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Introduction
RRM requirements for Rel-17 ePOS were discussed in RAN4#99-e, and the outcomes are captured in the WF [1]. In particular, one topic discussed is latency reduction. Based on [1] the following issues are to be further discussed:
· General scope
· Latency reduction related to measurement 
· Latency reduction related to MG 
In this paper we will provide our views on the above open issues for latency reduction for positioning.
Discussion
General scope
	· RAN4 requirements definition on latency reduction are reliant on RAN1 solutions, which RAN4 needs to discuss after RAN1 has made agreement.
· Candidate options:
· Analyze factors that impact measurement requirements from RAN4 perspective to identify possible enhancements regarding latency reduction
· Option 1: Yes
· Option 2: TBA


The objective of latency reduction is led by RAN1, and several enhancements are under investigation in RAN1. RAN4 has agreed to define necessary requirements based on RAN1 enhancements, and the question is whether RAN4 should try to identify possible enhancements from RAN4 perspective.
In our view, RAN4 should first focus on the enhancements to be introduced by RAN1 rather than identifying enhancements from RAN4 perspective. A number of enhancements are being discussed in RAN1, and many of them may have RAN4 impacts, so the efforts for this part should be accounted. In addition, there are other objectives with heavy RAN4 impacts, e.g. the Inactive measurement, which will also take a lot of RAN4 efforts. Considering that there are 4 meetings (including the current meeting) left for the WI core part, we suggest to RAN4 to take a focused approach first.
Of course, focusing on RAN1 introduced enhancements does not mean completely exclude enhancements from RAN4 perspective, but they should be well justified based on analysis on the gain and the efforts. 
Proposal 1: RAN4 should focus on the RRM impacts due to RAN1 introduced enhancements for latency reduction. 
Latency reduction related to measurement 
Reduction of sample number
One possible enhancement identified by RAN1 in reducing measurement time is to reduce the number of samples. In RAN1#105-e, an LS [2] was sent to RAN4 with the RAN4 action as highlighted.
	Agreement:
M-sample (1<=M<4) PRS processing corresponding to measurements performed within M instances of the DL PRS resource set on a PRS resource, subject to UE capability, is beneficial from a RAN1 perspective for latency reduction.
· One sample corresponds to one instance
· Send an LS to RAN4 informing that
· M-sample (1<=M<4) measurements corresponding to measurements performed within M (1<=M<4) instances of the DL PRS resource set on a PRS resource are beneficial for reduction of measurement latency from RAN1 point of view.
· RAN4 is requested to check the feasibility of measurements performed within M (1<=M<4) instances of the DL PRS resource set and identify the impact on requirements/side condition.
· RAN1 to further study at least the following aspects for allowing M-sample (1<=M<4) PRS processing
· Details of UE capability
· Signaling details, e.g., to indicate whether measurement is based on one or more samples
· Whether the PRS sample processing time is defined and the relation with (N, T).
· Note: This may have RAN4 dependency


In Rel-16 RAN4 has defined the measurement period requirements based on 4 samples. The motivations were to make sure reasonable performance can be achieved with low BW and low Es/Iot side condition, also considering deep fading and other imperfection like AGC. 
In principle, it is feasible to reduce the measurement period, but like RRM measurement requirements, there is a trade-off among measurement period, accuracy and side condition. In our view, it would be desirable to keep the accuracy unchanged as much as possible because the Rel-16 accuracy requirements is already a minimum for meeting the positioning accuracy requirements for NR. Latency reduction would not be very meaningful if it comes with degradation in the positioning accuracy.
Based on our initial analysis, the RSTD or Rx-Tx accuracy is somehow reliable with even single sample provided that the detection is successful. PRS-RSRP, on the other hand, is more sensitive to the sample number. Table 1 shows the performance comparison for PRS-RSRP with 1-sample and 4-sample, based on Es/Iot conditions of -13dB and -6dB. The simulation is for 30kHz SCS with 132RB under TDL-A channel, and PRS configuration is comb-4, symbol-4 and repetition-1. The tables show the difference in absolute and relative accuracy compared to -13dB with 4-sample which is the Rel-16 baseline and marked as 0. +X in the table means the accuracy is improved by X dB, and –Y means the accuracy is degraded by Y dB.
Table 1: PRS-RSRP accuracy with different sample numbers and side conditions
	Sample number
Es/Iot
	1
	4

