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Introduction
The document contains discussion on RRM requirements for Rel-17 positioning enhancement comprising the following main topics:
· Topic #1: Latency reduction of positioning measurement (Agenda item: 6.21.2.2)
· Topic #2: Impact on existing UE positioning and RRM requirements (Agenda item: 6.21.2.4)
· Topic #3: Others (Agenda item: 6.21.2.6)
· Topic #4: Work Split and Big CR Skeleton (Agenda item: 6.21.1)
· Topic #5: Feature lists for Positioning Enhancements (Agenda item: 4)
Topic #1: Latency reduction of positioning measurement
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2200120
	CATT
	Observation 1: For PRS-RSRP measurement, the similar accuracy requirements as R16 can be achieved with 1/2 samples at -6dB Es/Iot under all propagation conditions. 
Observation 2: For PRS-RSRP measurement, the similar accuracy requirements as R16 can be achieved with 1/2 samples at -13dB Es/Iot under all propagation conditions. 
Observation 3: For PRS-RSRP measurement, the accuracy requirements under TDL-D channel have no improvement compared with TDL-A or TDL-C channel. 
Proposal 1: For defining the number of samples for PRS-RSRP measurement, suggest reusing the R16 side condition and propagation conditions for latency reduction of positioning measurement. 
Proposal 2: Condition 1B can be option 2 that the difference between serving and neighboring cell Es/Iot is within X dB. But if the side condition of target cell in simulation part is defined as -6dB, we are also fine with option 1. 
Proposal 3: The following condition can be considered under which the AGC is not needed: 
· Condition 3a: Enough resource repetitions in one sample. Number of repetitions is FFS. 
· Condition 3b: When PRS periodicity is small (e.g. smaller than X ms). 
Proposal 4: For introducing UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency for FR2 positioning frequency layers, no other conditions are needed. 
Proposal 5: For the measurement requirements of PRS measurement without gap,  can be the periodicity of PRS processing window. 
Proposal 6: For the measurement requirements of PRS measurement without gap, the UE processing capability, the definition of  and the calculation of  in R16 can be reused. 
Proposal 7: For the measurement requirements of PRS measurement without gap, the number of samples and the Rx beam sweeping factor decided in section 2.1 can be used. 
Proposal 8: For calculating CSSF outside gap, the assumption of processing unit on PRS measurement needs to be discussed first. 
Proposal 9: For the calculation of multiple positioning frequency layers, if the PRS processing windows among PFLs are overlapped, the sum approach can be used. But if the processing windows are non-overlapped, the max approach can be used. 
Proposal 10: Define the support of per-FR MG for PRS measurement. 
Proposal 11: Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe. 

	R4-2200541
	Intel Corporation
	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 [5]  to these measurements with less measurement samples under LOS channel and higher SINR side condition.
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: Both M=1 and 2 are feasible upon SINR side conditions and PRS BW.
Proposal 3: It is necessary to indicate the number of samples to be expected (e.g. 1 or 2) to UE be capable for the latency reduction. 
Proposal 4 : Conditions under which samples for AGC is reduced or not required for PRS measurements can be: 
· Condition #1: 
· PRS bandwidth is within the active BWP and 
· Condition 2: 
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
Proposal 5: 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



Proposal 6: The basic timing interval to be used to define PRS measurement period can be: 
·  = 
Proposal 7: whether the reduced samples for the gap-less PRS measurement is feasible shall be FFS.
Proposal 8: RAN4 needs to define the necessary requirements (e.g. the scheduling restriction due to gapless PRS measurement and processing time).
	No.
	Parameters/issues
	Notes

	1
	 
	 

	2
	
	up to RAN1’ discussion on UE processing capability

	3
	 
	 = 

	4
	Applicable number of PFLs
	Single PFL only

	5
	Applicable number of samples
	[1, 2] or 4 up to UE capability to support the less samples PRS measurement

	6
	Approach on the calculation of multiple positioning frequency layers
	Single PFL only

	7
	PRS processing window
	up to RAN1’ discussion on UE processing capability

	8
	Requirement applicability
	FFS on the scheduling restriction and applicability 

	9
	CSSF outside MG
	 Shall be updated



Observation 4: As the pre-configured MG for PRS was introduced in Rel17, the corresponding requirements for this new aspect shall be discussed.
Proposal 9: per-FR MG for PRS measurement shall be deprioritized. 
Proposal 10: The threshold, which is used to be compared against with the Rx timing difference to determine whether the PRS from the non-serving cell satisfy the condition of PRS measurement outside MG can be: [-½ CP length, ½ CP length]

	R4-2200542
	Intel Corporation
	Simulation results summary for conditions with less PRS measurement samples

	R4-2200637
	CMCC
	Proposal 1: for latency reduction, it is proposed to reuse Rel-16 PRS BW.   
Proposal 2: additional samples for AGC for PRS measurements are not required in case PRS bandwidth is within the active BWP and target PRS Es/Iot side condition is ≥ -6dB.
Proposal 3: samples for AGC is reduced or not required when UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info) 
Proposal 4: RX beam sweeping factor can be reduced if UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info).
Proposal 5: for PRS measurement outside the measurement gap, the periodicity of PRS processing window need to be considered for the measurement period requirements, for example, the periodicity of PRS processing window could be considered in Tavailable.

	R4-2200645
	Nokia, Nokia Shanghai Bell
	Accuracy requirement for low latancy
Proposal 1 : RAN4 to decide how to derive accuracy performance requirement with 1-sample measurement based on the performance study agreed in RAN4#101.
Option 1 : Reuse Rel-16 accuracy requirements with excluding cases with small BW or low SNR testcases
Option 2 : Define a new set of accuracy requirements for low latency measurement
AGC training sample
Proposal 2 : We support that a UE needs an extra sample for AGC training, when number of PRS during in one TX occasion is less than [X], and
when a measured PRS bandwidth is out of the active BWP, or
when difference between serving and neighboring cell Es/Iot is larger than [6] dB

Proposal 3 : Clarify side conditions for extra AGC training sample related with UE processing capability {N,T} and . (i.e. whether a UE needs a full sample period of  )  
Measurement period optimizations for latency reduction
Observation 1 : Even if network provides repetited PRS symbols in one transmission occasion, a UE may not be able to use repetited PRS symbols effectively due to short buffer size ‘N’ comparing to increaseing L_prs from PRS repetition. 
Observation 2 : Heavy repetition may make PRS symbols continued out of MGL, it impacts the UE measurements based on the definition of the measurement resources overlapping between PRS resource and MG.
Proposal 4 : When network provides repetited PRS symbols in one transmission occasion, RAN4 needs to review the UE processing capability {N,T} for low latency whether a UE can properly process the repeated PRS resources.
     - If ‘N’ is not large enough, a UE may not be able to use repetited PRS symbols effectively.  
     - In order to avoid measurement latency, UE processing capability should fit in the PRS resource allocation. (i.e.  UE processing time < )
Proposal 5 : we support option-3 to define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe comparing to the current spec’s  =  + .
Proposal 6 : We support condition-1 that RX beam sweeping time is reduced if UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info).
    - study UE fast beam search (i.e. how much the beam sweeping time is reduced from 8)
PRS measurements outside of MG / MG-less positioning measurement
Proposal 7 : RAN4 consider to introduce a requirements for ‘PRS measurement outside the MG’, and it should be applicabile to ‘MG-less measurement’ case discussed in RAN4.
      - Define conditions of PRS measurement outside the MG associated with BWP, numernology, RX timing difference, RX power offset
      - Include study aspect of latency reduction by separate measurement reporting on MG-less measurements (i.e. patial measurement reporting)
Proposal 8 : A basic resource counting is based on PRS periodicity (. UE RX scheduling restriction can be considered to define PRS resources effective for a measurement.
RAN1 LS discussion on PRS measurements outside of MG
Proposal 9 : When RX scheduling is overlapped from a serving cell and a neghbior cell, depriotize PRS measurement in case of measurement outside MG on neighbor cells.
Proposal 10 : RAN4 firstly to idenfy the conditions for PRS measurement outside of MG, then the threshold of RX timing difference will be the next level of detail from the conditions.

	R4-2200646
	Nokia, Nokia Shanghai Bell
	Observation 1: We share observations from tests for accuracy versus the number of samples in LoS (AWGN and TDL-D channels) with high SNR condition: 
· Most of testcases shows reasonable accuracy performance. Performance degradation is limited in cases when PRB size is small (i.e. PRB size=24) with SCS = 15KHz comparing to the four sample measurements.
· When PRB size is sufficient, the performance of the single sample measurement is equivalent to to the four sample measurements under LoS multiple channels with short delay spread.
· Increasing PRS repetition in one transmission occasion helps to sustain the accuracy.
Observation 2: If reusing the Rel-16 requirements and test conditions for low latency measurement, PRB size < 52 (or higher) needs to be excluded. This may give easy requirement maintenance, but results in poor test coverage. 
Observation 3: If adding new requirements and test conditions for low latency measurement, test coverage will be improved, but requirement maintenance can be burden with extra RAN4 effort.
Proposal 1: Based on performance and observations, RAN4 to decide how to derive accuracy performance requirement with 1-sample measurement based on the performance study agreed in RAN4#101.
Option 1: Reuse Rel-16 accuracy requirements with excluding cases with small BW or low SNR testcases
Option 2: Define new accuracy requirements for low latency measurement
Proposal 2: RAN4 considers to set requirement applicability rules with side conditions to apply accuracy requirements for low latency measurements. RAN4 can update as 
     - Low latency positioning measurement requirement targets at a single sample measurement
     - Select high SNR and LoS channel condition
     - Accuracy requirements for low latency measurement is applicable, when PRB size > X
     - Apply accuracy requirements under LoS multiple channels with short delay spread.

	R4-2200664
	vivo
	Observation 1: For AWGN channel, the difference of UE Rx-Tx time difference between 1 sample or 2 samples and 4 samples can be guaranteed within 30Tc for most cases when the side condition is -3dB or -6dB.
Observation 2: For TDL-A and TDL-C channel, the difference of UE Rx-Tx time difference between 1 sample or 2 samples and 4 samples can be guaranteed within 30Tc except some small PRS RBs (e.g., 24RBs) when the side condition is -3dB or -6dB.
Observation 3: For TDL-D channel, whether in FR1 or FR2, the UE Rx-Tx time difference measurement accuracy is similar to that of AWGN channel.
Observation 4: For AWGN channel, the PRS RSTD between 1 sample or 2 samples and 4 samples can be guaranteed within 15Tc except the case of 24RBs when the side condition is (-3, -6) dB.
Observation 5: For TDL-A channel and TDL-C channel, the PRS RSTD between 1 sample or 2 samples and 4 samples can be guaranteed within 30Tc except the case of 24RBs when the side condition is (-3, -6) dB.
Observation 6 For TDL-D channel, whether in FR1 or FR2, RSTD measurement accuracy is slightly worse than that of AWGN channel under the most cases.
Observation 7: For AWGN channel, the PRS-RSRP measurement accuracy is not sensitive to side condition and sample numbers in all cases.
Observation 8: For Fading channel, the PRS-RSRP measurement accuracy of 1 sample is slightly worse than that of 2 samples and 4 samples in most cases.

	R4-2200665
	vivo
	Proposal 1: The PRS RB for R17 positioning measurement should be considered no less than 48.
Proposal 2: The higher side condition should be considered (e.g., -6dB) for R17 positioning measurement compared with R16.
Proposal 3: The channel model for R16 should be reused in R17 positioning measurement.
Proposal 4: For Condition 1, Option 1 (e.g., Target PRS Es/Iot side condition is ≥ -6dB) in Option 1B is recommendable.
Observation 1: The power information for SSB may be reused for PRS if UE is provided with the QCL-Type D information of the PRS.
Proposal 5: The additional sample for AGC is not needed when UE is provided with the QCL-Type D information of the PRS.
Observation 2: The symbols which are used to adjust AGC may be not used for positioning measurement and the positioning accuracy may be affected.
Proposal 6: The additional sample for AGC is stilled needed even the AGC setting can be implemented at the symbol level for condition 3b.
Observation 3: For condition 1, even for UE without new capabilities, if QCL information of PRS is configured with a SS/PBCH Block for FR2, the Rx beam sweeping may be not needed when the neighbour cell is known to UE.
Proposal 7: Condition 1 is not relevant to new UE capability. 
Proposal 8: The Rx beam sweeping factor can be reduced from 8 to 1 for FR2 positioning frequency layers if QCL information of PRS is configured with a SS/PBCH Block when the neighbour cell is known to UE.
Observation 4: The introduction of new UE capabilities would not negatively affect the current positioning accuracy and the scanned Rx beams (e.g., 8) cannot be reduced.
Observation 5: If the UE is able to scan two beam directions at the same time, the Rx beam sweeping factor can be reduced from 8 to 4.
Proposal 9: A new UE capability which is able to scan two beam directions simultaneously need to be introduced to reduce the PRS positioning latency and the Rx beam sweeping factor can be reduced from 8 to 4.
Proposal 10: RLM, BFD and L1/L3 measurement is higher priority than PRS measurement.
Proposal 11:  is defined as the least common multiple between  and the periodicity of PRS processing window.
Proposal 12: The existing definition of  is reused for gapless PRS measurement, e.g.,  =  .
Proposal 13: For sample numbers of gapless PRS measurement, 4 samples can be used as baseline until there is clear conclusions for reduced PRS sample for latency reduction.
Proposal 14: Per-FR MG for PRS measurement can be supported

	R4-2200667
	vivo
	Proposal 1: The maximum expected Rx timing difference between the PRS from serving cell and that from non-serving cell would reach 1064us and 1016us for FR1 and FR2 respectively.
Proposal 2: The threshold shall be the maximum expected Rx timing difference (e.g., 1064us and 1016us for FR1 and FR2 respectively) if the PRS from the nom-serving cell can be guaranteed within the PRS processing window for capability 1A and 1B.
Proposal 3: The threshold shall be CP length if the PRS have to be in the same symbols for the non-serving cell and serving cell for capability 2.

	R4-2200758
	Qualcomm Incorporated
	Observation 1: There are differences in sampling rate captured in the simulation assumptions Tdoc from RAN4#101 [2] vs. the assumptions in Rel-16.
· for FR1, SCS = 15 kHz, num RB = 24, the sampling period was 128 Tc in Rel-16
· for FR2, SCS = 60 kHz, num RB = 24, the sampling period was 32 Tc in Rel-16
· for FR2, SCS = 120 kHz, num RB = 32, the sampling period was 16 Tc in Rel-16
Observation 2: For FR1, with the exception of SCS = 15, num RB = 24, Rel-16 UE Rx-Tx accuracy requirements in AWGN at SINR = -13 dB can be met at SINR ≥ -6 dB with number of samples M1 = 1, 2.

Observation 3: For FR1, Rel-16 UE Rx-Tx accuracy requirements in TDL-A at SINR = -13 dB cannot be met at SINR = -3 dB with number of samples M1 = 1, 2.
Observation 4: For FR1, Rel-16 RSRP accuracy requirements at SINR = -13 dB can be met at SINR = -6 dB with number of samples M1 = 1, 2.

	R4-2200759
	Qualcomm Incorporated
	Proposal 1: Subject to UE capability, the UE may perform PRS measurements based on single sample if the following conditions are met
· The PRS resources are contained within the active BWP and
· the UE has a valid Rx AGC setting for the serving cell.
RAN4 may discuss if additional conditions are needed to meet accuracy requirements during the performance phase.
Proposal 2: Subject to UE capability, the UE may perform PRS measurements based on single sample if the following conditions are met
· PRS QCL information is provided with SSB as reference, indicating QCL Type A, Type D and same average gain, and
· the UE was previously configured to measure the reference SSB and measured the reference SSB within X ms (FFS) of the start of the PRS measurement period.
Proposal 3: PRS measurement requirements with M2=0 are not specified based on condition #3/#3a/#3b.
Proposal 4: RAN4 responds to the RAN1 LS as follows:
RAN4 has determined that a reduced Rx beam sweeping factor can be supported, subject to a new UE capability, when the following conditions are met:
· At least Type-D QCL information (dl-PRS-QCL-Info) is provided for PRS with SSB as QCL reference, and
· the UE was previously configured to measure the reference SSBs and measured the reference SSBs within X ms (FFS) of the start of the PRS measurement period, and
· the LMF requests the UE to use a reduced Rx beam sweeping factor in the location request.
RAN4 understands that a UE supporting this new capability would signal a reduced value of Rx beam sweeping factor (<8) that it supports assuming the above conditions are met.
Observation 1: The priority of PRS relative to other DL signals/channels inside the PRS processing window will be signalled by the gNB, subject to UE capability to support one or more pre-defined priority states.
Observation 2: The timing of a PRS processing window is specified relative to the cell indicated in its configuration.
Observation 3: The timing of the PRS resources relative to a PRS processing window can be determined, within a margin of plus/minus expected RSTD uncertainty, from the timing of reference cell for the PRS processing window and the DL PRS assistance data.
Proposal 5: For PRS measurement requirements outside measurement gaps, RAN4 assumes that only one PRS processing window can be configured at any one time.
Proposal 6: For PRS measurement requirements outside measurement gaps, RAN4 assumes that only one PFL can be processed within each PRS processing window instance.
Proposal 7: CSSF = 1 for PRS measurements performed within a PRS processing window. i.e. there is only one candidate PFL for a given PRS processing window.
Proposal 8: RAN4 will decide how to prioritize between SSB and PRS in case of collisions between SMTC and PRS within a processing window. i.e. if there is a collision with SSB (intra-freq) either the PRS measurement period is extended or higher priority is given to PRS and the SSB is skipped.
Proposal 9: The applicable number of samples for PRS gapless measurements includes at least M = 2 (M1=M2=1). The applicability of M=1 (M1=1, M2=0) is still FFS.
Proposal 10: , the least common multiple between  and , where  denotes the repetition period of the PRS processing window (PPW).
Proposal 11: When calculating  , only consider PRS resources that meet the applicability conditions for PRS measurements within the PRS processing window.
Proposal 12:  is the time duration of available PRS in the positioning frequency layer i to be measured during , and is calculated in the same way as PRS duration K defined in clause 5.1.6.5 of TS 38.214. For calculation of , only unmuted PRS resource instances that meet the applicability conditions for PRS measurements within the PRS processing window are considered.
Observation 4: For PRS measurements outside measurement gap, processing of PRS resources measured within each PRS processing window instance must be completed within the PRS processing window instance. 
Proposal 13: For PRS measurements performed within a PRS processing window, .
Proposal 14: For UEs supporting Capability 1A, RAN4 will specify measurement period requirement for the case when PRS has higher priority than all other signals/channels (per UE) present inside the PRS processing window instances comprising the measurement period. If higher-priority signals/channels (per UE) are present inside any of the PRS processing windows comprising the required measurement period, the measurement period can be extended.
Proposal 15: For UEs supporting Capability 1B, RAN4 will specify measurement period requirement for the case when PRS has higher priority than all other signals/channels (in a given band) present inside the PRS processing window instances comprising the measurement period. If higher-priority signals/channels (in a given band) are present inside any of the PRS processing windows comprising the required measurement period, the measurement period can be extended.
Proposal 16: If PRS resources in the DL-PRS assistance data consistently overlap with other DL signals/channels that have higher priority, as indicated by the gNB, the measurement requirements do not apply. 
Proposal 17: When introducing RRM requirements for gapless PRS measurements in TS 38.133, the general applicability statement in section 9.1 would be revised and new subsections would be created to separate the requirements that are different between measurements with and without gaps.
Proposal 18: For a low-latency PFL i with ,  and , set  in the measurement period requirement if all the PRS resources in  are contained within a single measurement gap instance.

