issue 2-3-1: Measurement gap enhancements 
Tentative agreements: none
Candidate options:
· Option 1: 
· Wait for RAN1 outcome
· Option 2: 
· In case of measurement gap enhancements by introducing new gaps for positioning RAN4 can decide without RAN1/2 involvement 
· Option 3: 
· RAN4 to discuss enhancements within Rel-17 MG enhancements, e.g.
· Similar to the “long-periodicity” condition in Rel-16, RAN4 should specify a condition to prioritize low-latency positioning measurements by setting 〖CSSF〗_(PRS,i)=1 for positioning frequency layers that satisfy the low-latency condition. The new low-latency condition in Rel-17 could be limited to scenarios where a dedicated MG for positioning is not configured by the network.
· For UEs that support multiple concurrent MG in Rel-17, the UE should be able to request and the network should be able to configure a dedicated MG for positioning measurements, so that 〖CSSF〗_(PRS,i)=1.


In RAN4#100-e some companies proposed to define dedicated MG for positioning or define condition to prioritize low-latency positioning measurements, such that CSSF = 1 for PRS measurement. 
· When UE supports concurrent MGs, as we agreed in RAN4#100-e, NW will provide the association between different measurements and MGs. If NW considers positioning measurement as urgent, it could associate no other measurement to the MG to which positioning measurement is associated.
· When UE does not support concurrent MGs, defining CSSF=1 for that satisfy the low-latency condition would mean the positioning measurement (which is with medium or low periodicity) could block many opportunities for RRM measurements, and it is not desirable from mobility perspective. Of course, option 3 above proposes to apply this prioritization only under certain conditions, so we are open to discuss if proper conditions can be identified.
Proposal 5: RAN4 not to define dedicated MG for positioning measurement. RAN4 to discuss if proper conditions can be identified to apply CSSF=1 for low latency PRS measurement.
Another issue related to MG is the enhancement for MG reconfiguration. In Rel-16, it was agreed that
	If during the measurement period of one or more positioning frequency layers, the MG pattern is reconfigured, the measurement period can be longer.


In our view, it could happen that PRS resources on multiple PFLs cannot be covered by a single MG. In this case, when UE finishes measurement for one PFL, it would request the NW to re-configure MG so that it can measure the next PFL. For such cases, with above statement there is no exact requirements and it is a limit of Rel-16.
In Rel-17 as RAN1 is introducing new MG activation and deactivation mechanisms, RAN4 could re-evaluate if the Rel-16 still holds. For example, if the delay in switching between different MGs is small, then it should be possible to define applicable requirements assuming none or only small number of PRS resources occurs during the transition.
Proposal 6: RAN4 to discuss if requirements can be defined for the case with MG switch, e.g. by taking into account the new MG activation and deactivation mechanisms from RAN1.
MG-less measurement 
RAN#106-e has agreed the working assumption to support MG-less PRS measurement, and an LS [3] was sent to RAN4. RAN4 needs to define measurement period requirements for MG-less measurement. 
The measurement period could take the requirements for MG based measurement in Rel-16 as baseline, some difference could be:
Measurement window
	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.


Based on [3], MG-less PRS measurement is to be performed within a PRS processing window. In our understanding, this PRS processing window is similar as SMTC window for SSB measurement, or CSI-RS measurement window defined for CSI-RS measurement.
In this way, the PRS processing window plays a rather similar role as MG for MG based PRS measurement. In MG based requirements, the measurement interval Teffect,i is defined as follows.
	 = 

 is the periodicity of DL PRS resource with muting on positioning frequency layer i.


With PRS processing window acting as MG for inactive state measurement, the MGRP in the definition of Tavailable,i should be replaced by the periodicity of the PRS processing window. 
Proposal 7: Tavailable,i for MG-less PRS measurement is defined based on the LCM of Tprs,i and measurement window periodicity.
CSSF
Similar as other MG-less measurement, PRS measurement outside MG is also subject to searcher limit, so CSSF outside MG should be updated to account for the PRS measurement. It is straightforward to re-use the same approach as for MG-based measurement that only one PFL is accounted in the CSSF.
Proposal 8: Update CSSF outside MG to account for MG-less PRS measurement.
Transition between MG based and MG-less 
	· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens


For RRM measurement, RAN4 has defined transition requirements when a measurement changes from a MG based to MG-less or vice versa, e.g. due to BWP switching. The basic principle is that UE continue the measurement, and the longer measurement period among MG based and MG-less would apply. It seems nature to re-use the same principle for PRS measurement, but as this is the first time this issue is discussed, we are open to hear other opinions.
Proposal 9: RAN4 to define requirements for transition between MG based and MG-less PRS measurement.
Conclusions
In this paper we provided our views on RAN4 impacts due to latency reduction for positioning measurement.
Proposal 1: Without considering AGC, RAN4 to define 1-sample measurement based on -6dB Es/Iot.
Proposal 2: One sample for AGC is needed except for the case where PRS BW is fully confined in active BWP and Es/Iot side condition is -6dB.
Proposal 3: RAN4 to define one set of enhanced requirements for reduced sample number. 
Proposal 4: RAN4 to wait for further conclusions from RAN1 and to discuss how the new MG activation procedure inter-works with the RRC configured MG.
Proposal 5: RAN4 not to define dedicated MG for positioning measurement. RAN4 to discuss if proper conditions can be identified to apply CSSF=1 for low latency PRS measurement.
Proposal 6: RAN4 to discuss if requirements can be defined for the case with MG switch, e.g. by taking into account the new MG activation and deactivation mechanisms from RAN1.
Proposal 7: Tavailable,i for MG-less PRS measurement is defined based on the LCM of Tprs,i and measurement window periodicity.
Proposal 8: Update CSSF outside MG to account for MG-less PRS measurement.
Proposal 9: RAN4 to define requirements for transition between MG based and MG-less PRS measurement.
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1. Overall Description:
RAN4 has provided initial views on the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set in R4-2115366. 

RAN4 further discussed the accuracy, side condition and the measurement period for Rel-17 low latency measurement, and reached the following conclusions:
	1. Without considering AGC, RAN4 consider 1-sample measurement feasible based on -6dB Es/Iot. 
Note: RAN4 targets to maintain the similar accuracy performance as in Rel-16 requirements at least for RSTD and UE-Rx-Tx, and to minimize the accuracy performance degradation as compared with Rel-16 requirements for PRS-RSRP.
2. One sample for AGC is needed except for the case where PRS BW is fully confined in active BWP, based on Es/Iot side condition of -6dB.
3. RAN4 to define only one set of enhanced requirements for reduced sample number. 



RAN4 respectfully asks RAN1 to take the above information into account in the future work related to latency reduction for PRS measurement. 

2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account in the future work related to latency reduction for PRS measurement. 


3. Date of Next TSG-RAN4 Meetings:
TBA
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