	
	Absolute
	Relative
	Absolute
	Relative

	-6dB
	+0.8
	+0.5
	+1.1
	+1.2

	-13dB
	-0.5
	-1.4
	0
	0


As can be seen from Table 1, the performance degradation when going from 4-sample to 1-sample is 0.5dB for absolute and 1.4dB for relative at -13dB condition. When the Es/Iot condition is -6dB, the performance of 1-sample is even better than that of 4-sample at -13dB, with 0.8dB gain for absolute and 0.5dB gain for relative. Therefore, we suggest that the enhanced measurement period with smaller number of samples are based Es/Iot condition of -6dB.
It is noted that although the performance with RSTD or UE Rx-Tx is not degraded that much when going from 4-sample to 1-sample, PRS-RSRP can also be configured for DL-TDOA or multi-RTT positioning. As RSTD (or UE Rx-Tx) and PRS-RSRP are measured based on the same set of PRS resources and over the same measurement period, and it would be reasonable to apply the same side condition for all the measurements.
As to the exact number of samples, we suggest 2 sample as minimum. It is noted that PRS measurement is taken in MGs, so it would require at least 1 sample for AGC before the measurement can be done. This is similar as inter-frequency RRM measurement where 3 samples are assumed for AGC. 
Of course, it could happen that PRS BW is fully confined within a serving cell BWP, where the PRS measurement resembles the intra-frequency RRM measurement without MG. In this case, however, we think a separate AGC sample would still be needed because the target Es/Iot for the PRS measurement is -13dB while serving cell demodulation is targeting at -6dB, so the gain settings for receiving serving cell data may not be re-usable for PRS measurement. 
If the enhanced measurement period with smaller number of samples are based Es/Iot condition of -6dB as we suggested above, and PRS BW is fully confined in active BWP, single sample measurement is possible, but this means the enhanced measurement period requirements would be split depending on the PRS BW and the active BWP. Considering the requirement complexity and the fact that active BWP changes dynamically, we suggest to not define additional requirement for this case.
Proposal 2: For latency reduction, the number of samples in measurement period is reduced to 2 as minimum based on -6dB Es/Iot condition. 
Besides the feasibility issue as asked by RAN1, RAN4 also needs to discuss the requirements to be defined for reduced number of samples and their applicability. For the core requirements, we suggest to define only one set of enhanced requirements corresponding to the minimum number of samples seen as feasible by RAN4, which includes the measurement period requirements, accuracy requirements and the side conditions. 
Based on our Proposal 2, this means defining a new set of requirements based on 2-sample in measurement, same or slightly reduced accuracy (pending on evaluation in the performance part) and -6dB Es/Iot condition. We do not see the need to define another set of requirements e.g. based on 3-sample.  
As to the applicability, we understand more inputs from RAN1 are needed. For example, if LMF indicates whether the measurements are to be based on 2-sample, then it is clear that the enhanced requirements should apply. The question is e.g. could LMF indicate measurements are to be based on both 2-sample and 4-sample, so that both existing and enhanced requirements apply? 
Proposal 3: RAN4 to define one set of enhanced requirements corresponding to the minimum number of samples seen as feasible by RAN4. The applicability of the existing and enhanced requirements are FFS based on RAN1 inputs.
A draft LS based on Proposal 2 and 3 is included in the Annex.
Other mechanism for reducing measurement latency  
	· Outcome of possible definition of {N,T} capabilities to indicate measurement/processing time (T) in relation to reference signal duration (T) by other WGs can be studied by RAN4
· FFS: RAN4 to study possible Rel-17 latency enhancements in relation to UE capability {N, T} within Rel-16 framework
· FFS: Discuss and identify (further) conditions which can lead to enhanced requirements regarding UE measurement time 