	R4-2201164
	OPPO
	Proposal 1: For the condition 1B to reduce ACG samples, support option 2: Difference between serving and neighboring cell Es/Iot is within X dB.
Proposal 2: Further study condition 3: reduce AGC sample based on PRS configuration parameters.
Proposal 3: Confirm to introduce a new UE capability on lower Rx beam sweeping factor and no additional conditions is needed.
Proposal 4: For PRS measurements outside gap:
·  : MGRP could be replaced by the periodicity of PRS processing window. 
·  : only PRS resources unmuted and overlapped within PRS processing window should be considered in Rel-17. The calculation method can be up to RAN1 discussion.  
·  : reuse Rel-16 method by considering PRS processing capability outside gap. 
· Number of samples: PRS samples for outside gap could be reduced to 3 assuming the 1 PRS sample for AGC can be reduced. 
· PRS processing window: The impacts of PRS processing window are reflected on  ,   and . RAN4 can further study how to modify these parameter once further conclusions from RAN1 are reached.
· CSSF outside MG: agree to take PRS measurement into account of CSSF outside MG as defined in clause 9.1.5.1 of TS 38.133. 
Proposal 5: Consider CP length as the threshold for Rx timing difference between the PRS from the non-serving cell and that from the serving cell.
Proposal 6: Use option 1 as the starting point and further discuss how to achieve it by reasonable PRS and MG configuration as suggested by option 2.

	R4-2201370
	vivo
	Draft CR to 38.133 Introducing requirements for latency reduction of positioning measurement

	R4-2201399
	ZTE Corporation
	Proposal 1: AGC settling can be avoided if difference between serving and neighboring cell Es/Iot is within 6 dB.
Proposal 2: The measurement accuracy shall at least remain the same for UEs supporting this new capability.

	R4-2201637
	Huawei, Hisilicon
	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, 	
· It is NOT feasible to achieve Rel-16 accuracy for -3dB Es/Iot with 1 or 2 samples even at same -3dB Es/Iot.
· It is feasible to achieve Rel-16 accuracy for -13dB Es/Iot with 1 sample for some but not all cases at -13dB Es/Iot. It is feasible to achieve Rel-16 accuracy for -13dB Es/Iot with 2 samples for all cases at -13dB Es/Iot.
· It is feasible to achieve Rel-16 accuracy for -13dB Es/Iot with 1 sample for all cases at -6dB Es/Iot.
Observation 4: The performance trend for UE Rx-Tx is similar to RSTD.
Observation 5: For -3dB Es/Iot, 
· it is feasible to achieve Rel-16 accuracy for -3dB and AWGN channel with 1-sample under AWGN channel, 
· it is feasible to achieve Rel-16 accuracy for -3dB and fading channel with 1-sample under TDL-D channel
· it is feasible to achieve Rel-16 accuracy for -3dB and fading channel for some but not all cases with 1-sample under TDL-A/C channel

	R4-2201638
	Huawei, Hisilicon
	Proposal 1: RAN4 to define requirements for M1=1 based on -6dB for all Rel-16 BWs and all Rel-16 propagation channels with same repetition assumption as in Rel-16
· As baseline, Rel-16 accuracy requirements based on -13dB Es/Iot apply.
· If separate accuracies are defined for AWGN and fading channel in Rel-16, the Rel-16 accuracy for AWGN and fading channel apply respectively.
Proposal 2: M2=0 if the following conditions are met, M2=1 otherwise.
· PRS bandwidth is within the active BWP and 
· Target PRS Es/Iot side condition is ≥ -6dB (whether this condition is needed depends on the general Es/Iot side condition for sample number reduction).
Proposal 3: RAN4 to define measurement requirements when POS MG(s) are configured with the assumptions that POS MG(s) can only be used for PRS measurement, and only one POS MG can be activated at a time.
Proposal 4: RAN4 to define measurement requirements when POS MG(s) are configured for the following scenarios.
-	Scenario 1: No MG is configured for RRM measurement
· POS MG is considered as legacy MG in PRS and RRM measurements when activated
· POS MG is not considered in RRM requirements when deactivated
-	Scenario 2: One legacy MG is configured for RRM measurement
· FFS to define requirements for RRM and PRS measurements based on framework of concurrent MGs when POS MG is activated
· POS MG is not considered in RRM requirements when deactivated
Proposal 5: Expected RTD is defined as max(X1, X2), where 
· X1 = X1’, if X1’ < 0.5 slot; X1 = 1-X1’, otherwise 
· X1’= mod(expected RSTD + expected RSTD uncertainty, slot length)
· X2 = X2’, if X2’ < 0.5 slot; X2 = 1-X2’, otherwise 
· X2’= mod(expected RSTD - expected RSTD uncertainty, slot length)
Proposal 6: Introduce UE capability for the maximum Rx timing difference in MG-less PRS measurement, with at least two values {CP length, 0.5 slot}.
Proposal 7: It is up to UE implementation whether to calculate the expected Rx time difference and/or compare it against the threshold.
Proposal 8: Define scheduling restriction requirements for PRS measurement outside MG based on Table 1.
Table 1: scheduling restriction for PRS measurement outside MG
	
	Case 1: PRS measurement is of higher priority 
	Case 2: PRS measurement is of lower priority

	1A
	UE is not expected to receive DL signals/channels of lower priority in the PPW on all serving cells
	UE is not expected to receive scheduled DL signals/channels of higher priority in the PPW on all serving cells, if the corresponding DCI is later than T before the start of the PPW and there is no DL signals/channels configured during PPW or scheduled during PPW with DCI earlier than T before the start of the PPW on any serving cell

	1B
	UE is not expected to receive DL signals/channels of lower priority in the PPW on serving cells in the same band as PRS
	UE is not expected to receive scheduled DL signals/channels of higher priority in the PPW on the serving cells in the same band as PRS, if the corresponding DCI is later than T before the start of the PPW and there is no DL signals/channels configured during PPW or scheduled during PPW with DCI earlier than T before the start of the PPW on serving cells in the same band as PRS

	2
	UE is not expected to receive DL signals/channels of lower priority in the measured PRS symbols on the impacted serving cells
	UE is not expected to receive scheduled DL signals/channels of higher priority on the measured PRS symbols on the impacted serving cells, if the corresponding DCI is later than T before the symbol and there is no DL signals/channels configured on the symbol on the impacting serving cell

	Note: For Capability 2, the measured PRS symbols includes serving cell PRS symbols, and serving cell symbols mapped with non-serving cell PRS. Denote L as the serving cell symbol index which is closest to the non-serving cell PRS plus expected RSTD, and N as the number of symbols for the PRS resource.
-	If the expected RTD for the non-serving cell PRS is <= CP, serving cell symbols mapped with non-serving cell PRS includes symbol L to symbol L+N-1
-	If the expected RTD for the non-serving cell PRS is  > CP, serving cell symbols mapped with non-serving cell PRS includes symbol L-1 to symbol L+N


Proposal 9: Requirements for MG-less PRS measurement apply 
· when UE has activated PPW and only to PRS resources overlapped with PPW
· to the PRS resources for which the RTD is <= maximum RTD supported by the UE
· when PRS resource is not overlapped with DL signals/channels of higher priority
· no DL signals/channels of higher priority is configured or scheduled during PPW with DCI earlier than T before the start of the PPW on any serving cell, for Capability 1A
· no DL signals/channels of higher priority is configured or scheduled during PPW with DCI earlier than T before the start of the PPW on serving cells in the same band as PRS, for Capability 1B
· no DL signals/channels of higher priority is configured or scheduled on any measured PRS symbol of the PRS resource with DCI earlier than T before the first measured symbol of the PRS resource on impacting serving cells, for Capability 2
Proposal 10a: Use sum-approach to define MG-less measurement requirements for multiple PFLs. 
Proposal 10b: If MG reconfiguration/activation or PPW re-activation occurs during the measurement, the measurement period can be longer.
Proposal 11: For MG-less PRS measurement, 
· Tavailable is defined based on the LCM of Tprs,i and measurement window periodicity.
· Lavailable is defined same as in Rel-16 except that only the PRS resources unmuted and fully or partially overlapped with PPW are considered.
· Teffect is defined same as in Rel-16.
Proposal 12: Both 4-sample and reduced sample are applicable for MG-less measurements.
Proposal 13: PRS measurement is prioritized when PPW is overlapping with RRM measurement resources. When PPW and RRM measurement resources are fully overlapping, a sharing ratio e.g. 50%:50% is defined.
Proposal 14: Reply to RAN1 that a new UE capability on lower Rx beam sweeping factor (<8) can be supported in RAN4 in Rel-17.
Proposal 15: Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe.

	R4-2201639
	Huawei, Hisilicon
	CR on latency reduction of positioning measurements

	R4-2201669
	Ericsson
	Link level simulation results for latency reduction for UE measurements

	R4-2201670
	Ericsson
	1. Option 1 provides favourable condition for single sample measurement.
1. Option 2 allows UE to perform PRS measurement without AGC.
1. DL-PRS is QCLed with other reference signals.
1. Rx beam sweeping factor can be lower than 8 provided UE has the DL-PRS QCL information.
1. AWGN and TDL-D: RSTD accuracy improves gradually when the number of samples in PRS measurement is increased from 1 to 4 for small bandwidth.
1. AWGN and TDL-D: Similar RSTD accuracy is observed when the number of samples in PRS measurement is increased from 1 to 4 for large bandwidth.
1. In general TDL-A and TDL-C: 4 sample RSTD accuracy is better than 1 sample RSTD accuracy.
1. Observations similar to RSTD accuracy have been made for UE TRX error evaluation. 
1. In general RSRP accuracy is higher when cell SINR is -6dB in comparison to the cell with -13 dB SINR.
1. RSRP accuracy is comparable when the cell SINR values are -3 dB and -6 dB.
1. In most of the evaluated cases, it was obseved that a comparable SINR accuracy can be obtained from both 1 and 4 sample measurements.
1. Target cell Es/Iot ≥ -6 dB maintaining X dB relative power difference with the serving cell.
1. When UE is provided with PRS QCL info, where PRS is typeA and typeD QCLed with SSB, then UE does not need to perform AGC for PRS measurements. 
1. Limit conditions under which additional samples for AGC is not required to 2, i.e. limit the conditions to condition#1 and condition#2.
1. Send an LS response to RAN1 and confirm possibility of Rx beam sweeping factor reduction below 8.
1. Reduced number of samples for RSTD measurement are valid for AWGN and TDL-D for PRS configured with large bandwidth. 
1. Reduced number of samples for PRS measurement are not valid for TDL-A and TDL-C.




Open issues and comments collection for 1st round
Sub-topic 1-1: Number of measurement samples (M) for latency reduction 
In the following issues assume:
· M= M1+M2; Where:
· M1 = number of samples excluding AGC
· M2 = number of samples needed for AGC

Issue 1-1-1: Number of samples (M1) excluding sample(s) for AGC and associated conditions
· Proposals:
	Parameters
	Vivo
	QC
	Intel
	CMCC
	Nokia
	HW
	E///
	CATT

	No of samples w/o AGC (M1)
	1
	1 or 2
	1 or 2
	< in R16
	1
	1
	1
	1 or 2

	PRS Ês/Iot (dB)
	≥ -6
	≥ -3*/-6**
	> R16
	≥ -6
	≥ -6
	≥ -6
	≥ -6
	R16

	Propagation conditions
	R16
	R16
	LOS
	
	LOS
	R16
	LOS
	R16

	PRS BW (RBs)
	≥48
	R16
	Large
	R16
	R16
	R16
	≥64
	R16

	Accuracy
	R16
	R16
	R16
	R16
	R16
	R16
	R16
	R16

	Repetition
	
	
	
	
	
	R16
	R16
	

	*UE Rx-Tx; **RSRP



· Recommended WF
· Need further discussion
	Company
	Comments

	Huawei
	Support to define one set of requirements based on M1=1. M1=2 is not very meaningful considering in many cases we may have an additional M2=1 sample for AGC, and the total number of samples would be M1+M2=3, which does not provide much gain over legacy 4-sample.
On the Es/Iot, we prefer to define it ≥-6dB. Based on our simulation results, the Rel-16 accuracy at -13dB can be met with M1=1 sample at -6dB for all PRS measurements.
On the propagation conditions, we think Rel-16 conditions can be re-used based on our simulation, but we are open to consider LOS channel if this is seen as needed by other companies.
On PRS BW and repetition, we think Rel-16 setup can be re-used and no need to further limit.
On accuracy, some clarifications may be needed. In Rel-16 we have different accuracy requirements for AWGN and fading channel (RSTD and Rx-Tx), and for different Es/Iot condition (for RSRP and Rx-Tx). We suggest that Rel-16 accuracy requirements based on -13dB Es/Iot apply, for AWGN and fading channel respectively (for RSTD and Rx-Tx).

	vivo
	For number of PRS samples w/o AGC, from the perspective of latency reduction, we propose 1 sample is feasible to perform PRS measurement.
For SNR conditions, when the side condition is -13dB, whether the sample number is 1 or 2, the measurement accuracy has a significant reduction for Fading Channel. We recommend that the higher SNR may need to be considered (e.g., -6dB) for latency reduction.
For propagation conditions, we prefer to reuse the Rel-16 channel model. If other companies would like to use LOS channel, we are OK.
For PRS RB, from the simulation results, we can see that in the case of 24RBs, 15kHz and -6dB, 1 sample has a significant reduction in measurement accuracy compared with 4 samples. Therefore, we propose the PRS RB may need to consider no less than 48.
For accuracy, when the sample number reduces from 4 to 1, the accuracy requirements for Rel-17 must need to be relaxed compared with Rel-16 in the same cases. One method is that similar to Rel-16, companies provide the accuracy requirements based on the agreed channel models, SNR condition and PRS RBs. Another is from the perspective of reducing workload, it seems as mentioned in Huawei, the Rel-16 accuracy requirements based on -13dB can be reused in Rel-17. 

	CMCC
	For Es/Iot, we are also fine to consider both >=-3 and >=-6.
For PRS BW, prefer to reuse R16 PRS BW. We understand that achieving low latency while maintaining the positioning accuracy may be challenge for some cases. But we do not think it is good way to limit the applied PRS BW. Since the target scenarios for Rel-17 positioning are commercial use cases and IIoT use cases, which may require different BW pending on the use cases, it is better to reuse Rel-16 PRS BW.

	CATT
	We can support to define one set of requirements based on 1 sample. 
For side condition, we can support to use -6dB, but we think it should be clarified for different measurement types. For RSTD measurement, it is for neighbor cell and we need to clarify the side condition of reference cell. For PRS-RSRP and UE Rx-Tx time difference measurement, there are two side conditions are defined in R16, we need to clarify whether the requirements for -3dB is still needed for R17 and which accuracy requirements we are targeting for. 
For propagation and PRS BW, we think the R16 condition can be reused. 

	OPPO
	We are fine to support M1=1 when the specific conditions are met. For Es/Iot, >-6dB should be used for neighbouring cells. For reference cell or serving cells, R16 side condition can be used. 

	Intel
	For the conditions themselves, beside RSTD performance degradation, we also observed the  obvious RSRP performance degradation in case of “NLOS + 1 sample”. And according to RAN1’s study, the LOS scenario is main using case with less PRS measurement samples. 
And for the number of “M”, companies also identified under some cases M=2 is also feasible and helpful to reduce the latency. Especially when M=1 is not feasible to measure the requirements of Rel16 as given, M=2 can be taken as the candidate solution indeed . 
	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



We don’t need the multiple sets of accuracy requirements, but the different side conditions applied for the Rel16 requirements.

	Ericsson
	Based on our simulation results, equivalent accuracy can be achieved with 4 sample and 1 sample positioning measurements given that PRS BW64 PRS, Es/Iot - 6 dB in LOS propagation conditions. Therefore, in our view a separate requirement (accuracy and measurement period) shall be defined for 1 sample positioning measurements where the target accuracy is based on Rel. 16.

	Nokia
	We support requirements based on LoS channel and high SNR (≥-6dB) for low latency. A main target is M1=1 as RAN1 and RAN4 agreed. 
Regarding M2 or other extra time/samples, we assume AGC can be a condition to achieve M=1, but M2 itself is not included in the requirement. If a UE needs extra time regarding AGC or beam sweeping, these can be conditions to restrict to use M1=1.  If M2 is considered in the spec, it will be quite complex discussion on how long extra time or sample is required.
Regarding PRS BW and accuracy, it is desirable to cover all RB configurations as much as possible. This is why considering LoS and high SNR conditions, and it will make good test coverage. However, if some of small RB cases still not meet similar level of Rel-16 accuracy under the new conditions, we can discuss excluding some case as well.
Regarding PRS repetition, we want to understand first if the PRS repetition can help low latency measurement. We propose to set more repetition with expecting a UE to process all of the repeated PRS resources within a single reception including AGC training. However, if it is not true, then we agree to HW that we don’t need to set more repetition.

	Qualcomm
	Our understanding is that the basic principle for maintaining measurement accuracy with reduced number of samples is to increase the side-condition. Based on preliminary simulation results, it may be hard to meet Rel 16 accuracy requirements for Es/Iot=-13 with reduced number of PRS samples and low number of PRBs (e.g. 24) even at higher Es/Iot, especially for NLOS fading channels. RAN4 may discuss whether to exclude num PRB = 24 and NLOS fading channels for the purpose of specifying measurement accuracy requirements with reduced number of samples. This can be further discussed in the performance phase.



Issue 1-1-2: One or more conditions under which samples for AGC is reduced or not required for PRS measurements
Agreement at RAN4#101-e (WF in R4-2120419): 
· Additional samples for AGC for PRS measurements are not required in case at least one of the following conditions is met
· Condition #1: 
· 1A) PRS bandwidth is within the active BWP and 
· FFS: 1B) Certain power difference between serving and neighbor cell signal power is maintained
· Option 1: Target PRS Es/Iot side condition is ≥ -6dB
· Option 2: Difference between serving and neighboring cell Es/Iot is within X dB
· Proposals:
· Condition 2: QC
· The UE has a valid Rx AGC for the serving cell and Condition 1 (WF in R4-2120419) 
· Condition 3: PRS Es/Iot for condition 1B in WF in R4-2120419
· Condition 3a: CMCC, Vivo, HW, E///, CATT
· When target cell PRS Es/Iot ≥ -6dB
· Condition 3b: Nokia, ZTE, OPPO, E///, CATT
· When magnitude difference between serving and target cells’ PRS Es/Iot≤ [6] dB
· Condition 4: QCL
· Condition 4a: Intel, Vivo, CMCC, QC, Nokia
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
· Condition 4b: E///
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain
· Condition 4c: QC
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain, and
· the UE was previously configured to measure the reference SSB and measured the reference SSB within X ms (FFS) of the start of the PRS measurement period.
· Condition 5: PRS configuration parameters:
· Condition 5a: CATT, Nokia
· PRS resource repetitions (in different slots) within one PRS instance. Number of repetitions is FFS
· Condition 5b: CATT
· For the PRS measurement with small periodicity Recommended WF
· Discuss the proposed conditions
	Company
	Comments

	Huawei
	For condition 1B in WF in R4-2120419, we support condition 3a. Condition 3b is also technically valid and maybe a more direct solution to the issue of power difference, but the drawback is that the absolute PRS Es/Iot condition will be depending on the serving cell condition. Also, if PRS Es/Iot side condition in Issue 1-1-1 is defined as -6dB, then we do not need to capture condition 3a to avoid AGC sample.
On condition 2, it is technically correct but we are not sure if it needs to be explicitly captured because UE should by default have valid Rx AGC setting for the serving cell, otherwise it cannot receive data in the active BWP.
We do not support condition 4. We are not sure if QCL can provide power related information. Even it can, UE is not required to performance additional measurement for the QCL source. In addition, PRS resources from different TRPs can be multiplexed on the same set of OFDM symbols, so even UE has measured the QCL source of each PRS resource, it may not be able to derive the gain setting for the PRS measurement.
We do not support condition 5. It will impact the definition of overlapping between PRS resource and MG which is based on the min number of repetitions. Also, it would increase Lprs,available (PRS durations UE needs to be measure) and could lead to longer measurement period.

	vivo
	For condition 3, we support condition 3a. If the side condition of Es/Iot ≥ -6dB is agreeable for latency reduction, there is no need to consider AGC anymore when PRS bandwidth is within the active BWP.
For condition 4, we propose that the additional sample for AGC is not needed when UE is provided with the QCL-Type D information of the PRS.

	CMCC
	For condition 3, we prefer option 3a.
For Condition 4, 4a is preferred. dl-PRS-QCL-Info defines any quasi co-location information of the DL PRS resource with other reference signal. The DL PRS may be configured with QCL ‘typeD’ with a DL PRS from a serving cell or a non-serving cell, or with rs-Type set to ‘TypeC’, ‘TypeD’, or ‘TypeC-plus-typeD’ with a SSB from a serving or non-serving cell. For this case, since UE is provided QCL info of the PRS, which means that UE already have some priori information, AGC is not needed, or the number of samples used for AGC can be reduced. Also, In RAN1#99，RAN1 agreed that “DL PRS Resource TX power value range is the same as for SSB”. With above consideration, in our understanding, samples for AGC are reduced or not required when UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info).

	CATT
	For condition 3, our first preference is option 3b, but if the side condition in issue 1-1-1 is defined as -6dB, we are also fine with option 3a. 
For condition 4, we don’t think the QCL information can provide power related information, so the AGC setting may not be skipped. 

	OPPO
	Support condition 3b and are open to discuss option 5.
For condition 4, we share the same view with Huawei and CATT, QCL information will not provide Rx power information.

	Intel
	Option 4 is mainly to address the RX beamforming which can lead a huge power difference when UE receiving the PRS.  We are also fine with Option 4a, 4b. For 4c, it is hard to justify the power variance over X ms. 
We can support Option 3 since it is the basic SINR side conditions agreed. 

	Ericsson 
	In our view, option 2 is implied as UE should have a valid Rx AGC setting corresponding to the serving cell and do not see if this has to be explicitly agreed. Out of conditions 3,4, and 5 outlined in the proposals above, we support condition 3 (both a and b). If conditions 1A, 2, and 3 are met, we do not see a need for options 4, and 5 being defined as conditions under which samples for AGC is reduced or not required for PRS measurements. 

	Nokia
	Regarding 1B and 3, for AGC training, the magnitude of input signal is the training reference. If a neighbor cell signal magnitude has less than XdB different offset, then RX can still process without extra training. It is unclear if AGC refers to Es/Iot difference like Option-3B. We think Option-3B means ‘when magnitude difference between serving and target cells < [6] dB’. Otherwise, we are ok with option-3a.
Regarding condition-2, it is a part of conditions to support M=1, that is agreeable, but its condition scope seems too narrow. We wonder if M=1 (M2=0) is possible when a UE receives PRS resource out of active BWP with same SCS with the magnitude condition in Option-3B. At least, we assume it does not take one extra full sample for AGC.
For condition-4, AGC and RX beams are separately discussed. These conditions belong to them.
For condition-5, RAN4 should study this point further. If network provides PRS repetition in one burst transmission, a UE should be able to use the given PRS repetition effectively for low latency. However, our contribution shared the potential issue as Huawei that there are unclear points just to claim benefits from repetition. If just increasing processing time over Lprs,available by ‘N’ buffer processing, the PRS repetition is useless. We expect UE venders can clarify how to process repeated PRS resources with UE processing capability.

	Qualcomm
	We support condition 2 and condition 3c. The difference between 3b and 3c is to make it clear that the UE needs to be configured to measure the reference SSBs and that the reference SSBs should be detectable and measured with some proximity to PRS. 


Issue 1-1-3: Applicability conditions for reduced Rx beam sweeping factor (<8) capability
Note: Issues 1-1-3/1-1-4 are related to response to RAN1 LS in R1-2112767: LS on lower Rx beam sweeping factor.
Agreement at RAN4#101-e (WF in R4-2120419):
· Introduce a new UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency for FR2 positioning frequency layers under certain conditions. Conditions are FFS.
· Whether UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency is applicable under certain conditions? 
· Proposals:
· Option 1: CATT, Vivo, OPPO, E///, HW, Nokia
· UE capability is applicable without any condition.
· Option 2: 
· Option 2a: CMCC, Nokia
·  Applicable if UE is provided with QCL info of PRS (dl-PRS-QCL-Info)
· Option 2b: QC
· Applicable under following conditions:
· At least Type-D QCL information (dl-PRS-QCL-Info) is provided for PRS with SSB as QCL reference, and
· the UE was previously configured to measure the reference SSBs and measured the reference SSBs within X ms (FFS) of the start of the PRS measurement period, and
· the LMF requests the UE to use a reduced Rx beam sweeping factor in the location request.
· Recommended WF
· Discuss the proposal
	Company
	Comments

	Huawei
	Option 1.
We understand this reduced Rx beam sweeping factor is an optional UE capability based on UE using a set of Rx beams for PRS measurement which has less than 8 Rx beams, i.e. UE still performs full Rx beam sweeping but the number of Rx beams is reduced. 
On option 2, it is based on UE skipping or reducing Rx beam sweeping by using QCL information. It is feasible but it requires conditions in option 2b, and even they are met, PRS resources from different TRPs can be multiplexed on the same set of OFDM symbols, which means UE cannot use a single Rx beam (derived from the QCL source) to receive all PRS resources on the same set of OFDM symbols.

	vivo
	Option 1. For condition 1, even for UE without new capabilities, if QCL information of PRS is configured with a SS/PBCH Block for FR2, the Rx beam sweeping may be not needed when the neighbor cell is known to UE. Condition 1 is not relevant to new UE capability.

	CMCC
	We are also fine with option 1. 

	CATT
	Option 1. 
Since the lower Rx beam sweeping is already UE capability and depends on UE implementation, there is no other condition needed. And in R16 positioning, it has been agreed if QCL information is provided, no Rx beam sweeping is needed, so no UE capability is needed in this case. 

	OPPO
	Support option 1. The lower Rx beam sweeping factor is achieved by enhanced UE capability introduced in RAN1. No condition is required. 

	Intel
	Option 1

	Ericsson
	At the moment, Rx beam sweeping factor of 8 is defined as a UE capability. In our understanding if the UE has dl-PRS-QCL-info then UE can use a smaller number of beam(s) for PRS measurement. Therefore we support Option 2a.

	Nokia
	Conditions in Option-2a and 2b can be studied, if Rel-17 UE can reduce it significantly (with i.e.  NRxbeam  = 1, 2).  If a UE is given with dl-PRS-QCL-Info and previously measured the beam, then this can be possible. 

	Qualcomm
	Option 1 may be supported if the UE can signal a value of reduced Rx beam sweeping factor (between 1 and 7) as part of the capability. The LMF should request the UE to use a reduced Rx beam sweeping factor in the location request, otherwise the UE would be expected to report measurements based on the Rel-16 Rx beam sweeping factor of 8.


Issue 1-1-4: Rx beam sweep numbers for reduced Rx beam sweeping factor (<8) capability 
· Number of Rx beam sweeps which UE can support?
· Proposals:
· Option 1: Vivo
· 4
· Option 2: CATT
· 1, 2, 4
· Recommended WF
· Discuss the proposal
	Company
	Comments

	Huawei
	Our suggested values are 4 and 6. 
We are not sure if small values like 1 or 2 are feasible. Anyway it would be good to clarify in RAN4 the expected Rx gain with the reduced number of Rx beams.

	vivo
	Option 1. We are not sure whether UE has more capability to support 1 or 2.

	CATT
	We can compromise to 2 and 4. As the UE capability is introduced, some latency reduction gain is expected. But since this is UE implementation, we are open to listen to more views on the limitation. 

	OPPO
	We are fine with 4, but would like to check with RAN1. 

	Intel
	Slightly prefer single value (e.g. 4)

	Ericsson
	In our view capability should be one value that is  4. Actual value can be FFS.

	Nokia
	We support Option-2 for meaningful reduction.

	Qualcomm
	The UE may indicate it supports any number from 1 to 7.



Issue 1-1-5: Defining reduced number of samples (M) or associated parameters as UE capability?
· Proposals:
· Option 1: Intel
· 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


· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	We understand RAN4 requirements for a feature are applicable only when UE supports the feature and when the side conditions are met. Option 1 is also aligned with this principle, so we are not sure if we need to further discuss this issue or make any agreement. 

	vivo
	It is common understanding that only when UE supports the feature of ‘reduced number of samples’ and the side condition which is discussed in Issue 1-1-1 are met, the requirements is applicable.

	CATT
	Share the same view as Huawei. 

	OPPO
	When UE is capable of M samples and the specific condition is met, we think the requirements in R17 rather R16 should be applicable. And when the specific condition is not met, the meaning of “relaxed requirement” needs further clarification. Does it mean to extend the measurement period and maintain the same accuracy requirements, or keep the same measurement period and loose the accuracy requirements. 

	Intel
	This is up to the issue 1-1-1. If some specific conditions are needed to support the Rel16 requirement with less samples, from RRM requirements perspective, UE shall follow Rel16 requirement when such conditions (e.g. channel model, PRS BW) are indicated to UE by LPP messate (e.g. CommonIEsRequestLocationInformation) . Normally, the requirements shall be applicable under all these conditions 

That is beside RAN1’s agreement on such capability, the requirements need to be applied when RAN4’s conditions agreed.


	Ericsson
	We understand that a set of requirements (accuracy and measurement period) needs to be defined for reduced sample based PRS measurement. From the table above it is not clear if it refers to a specific requirement. In our view, Rel. 16 accuracy requirement shall be adopted also for the reduced number of sample based PRS measurement. 

	Nokia
	RAN4 requirement for low latency measurements needs to cover most of Rel-16 test configurations.  It is desirable to have good test coverage for the usecase. However, if RAN4 observes that reasonable accuracy is not achieved even under good conditions (i.e. LoS, high SNR) at the end, we agree to exclude such minor cases.

	Qualcomm
	The proposal above is not entirely clear. We can agree to the following: any new requirements for PRS measurements with a reduced number of samples do not apply to a UE that does not support PRS measurements with reduced number of samples.



Issue 1-1-6: Measurement period optimizations for latency reduction
· Proposals:
· Option 1: Nokia
· When network provides repetited PRS symbols in one transmission occasion, RAN4 needs to review the UE processing capability {N,T} for low latency whether a UE can properly process the repeated PRS resources.
     - If ‘N’ is not large enough, a UE may not be able to use repetited PRS symbols effectively.  
     - In order to avoid measurement latency, UE processing capability should fit in the PRS resource allocation. (i.e.  UE processing time < 
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	We understand RAN4 requirements for a feature are applicable only when UE supports the feature and when the side conditions are met. Option 1 is also aligned with this principle, so we are not sure if we need to further discuss this issue or make any agreement. 

	vivo 
	We understand the measurement delay will be reduced with such configuration. However, the PRS configuration would be cell specific. So, it is difficult to have such constraint for all UEs with different UE capability.

	CATT
	We don’t think this limitation is needed. 

	OPPO
	Generally, we are fine with option 1. As for the feasibility of such PRS configuration, we think it is possible if on-demand PRS is used.

	Intel
	This is up to RAN1’s discussion.

	Ericsson
	Agree with comment from Huawei.

	Nokia
	The issue statement is that even if network provides repeated PRS symbols for low latency measurement, a UE may not be able to measure the repeated PRS effectively due to short buffer size ‘N’.
@Vivo, we agree that the PRS configuration would be cell specific, so the controllable part is on UE processing.
@HW, if the issue statement is acceptable, we propose additional study as the next step on :
If a UE aims to make low latency measurement, the UE processing {N,T} capability is chosen aligned with PRS resource allocation including PRS repetition.  

	Qualcomm
	Our understanding is that there is no change to the UE PRS processing capability (N, T) for measurements within MG in Rel-17. The new UE PRS processing capability (N, T) introduced in Rel-17 for low-latency positioning applies with the PRS processing window, not with MG.
Note the current applicability statement in 38.133:
“The measurement requirements do not apply for a PRS resource, if time span of the PRS resource instance (including at least the minimum number of repetitions specified in the accuracy requirements) is greater than UE reported capability N.”



Sub-topic 1-2: PRS measurements without gaps
Issue 1-2-1: Work needed for PRS measurements without gaps
· Proposals on List of potential additional parameters/aspects in the PRS measurement requirements for gapless measurements:
	No.
	Parameters/issues
	CATT
	Intel
	Nokia
	CMCC
	Vivo
	QC
	OPPO
	HW

	1
	 
	PPWRP
	
	
	
	
	
	PRS processing window periodicity
	

	2
	
	R16
	Based on RAN1 discussion
	Count unmuted PRS.

	
	
	Unmuted PRS meeting conditions for PRS measurements within the PRS window
	Unmuted and overlapped PRS within PRS processing window
	Unmuted and overlapped PRS within PRS processing window

	3
	 
	R16
	
	
	
	
	.
	R16
	R16

	4
	Applicable number of PFLs
	
	1 PFL
	
	
	
	1 PFL
	
	

	5
	Applicable number of samples
	
	[1, 2] or 4 based on UE capability
	< 4
	
	4
	
	3
	<4 and 4

	6
	Approach on the calculation of multiple positioning frequency layers
	Based on PRS resources overlapping of different PFLs
	1 PFL
	
	
	
	
	
	Sum-approach

	7
	PRS processing window
	
	Based on RAN1 discussion
	
	
	
	
	Based on RAN1 discussion
	

	8
	Requirement applicability
	Rx time difference within CP (single FFT)
	
	Numerology, RX timing difference, RX power offset, 
	
	
	When PRS has higher priority than all other signals/channels inside PRS processing window
	RX timing difference within CP
	PRS overlaps with PPW, PRS not overlap with other signals channels of higher priority, PRS whose RTD is ≤ max RTD supported by UE

	9
	CSSF outside MG
	Based on processing unit assumption
	Need update
	
	
	
	1
	CSSF outside MG as in clause 9.1.5.1
	

	10
	Scheduling restriction
	
	FFS scheduling restriction
	scheduling restriction
	
	
	
	
	Scheduling restriction table 1 (R4-2201637)

	11
	PRS/SSB collision
	
	
	
	
	
	Extend PRS measurement period or drop SSB
	
	PRS is prioritized. Equal sharing between SSB and PRS in case of full overlapping

	12
	MG/PPW reconfig/activation
	
	
	
	
	
	
	
	Measurement period is extended 

	PPW= PRS processing window
PPWRP= PPW Repetition Period



· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	On Tavailable and Lavailable, we think PPW plays same role for MG-less measurement as MG for MG based measurement, so it is straightforward to adapt definitions of Tavailable and Lavailable based on PPW.
On Teffect, we do not see any reason why it should be changed compared to Rel-16 as UE capability {N,T} is still applicable for MG-less measurement (though the reported values may be different for MG-less and MG based measurements). 
On number of PFL, it could happen that multiple PFLs are in active BWPs of different serving CCs, and as a result RAN1 has agreed to include CC-ID as a configuration parameter for PPW. We are open to discuss but so far we do not see clear reason to limit to single PFL in RAN4 requirements. On approach to define multi-PFL requirements, same sum-approach should be used as for MG based measurement.
On number of samples, at least 4-sample should be supported, and M-sample can be also supported based on UE capability. This is same as MG based measurement.
On requirement applicability, based on RAN1 UE is only required to measure PRS resources within PPW and with expected RTD < max RTD. In addition, we suggest that requirements apply only when none of the PRS resource occasions is overlapped with other DL signals/channels with higher priority, as otherwise some resource occasions will be dropped. 
On CSSF and SSB/PRS collision, we suggest to prioritize PRS over RRM measurement since MG-less measurement is motivated by low latency. As such CSSF for PRS equals to 1. The case of full overlapping between PRS and SSB needs to be addressed as it will be problematic for mobility to completely drop RRM measurement. 
On scheduling restriction, it is needed because based on RAN1 conclusion UE is supposed to drop other DL signals/channels when measuring PRS. There can be different impacts depending on UE processing capability (1A, 1B or 2).
On MG/PPW reconfiguration/activation, it is similar as MG reconfiguration in Rel-16. 

	vivo
	For , the measurement gap can be used as a reference for the design of PRS processing window. We propose that  should be defined as the least common multiple between  and the periodicity of PRS processing window.
For , the existing definition may be reused for gapless PRS measurement.
For sample number, 4 samples can be used as baseline until there is clear conclusions for reduced PRS sample for latency reduction.
For scheduling restriction, we notice that there are many DL signals including measurement reference signals (SSB or CSI-RS) and RLM reference signals (SSB or CSI-RS) which are not within the scope of RAN1 discussion. We propose that RLM, BFD and L1/L3 measurement is higher priority than PRS measurement which has less impact on 38.133.

	CMCC
	For Tavailable, we are ok with LCM (T_PRS,i, PPWRP). 
For scheduling restriction, more discussion is needed.

	CATT
	For Tavailable, we are fine to use the least common multiple of TPRS and PPWRP. 
For Lavailable, we think the same calculation approach as R16 can be reused, but only the PRS within PRS processing window can be considered.
For Teffect, we think the same approach as R16 can be used. 
For number of samples, we think both 4 samples and reduced number of samples if decided can be used. 
For calculation of multiple PFLs, we think it is related to the PRS resources configuration. If the PRS resources in different PFLs are not overlapped, the maximum approach can be used. Otherwise, summation based approach can be used. 
For requirement applicability, it is related to FFT assumption, if no single FFT window is assumed, no timing difference limitation is needed. If with single FFT assumption, the timing difference between serving cell and neighbor cell is no larger than CP. 
For CSSF definition, it is related to the assumption of PRS processing engine. If same engine is assumed, CSSF is needed and equal sharing between RRM and PRS is assumed. 

	OPPO
	For , our proposal is to replace MGRP by the PRS processing window periodicity. Therefore, we can support .
For  , we think the R16 method could be reused if the PRS processing capability outside MG is similar to PRS processing capability within MG.
For the applicable number of samples, we can compromise to use 4 samples as the baseline. The rational of 3 samples is that we think the 1 sample for AGC in R16 can be reduced for outside PRS measurements. Based on RAN1 agreements, PRS resource inside active DL BWP and configured with the same numerology as active DL BWP can be measured outside MG. Such the condition is aligned with intra-frequency measurement, and the AGC sample is not needed. 
If single FFT window is used for PRS measurement and data, the Rx timing difference should be smaller than CP length. But we are open to discuss other options. 
CSSF outside MG as in clause 9.1.5.1 need to be updated by taking PRS into account.

	Intel
	Can be dicussed on each of them separately. 
Hereby, we would like to emphasis the issue of the number of PFLs. According to PFL’s definition, it seems the gap-less measurement is only valid in case of single PFL. 

	Ericsson 
	· , , , and  parameter values shall be derived assuming i=1, i.e, gapless measurement up to UE capability is limited to single PFL. In our understanding this aligns with RAN1 agreement where during gapless measurement UE measures PRS having same numerology as the active DL BWP.
· Applicable number of PFLs = 1
· Applicable number of samples  4
PRS processing window based on RAN1 agreement.

	Nokia
	1. PPWRP is assistance information on PRS scheduling. A UE can measure in PPWRP and also out of PPWRP. If the feature restricts a UE to measure it only within PPWRP, we agree to 
If a UE measures in PPWRP and also out of PPWRP, then we think   is  RAN4 can clarify this point for possible agreements. 
2. The way to calculate  will be same as Rel-16.
3.   is up to #1. 
4,6. We agree no need to restrict ‘1-PFL’
5.  We support low latency measurement for measurement out of MG. Based on discussion above, the conditions above in 1.2.1 appear similar like active BWP.
7. Requirements is made based on the RAN1 agreements.
8. See issue 1.2.2 below
9. We understand CSSF outside MG, but if PPWRP configuration is a necessary condition for measurement out of MG, CSSF=1. If it is not necessary condition, CSSF can be updated.
10. RAN1 agreement defines possible UE RX priority rules, so RAN4 can design RX scheduling restriction base don that. But a few options are still open on UE processing capability (1A, 1B or 2) in RAN1 agreement, we are not sure if all of them are adopted in the final UE capability.
11. A baseline is that PRS measurement is deprioritized, that is also one option in RAN1 agreement.

	Qualcomm
	At least measurements with one sample (M1=1) should be supported for low-latency positioning with PPW. To clarify requirements applicability (row 8 in the table above), the measurement period requirement (formula) would apply when PRS has higher priority than all other signals/channels inside PRS processing window. If there are collisions with higher priority DL signals, the PRS measurement period can be extended.