On other mechanisms for reducing the measurement latency, RAN4 has discussed possible enhancements based on multiple sets of {N,T} capabilities. For example, UE may indicate different processing time T for different PRS duration N. If the configured PRS duration Lprs is small, then a shorter processing time can be assumed in the measurement period. This enhancement was already discussed in RAN1 in Rel-16, and the impact to RAN4 requirements are also acceptable. However, as this enhancement is still under discussion in RAN1, RAN4 needs to wait until RAN1 has clear inputs.
In RAN4#99-e, some companies proposed to study latency enhancements based on Rel-16 {N,T} capability indication. We are open to this discussion once the exact enhancement is made clear by the proponents. On the other hand, as we mentioned in section 2.1, the enhancements need to be well justified before RAN4 agrees to introduce them.
In RAN4#99-e, some companies also proposed to identify (further) conditions which can lead to enhanced requirements regarding UE measurement time, and in our understanding, this is in line with the sample number reduction from RAN1 as discussed in section 2.2.1, so there is no need to have a separate discussion.
Proposal 4: RAN4 waits for further inputs from RAN1 before working on requirements for enhanced {N,T} capability indication. 
Latency reduction related to MG 
	· Wait on outcome of RAN1/2 on measurement gap enhancements or gapless measurement. Introducing new measurement gap patterns is FFS and shall be addressed in the next meeting.


MG related procedure
RAN1 has discussed some possible enhancements on reducing the procedure delay related to MG requests and MG configuration for PRS measurement. In RAN1#105-e, the following agreements are made.
	Agreement:
RAN1 to further study at least the following aspects for MG enhancement with regards to MG requesting and configuration/activation/triggering for the purpose of latency reduction for positioning:
· Preconfiguration of multiple MGs 
· Triggering/activation of MG(s) with lower layer signalings (DCI or DL MAC CE)
· Request of MG(s) with lower layer signaling by the UE to the gNB 
· Request/determination of MG(s) by LMF indication to the gNB/UE
· Note: The combination of the above items is possible.


As all the enhancements are still under study in RAN1, RAN4 needs to wait for the agreements on the detailed solution before working on the possible requirements. 
In Rel-16, RAN4 requirements are applicable assuming the needed MG are already configured, but the exact requirements are not depending on the procedures for MG request or configuration. A generic principle was agreed in Rel-16 that if MG is reconfigured, the measurement period can be longer. Based on the same principle, there may be no impacts due to enhancements on the MG related procedure, but this can be further discussed based on RAN1 inputs. 
Proposal 5: RAN4 to discuss possible impacts on the measurement requirements due to enhancements on MG procedure after RAN1 has agreed on the detailed solutions. 
In addition, the MG related enhancements from RAN1 may have impacts on the MG enhancement being discussed in RAN4 in NR_MG_enh WI. 
In particular, the pre-configuration of MGs and requesting/activating MGs with lower layer signaling may look similar as pre-MG in NR_MG_enh WI. However, the difference is that activation and deactivation of pre-MG is triggered by serving cell (via BWP switch) while start/stop of PRS measurement is triggered by UE (based on LPP requests), so the implicit activation/deactivation being discussed for pre-MG may not work for PRS measurement.
Another aspect is the concurrent MGs, and in the discussion of NR_MG_enh WI, one use case of concurrent MGs to support PRS measurement and RRM measurement in different MGs. RAN1 has also agreed to study pre-configuration of multiple MGs. However, RAN4 has not discussed the joint working of concurrent MGs and pre-MG.
In our view, as the two WIs are both ongoing and no detailed solution has been agreed on any of the enhancements (MG enhancement for latency reduction, pre-MG and concurrent MGs), it is hard to discuss the joint working of them, so for the time being we suggest to discuss each enhancement separately and discuss the possible joint working later when each enhancement is stable.
Proposal 6: RAN4 to discuss joint working of MG enhancement for latency reduction and enhancements in NR_MG_enh WI after solution for each enhancement is stable.
MG-less measurement 
RAN1 has discussed possible introduction of MG-less PRS measurement. In RAN1#105-e, the following agreements are made.
	Agreement:
· Further study the following options (with the same numerology) to support PRS measurement without MGs for latency reduction in Rel-17
· Option 1: The PRS is from the serving cell and UE measurement is inside the active DL BWP 
· Option 2: The PRS can be from the serving cell and non-serving cell, and UE measurement is inside the active DL BWP 
· Option 3: The PRS (from the serving cell or non-serving cell) used for UE measurement may extend outside or be completely outside the active DL BWP (including with potentially a different numerology) 
· Note: RAN1 strives not to increase the PRS measurement time compared with Rel-16 MG-based measurement
· The following aspects are FFS
· PRS processing prioritization window
· Mechanism to trigger UE DL PRS measurements and report 
· UE/gNB assumptions on processing of DL PRS and other DL physical channels / signals
· UE DL PRS processing capabilities
· Note: Companies are encouraged to compare the latency benefits of introducing MG-less PRS measurements over MG-based PRS measurements
· Note: Depending on the comparison of latency benefits (and other considerations such as complexity) between introducing MG-less PRS measurements and MG-based PRS measurements, none/one/multiple of the above options should be adopted in Rel-17.