Issue 1-2-2: Related to RAN1 LS on condition of PRS measurement outside the MG
Response to RAN1 LS in R1-2112883 on condition of PRS measurement outside the MG. Response on if UE needs to calculate the expected Rx time difference and/or compare it against the threshold.
· Proposals:
· Proposal 1: HW
· Expected RTD is defined as max(X1, X2), where 
· X1 = X1’, if X1’ < 0.5 slot; X1 = 1-X1’, otherwise 
· X1’= mod(expected RSTD + expected RSTD uncertainty, slot length)
· X2 = X2’, if X2’ < 0.5 slot; X2 = 1-X2’, otherwise 
· X2’= mod(expected RSTD - expected RSTD uncertainty, slot length)
· Introduce UE capability for the maximum Rx timing difference in MG-less PRS measurement, with at least two values {CP length, 0.5 slot}.
· It is up to UE implementation whether to calculate the expected Rx time difference and/or compare it against the threshold

· Proposal 2: Vivo
· The maximum expected Rx timing difference between the PRS from serving cell and that from non-serving cell would reach 1064us and 1016us for FR1 and FR2 respectively.
· The threshold shall be the maximum expected Rx timing difference (e.g., 1064us and 1016us for FR1 and FR2 respectively) if the PRS from the nom-serving cell can be guaranteed within the PRS processing window for capability 1A and 1B.
· The threshold shall be CP length if the PRS have to be in the same symbols for the non-serving cell and serving cell for capability 2.
· Proposal 3: Intel, ZTE, OPPO
· The threshold, which is used to be compared against with the Rx timing difference to determine whether the PRS from the non-serving cell satisfy the condition of PRS measurement outside MG can be: [-½ CP length, ½ CP length]
· Proposal 4: CATT
· For the PRS measurement without MG, the condition that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within a threshold is not necessary when multiple FFT processing is assumed. 
· If single FFT processing is assumed, the condition for PRS measurement without MG is that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within CP
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei 
	We support option 1.
Before discussing the threshold for max expected RTD, RAN4 needs first to clarify how expected RTD is calculated from the expected RSTD and uncertainty in the AD, and our suggestion is captured in option 1.
Next, we think the max RTD threshold should reflect that there can be two types of UE implementations, one requires certain level of sync between serving and non-serving cells, and the other one does not require any sync (like in MG based measurement). 
Based on the definition of expected RTD and considering two types of implementations, we suggest to define a UE capability for the max RTD threshold with two values {CP, half-slot}.

	vivo
	Support Option 2.
For capability 1A and 1B, as long as the PRS from the non-serving cell is guaranteed within the processing window, the UE can perform PRS measurement through time-domain sliding correlation by using the multiple FFT processing. And based on the Rel-16 agreement, the maximum expected Rx timing difference between the PRS from serving cell and that from non-serving cell would reach 1064us and 1016us for FR1 and FR2 respectively. Therefore, the threshold shall be 1064us and 1016us for FR1 and FR2 respectively if the PRS from the nom-serving cell can be guaranteed within the PRS processing window for capability 1A and 1B.
For capability 2, considering the PRS have to be in the same symbols for the non-serving cell and serving cell since the serving cell does not know the symbol position of neighbour cell PRS, the threshold can be CP length.

	CATT
	Support proposal 4. 
As discussed in issue 1-2-1, this is related to FFT assumption, the condition is only needed when single FFT window is assumed. And with this assumption, we think the threshold can be CP length and we don’t think UE capability is needed. 

	OPPO
	Support option 3. Low UE capability with single FFT assumption should be considered as the baseline.

	Intel
	In our understanding, RAN1’s LS want to address the uncertainty of window which is used for guarantee the correct detection on the neighor cell’s PRS with some degree timing misalignments. From RAN4 discussion on the synchronization (e.g. cell identification /search the half CP can be used as the jusfitication condition to ensure the synchronization with the detected cells).

And regarding to Option 1, in our view, whether the UE needs the certain synchronization or not can be FFS in RAN1.

	Ericsson
	CP length as threshold value. The UE may make use of the threshold value to select and report RSTD measurements that fall within the threshold.

	Nokia
	We support the approach to set two different RTD conditions depending on UE capability in proposal 1,2,4.  How to differentiate them is FFS.

	Qualcomm
	The UE should not be required to evaluate the applicability condition on Rx timing difference by measuring the DL timing of the serving cell and neighbor cells/TRPs and comparing the difference with the threshold to decide whether to perform and report measurements. It should be based on the assistance data. If PRS resources for a TRP do not meet the constraint, then, if the UE reports measurements for that TRP, it may not meet accuracy requirements.
The Rx timing difference condition should be defined in terms of subframe timing since RSTD is defined in terms of subframe start times in TS 38.215, and expected RSTD is the expected value of RSTD for a TRP w.r.t. to the reference cell/TRP in the DL-PRS assistance data. Note that the reference cell/TRP in the DL-PRS assistance data does not have to be the serving cell where the PPW is configured. However, the reference cell/TRP must be a cell whose Rx timing is known or can be acquired by the UE. Any difference in Rx timing between the reference cell/TRP and serving cell where the PPW is configured should be taken into account when evaluating the threshold for the applicability condition on Rx timing difference between the serving cell and neighbor cells/TRPs.
The value of the threshold may be further discussed and multiple values (e.g. 2)  may be supported via different UE capabilities. We propose 1/2 symbol. FFS other values.
Also, note that the serving cell may not transmit PRS. RAN1 has not stated that applicability of the PPW requires PRS to be transmitted by the serving cell where the PPW is configured.




Sub-topic 1-3: Measurement gaps enhancement/patterns for PRS measurements
Issue 1-3-1: Per-FR MG for PRS measurement 
· Proposals:
· Option 1: CATT, Vivo, HW
· Define the support of per-FR MG for PRS measurement
· Option 2: Intel
· Per-FR MG for PRS measurement shall be deprioritized
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Support option 1.
This is a leftover issue from Rel-16, and based on Rel-16 discussion the Rel-16 requirements can be re-used with only some clarification on the MG applicability, so the spec impacts are small.

	vivo
	Option 1.

	CATT
	Option 1. 

	OPPO
	Prefer option 2.

	Intel
	Slightly prefer to Option 2 since the gap pattern for PRS dedicated in Re1l6(#24,25) are per-UE only.
But we are also fine if majority companies thought this is necessary and doable in Rel17.

	Ericsson
	We are OK with Option 1.

	Nokia
	prefer to Option 2. But we are open if seeing benefits for latency reduction.

	Qualcomm
	We support option 1.


Issue 1-3-2: Optimization of PRS measurements with gaps
· Proposals:
· Option 1: HW, CATT, Nokia
· Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe.
· Option 2: QC
· For a low-latency PFL i with ,  and , set  in the measurement period requirement if all the PRS resources in  are contained within a single measurement gap instance.
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Option 1.
On option 2, we are not sure if additional restrictions such as “,  and ” are needed to apply the enhancement. 

	CATT
	Option 1. 

	Intel
	Option 1 

	Ericsson
	In our understanding proposed optimization is to reduce latency. For reduced latency measurement period can be limited to single PFL.

	Nokia
	Option-1 is preferred. In our understand, both options seem to have the same purpose. If , the first sample is the last one, so the condition is more effective as we understood the proposal. But it would be good to make general improvement. 

	Qualcomm
	Is option 1 applicable when N_sample > 1? Option 2 is more specific and targets cases in which the measurement can be performed and processed within a single MG instance. Option 1 is not as clear.



Issue 1-3-3: Requirements for MG enhancements introduced by RAN1 
· Proposals:
· Option 1: HW
· RAN4 to define measurement requirements when POS MG(s) are configured with the assumptions that POS MG(s) can only be used for PRS measurement, and only one POS MG can be activated at a time.
· RAN4 to define measurement requirements when POS MG(s) are configured for the following scenarios.
· Scenario 1: No MG is configured for RRM measurement
· POS MG is considered as legacy MG in PRS and RRM measurements when activated
· POS MG is not considered in RRM requirements when deactivated
· Scenario 2: One legacy MG is configured for RRM measurement
· FFS to define requirements for RRM and PRS measurements based on framework of concurrent MGs when POS MG is activated
· POS MG is not considered in RRM requirements when deactivated
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Option 1.
RAN4 needs to define the applicability conditions under which the PRS and RRM measurement requirements apply with the MG enhancement introduced by RAN1.

	CATT
	Need further study. It needs further clarification whether the RAN1 defined pre-MG can be configured independently with legacy gap. And what’s the relation between RAN1 defined Pre-MG (MAC CE based) and RAN4 defined Pre-MG in R17. 

	Intel
	The principle can be agreed. E.g. in our TDoc, 
“Observation 4: As the pre-configured MG for PRS was introduced in Rel17, the corresponding requirements for this new aspect shall be discussed

	Ericsson
	In previous meeting it was agreed to not discuss MG enhancement for PRS measurement under Rel-17 ePos WI.

	Nokia
	We share the same observation as Ericsson. But we also see RAN4 MG-enh agreement conflicts with RAN1 NR-pos agreement to support pre-MG. It needs further discussion to make conclusion.

	Qualcomm
	Support of pre-configured MG for positioning activated via MAC-CE (a.k.a. POS MG) should be indicated with a separate UE capability. RAN4 should discuss how many POS MG can be pre-configured by the network. At most one POS MG may be active at any one time.
RAN4 should define requirements at least for Scenario 1. One clarification for the first bullet point under scenario 1 is that POS MG can be only used for positioning measurements.
FFS whether RAN4 will define requirements for support of concurrent MG, where one of the gaps may be a POS MG.
If a UE supports POS MG but does not support concurrent MG, then it may request a POS MG when there is a legacy MG already configured by the network, but before the network activates the POS MG, the network should release the legacy MG. It’s at the network’s discretion to activate the POS MG.
If a UE requests a POS MG in a scenario where activating the POS MG would exceed the maximum number (or type) of concurrent MGs supported by the UE, then if the network decides to activate the POS MG it should first release one of the active MG before activating the POS MG.



CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2201370 (Vivo)
	Ericsson: postpone until agreements have been reached.

	
	Nokia : revisit with agreements.

	
	

	
	

	
	

	R4-2201639 (Huawei, Hisilicon)
	Huawei: this CR can be postponed, and we can work based on the draft CR split discussed in Topic 4.

	
	Ericsson: postpone until agreements have been reached.

	
	Nokia : revisit with agreements.

	
	

	
	



Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic 1-1
	Issue 1-1-1: Number of samples (M1) excluding sample(s) for AGC and associated conditions
Tentative agreements:
	Parameters
	Value

	No of samples w/o AGC (M1)
	1

	PRS Ês/Iot (dB)
	≥ -6

	Propagation conditions
	LOS

	PRS BW (RBs)
	≥ [48]

	Accuracy
	R16

	Repetition
	R16



Recommendations for 2nd round: No further discussion is needed. 

	Sub-topic 1-1
	Issue 1-1-2: One or more conditions under which samples for AGC is reduced or not required for PRS measurements
GTW agreements:
· Additional samples for AGC for PRS measurements are not required in case at least one of the following conditions is met
· Condition #1: 
· 1A) PRS bandwidth is within the active BWP and 
· 1B) Difference between the serving and neighboring cell [total] RX power is within [6] dB. 
· FFS on the detailed RX power definition.
Candidate options:
· Condition 4: QCL
· Condition 4a: Intel, Vivo, CMCC, QC, Nokia
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
· Condition 4b: E///
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain
· Condition 4c: QC
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain, and
· the UE was previously configured to measure the reference SSB and measured the reference SSB within X ms (FFS) of the start of the PRS measurement period.
· Condition 5: PRS configuration parameters:
· Condition 5a: CATT, Nokia
· PRS resource repetitions (in different slots) within one PRS instance. Number of repetitions is FFS
· Condition 5b: CATT
· For the PRS measurement with small periodicity
Recommendations for 2nd round: Further discuss conditions 4 and 5 in 2nd round

	Sub-topic 1-1
	Issue 1-1-3: Applicability conditions for reduced Rx beam sweeping factor (<8) capability
Related to response to RAN1 LS in R1-2112767: LS on lower Rx beam sweeping factor
GTW agreements:
· Reduced Rx beam sweeping factor (<8) capability can be applicable without any additional conditions
· No impact on positioning measurement accuracy requirements for UEs supporting the capability
· Positioning measurement period requirements will be reduced for UEs supporting the capability
· FFS whether UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor
Recommendations for 2nd round: No further discussion in 2nd round. Companies to check draft LS which includes at least agreements on issues 1-1-3 and 1-1-4, and 1-1-4A (if agreement is reached). 

	Sub-topic 1-1
	Issue 1-1-4: Rx beam sweep numbers for reduced Rx beam sweeping factor (<8) capability
GTW agreements:
· The following Rx beam sweep numbers are supported for reduced Rx beam sweeping factor (<8) UE capability: {1, 2, 4, 6}
Recommendations for 2nd round: No discussion in 2nd round. 

	Sub-topic 1-1
	Issue 1-1-4A: Need for LMF to configure UE to measurement with a reduced Rx beam sweeping factor 
Tentative agreements: None
Candidate options:
· Whether UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor?
· Option 1:
· Yes
· Option 2:
· No
Recommendations for 2nd round: Discussion in 2nd round.

	Sub-topic 1-1
	Issue 1-1-5: Defining reduced number of samples (M) or associated parameters as UE capability?
Tentative agreements:
The PRS measurement requirements with reduced number of samples shall apply only for UE which supports PRS measurement with reduced number of samples.
Note: Specific conditions under which the PRS requirements with reduced number of samples apply are covered under issue 1-1-1.
Recommendations for 2nd round: No further discussion is needed. 

	Sub-topic 1-1
	Issue 1-1-6: Measurement period optimizations for latency reduction
Tentative agreements: None
Candidate options:
· Does the UE processing capability {N,T} for low latency needs to be reviewed/revisited by RAN4 whether a UE can properly process the repeated PRS resources?
· Option 1: Nokia, OPPO
· Yes
· Option 2: HW, CATT, E///, Intel, QC
· No
Recommendations for 2nd round: Further discuss in 2nd round.

	Sub-topic 1-2
	Issue 1-2-1: Work needed for PRS measurements without gaps
Tentative agreements:
· PRS measurements without gaps are performed within PRS processing window (PPW)
· 
· Scheduling restriction is required based on RAN1 agreements.
Candidate options:
	No.
	Parameters/issues
	Option 1
	Option 2
	Option 3
	Option 4

	2
	
	R16
	Unmuted and overlapped PRS within PRS processing window
	
	

	3
	 
	R16
	.
	
	

	4
	Applicable number of PFLs
	1 
	> 1
	
	

	5
	Applicable number of samples
	4 
	4 and < 4
	
	

	6
	Approach on the calculation of multiple positioning frequency layers
	Based on PRS resources overlapping of different PFLs
	1 PFL
	Sum approach
	

	7
	PRS processing window
	Based on RAN1 discussion
	Based on RAN1 discussion
	
	

	8
	Requirement applicability
	Rx time difference within CP
	Numerology, RX timing difference, RX power offset, 
	When PRS has higher priority than all other signals/channels inside PRS processing window
	PRS overlaps with PPW, PRS not overlap with other signals channels of higher priority, PRS whose RTD is ≤ max RTD supported by UE

	9
	CSSF outside MG
	Based on processing unit assumption
	1
	Update CSSF outside MG in clause 9.1.5.1 
	

	10
	Scheduling restriction
	Scheduling restriction table 1 (R4-2201637)
	
RLM, BFD and L1/L3 measurement higher priority over PRS
	
	

	11
	PRS/SSB collision
	Extend PRS measurement period or drop SSB
	PRS is prioritized. Equal sharing between SSB and PRS in case of full overlapping
	
	

	12
	MG/PPW reconfig/activation
	Measurement period is extended 
	
	
	

	PPW= PRS processing window
PPWRP= PPW Repetition Period



Recommendations for 2nd round: Further discuss in 2nd round

	Sub-topic 1-2
	Issue 1-2-2: Related to RAN1 LS on condition of PRS measurement outside the MG
Related to RAN1 LS in R1-2112883 on condition of PRS measurement outside the MG. Response on if UE needs to calculate the expected Rx time difference and/or compare it against the threshold.
“Rx timing between the reference cell/TRP and serving cell where the PPW is configured should be taken into account when evaluating the threshold for the applicability condition on Rx timing difference between the serving cell and neighbor cells/TRPs”
Tentative agreements: None
Candidate options:
· Proposal 1: HW
· Expected RTD is defined as max(X1, X2), where 
· X1 = X1’, if X1’ < 0.5 slot; X1 = 1-X1’, otherwise 
· X1’= mod(expected RSTD + expected RSTD uncertainty, slot length)
· X2 = X2’, if X2’ < 0.5 slot; X2 = 1-X2’, otherwise 
· X2’= mod(expected RSTD - expected RSTD uncertainty, slot length)
· Introduce UE capability for the maximum Rx timing difference in MG-less PRS measurement, with at least two values {CP length, 0.5 slot}.
· It is up to UE implementation whether to calculate the expected Rx time difference and/or compare it against the threshold

· Proposal 2: Vivo
· The maximum expected Rx timing difference between the PRS from serving cell and that from non-serving cell would reach 1064us and 1016us for FR1 and FR2 respectively.
· The threshold shall be the maximum expected Rx timing difference (e.g., 1064us and 1016us for FR1 and FR2 respectively) if the PRS from the nom-serving cell can be guaranteed within the PRS processing window for capability 1A and 1B.
· The threshold shall be CP length if the PRS have to be in the same symbols for the non-serving cell and serving cell for capability 2.
· Proposal 3: Intel, ZTE, OPPO
· The threshold, which is used to be compared against with the Rx timing difference to determine whether the PRS from the non-serving cell satisfy the condition of PRS measurement outside MG can be: [-½ CP length, ½ CP length]
· Proposal 4: CATT
· For the PRS measurement without MG, the condition that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within a threshold is not necessary when multiple FFT processing is assumed. 
· If single FFT processing is assumed, the condition for PRS measurement without MG is that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within CP
· Proposal 5: QC
· Rx timing between the reference cell/TRP and serving cell where the PPW is configured should be taken into account when evaluating the threshold for the applicability condition on Rx timing difference between the serving cell and neighbor cells/TRPs.
· Threshold = 1/2 symbol
Recommendations for 2nd round: Further discuss in 2nd round and review the draft LS. 

	Sub-topic 1-3
	Issue 1-3-1: Per-FR MG for PRS measurement 
Tentative agreements: None
Candidate options:
· Should per-FR MG for PRS measurements be supported in Rel-17?
· Option 1: HW, CATT, E///, QC
· Yes
· Option 2: Intel, Nokia, OPPO
· No
Recommendations for 2nd round: Further discuss in 2nd round.

	[bookmark: _Hlk93481173]Sub-topic 1-3
	Issue 1-3-2: Optimization of PRS measurements with gaps
Tentative agreements: None
Candidate options:
· Option 1: HW, CATT, Nokia
· Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe.
· Option 2: QC
· For a low-latency PFL i with ,  and , set  in the measurement period requirement if all the PRS resources in  are contained within a single measurement gap instance.
Recommendations for 2nd round: 
Further discuss in 2nd round. Is Option 1 targeted for improvement of legacy requirements and/or also apply for latency reduction? 

	Sub-topic 1-3
	Issue 1-3-3: Requirements for MG enhancements introduced by RAN1
Background:
RAN1 agreements on preconfigured measurement gaps (clause 5.1.6.5, TS 38.214 v17.0.0):
“The UE may be preconfigured with one or more measurement gaps each associated with an [ID]. When the UE requests a measurement gap as specified in clause [X] of [10, TS 38.321] it can request one of the preconfigured measurement gaps by referring to the [ID]. The UE may have one of the preconfigured measurement gap(s) activated as specified in clause[X] of [10, TS 38.321].”
Tentative agreements: 
· RAN4 further assess impact of preconfigured measurement gaps on PRS measurement requirements.
· Identify scenario(s) and corresponding PRS measurement requirements (if identified).
Scenarios under which PRS measurement requirements can be defined based on preconfigured measurement gap procedure (defined in clause 5.1.6.5, TS 38.214 v17.0.0 and TS 38.321):
Candidate options:
· Scenario 1: No MG is configured for RRM measurement
· POS MG is considered as legacy MG in PRS and RRM measurements when activated
· POS MG is not considered in RRM requirements when deactivated
· Scenario 2: One legacy MG is configured for RRM measurement
· FFS to define requirements for RRM and PRS measurements based on framework of concurrent MGs when POS MG is activated
· POS MG is not considered in RRM requirements when deactivated
Recommendations for 2nd round: Further discuss in 2nd round. 




CRs/TPs
Note: The tdoc decisions shall be provided in Section 3 and this table is optional in case moderators would like to provide additional information. 
	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Sub-topic 1-1: Number of measurement samples (M) for latency reduction 
Issue 1-1-2: One or more conditions under which samples for AGC is reduced or not required for PRS measurements
GTW Agreement:
· Additional samples for AGC for PRS measurements are not required in case at least one of the following conditions is met
· Condition #1: 
· 1A) PRS bandwidth is within the active BWP and 
· 1B) Difference between the serving and neighboring cell [total] RX power is within [6] dB. 
· FFS on the detailed RX power definition.

· Condition 1B: 
· Companies provide details about RX power definition.

· Condition 4: QCL
· Condition 4a: Intel, Vivo, CMCC, QC, Nokia
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
· Condition 4b: E///
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain
· Condition 4c: QC
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain, and
· the UE was previously configured to measure the reference SSB and measured the reference SSB within X ms (FFS) of the start of the PRS measurement period.
· Condition 5: PRS configuration parameters:
· Condition 5a: CATT, Nokia
· PRS resource repetitions (in different slots) within one PRS instance. Number of repetitions is FFS
· Condition 5b: CATT
· For the PRS measurement with small periodicity
	Company
	Comments

	Huawei
	For the RX power definition of  in condition 1B, our suggestion is:
Difference between the serving cell SSB and neighboring cell PRS RX EPRE is within [6] dB.
As some companies commented during GTW, serving cell may not transmit PRS, so it may be hard to define a clear BW range for the total power and hence we suggest to use EPRE. Also, serving cell may not transmit data in PRS symbols (EPRE=0 on PRS symbols), so we suggest to use the EPRE for the SSB to represent the serving cell RX power level. 
We do not support condition 4 or 5 for same reason as commented in the first round.
We do not support condition 4. We are not sure if QCL can provide power related information. Even it can, UE is not required to performance additional measurement for the QCL source. In addition, PRS resources from different TRPs can be multiplexed on the same set of OFDM symbols, so even UE has measured the QCL source of each PRS resource, it may not be able to derive the gain setting for the PRS measurement.
We do not support condition 5. It will impact the definition of overlapping between PRS resource and MG which is based on the min number of repetitions. Also, it would increase Lprs,available (PRS durations UE needs to be measure) and could lead to longer measurement period.

	Ericsson
	Out of conditions 4 and 5 we support conditions 4a, 4b, and first bullet of 4c.

	Qualcomm
	For option 1B, we still think that it should be some notion of total power in the BWP according to the discussion in GTW.
We support option 4c. To Ericsson: the implication of the second bullet is that the reference SSBs must be detectable and they are not additional SSBs that the UE would need to measure. The last point should address Huawei’s concern about asking the UE to measure additional SSBs.
Huawei also mentioned if power related information can be indicated by QCL. That is the motivation for including “average gain” in option 4c. There are multiple other places in the RAN1 specs where similar wording is used. Also, it is true that PRS from TRPs can be multiplexed in the same symbol and it already applies to the requirements in Rel-16. We are not implying that it is necessary for the UE to calculate Rx AGC for each individual PRS resource. 

	Intel
	For Option 4, we are also fine with 4b, 4c if companies concern the more strict conditions on this. 

	Nokia
	For option 4, we support 4a and 4c.
For condition 5, we support 5a.
@HW on issue 5, we agree to HW issue observation, it would increase Lprs,available (PRS durations UE needs to be measure) and could lead to longer measurement period.
We want to look at this issue at different angle. If network wants to avoid latency, then the repetition should NOT be configured more than the minimum?  This conclusion on the observation sounds strange to us.
For example, we have seen cell coverage enhancement through PBCH or PDCCH repetition. In low latency usecase, we think a UE capability should be able to do the same processing on repeated PRS in consecutive slots. Once a UE acquires a slot boundary of PRS, this processing should be possible.

	CATT
	For the RX power definition of  in condition 1B, our suggestion is:
Difference between the serving cell signal and neighboring cell PRS RX EPRE is within [6] dB.
We think it is possible that UE receive data on the neighbour cell PRS symbols i.e. neighbour cell PRS can collide with serving cell data. And we support option 5a because we think this doesn’t change the definition of minimum number of repetitions used in accuracy requirements. the core and accuracy requirements are still based on the minimum repetitions we have defined. But if NW configured more repetitions for the PRS measurement, then no additional samples are needed for AGC.  

	
	

	
	



Issue 1-1-4A: Need for LMF to configure the UE to measure with a reduced Rx beam sweeping factor 
· Whether UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor?
· Option 1:
· Yes
· Option 2:
· No
	Company
	Comments

	vivo
	Slightly prefer option 2. It could be up to RAN1 discussion.

	Huawei
	We do not see clear necessity for the LMF indication, but we can also compromise if majority companies think it is needed.

	Ericsson
	Option 1. This allows positioning entity to decide when a low latency positioning fix is needed.

	Qualcomm
	Option 1. This would be similar to signaling a reduced number of samples in the location request.

	Intel
	Option 1 is fine for us. But we thought it is up to RAN1. Need to check with RAN1.

	Nokia
	Both Option 1 and Option 2 are fine.

	CATT
	Slightly prefer option 2. But we are also fine to check with RAN1. 

	
	



Issue 1-1-6: Measurement period optimizations for latency reduction
· Does the UE processing capability {N,T} for low latency needs to be reviewed/revisited by RAN4 whether a UE can properly process the repeated PRS resources?
· Option 1: Nokia, OPPO
· Yes
· Option 2: HW, CATT, E///, Intel, QC
· No
	Company
	Comments

	Huawei
	Not sure if there would be RAN4 impacts.
UE processing capability {N,T} for low latency, if needed, should be defined by RAN1. For RAN4 requirements, we assume UE does not need to receive all the repetitions of a PRS resource. In Rel-16, the requirements would apply if the minimum number of repetitions specified in the accuracy requirements are within MG. Do we need to change anything for low latency?

	Ericsson 
	Option 2.

	Qualcomm
	Option 2.

	OPPO
	Option 2. We agree that the PRS processing capability is fixed for each UE and it should be up to RAN1 on whether/how to revisited it. When the UE capability is reported to network, LMF could check the UE capability and then configure a proper PRS to ensure the PRS repetition is within UE capability. We understand it is hard to optimize cell-specific PRS considering different UE capability. But it is feasible for on-demand PRS in R17.

	Intel
	Option 2

	vivo
	Option 2

	Nokia
	If majority of companies view is option-2, we are fine with option-2 and staying in RAN1 {N,T} definition in Rel-17.

	CATT
	Option 2. 



Sub-topic 1-2: PRS measurements without gaps
Issue 1-2-1: Work needed for PRS measurements without gaps
Further discussion need to narrow down options and eventually converge on each open issue:
	No.
	Parameters/issues
	Option 1
	Option 2
	Option 3
	Option 4

	2
	
	R16
	Unmuted and overlapped PRS within PRS processing window
	
	

	3
	 
	R16
	.
	
	

	4
	Applicable number of PFLs
	1 
	> 1
	
	

	5
	Applicable number of samples
	4 
	4 and < 4
	
	

	6
	Approach on the calculation of multiple positioning frequency layers
	Based on PRS resources overlapping of different PFLs
	1 PFL
	Sum approach
	

	7
	PRS processing window
	Based on RAN1 discussion
	Based on RAN1 discussion
	
	

	8
	Requirement applicability
	Rx time difference within CP
	Numerology, RX timing difference, RX power offset, 
	When PRS has higher priority than all other signals/channels inside PRS processing window
	PRS overlaps with PPW, PRS not overlap with other signals channels of higher priority, PRS whose RTD is ≤ max RTD supported by UE

	9
	CSSF outside MG
	Based on processing unit assumption
	1
	Update CSSF outside MG in clause 9.1.5.1 
	

	10
	Scheduling restriction
	Scheduling restriction table 1 (R4-2201637)
	
RLM, BFD and L1/L3 measurement higher priority over PRS
	
	

	11
	PRS/SSB collision
	Extend PRS measurement period or drop SSB
	PRS is prioritized. Equal sharing between SSB and PRS in case of full overlapping
	
	

	12
	MG/PPW reconfig/activation
	Measurement period is extended 
	
	
	

	PPW= PRS processing window
PPWRP= PPW Repetition Period



	Company
	Comments

	Huawei
		
	Option 2
	R16 definition is based on MG, and it should be replaced by PPW for MG-less measurement.

	 
	Option 1
	{N,T} capability is still applicable for MG-less measurement and should be accounted in requirements

	Applicable number of PFLs
	Option 2 
	Not clear why we need to limit to 1

	Applicable number of samples
	Option 2
	<4 sample is also meaningful for MG-less measurement 

	Approach on the calculation of multiple positioning frequency layers
	Option 3
	We think there is no change in the aspect of multi-PFL measurement between MG based and MG-less.

	PRS processing window
	
	It seems two options are same 

	Requirement applicability
	Option 4, also support same SCS 
	PRS overlaps with PPW: based on RAN1 agreement 
PRS not overlap with other DL of higher priority: prefer to not define exact requirements when PRS is punctured by other higher priority DL
expected RTD ≤ max RTD supported by UE: based on RAN1 agreement and prefer to define max RTD threshold as UE capability
SCS: based on RAN1 agreement
RX power offset: unclear why we need a limit 

	CSSF outside MG
	None
	Suggest to discuss together with 11

	Scheduling restriction
	Option 1
	On option 2, we assume L1 priority should be same as data, and L3 should be discussed as part of 9 and 11.

	PRS/SSB collision
	Both options
	

	MG/PPW reconfig/activation
	Option 1
	Straightforward, but anyway not urgent issue




	Ericsson
		
	Option 2

	 
	Option 2

	Applicable number of PFLs
	Option 1

	Applicable number of samples
	Option 2

	Approach on the calculation of multiple positioning frequency layers
	Option 2

	PRS processing window
	Option 1 and Option 2

	Requirement applicability
	Option 3 (captures both Cap1 UE and Cap2 UE) 

	CSSF outside MG
	Option 3

	Scheduling restriction
	Option 2

	PRS/SSB collision
	Both options

	MG/PPW reconfig/activation
	Option 1




	Qualcomm
		
	Unmuted PRS meeting conditions for PRS measurements within the PRS window

	 
	

	Applicable number of PFLs
	1 

	Applicable number of samples
	1, other values FFS 

	Approach on the calculation of multiple positioning frequency layers
	N/A

	PRS processing window
	Based on RAN1 discussion

	Requirement applicability
	When PRS has higher priority than all other signals/channels inside PRS processing window and meets the criteria for PRS processing within PPW

	CSSF outside MG
	1

	Scheduling restriction
	FFS. For option 1 it’s not clear if a value of T is proposed. For option 2, we have a similar comment as Huawei. The priority of L1/L3 should be discussed as part of PRS/SSB collision. 

	PRS/SSB collision
	We can consider both options. Since PPW is for low-latency positioning it may make sense to prioritize PRS over SSB in case of collision. In case of full overlap of all SSB instances with PPW, we could follow the same approach as with MG. i.e. no requirements would apply. It can be FFS for now.

	MG/PPW reconfig/activation
	Option 1 




	OPPO
		
	Option 2

	 
	Option 2

	Applicable number of PFLs
	Option 2. 

	Applicable number of samples
	Option 1

	Approach on the calculation of multiple positioning frequency layers
	Option 3

	PRS processing window
	Option 1 

	Requirement applicability
	Option 1   

	CSSF outside MG
	Option 3




	Intel
		
	Option 1

	Applicable number of PFLs
	Option 1

	Applicable number of samples
	Option 2

	Approach on the calculation of multiple positioning frequency layers
	Option 2

	PRS processing window
	

	Requirement applicability
	Option 4 

	CSSF outside MG
	Option 3

	Scheduling restriction
	FFS

	PRS/SSB collision
	Both options (slightly prefer option 1)

	MG/PPW reconfig/activation
	Option 1




	vivo
		No.
	Parameters/issues
	

	2
	
	Option 2

	3
	 
	Option 2

	4
	Applicable number of PFLs
	Option 1

	5
	Applicable number of samples
	Option 2

	6
	Approach on the calculation of multiple positioning frequency layers
	Option 3

	7
	PRS processing window
	Option 2

	8
	Requirement applicability
	FFS

	9
	CSSF outside MG
	Option 3

	10
	Scheduling restriction
	FFS

	11
	PRS/SSB collision
	Option 1

	12
	MG/PPW reconfig/activation
	FFS




	Nokia
		
	Option 2

	 
	Option 2

	Applicable number of PFLs
	Option 2

	Applicable number of samples
	Option 2

	Approach on the calculation of multiple positioning frequency layers
	Option 3

	PRS processing window
	Option 2

	Requirement applicability
	Option-2 and Option-3.
FFS : SCS needs to be considered. A UE may not be able to switch various numerology factors out of MG, even if PPW is configured. 

	CSSF outside MG
	Option 3

	Scheduling restriction
	FFs based on Option 1 in (R4-2201638).
In the table 1A and 1B assumes a PPW, but not assume any window in the case 2 with T? Case 2 is unclear.

	PRS/SSB collision
	Option 2




	CATT
		No.
	Parameters/issues
	

	2
	
	Option 2

	3
	 
	Option 1

	4
	Applicable number of PFLs
	Option 2

	5
	Applicable number of samples
	Option 2

	6
	Approach on the calculation of multiple positioning frequency layers
	Option 1

	7
	PRS processing window
	Option 1

	8
	Requirement applicability
	FFS

	9
	CSSF outside MG
	Option 1

	10
	Scheduling restriction
	FFS

	11
	PRS/SSB collision
	FFS

	12
	MG/PPW reconfig/activation
	FFS






Issue 1-2-2: Related to RAN1 LS on condition of PRS measurement outside the MG
Related to RAN1 LS in R1-2112883 on condition of PRS measurement outside the MG. Response on if UE needs to calculate the expected Rx time difference and/or compare it against the threshold.
“Rx timing between the reference cell/TRP and serving cell where the PPW is configured should be taken into account when evaluating the threshold for the applicability condition on Rx timing difference between the serving cell and neighbor cells/TRPs”.
Agreements under this issue can be captured in the LS reply to RAN1.
· Proposal 1: HW
· Expected RTD is defined as max(X1, X2), where 
· X1 = X1’, if X1’ < 0.5 slot; X1 = 1-X1’, otherwise 
· X1’= mod(expected RSTD + expected RSTD uncertainty, slot length)
· X2 = X2’, if X2’ < 0.5 slot; X2 = 1-X2’, otherwise 
· X2’= mod(expected RSTD - expected RSTD uncertainty, slot length)
· Introduce UE capability for the maximum Rx timing difference in MG-less PRS measurement, with at least two values {CP length, 0.5 slot}.
· It is up to UE implementation whether to calculate the expected Rx time difference and/or compare it against the threshold
· Proposal 2: Vivo
· The maximum expected Rx timing difference between the PRS from serving cell and that from non-serving cell would reach 1064us and 1016us for FR1 and FR2 respectively.
· The threshold shall be the maximum expected Rx timing difference (e.g., 1064us and 1016us for FR1 and FR2 respectively) if the PRS from the nom-serving cell can be guaranteed within the PRS processing window for capability 1A and 1B.
· The threshold shall be CP length if the PRS have to be in the same symbols for the non-serving cell and serving cell for capability 2.
· Proposal 3: Intel, ZTE, OPPO
· The threshold, which is used to be compared against with the Rx timing difference to determine whether the PRS from the non-serving cell satisfy the condition of PRS measurement outside MG can be: [-½ CP length, ½ CP length]
· Proposal 4: CATT
· For the PRS measurement without MG, the condition that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within a threshold is not necessary when multiple FFT processing is assumed. 
· If single FFT processing is assumed, the condition for PRS measurement without MG is that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within CP
· Proposal 5: QC
· Rx timing between the reference cell/TRP and serving cell where the PPW is configured should be taken into account when evaluating the threshold for the applicability condition on Rx timing difference between the serving cell and neighbor cells/TRPs.
· Threshold = 1/2 symbol

	Company
	Comments

	Huawei 
	Support P1.
RAN4 may need to align the definition of expected RTD, i.e. how expected RTD is calculated from the AD, so that we know what the threshold is compared against. 
Support to define UE capability on the threshold, considering there can be different implementations as also mentioned in P4.
P3 leads to quite restrictive applicability of MG-less measurement as it requires tight sync from NW.
P2 is not very clear to us, i.e. why the threshold should depend on the UE processing type.
P5, does it mean UE should consider the Rx timing difference between the reference cell and serving cell when evaluating the condition? 

	Ericsson 
	Support proposal 3. 

	Qualcomm
	Support proposal 5. Multiple threshold values may be supported.

	OPPO
	The common point for proposal 1, 3, and 4 is to considered CP length when defining RTD threshold, maybe we can discuss whether it is acceptable to consider CP length. 
As for how to derive RTD in proposal 1. Seem RAN1 has identified this issue and the following FFS is captured in the LS. We can wait for RAN1 conclusion.
FFS: Rx timing difference between PRS from the non-serving cell and that from the serving cell is determined by the expected RSTD and expected RSTD uncertainty

	Intel
	Option 3. 

	vivo
	Considering diverse views from companies, we would like to propose a comprised option to move forward.
Proposal 6:
Introduce UE capability for the threshold which is used to be compared against with the Rx timing difference to determine whether the PRS from the non-serving cell satisfy the condition of PRS measurement outside MG.
Candidate thresholds: {CP length, half of the symbol, half of the slot, 1ms}
For different UE capability of thresholds, expected RSTD and expected RSTD uncertainty in the assistance data is still helpful for determining which PRS to measure.

	Nokia
	 We are fine with option-2 and option-4.

	CATT
	Support proposal 4. We should align the assumption first. 



Sub-topic 1-3: Measurement gaps enhancement/patterns for PRS measurements
Issue 1-3-1: Per-FR MG for PRS measurement 
· Should per-FR MG for PRS measurements be supported in Rel-17?
· Option 1: HW, CATT, E///, QC
· Yes
· Option 2: Intel, Nokia, OPPO
· No
	Company
	Comments

	Huawei
	Option 1.
This is a leftover issue from Rel-16, and we do not see clear reason why this should not be supported in Rel-17 considering that the spec impact is small. 

	Ericsson 
	Option 1.

	Qualcomm
	Option 1.

	Intel
	Can be Option 1

	Nokia
	We are fine with option-1.

	CATT
	Option 1. 

	
	

	
	



Issue 1-3-2: Optimization of PRS measurements with gaps
· Option 1: HW, CATT, Nokia
· Define Tlast as T+MGL when all of the PRS resources to be measured are available in the same MG occasion during Tavailabe.
· Option 2: QC
· For a low-latency PFL i with ,  and , set  in the measurement period requirement if all the PRS resources in  are contained within a single measurement gap instance.
Note: Is Option 1 targeted for improvement of legacy requirements and/or it also applies for latency reduction?
	Company
	Comments

	vivo
	Prefer Option 1.

	Huawei 
	Option 1
To moderator: we understand this can be a generic improvement to reduce measurement latency, so not limited to reduced sample number (if this is “latency reduction” referring to).

	Ericsson 
	Option 1.

	Qualcomm
	Option 2. This optimization is more relevant for low-latency scenarios targeted by this option.

	OPPO
	We can support option 1. And for option 2, we are open to discuss how to achieve , for example by configuring a proper (on-demand) PRS considering UE capability as mentioned in issue 1-1-6.

	Intel
	FFS

	Nokia
	Fine with Option-1. We want to double check for option-2. We agree to HW comment on .  To our understanding, the reduction should work as well in case 

	CATT
	Option 1. 