In our understanding, whether and how to introduce MG-less measurement is still under discussion in RAN1, so RAN4 has to wait for RAN1 conclusions before discussing the MG-less related requirements.
Proposal 7: RAN4 waits for RAN1 conclusions before discussing requirements for MG-less PRS measurement.
Conclusions
In this paper we provided our views on RRM requirements for latency reduction for positioning.
Proposal 1: RAN4 should focus on the RRM impacts due to RAN1 introduced enhancements for latency reduction. 
Proposal 2: For latency reduction, the number of samples in measurement period is reduced to 2 as minimum based on -6dB Es/Iot condition. 
Proposal 3: RAN4 to define one set of enhanced requirements corresponding to the minimum number of samples seen as feasible by RAN4. The applicability of the existing and enhanced requirements are FFS based on RAN1 inputs.
Proposal 4: RAN4 waits for further inputs from RAN1 before working on requirements for enhanced {N,T} capability indication. 
Proposal 5: RAN4 to discuss possible impacts on the measurement requirements due to enhancements on MG procedure after RAN1 has agreed on the detailed solutions. 
Proposal 6: RAN4 to discuss joint working of MG enhancement for latency reduction and enhancements in NR_MG_enh WI after solution for each enhancement is stable.
Proposal 7: RAN4 waits for RAN1 conclusions before discussing requirements for MG-less PRS measurement.
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1. Overall Description:
RAN4 thanks RAN1 for the information in R1-2106185. RAN4 has evaluated the feasibility to reduce number of samples (M) in the measurement period, and concluded that it would be feasible to reduce the number of samples to 2 (i.e. the minimum number of M is 2), based on the condition Es/Iot ≥ -6dB.
From requirements perspective, RAN4 would define a new set of enhanced requirements corresponding to the minimum number of M (2), including measurement period requirements, accuracy requirements and the side conditions. RAN4 will evaluate the accuracy impacts due to reduced number of samples in the Performance part. 
In addition, RAN4 would like to hear further inputs from RAN1, in particular, RAN4 is interested to know when UE is expected to performed measurement based on 4 samples and when to performed measurement based on reduced number of samples. 

2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account in the future work in defining latency reduction for PRS measurement, and have RAN4 informed when there are further agreements on the signalling and UE capability related to reduced number of samples.

3. Date of Next TSG-RAN4 Meetings:
TSG-RAN4 Meeting #101-e		  	    01 – 12 November, 2021
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