Issue 1-3-3: Requirements for MG enhancements introduced by RAN1
RAN1 agreements on preconfigured measurement gaps (clause 5.1.6.5, TS 38.214 v17.0.0):
“The UE may be preconfigured with one or more measurement gaps each associated with an [ID]. When the UE requests a measurement gap as specified in clause [X] of [10, TS 38.321] it can request one of the preconfigured measurement gaps by referring to the [ID]. The UE may have one of the preconfigured measurement gap(s) activated as specified in clause[X] of [10, TS 38.321].”
Scenarios under which PRS measurement requirements can be defined based on preconfigured measurement gap procedure (defined in clause 5.1.6.5, TS 38.214 v17.0.0 and TS 38.321):
· Scenario 1: No MG is configured for RRM measurement
· POS MG is considered as legacy MG in PRS and RRM measurements when activated
· POS MG is not considered in RRM requirements when deactivated
· Scenario 2: One legacy MG is configured for RRM measurement
· FFS to define requirements for RRM and PRS measurements based on framework of concurrent MGs when POS MG is activated
· POS MG is not considered in RRM requirements when deactivated
	Company
	Comments

	Huawei 
	We have another proposal for this issue, and we think it can be also discussed:
RAN4 to define measurement requirements when POS MG(s) are configured with the assumptions that POS MG(s) can only be used for PRS measurement, and only one POS MG can be activated at a time.
We support that requirements of PRS and RRM apply at least for scenario 1, and FFS for scenario 2.
To Ericsson: we assume the agreement from last meeting is about MG enhancement introduced by RAN4 in MG Enh WI, but the enhancement in this issue is defined by RAN1 and it is specifically for positioning, and this is why we propose to discuss the requirement applicability. 

	Ericsson
	We agree that there is an impact on RAN4 requirements and need more time to think about this issue. 

	Qualcomm
	Agree with Huawei’s clarification. We shared the same view in the 1st round.
RAN4 should define requirements at least for Scenario 1.
FFS whether RAN4 will define requirements for support of concurrent MG, where one of the gaps may be a POS MG.

	Intel
	Agree these scenarios shall be FFS.

	Nokia
	Agree to further study on scenario-1 with RAN1 agreements. RAN2 also seems to make related agreements of activation/deactivation signalling in this meeting. Come back to this topic with RAN1/2 agreements.

	CATT
	FFS

	
	

	
	



Topic #2: Impact on existing UE positioning and RRM requirements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2200122
	CATT
	Proposal 1: Rel-15 SRS cannot be used for UE/gNB Rx-Tx time difference measurement. 
Proposal 2: No impact of SRS antenna switching is expected on UE/gNB Rx-Tx time difference measurement accuracy and UL RTOA measurement report mapping. 

	R4-2200647
	Nokia, Nokia Shanghai Bell
	Observation 1 : If SRS antenna port switching happens during UE RXTX TD or gNB TXRX TD measurement, it impacts on measurement accuracy.
Observation 2 : RAN1 agreement supports reuse of Rel-15 SRS resource set for NR UL RTOA, AoA and gNB RSRP measurements, but not for UE RX-TX TD
Observation 3 : RAN1/4 is studying to measure TA value using the UE RX-TX TD in IIoT WI. In this case, there is no need to restrict Rel-15 SRS for this TA measurement purpose toward a serving cell.
Proposal 1 : Follow the RAN1 agreement and the current spec statement. Rel-15 SRS resource set is not supported for Rel-16/17 UE RXTX TD measurement, 

	R4-2200663
	vivo
	[bookmark: _Hlk90886756]Proposal 1: Rel-15 SRS (SRS-Resource) cannot be used for UE Rx-Tx time difference measurement.
Proposal 2: SRS antenna port switching has no impact on UE behaviour and UE Rx-Tx time difference accuracy.

	R4-2201166
	OPPO
	Proposal 1: Rel-15 SRS resource cannot be used for UE Rx-Tx time difference.
Proposal 2: Rel-15 SRS resource cannot be used for gNB Rx-Tx time difference.  
Proposal 3: UL RTOA reporting is not impacted due to SRS antenna port switching. 

	R4-2201401
	ZTE Corporation
	Proposal 1: R15 SRS as well as R16 positioning-dedicated SRS can both be used as the SRS for UE Rx-Tx and gNB Rx-Tx measurements. In case of no consensus, a LS can be sent to ask RAN1.
Proposal 2: If SRS antenna port switching happens during UE/gNB Rx-Tx or UL RTOA, there can be impact on positioning measurement and its accuracy.
Proposal 3: There is no need to specify whether this can be avoided by the network or not in specifications.

	R4-2201642
	Huawei, Hisilicon
	Proposal 1: Rel-15 SRS (SRS-Resource) can be used for UE and gNB Rx-Tx time difference measurements. Send LS to RAN1 for confirmation.
Proposal 2: RAN4 to define support of per-FR MG for PRS measurement. UE capability is FFS and to be discussed as part of feature list.
Proposal 3: Ask RAN1/2 to update the RSTD reporting signaling in Rel-17 to allow UE reporting an RSTD reference resource for each PFL. 

	R4-2202018
	Ericsson
	Applicability of SRS for UE Rx-Tx time difference requirements:
· Observation 1: The UE Rx-Tx time difference measurement definition in TS 38.215 is generic.
· Observation 2: The UE Rx-Tx time difference measurement requirements are applicable provided the UE is configured with SRS (clause 9.9.4.2, TS 38.133).
· Observation 3: Inability to use Rel-15 SRS (MIMO SRS) for UE Rx-Tx measurement prevents legacy base station implementation, which does not implement Rel-16 positioning SRS, to configure SRS for UE Rx-Tx time difference measurement.
· Observation 4: gNB may be using MIMO SRS for communication, channel quality estimation etc., while UE Rx-Tx time difference measurement is configured. This will require the gNB to additionally configure the same UE with positioning SRS increasing overheads and power consumption.
· Proposal #1: Send LS to RAN1:
· asking the applicability of Rel-15 SRS for UE Rx-Tx timing measurement.
· Inform implication on UE Rx-Tx time difference measurement requirements served by legacy base station which does not support Rel-16 positioning and if Rel-15 SRS cannot be used for UE Rx-Tx time difference measurement. 
· gNB already using MIMO SRS for communication, channel quality estimation etc., will have to additionally configure the same UE with positioning SRS for UE Rx-Tx time difference measurement. This will in turn increase overheads and UE power consumption.
Applicability of SRS for gNB Rx-Tx time difference requirements:
· Observation 5: A base station can be configured to perform gNB Rx-Tx time difference measurement and UL RTOA for the same UE. 
· Observation 6: The gNB Rx-Tx time difference measurement accuracy requirements are applicable provided the UE is configured with SRS (clause 13.2.2, TS 38.133).
· Observation 7: Configuring the same UE with Rel-15 SRS (MIMO SRS) for performing UL RTOA measurement and Rel-16 positioning SRS for gNB Rx-Tx time difference measurement will increase overheads and UE power consumption. 
· Proposal #1: Send LS to RAN1:
· asking the applicability of Rel-15 SRS for gNB Rx-Tx timing measurement.
· Inform implication of configuring Rel-15 SRS for gNB Rx-Tx timing measurement and Rel-16 positioning SRS for gNB Rx-Tx time difference measurement on increase in overheads and UE power consumption if both measurements are performed for the same UE.



Open issues and comments collection for 1st round
Sub-topic 2-1: SRS antenna port switching on UE Rx-Tx time difference
Issue 2-1-1: Is Rel-15 SRS (SRS-Resource) supported for UE Rx-Tx time difference in Rel-17?
· Proposals:
· Option 1: HW, E///, ZTE
· Yes 
· Option 2: CATT, Nokia, Vivo, OPPO
· No
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Option 1.
Based on Rel-17 38.215 we understand there should be no restriction in using Rel-15 SRS for UE or gNB Rx-Tx measurement. We are also open to discuss if Rel-15 SRS for Rx-Tx measurement should be supported from Rel-16 as there are certain implementation issues if it is not allowed e.g. as analyzed in R4-2202018.

	vivo
	Option 2. Rel-15 SRS resource set is only used for NR UL RTOA, AOA and gNB RSRP measurement for positioning, excluding UE measurement.

	CATT
	Option 2. 

	OPPO
	Option 2. Rel-15 SRS resource cannot be used for UE Rx-Tx time difference. 

	Intel
	Option 1. Can be also FFS

	Ericsson
	Option 1. We agree with Huawei. We also support the idea to support Rel-15 SRS for UE or gNB Rx-Tx measurement from Rel-16. 

	Nokia
	We reviewed that the inability to use Rel-15 SRS for UE Rx-Tx measurement may prevent some legacy base station implementation, which does not implement Rel-16 positioning SRS. Mainly this issue is about Rel-15 base station and Rel-15 UE. 
For Rel-15 UE, the UE cannot measure Rel-16 DL-PRS, so Rel-16 UE RX-TX TD cannot be measured anyway.
For Rel-15 BS, the BS cannot support Rel-16 DL-PRS TX, Rel-16 gNB TX-RX TD cannot be measured. 
So, we don’t see strong motivation to enable Rel-15 SRS for UE-RxTxTD, gNB-TxRxTD without DL-PRS. 

	Qualcomm
	Option 2. Rel-15 SRS is not supported for multi-RTT positioning in Rel-16. Although it was discussed by RAN1 in Rel-17, there was no further agreement. We do not think it is necessary to send a LS to RAN1. 


Issue 2-1-2: If no consensus is reached on issue 2-1-1 then send LS to RAN1 for confirmation.
· Proposals:
· Option 1: E///, HW
· Yes
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Option 1

	vivo
	Option 1 is OK.

	CATT
	Fine with option 1. 

	OPPO
	Option 1.

	Ericsson
	Option 1

	Nokia
	We want to check our argument first. We don’t see strong motivation to enable Rel-15 SRS for UE-RxTxTD, gNB-TxRxTD measurements without DL-PRS.

	Qualcomm
	See issue 2-1-1.


Issue 2-1-3: Impact of SRS antenna switching on UE Rx-Tx time difference accuracy, if Rel-15 SRS (SRS-Resource is supported for UE Rx-Tx time difference in Rel-17.
· Proposals:
· Option 1: E///, ZTE, Nokia
· UE Rx-Tx time difference measurement requirements are impacted due to SRS antenna port switching, if SRS antenna port switches during the measurement
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Suggest FFS after RAN4 reaches consensus regarding whether Rel-15 SRS can be supported for UE Rx-Tx time difference measurement.

	CATT
	We think there is no impact on the UE Rx-Tx time difference measurement due to SRS antenna switching since the uplink timing is not impacted. But we are fine to postpone it after the issue 2-1-1 is decided. 

	OPPO
	Depending on issue 2-1-1.

	Ericsson
	We think there is an impact on UE Rx-Tx time difference measurement requirements. But this can be further discussed after it is confirmed that Rel-15 SRS can be supported for UE Rx-Tx time difference measurement.

	Nokia
	If enabling Rel-15 SRS for UE-RXTX TD, the SRS AP switching impacts on accuracy. RAN4 needs to conduct additional study on solutions due to this issue.

	Qualcomm
	Not applicable. See issue 2-1-1.



Sub-topic 2-2: SRS antenna port switching on gNB Rx-Tx time difference and UL RTOA
Issue 2-2-1: Can Rel-15 SRS (SRS-Resource) be used for gNB Rx-Tx time difference in Rel-17?
· Proposals:
· Option 1: ZTE, HW, E///
· Yes 
· Option 2: Nokia, OPPO, CATT
· No
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Option 1, same comment as for Issue 2-1-1 (UE Rx-Tx). 
It is the same SRS resource that is used for UE and gNB Rx-Tx measurement, so the conclusion of this issue should be aligned with Issue 2-1-1.

	CATT
	Option 2. 

	OPPO
	Option 2.

	Ericsson
	Option 1. We agree with Huawei. We also support the idea to support Rel-15 SRS for gNB Rx-Tx measurement from Rel-16. 

	Nokia
	Option-2. Same as Issue 2-1-1.

	Qualcomm
	Not applicable. See issue 2-1-1.


Issue 2-2-2: If no consensus is reached on issue 2-2-1 then send LS to RAN1 for confirmation.
· Proposals:
· Option 1: E///, HW
· Yes
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Option 1

	CATT
	Fine with option 1. 

	OPPO
	Option 1

	Ericsson
	Option 1

	Nokia
	Same as Issue 2-1-3

	Qualcomm
	See issue 2-1-1.


Issue 2-2-3: Impact of SRS antenna switching on gNB Rx-Tx time difference, if Rel-15 SRS (SRS-Resource) can be used for gNB Rx-Tx time difference.
· Proposals:
· Option 1: E///, ZTE, Nokia
· gNB Rx-Tx time difference are impacted due to SRS antenna port switching, if SRS antenna port switches during the measurement
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Suggest FFS after RAN4 reaches consensus regarding whether Rel-15 SRS can be supported for gNB Rx-Tx time difference measurement.

	CATT
	We think there is no impact on the gNB Rx-Tx time difference measurement due to SRS antenna switching since the uplink timing is not impacted. But we are fine to postpone it after the issue 2-2-1 is decided.

	Ericsson
	We think there is an impact on gNB Rx-Tx time difference. But this can be further discussed after it is confirmed that Rel-15 SRS can be supported for gNB Rx-Tx time difference measurement.

	Nokia
	Same as Issue 2-1-3

	Qualcomm
	Not applicable. See issue 2-1-1.

	
	



Issue 2-2-4: Impact of SRS antenna switching on UL RTOA report mapping.
· Proposals:
· Option 1: CATT
· No.
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Support option 1.
We do not see SRS antenna port switching will impact reporting mapping.

	vivo
	Option 1.

	CATT
	Option 1. 

	OPPO
	Option 1

	Ericsson
	Option 1 is fine

	Nokia
	Option-1. We don’t see impact on the report mapping itself.




Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic 2-1
	Issue 2-1-1: Is Rel-15 SRS (SRS-Resource) supported for UE Rx-Tx time difference in Rel-17?
Tentative agreements: None
Candidate options:
· Is Rel-15 SRS (SRS-Resource) supported for UE Rx-Tx time difference in Rel-17?
· Option 1: HW, E///, ZTE
· Yes 
· Option 2: CATT, Nokia, Vivo, OPPO, QC
· No
Recommendations for 2nd round: 
No further discussion in 2nd round. Postponed to next meeting. 

	Sub-topic 2-1
	Issue 2-1-2: If no consensus is reached on issue 2-1-1 then send LS to RAN1 for confirmation
Tentative agreements: 
No consensus is reached on the related issue 2-1-1 even though the issue has been discussed for several meeting. Only one meeting is left for RAN4 core requirements and lack of consensus may prevent timely completion of core WI. Therefore, moderator recommends sending LS to RAN1 to collect their feedback on this issue.
Recommendations for 2nd round: 
No further discussion on this issue in 2nd round. Companies can directly comment on the LS draft. 

	Sub-topic 2-1
	Issue 2-1-3: Impact of SRS antenna switching on UE Rx-Tx time difference accuracy, if Rel-15 SRS (SRS-Resource is supported for UE Rx-Tx time difference in Rel-17.
Tentative agreements: None	
Candidate options:
· Are UE Rx-Tx time difference measurement requirements are impacted due to SRS antenna port switching, if SRS antenna port switches during the measurement?
· Option 1: E///, ZTE, Nokia
· Yes
· Option 2: Vivo
· No
Recommendations for 2nd round: No further discussion in 2nd round. Postponed to next meeting.

	Sub-topic 2-2
	Issue 2-2-1: Can Rel-15 SRS (SRS-Resource) be used for gNB Rx-Tx time difference in Rel-17?
Tentative agreements: None	
Candidate options:
· Can Rel-15 SRS (SRS-Resource) be used for gNB Rx-Tx time difference in Rel-17?
· Option 1: ZTE, HW, E///
· Yes
· Option 2: Vivo, OPPO, Nokia, QC
· No
Recommendations for 2nd round: 
No further discussion in 2nd round. Postponed to next meeting.

	Sub-topic 2-2
	Issue 2-2-2: If no consensus is reached on issue 2-2-1 then send LS to RAN1 for confirmation.
Tentative agreements: 
Moderator recommends sending LS to RAN1 to collect their feedback on this issue for same reasons mentioned in issue 2-1-2.	
Recommendations for 2nd round: 
No further discussion on this issue in 2nd round. Companies can directly comment on the LS draft.

	Sub-topic 2-2
	Issue 2-2-3: Impact of SRS antenna switching on gNB Rx-Tx time difference accuracy, if Rel-15 SRS (SRS-Resource is supported for gNB Rx-Tx time difference.
Tentative agreements: None	
Candidate options:
· Are gNB Rx-Tx time difference requirements impacted due to SRS antenna port switching, if SRS antenna port switches during the measurement?
· Option 1: E///, ZTE, Nokia
· Yes
· Option 2: CATT, QC
· No
Recommendations for 2nd round: No further discussion in 2nd round. Postponed to next meeting.

	Sub-topic 2-2
	Issue 2-2-4: Impact of SRS antenna switching on UL RTOA report mapping.
Tentative agreements: 
SRS antenna switching has no impact on UL RTOA report mapping.
Recommendations for 2nd round: No further discussion in 2nd round.



CRs/TPs

	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
· There is no discussion on Topic # 2 in the email thread. There will be separate discussion on draft LS to RAN1.
Topic #3: Others
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2200123
	CATT
	Proposal 1: For the PRS measurement without MG, the condition that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within a threshold is not necessary when multiple FFT processing is assumed. 
Proposal 2: If single FFT processing is assumed, the condition for PRS measurement without MG is that the expected Rx timing difference between the PRS from the non-serving cell and that from serving cell is within CP. 

	R4-2200124
	CATT
	Proposal 1: Confirm to RAN1 that it is feasible to introduce a new UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency for FR2 positioning frequency layers. 
Proposal 2: For introducing UE capability on lower Rx beam sweeping factor (<8) to reduce the PRS measurement latency for FR2 positioning frequency layers, no other conditions are needed. 
Proposal 3: Based on the UE capability, the reported Rx beam factor Nbeam can be 1, 2 or 4. 

	R4-2200648
	Nokia, Nokia Shanghai Bell
	DL-PRS path RSRP requirements (LS R1-2110627)
Observation 1 : DL PRS RSRP for 1st path delay is the power corresponding to the first detected path. The RX measuring DL-ToA can be reused for the first path detection.

Proposal 1 : We prefer to focus on discussion about the first path RSRP requirement. Preclude requirement study on the ith path delay (other than i=1) as RAN#100 agreement (no requirements impact due to multipath/NLOS mitigation).

Proposal 2 : The a path RSRP should be normalized for reporting, if the first path RSRP is reported additionally together with RSTD.

Proposal 3 : If a path RSRP is reported together with the total PRS-RSRP value, then the normalization is not essential. The absolute path RSRP report can deliver extra information to LMF.

Proposal 4 : Depending on RX sampling rate with downsampling and oversampling, an absolute path-RSRP value can be read differently up to UE implementation. ( FFS : How to set the sampling rate reference or measurement time window requires further studes.)

UL SRS path RSRP requirements (LS R1-2112744)

Proposal 5 : Study the path UL-RSRP measurement for UL-SRSP with option-1 that The same RX branch(es) as applied for the first path UL SRS-RSRPP measurements are used.

Proposal 6 : For path UL-RSRP, the same argument as DL path-RSRP exists. RAN4 takes the same framework for UL-RSRP, if RAN4 makes agreements on DL path-RSRP measurements and reporting.

RSTD reporting enhancement
Proposal 7 : Partial measurement report can help to reduce the latency. RAN4 further works on how to make partial measurement report and its requirement depending on PFL or MG configuration etc.

	R4-2200662
	vivo
	Proposal 1: RAN4 shall firstly focus on the first path PRS-RSRP requirements other than the addition path in the Rel-17.
Proposal 2: The normalization RSRP reporting for first path PRS-RSRP should be supported if the PRS-RSRP is reported.
Proposal 3: The same Rx branches as applied for PRS-RSRP measurement are used for path PRS-RSRP measurement.
Proposal 4：The LOS channel model (e.g., AWGN and TDL-D) should be considered for first path PRS-RSRP measurement accuracy requirements.
Proposal 5: The requirements of measurement period and measurement accuracy need to be specified for first path PRS RSRP.

	R4-2200666
	vivo
	· Link level simulation assumption for first path PRS-RSRP measurement.
At least the following performance characteristics are to be provided for first path PRS RSRP:
· RSRP error CDFs for 3 cells
· 90%-ile of the RSRP errors for each cell
In the above, 
· first path PRS-RSRP error = estimated first path PRS-RSRP – ideal first path PRS-RSRP (based on perfect channel knowledge).

	R4-2201167
	OPPO
	Proposal 1: The same Rx branch is used for both the first and additional paths DL PRS RSRP. 
Proposal 2: Do not update RSTD reporting signalling in Rel-17 to allow UE reporting an RSTD resource reference resource for each PFL.

	R4-2201402
	ZTE Corporation
	Proposal 1: Provide reply LS to RAN1 that the threshold is set to the CP length.

	R4-2201643
	Huawei, Hisilicon
	Proposal 1: RAN4 to ask RAN1 to update the RSRPP definition to reflect that it is the path power on RE level.
Proposal 2: Re-use the mapping table for PRS-RSRP for PRS-RSRPP. Re-use the mapping table for SRS-RSRP for SRS-RSRPP.
Proposal 3: Measurement period requirements for PRS-RSRP can be re-used for PRS-RSRPP.
Proposal 4: RAN4 provides the following definition for the reference point of SRS-RSRP and SRS-RSRPP to RAN1:
· for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
· for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector,
· for type 1-O or 2-O base station TS 38.104 [9]: based on the combined signal from antenna elements corresponding to a given receiver branch.

	R4-2201672
	Ericsson
	1. Adopt reference point for UL-RToA and gNB Rx-Tx measurement also for UL SRS-RSRPP measurement.
Proposal 1 Proposal: The reference point for UL SRS-RSRPP shall be: 
- for type 1-C base station TS 38.104 [3]: the Rx antenna connector, 
- for type 1-O or 2-O base station TS 38.104 [3]: the Rx antenna (i.e., the centre location of the radiating region of the Rx antenna), 
- for type 1-H base station TS 38.104 [3]: the Rx Transceiver Array Boundary connector.
Proposal 2 RAN4 to send LS to RAN1 regarding the RAN4 observations on UL SRS-RSRPP measurement reference point.



Open issues and comments collection for 1st round
Sub-topic 3-1: PRS-RSRPP
Issue 3-1-1: Related to measurement requirements for PRS-RSRPP
· Proposals:
· Proposal 1: HW
· Measurement period requirements for PRS-RSRP can be re-used for PRS-RSRPP
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Option 1.
We do not see clear reason why PRS-RSRPP would have different measurement period compared to PRS-RSRP.

	vivo
	Proposal 1 is OK.

	CATT
	Fine with option 1. 

	OPPO
	Option 1

	Intel
	Option 1. 

	Ericsson
	Proposal 1.

	Nokia
	Option-1. Measurement period defines when a UE measure on available PRS resources. This won’t be impacted by PRS-RSRPP.

	Qualcomm
	Support Proposal 1.




Issue 3-1-2: PRS-RSRPP report mapping
· Proposals:
· Option 1: HW
· Re-use the mapping table for PRS-RSRP for PRS-RSRPP. Re-use the mapping table for SRS-RSRP for SRS-RSRPP
· Proposal 1: Nokia
· Depending on RX sampling rate with down-sampling and oversampling, an absolute path-RSRP value can be read differently up to UE implementation. 
FFS : How to set the sampling rate reference or measurement time window requires further studies.

· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Option 1.
On option 2, if the absolute RSRPP value is up to UE implementation, it is not possible to define a meaningful report mapping for absolute RSRPP.

	vivo
	The mapping table for PRS-RSRP may be used as reference for PRS-RSRPP. And the specific value include reported value and measured quantity value need further discussion.

	CATT
	Fine with option 1. 

	OPPO
	Need further discussion. For absolute PRS-RSRPP or SRS-RSRPP, the existing absolute mapping table can be reused. But if PRS-RSRPP or SRS-RSRPP is normalized as mentioned in issue 3-1-3, differential RSRP mapping table is required. However, R16 only defined absolute mapping table for SRS RSRP and differential reporting mapping table for SRS RSRPP should be introduced.

	Intel
	Option 1

	Ericsson
	Option 1.

	Nokia
	Option-1 is ok.  
The absolute RSRPP value should not be up to UE implementation. If agreeing power on RE-level, this issue can be resolved.

	Qualcomm
	Option 1



Issue 3-1-3: PRS-RSRPP reporting together with PRS-RSRP
Should PRS-RSRPP be normalized for reporting if it is reported with PRS-RSRP?
· Proposals:
· Option 1: Vivo
· Yes
· Option 2: Nokia
· No
 
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	If “normalized” means RSRPP is a differential value relative to RSRP, then we support option 2. We suggest that RSRPP definition should be generic such that it can be reported without RSRP, and our suggestion is that RSRPP is defined as power on RE level (same as RSRP).

	vivo
	Support Option 1. When the total PRS-RSRP is reported, if the normalized with PRS-RSRP for first path PRS-RSRP is supported, the signaling load can be reduced compared with absolute first path PRS-RSRP reporting. And if the total PRS-RSRP is not reported, it is no need that PRS-RSRPP is normalized.

	CATT
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]Option 2. The reporting of PRS-RSRPP should be generic and independently with normal PRS-RSRP. 

	Intel
	Not clear about the normalization method either.

	Ericsson 
	Option 2. In our view RSRPP measurements shall be treated as a separate measurement.

	Nokia
	Option-2
“normalized” means PRS-RSRPP is a differential value relative to RSRP in dB.
Our proposal is to study both absolute and normalized RSRPP, we are open to discuss its supports.

	Qualcomm
	PRS-RSRPP does not need to be normalized. If it is normalized w.r.t to PRS-RSRP then PRS-RSRP would need to be reported together with PRS-RSRPP. The method of reporting should be flexible.




Issue 3-1-4: PRS-RSRPP reporting together without PRS-RSRP report
Should PRS-RSRPP be normalized for reporting if it is reported without PRS-RSRP?
· Proposals:
· Option 1: Nokia
· Yes
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	We support option 1, and our suggestion is that RSRPP is defined as power on RE level (same as RSRP).

	vivo
	In our understanding, the path RSRP is used to enhance the DL-AOD positioning. According to the PRS-RSRPP for different Tx beams of the TRP, the AOD information of the UE can be determined. 
If only PRS-RSRPP which is normalized is reported and it is reported without PRS-RSRP, the AOD information may be not determined.

	Ericsson
	In our view if PRS-RSRPP is reported without PRS-RSRP and is normalized then the accuracy of DL-AoD method might be compromised.  

	Nokia
	Option-1. For DL-AOD positioning, LMF can evaluate first path power portion out of total power by normalization.

	Qualcomm
	No, PRS-RSRPP should not be normalized if it’s not reported together with PRS-RSRP.

	
	




Issue 3-1-5: Related to RAN1 on DL PRS path RSRP
Reply to: R4-2119414/ R1-2110627: LS on definition of DL PRS path RSRP
· Proposals:
· Proposal 1: OPPO, Vivo
· Same Rx branches as applied for PRS-RSRP measurement are used for path PRS-RSRP measurement
· Proposal 2: HW
· Update the RSRPP definition to reflect that it is the path power on RE level
· Proposal 3: Nokia, Vivo
· Focus on the first path PRS-RSRP requirements (i=1) other than the addition path in the Rel-17
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	We support proposal 2.
Proposal 2 is related to how RSRPP is to be reported and used by LMF, and it would be desirable if RSRPP definition is generic and comparable with RSRP, so we suggest to (ask RAN1 to) update the RSRPP definition to reflect that it is the path power on RE level.
On Proposal 3, we understand the RSRPP definition is generic such that it works for all paths i=1 and i>1. However, we support option 3 from RAN4 requirement perspective, i.e. the requirements are only defined for first path i=1.
On Proposal 1, we understand RAN1 is already discussing the Rx branch in RSRPP definition, so there is no need to have parallel discussion in RAN4.

	Vivo
	Support Proposal 1 and Proposal 3.
For Proposal 2, we think same as PRS-RSRP, PRS-RSRPP is based on RE level.

	CATT
	The proposals are not exclusive to each other, we are fine with all the proposals. 

	OPPO 
	We are fine with proposal 1 and 3.

	Intel
	All these three proposals are not excluded each other. 
We can support all of them. 

	Ericsson
	We support proposal 1. This will ensure consistency between PRS-RSRPP and PRS-RSRP measurements. On proposal 3 we do not see why PRS-RSRPP measurement shall be limited to first path. From measurement point of view PRS-RSRPP measurement can be done along with the path based timing measurements. RAN1 agreement supports measurement reporting for multiple paths.

	Nokia 
	Support Proposal-1. 
We are fine with proposal-2 for absolute RSRPP reports. 
We support proposal 3.

	Qualcomm
	The UE would measure PRS-RSRP and PRS-RSRPP with the same Rx branches (e.g. 2) in the same time instance but the reported value for each measurement could correspond to a different Rx branch. The value reported for each measurement would be the maximum value observed across all the Rx branches used to measure.



Sub-topic 3-2: SRS-RSRPP
Issue 3-2-1: Related to RAN1 LS UL SRS-RSRPP definition
· Response to RAN1 LS in R1-2112744: UL SRS-RSRPP definition
· Proposals:
· Option 1: E///, HW
The reference point for UL SRS-RSRPP shall be: 
· for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
· for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector,
· for type 1-O or 2-O base station TS 38.104 [9]: based on the combined signal from antenna elements corresponding to a given receiver branch.
· Option 2: Nokia
· Study the path UL-RSRP measurement for UL-SRSP with option-1 that The same RX branch(es) as applied for the first path UL SRS-RSRPP measurements are used.
· For path UL-RSRP, the same argument as DL path-RSRP exists. RAN4 takes the same framework for UL-RSRP, if RAN4 makes agreements on DL path-RSRP measurements and reporting.
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	Option 1.
We suggest the reply LS to R1-2112744 to focus on the definition of reference point for SRS-RSRPP, while other issues that are common to PRS-RSRPP and SRS-RSRPP as discussed in sub-topic 3-1 can be included in another LS (if there is consensus in RAN4).

	CATT
	We think the reference point for SRS-RSRP and SRS-RSRPP should be the same. If option 1 is agreed, the reference point for SRS-RSRP should also be updated which should be informed to RAN1. 

	Ericsson 
	Option 1. In our understanding issue 3-2-1 is related to responding to RAN1 LS therefore we should limit reply LS to RAN4 point of view on reference point for UL SRS RSRPP measurement only. 
For additional issues mentioned in Option 2, we are open to discuss. However, in our view the first part of option 2 is already supported by UL SRS-RSRPP definition and the second part of option 2 is already captured in our LS response R4-2201672.

	Nokia
	Support Option-1 and Option-2. Our point is that there are common discussions in PRS-RSRPP and SRS-RSRPP, when RAN4 studies both.

	
	

	
	




Sub-topic 3-3: RSTD reporting enhancement
Issue 3-3-1: RSTD reporting enhancement
· Proposals:
· Proposal 1: 
· Ask RAN1/2 to update the RSTD reporting signaling in Rel-17 to allow UE reporting an RSTD reference resource for each PFL?
· Option 1: HW
· Yes
· Option 2: OPPO
· No
· Proposal 2: Nokia
· Partial measurement report can help to reduce the latency. RAN4 further works on how to make partial measurement report and its requirement depending on PFL or MG configuration etc
· Recommended WF
· Discuss the proposals
	Company
	Comments

	Huawei
	We support option 1 for Proposal 1. Due to large time separation between measurement on different PFLs and the frequency drift, there is practically no accuracy requirement for RSTD measurement with reference resource and neighbor resource on different PFLs based on current reporting (one reference PRS resource for neighbor PRS resources on all PFLs). Option 1 is proposed to resolve the issue by allowing UE to indicate a local reference PRS resource for each PFL.
We are open to discuss Proposal 2. 

	CATT
	For proposal 1, support option 1. Question to option 1, does it mean the RSTD measurement only apply when the reference and neighbor resources are on the same PFL?

	OPPO
	For proposal 1, we are fine to ask RAN1/2 if no consensus could be reached in RAN4.

	Intel
	For Proposal 1, we support option 2 since this WI in RAN1 was closed.

	Ericsson
	Option 2 in proposal 1: In our view Rel. 16 accuracy requirements were based on multi-PFL measurement so we do not see a need to update the RSTD reporting signalling.
On proposal 2: gain from partial measurement report we are open for discussion. 

	Nokia
	We support proposal-1 and -2. 
We see PFL factor in measurement out of MG in 1.2.2. So these are related and we see proposal-1 and proposal-2 has same motivation. We propose to study latency reduction from reporting process.

	Qualcomm
	We do see merit in proposal 1 but it may be too late to pursue it in Rel-17.




CRs/TPs comments collection
	CR/TP number
	Comments collection

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Summary for 1st round 
Open issues 
	
	Status summary 

	Sub-topic 3-1
	Issue 3-1-1: Related to measurement requirements for PRS-RSRPP
Tentative agreements: 
· Measurement period requirements for PRS-RSRP can be re-used for PRS-RSRPP
Recommendations for 2nd round: No further discussion in 2nd round. 

	Sub-topic 3-1
	Issue 3-1-2: PRS-RSRPP report mapping
Tentative agreements:
· Re-use the mapping table for PRS-RSRP for PRS-RSRPP. 
· Note: Other types of PRS-RSRPP report mapping discussed under issues 3-1-3 and 3-1-4.   
Recommendations for 2nd round: No further discussion in 2nd round on this issue.

	Sub-topic 3-1
	Issue 3-1-3: PRS-RSRPP reporting together with PRS-RSRP
Tentative agreements: None
Candidate options:
Should PRS-RSRPP be normalized for reporting if it is reported with PRS-RSRP?
· Option 1: Vivo
· Yes
· Option 2: Nokia, HW, CATT, E///, QC
· No

Recommendations for 2nd round: Further discuss in 2nd round.

	Sub-topic 3-1
	Issue 3-1-4: PRS-RSRPP reporting together without PRS-RSRP report
Tentative agreements: None
Candidate options:
· Should PRS-RSRPP be normalized for reporting if it is reported without PRS-RSRP?
· Option 1: Nokia, HW
· Yes
· Option 2: Vivo, E///, QC
· No
Recommendations for 2nd round: Further discuss in 2nd round.

	Sub-topic 3-1
	Issue 3-1-5: Related to RAN1 on DL PRS path RSRP
Reply to: R4-2119414/ R1-2110627: LS on definition of DL PRS path RSRP
Tentative agreements: 
· Same Rx branches as applied for PRS-RSRP measurement are used for path PRS-RSRP measurement
· Update the RSRPP definition to reflect that it is the path power on RE level
· PRS-RSRPP measurement requirements in Rel-17 are defined for first path (i=1).
· Note: RAN4 understanding that PRS-RSRPP definition is generic and applicable to all paths (i≥ 1).
Recommendations for 2nd round: No further discussion in 2nd round. Companies directly comment on the draft LS.

	Sub-topic 3-2
	Issue 3-2-1: Related to RAN1 LS UL SRS-RSRPP definition
Response to RAN1 LS in R1-2112744: UL SRS-RSRPP definition
Tentative agreements:
· The reference point for UL SRS-RSRPP shall be: 
· for type 1-C base station TS 38.104 [9]: the Rx antenna connector,
· for type 1-H base station TS 38.104 [9]: the Rx Transceiver Array Boundary connector,
· for type 1-O or 2-O base station TS 38.104 [9]: based on the combined signal from antenna elements corresponding to a given receiver branch.
Candidate options:
· Other open issues related to UL SRS-RSRPP definition
· Option 1:
· Study the path UL-RSRP measurement for UL-SRSP with option-1 that The same RX branch(es) as applied for the first path UL SRS-RSRPP measurements are used.
· For path UL-RSRP, the same argument as DL path-RSRP exists. RAN4 takes the same framework for UL-RSRP, if RAN4 makes agreements on DL path-RSRP measurements and reporting.
Recommendations for 2nd round: 
· Further discuss the open issues in 2nd round. Draft LS includes at least reference point definition and other issues if consensus is reached. 

	Sub-topic 3-3
	Issue 3-3-1: RSTD reporting enhancement
Tentative agreements: None
Candidate options:
· Proposal 1:
· Ask RAN1/2 to update the RSTD reporting signaling in Rel-17 to allow UE reporting an RSTD reference resource for each PFL?
· Option 1: HW, CATT, Nokia
· Yes
· Option 2: OPPO, E///, QC, Intel
· No
· Proposal 2: Nokia
· Partial measurement report can help to reduce the latency. RAN4 further works on how to make partial measurement report and its requirement depending on PFL or MG configuration etc
Recommendations for 2nd round: Further discuss in 2nd round. 



CRs/TPs

	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Sub-topic 3-1: PRS-RSRPP
Issue 3-1-3: PRS-RSRPP reporting together with PRS-RSRP
Should PRS-RSRPP be normalized for reporting if it is reported with PRS-RSRP?
· Option 1: Vivo
· Yes
· Option 2: Nokia, HW, CATT, E///, QC
· No

	Company
	Comments

	vivo
	We can compromise to Option 2.

	Huawei 
	It is better to clarify what is meant by “normalized”. We do not think PRS-RSRPP should be normalized to PRS-RSRP, and it should be possible to report RSRPP without RSRP.

	Ericsson
	We support option 2 and agree with Huawei.

	Qualcomm
	PRS-RSRPP does not need to be normalized. If it is normalized w.r.t to PRS-RSRP then PRS-RSRP would need to be reported together with PRS-RSRPP. The method of reporting should be flexible.
To Huawei’s question: we understand that normalized means that PRS-RSRPP would be reported as a fraction of PRS-RSRP. i.e. the difference in dB between PRS-RSRPP (without normalization) and PRS-RSRP would be reported.

	Nokia
	With the HW and QC comments, it is good to clarify “normalized” on
· For (absolute) PRS-RSRPP is reported as power level per RE.
· For relative power ratio between PRS-RSRPP and PRS-RSRP. This is another normalization issue.
HW meant the first one. We see some companies imply the second one. 
Basically, in the LS discussion, we understood that there are proposals on both cases, and both of them can be extra information processed in LMF. If ether one does not have consensus, we can remove it.

	
	

	
	

	
	



Issue 3-1-4: PRS-RSRPP reporting together without PRS-RSRP report
· Should PRS-RSRPP be normalized for reporting if it is reported without PRS-RSRP?
· Option 1: Nokia, HW
· Yes
· Option 2: Vivo, E///, QC
· No
	Company
	Comments

	vivo
	Option 2.

	Huawei 
	It is better to clarify what is meant by “normalized”. We assume in this issue, “normalized” means PRS-RSRPP is reported as power level per RE.

	Ericsson
	We support option 2. 

	Qualcomm
	Option 2

	Nokia
	With the HW and QC comments, it is good to clarify “normalized” on
· For (absolute) PRS-RSRPP is reported as power level per RE.
· For relative power ratio between PRS-RSRPP and PRS-RSRP. This is another normalization issue.
HW meant the first one. We see some companies imply the second one. 
Basically, in the LS discussion, we understood that there are proposals on both cases, and both of them can be extra information processed in LMF. If ether one does not have consensus, we can remove it.

	CATT
	Option 2

	
	

	
	



Sub-topic 3-2: SRS-RSRPP
Issue 3-2-1: Related to RAN1 LS UL SRS-RSRPP definition
· Other open issues related to UL SRS-RSRPP definition
· Option 1:
· Study the path UL-RSRP measurement for UL-SRSP with option-1 that the same RX branch(es) as applied for the first path UL SRS-RSRPP measurements are used.
· For path UL-RSRP, the same argument as DL path-RSRP exists. RAN4 takes the same framework for UL-RSRP, if RAN4 makes agreements on DL path-RSRP measurements and reporting.

	Company
	Comments

	Huawei
	First bullet is not fully clear, i.e. what is proposed to be studied in RAN4 exactly.
We are fine with the second bullet. 

	Ericsson
	On first bullet: agree with Huawei. The study proposal is not clear.
We are fine with second bullet.

	Nokia
	We are fine with second bullet.

	
	

	
	

	
	

	
	

	
	



Sub-topic 3-3: RSTD reporting enhancement
Issue 3-3-1: RSTD reporting enhancement
· Proposal 1:
· Ask RAN1/2 to update the RSTD reporting signaling in Rel-17 to allow UE reporting an RSTD reference resource for each PFL?
· Option 1: HW, CATT, Nokia
· Yes
· Option 2: OPPO, E///, QC, Intel
· No
· Proposal 2: Nokia
· Partial measurement report can help to reduce the latency. RAN4 further works on how to make partial measurement report and its requirement depending on PFL or MG configuration etc

	Company
	Comments

	Huawei
	Option 1.
It is noted that the impact is mainly on RAN2, and the WI is still open in RAN2, so we think it should be still feasible to do this in Rel-17.

	Ericsson
	We support option 2 in proposal 1.

	Qualcomm
	It seems that proposal 1 would have impact on both RAN1 and RAN2. It may be too late to make this change in Rel-17.

	Intel
	Option 1

	vivo
	Option 2

	Nokia
	We are fine with Option-1 in proposal-1.

	CATT
	The question for option 1 in 1st round was not resolved: Does it mean the RSTD measurement only apply when the reference and neighbor resources are on the same PFL? 

	
	



Topic #4: Work Split and Big CR Skeleton
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2202015
	Ericsson
	· Work split on RRM core requirements for positioning for following main areas:
· Latency reduction (PRS requirements for reduced number of samples)
· PRS-RSRPP measurement requirements
· PRS measurement requirements in RRC_INACTIVE state
· PRS measurement requirements without gaps
· Timing error group (TEG) related requirements
· RRM impact on PRS measurements
· PRS measurement impact on RRM
· A-GNSS related requirements
· Time plan

	R4-2202016
	Ericsson
	Big DraftCR on Positioning Enhancement



Open issues and comments collection for 1st round 
Sub-topic 4-1: Draft CR work split
Issue 4-1-1: Main areas and individual draft CRs with each area
· Proposals based on R4-2202015:
	No.
	Requirements for
	Detail 
	New or impacted section in TS 38.133Note1

	1
	All
	Big DraftCR on Positioning Enhancement
	All relevant sections in TS 38.133

	2
	Latency reduction
	RSTD measurement period with reduced number of samples
	9.9.2.6

	3
	
	PRS-RSRP measurement period with reduced number of samples
	9.9.3.6 (new)

	4
	
	UE Rx-Tx time difference measurement period with reduced number of samples
	9.9.4.6 (new)

	5
	PRS-RSRPP
	PRS-RSRPP measurement requirements including latency reduction
	9.9.6 (new)

	6
	PRS measurement in RRC_INACTIVE state
	General section
	5.5, 5.5.1 (new)

	7
	
	RSTD measurement requirements
	5.2.2 (new)

	8
	
	PRS-RSRP measurement requirements
	5.2.3 (new)

	9
	
	UE Rx-Tx time difference measurement requirements
	5.2.3 (new)

	10
	
	PRS-RSRPP measurement requirements
	5.2.3 (new)

	11
	PRS measurement without gaps
	General section
	9.9.1

	12
	
	RSTD measurement period without gaps
	9.9.2.7

	13
	
	PRS-RSRP measurement period without gaps
	9.9.3.7 (new)

	14
	
	UE Rx-Tx time difference measurement period without gaps
	9.9.4.7 (new)

	14
	
	PRS-RSRPP measurement period without gaps
	9.9.6.x.y (new)

	16
	Timing error group (TEG)
	General
	9.9.7

	17
	
	UE Rx TEG related requirements
	9.9.7.1

	18
	
	UE Tx TEG related requirements
	9.9.7.2

	19
	RRM impact on PRS measurements
	Impact of RRM on PRS measurement requirements and UE behavior
	TBD

	20
	PRS measurement impact on RRM
	Impact of PRS measurement on RRM measurement requirements and UE behavior
	TBD

	21
	A-GNSS positioning
	Enhancement requirements for A-GNSS positioning
	TBDNote 2

	Note 1: All items 1-20 are for TS 38.133
Note 2: Impacts only TS 38.171



· Recommended WF
· Comments invited on proposed draft CRs
· Note: Draft CRs will be assigned to volunteer companies in 2nd round
	Company
	Comments

	Huawei
	Overall the proposed draft CRs look good. Some comments from our side:
1. We understand 2, 3 and 4 should be included in the existing sections 9.9.2.5, 9.9.3.5 and 9.9.4.5 as they are applicable for MG based measurement and the main change is to parameter Nsample (please refer to our CR R4-2201639).
2. We are not sure if a new section is needed for 5. We suggest to define same measurement period for PRS-RSRPP as for PRS-RSRP, so maybe some clarification in existing sections 9.9.3 is enough. Same comment for 10 and 14.
3. We are not sure if 16-18 are needed. As far as we see, there is no core requirement impact due to TEG, but we can wait for the conclusion from email 223.
4. We suggest to have another 3 draft CRs for latency reduction enhancement related to MG, i.e. issues under sub-topic 1-3. The impacted sections are 9.9.2.5, 9.9.3.5 and 9.9.4.5.
5. For MG-less measurement, we suggest to have another draft CR for new section 9.9.x to define the scheduling restrictions.
Procedure wise it is not very clear to us when companies should volunteer for the draft CRs. We would like to volunteer for 4, 6 and 14 in the above table. 

	vivo
	We want to volunteer for 2, 9 and 13 in the above table.

	CATT
	The draft CR looks fine except that RxTx TEG related requirements are missing. 
We would like to volunteer for 3, 8 and 12 in the above table. 

	OPPO
	We would like to volunteer for 4 and 14.

	Intel
	The initial draft CRs are fine for us. We can update them if the further changes is needed later. 
We would like to volunteer for 13.

	Ericsson
	While CR split will be in the 2nd round. But our preference is to volunteer for 5, 7 and 11 or 15. 

	Nokia
	The CR split plan looks good. We can come back after 2nd round, but we can volunteer for 2, 5 or 10.



Issue 4-1-2: Time plan 
· Proposals:
· RAN4#101bis-e:
· Formal work split of draft CRs among volunteer companies
· Endorse Big CR with skeleton structure
· RAN4#102-e:
· Companies provide draft CRs
· Endorsement of draft CR
· Agreement of Big CR
· Recommended WF
· Comments invited on proposed time plan
	Company
	Comments

	Huawei
	Fine with the proposed time plan.

	vivo
	Fine with the proposed time plan.

	CATT
	Fine with the proposed time plan. 

	
	

	
	

	
	



Sub-topic 4-2: Big CR Template
Issue 4-2-1: Template of Big CR for TS 38.133
· Proposals based on R4-2202015:
· Big CR provides new sections for following topics:
· PRS measurement requirements in RRC inactive state
· PRS measurement requirements for latency reduction
· PRS measurement requirements with gaps
· PRS-RSRPP measurement requirements
· For other topics depending on outcome of discussion:
· Either add new section(s) or
· Reuse existing sections 
· Recommended WF
· Comments invited on proposed Big CR template for TS 38.133
	Company
	Comments

	Huawei
	Please refer to our comments 1, 2 and 5 for Issue 4-1-1.

	
	

	
	

	
	

	
	

	
	



CRs/TPs comments collection
	CR/TP number
	Comments collection

	R4-2202016 (Ericsson)
	Moderator: Sufficient to provide comments on issue 4-2-1

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Summary for 1st round 
Open issues 
Issue 4-1-1: Main areas and individual draft CRs with each area:
Recommendations for 2nd round: Assignment of draft CRs based on table below to volunteer companies
	No.
	Requirements for
	Detail 
	New or impacted section in TS 38.133Note1

	1
	All
	Big DraftCR on Positioning Enhancement
	All relevant sections in TS 38.133

	2
	Latency reduction
	RSTD measurement period with reduced number of samples
	9.9.2.5


	
	
	RSTD measurement period related to measurement gaps enhancement 
	

	3
	
	PRS-RSRP measurement period with reduced number of samples
	9.9.3.5

	
	
	PRS-RSRP measurement period related to measurement gaps enhancement
	

	4
	
	UE Rx-Tx time difference measurement period with reduced number of samples
	9.9.4.5

	
	
	UE Rx-Tx time difference measurement period related to measurement gaps enhancement
	

	5
	PRS-RSRPP
	PRS-RSRPP measurement requirements including latency reduction
	9.9.6 (new)

	6
	PRS measurement in RRC_INACTIVE state
	General section
	5.5, 5.5.1 (new)

	7
	
	RSTD measurement requirements
	5.2.2 (new)

	8
	
	PRS-RSRP measurement requirements
	5.2.3 (new)

	9
	
	UE Rx-Tx time difference measurement requirements
	5.2.3 (new)

	10
	
	PRS-RSRPP measurement requirements
	5.2.3 (new)

	11
	PRS measurement without gaps
	General section
	9.9.1

	12
	
	RSTD measurement period without gaps
	9.9.2.6

	13
	
	Scheduling availability of UE during RSTD measurement
	9.9.2.7 (new)

	14
	
	PRS-RSRP measurement period without gaps
	9.9.3.6 (new)

	15
	
	Scheduling availability of UE during PRS-RSRP measurement
	9.9.3.7 (new)

	16
	
	UE Rx-Tx time difference measurement period without gaps
	9.9.4.6 (new)

	17
	
	Scheduling availability of UE during UE Rx-Tx time difference measurement
	9.9.4.7 (new)

	18
	
	PRS-RSRPP measurement period without gaps
	9.9.6.x (new)

	19
	
	Scheduling availability of UE during PRS-RSRPP measurement
	9.9.6.y (new)

	20
	Timing error group (TEG)
	General
	TBD

	21
	
	UE Rx TEG related requirements
	TBD

	22
	
	UE Tx TEG related requirements
	TBD

	23
	RRM impact on PRS measurements
	Impact of RRM on PRS measurement requirements and UE behavior
	TBD

	24
	PRS measurement impact on RRM
	Impact of PRS measurement on RRM measurement requirements and UE behavior
	TBD

	25
	A-GNSS positioning
	Enhancement requirements for A-GNSS positioning
	TBDNote 2

	Note 1: All items 1-20 are for TS 38.133
Note 2: Impacts only TS 38.171




	
	Status summary 

	Sub-topic 4-1
	Issue 4-1-2: Time plan for CRs
Tentative agreements:
· RAN4#101bis-e:
· Formal work split of draft CRs among volunteer companies
· Endorse Big CR with skeleton structure
· RAN4#102-e:
· Companies provide draft CRs
· Endorsement of draft CR
· Agreement of Big CR
Recommendations for 2nd round: No further discussion needed in 2nd round.

	Sub-topic 4-2
	Tentative agreements:
Issue 4-2-1: Template of Big CR for TS 38.133
· Big CR provides new sections for following topics:
· PRS measurement requirements in RRC inactive state
· PRS measurement requirements with gaps
· PRS-RSRPP measurement requirements
· For latency reduction in RRC connected state use existing sections
· For other topics depending on outcome of discussion:
· Either add new section(s) or
· Reuse existing sections 

Recommendations for 2nd round: Further review the updated Big Draft CR in 2nd round. 



CRs/TPs

	CR/TP number
	CRs/TPs Status update recommendation  

	XXX
	Based on 1st round of comments collection, moderator can recommend the next steps such as “agreeable”, “to be revised”



Discussion on 2nd round (if applicable)
Sub-topic 4-1: Draft CR work split
Issue 4-1-1: Main areas and individual draft CRs with each area

	No.
	Requirements for
	Detail 
	New or impacted section in TS 38.133Note1
	Volunteer Company

	1
	All
	Big DraftCR on Positioning Enhancement
	All relevant sections in TS 38.133
	Ericsson (Rapporteur)

	2
	Latency reduction
	RSTD measurement period with reduced number of samples
	9.9.2.5

	vivo

	
	
	RSTD measurement period related to measurement gaps enhancement 
	
	

	3
	
	PRS-RSRP measurement period with reduced number of samples
	9.9.3.5
	Intel

	
	
	PRS-RSRP measurement period related to measurement gaps enhancement
	
	

	4
	
	UE Rx-Tx time difference measurement period with reduced number of samples
	9.9.4.5
	Huawei


	
	
	UE Rx-Tx time difference measurement period related to measurement gaps enhancement
	
	

	5
	PRS-RSRPP
	PRS-RSRPP measurement requirements including latency reduction
	9.9.6 (new)
	Ericsson

	6
	PRS measurement in RRC_INACTIVE state
	General section
	5.5, 5.5.1 (new)
	Huawei

	7
	
	RSTD measurement requirements
	5.5.2 (new)
	Qualcomm

	8
	
	PRS-RSRP measurement requirements
	5.5.3 (new)
	vivo

	9
	
	UE Rx-Tx time difference measurement requirements
	5.5.4 (new)
	Ericsson

	10
	
	PRS-RSRPP measurement requirements
	5.5.5 (new)
	CATT

	11
	PRS measurement without gaps
	General section
	9.9.1
	Ericsson

	12
	
	RSTD measurement period without gaps
	9.9.2.7
	Huawei

	13
	
	Scheduling availability of UE during RSTD measurement
	9.9.2.8 (new)
	OPPO

	14
	
	PRS-RSRP measurement period without gaps
	9.9.3.6 (new)
	CATT

	15
	
	Scheduling availability of UE during PRS-RSRP measurement
	9.9.3.7 (new)
	

	16
	
	UE Rx-Tx time difference measurement period without gaps
	9.9.4.6 (new)
	OPPO

	17
	
	Scheduling availability of UE during UE Rx-Tx time difference measurement
	9.9.4.7 (new)
	vivo

	18
	
	PRS-RSRPP measurement period without gaps
	9.9.6.x (new)
	CATT

	19
	
	Scheduling availability of UE during PRS-RSRPP measurement
	9.9.6.y (new)
	

	20
	Timing error group (TEG)
	General
	TBD
	

	21
	
	UE Rx TEG related requirements
	TBD
	

	22
	
	UE Tx TEG related requirements
	TBD
	

	23
	RRM impact on PRS measurements
	Impact of RRM on PRS measurement requirements and UE behavior
	TBD
	

	24
	PRS measurement impact on RRM
	Impact of PRS measurement on RRM measurement requirements and UE behavior
	TBD
	

	25
	A-GNSS positioning
	Enhancement requirements for A-GNSS positioning
	TBDNote 2
	

	Note 1: All items 1-20 are for TS 38.133
Note 2: Impacts only TS 38.171
	


Sub-topic 4-2: Big CR Template
Issue 4-2-1: Template of Big CR for TS 38.133
Companies can directly check and comment on the updated Big CR.
Topic #5: Feature lists for Positioning Enhancements
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2200544

	Intel
	Discussion on Rel-17 RAN4 UE feature list
· 2.2  Positioning enhancements for NR [NR_pos_enh]



Open issues and comments collection for 1st round 
Sub-topic 5-1: Features for positioning enhancements
Companies are invited to provide their input also on feature not yet proposed but is needed for positioning enhancements. The features will be included in the overall feature list under [101-bis-e][139] R17_feature_list.
· Proposal: Intel 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	X-1
	FFS: per-FR MG for PRS measurement
	Capability of supporting per-FR MG for PRS measurement
	Rel-15 per-FR gap (independentGapConfig)
	yes
	no
	
	Per UE
	No
	No
	N/A
	
	Optional with capability signalling




	Company
	Comments

	Huawei
	We support the proposal from Intel to introduce UE capability for per-FR MG for PRS measurement. 
We support to introduce UE capability for the max RDT threshold for the condition of MG-less measurement (Issue 1-2-2). 

	CATT
	Fine with the proposed capability. 

	Ericsson
	It is related to issue 1-3-1. So whether this feature can be agreed depends on conclusion of 1-3-1.

	
	

	
	

	
	



Summary for 1st round 
Sub-topic 5-1: Features for positioning enhancements
Tentative agreements: None
Candidate options: 
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	X-1
	FFS: per-FR MG for PRS measurement
	Capability of supporting per-FR MG for PRS measurement
	Rel-15 per-FR gap (independentGapConfig)
	yes
	no
	
	Per UE
	No
	No
	N/A
	
	Optional with capability signalling

	X-2
	FFS: max receive time difference (RTD) threshold for MG-less measurement
	Capability for max RTD threshold for condition of MG-less measuremen
	
	
	
	
	
	
	
	
	
	Optional with capability signalling



Recommendations for 2nd round: Further discuss in 2nd round. Companies provide views on different aspects of proposed capability.
Discussion on 2nd round (if applicable)
Sub-topic 5-1: Features for positioning enhancements
Companies can further provide their views on different aspects of following proposed UE features.
Note: Features X-1 and X-2 are related to issues 1-3-1 and 1-2-2 respectively.
	Index
	Feature group
	Components
	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type

	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	
	Mandatory/Optional

	X-1
	FFS: per-FR MG for PRS measurement
	Capability of supporting per-FR MG for PRS measurement
	Rel-15 per-FR gap (independentGapConfig)
	yes
	no
	
	Per UE
	No
	No
	N/A
	
	
	Optional with capability signalling

	X-2
	FFS: max receive time difference (RTD) threshold for MG-less measurement
	Capability for max RTD threshold for condition of MG-less measuremen
	
	
	
	
	
	
	
	
	
	
	Optional with capability signalling



	Company
	Comments

	Huawei
	Support both X-1 and X-2.
The candidate values for X-2 can be FFS.

	Ericsson
	We support X-1.
In our view X-2 should not be a capability.

	Intel
	X-1

	vivo
	Support X-1.
Support X-2. The proposed candidate values are {CP length, half of the symbol, half of the slot, 1ms}

	CATT
	Support X-1. 
X-2 is pending on the technical discussion. 

	
	

	
	

	
	



Recommendations for Tdocs
1st round 
New tdocs
	Title
	Source
	Comments

	WF on NR Positioning Enhancements (Part 1)
	Ericsson
	

	LS reply on lower Rx beam sweeping factor for latency improvement
	CATT
	To: RAN1 
Reply to RAN1 LS in R1-2112767

	LS reply on condition of PRS measurement outside the MG
	Vivo
	To: RAN1 
Reply to RAN1 LS in R4-2200051/R1-2112883

	Draft LS on SRS for multi-RTT positioning
	Huawei, HiSilicon
	To: RAN1: Cc: RAN2, RAN3

	LS reply on definition of DL PRS path RSRP
	Nokia
	To: RAN1 
Reply to RAN1 LS in R4-2119414/ R1-2110627

	LS reply on UL SRS-RSRPP definition
	Ericsson
	To: RAN1 
Reply to RAN1 LS in R1-2112744



Existing tdocs
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2202015
	Work split on RRM core requirements for positioning
	Ericsson
	Noted
	Will be captured in WF

	R4-2202016
	Big DraftCR on Positioning Enhancement
	Ericsson
	Revised
	

	R4-2201370
	Draft CR to 38.133 Introducing requirements for latency reduction of positioning measurement
	Vivo
	Postpone
	

	R4-2201639
	CR on latency reduction of positioning measurements
	Huawei, Hisilicon
	Postpone
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 
	Tdoc number
	Title
	Source
	Recommendation  
	Comments

	R4-2202016
	Big DraftCR on Positioning Enhancement
	Ericsson
	Agreeable 
	

	R4-2202677
	WF on NR Positioning Enhancements (Part 1)
	Ericsson
	Agreeable
	

	R4-2202678
	LS reply on lower Rx beam sweeping factor for latency improvement
	CATT
	Agreeable
	To: RAN1 
Reply to RAN1 LS in R1-2112767

	R4-2202679
	LS reply on condition of PRS measurement outside the MG
	Vivo
	Return to
	To: RAN1 
Reply to RAN1 LS in R4-2200051/R1-2112883

	R4-2202680
	Draft LS on SRS for multi-RTT positioning
	Huawei, HiSilicon
	Agreeable
	To: RAN1: Cc: RAN2, RAN3

	R4-2202681
	LS reply on definition of DL PRS path RSRP
	Nokia, Nokia Shanghai Bell
	Return to
	To: RAN1 
Reply to RAN1 LS in R4-2119414/ R1-2110627

	R4-2202682
	LS reply on UL SRS-RSRPP definition
	Ericsson
	Agreeable
	To: RAN1 
Reply to RAN1 LS in R1-2112744



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
Annex 
Contact information
	Company
	Name
	Email address

	Huawei
	Li Zhang
	zhangli164@huawei.com

	vivo
	Qian Yang
	qian9.yang@vivo.com

	CMCC
	Jingjing Chen
	chenjingjing@chinamobile.com

	CATT
	Qiuge Guo
	guoqiuge@catt.cn

	Ericsson
	Deep Shrestha
	deep.shrestha@ericsson.com

	
	
	

	
	
	

	
	
	

	
	
	



Note:
1. Please add your contact information in above table once you make comments on this email thread. 
1. If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)

