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Introduction
During RAN4 #101-bis-e meeting, several methods to reduce the positioning measurement latency were discussed and the related conclusions were achieved [1]. This paper will provide our considerations and proposals on latency reduction of positioning measurements.
Discussion
Reduced PRS samples 
	Issue 1-1-2: One or more conditions under which samples for AGC is reduced or not required for PRS measurements
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.
Open issues:
· Condition 1B: 
· RX power definition:
· Option 1:
· Difference between the serving cell SSB and neighboring cell PRS RX EPRE is within [6] dB
· Option 2:
· Difference between the serving cell signal and neighboring cell PRS RX EPRE is within [6] dB.
· Condition 2: QCL
· Condition 2a: 
· When UE is provided with the QCL information of the PRS (dl-PRS-QCL-Info)
· Condition 2b: 
· If PRS QCL information is provided with SSB as reference with QCL Type A, Type D and average gain
· Condition 2c: 
· 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 3: PRS configuration parameters:
· PRS resource repetitions (in different slots) within one PRS instance. Number of repetitions is FFS


For the two options in condition 1B, the only difference is which type of signals is used for serving cell. If serving cell is transmitting PRS as well, it is better to used PRS. Otherwise, we are fine with SSB or other signals. Option 2 is more generic and we slightly prefer it. Besides, the Rx power should be cell-specific quality after L3 filtering especially in FR2 since the L1 RSRP with different QCL resources varies quite differently. 
Proposal 1: For the Rx power definition in condition 1B, prefer option 2: Difference between the serving cell signal and neighboring cell PRS cell-specific Rx EPRE is within [6] dB.
For QCL information in condition 2, UE behaviour is not clear when multiple PRS resources associated with different QCL information are FDMed in the same symbol. Even is aware of QCL information, UE may need to process different QCLed PRS resources in sequential and in result the number of PRS samples cannot be reduced. 
For the PRS configuration parameters in condition 3, we agree that the performance gain is limited by MG configuration and UE capability. If repetitive PRS resources cannot be covered within MGL or cannot be processed by UE, the expected performance gain will not be achieved and the PRS resource repetition will be wasted. And it is hard to adjust PRS configuration according to different UE capabilities. However, it may be feasible if on-demand PRS and PRS outside MG are jointly considered. So we prefer to keep condition 3 as FFS.
Observation 1: Considering PRS configuration parameters in condition 3 is feasible if on-demand PRS and PRS outside MG are jointly considered. 
	Issue 1-1-4A: Need for LMF to configure the UE to measure with a reduced Rx beam sweeping factor 
Open issues:
· Whether UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor?
· Option 1:
· Yes
· Option 2:
· No


In our understanding, the motivation to introduce LMF configuration is to estimate the measurement latency and to decide a proper response time accordingly. If so, it is UE capability matters rather than LMF configuration. If UE capability is reported to LMF before such the configuration, it is not reasonable for LMF to disable reduced Rx beam sweeping factor if UE can support it. If LMF configure such feature before UE capability report, then how to coordinate them.   
Observation 2: UE capability on Rx beam sweeping factor is sufficient for LMF to decide the measurement latency.
Proposal 2: It is not necessary for LMF to configure the UE with a reduced Rx beam sweeping factor. 
PRS measurements outside gaps 
	Issue 1-2-2: Related to RAN1 LS on condition of PRS measurement outside the MG
Open issues:
· Proposal 1: 
· 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: 
· 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: 
· 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: 
· 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:
· 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
· 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}


As analysed in our previous contribution [2], CP length should be considered as the Rx timing difference threshold to avoid ambiguous for frequency domain correlation. We can also compromise to proposal 6 by removing larger candidate thresholds. One reason of larger threshold is to allow more NW deployment. Firstly, PRS measurement outside MG is one optimized approach to reduce positioning latency. If the Rx timing different for a certain neighbouring cell is not met, UE can fall back to Rel-16 and perform PRS measurement within MG. Secondly, cellular data traffic will be sacrificed if the Rx timing difference exceeds CP length. The intention to define priority between PRS and other DL channels/signals is to enable UE receive both of them. PRS processing window is different from MG, where DL and UL data are not expected within MGL. To move forward, we can compromise to introduce UE capability for the threshold. But what kind of UE implementation or capability is required should be clear in RAN4 before sending LS. Besides, we have concerns on the 1ms of threshold, is it possible for UE to receive PRS resources from gNB 300km away?   
Proposal 3: Consider CP length as the threshold for Rx timing difference between the PRS from the non-serving cell and that from the serving cell. 
Optimization of PRS measurement within gap
	[bookmark: _Hlk87477133]Optimization of PRS measurements with gaps
Open issues:  
· Option 1:
· 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.


Option 1 is also included in option 2 so we think it can be supported at first. The other parts in option 2 can be used as the starting point and how to achieve it by reasonable PRS/MG configuration needs further discussion.  
   (1)
     (2)
Proposal 4: To optimize PRS measurement within gap, support option 1 as the starting point and further discuss how to achieve option 2 by reasonable PRS and MG configuration. 
Another aspect to optimize PRS measurement within gap is for multiple PFLs scenarios. In Rel-16, the measurement period of each layer is calculated by formula (1) where the time unit for the last sample is reduced from  to . And the existing measurement period can be kept when single PFL is configured. However,  is added back when calculating the total measurement period for all PFLs. It is a kind of repetitive accumulation and can be improved as formulas (3) and (4).  is removed for measurement of each PFL and  among all PFLs is added when calculating the total measurement period for multiple PFLs.
   (3)
     (4)
Proposal 5: For multiple PFLs scenarios, the total measurement period could be optimized as formulas (3) and (4).
Agreements:
-	On the concurrent measurement gap, RAN2 wait for further input from RAN1/RAN4. 
-	On the Network-Controlled Small Gap, RAN2 wait for further input from RAN1/RAN4. 
Regarding to the MG enhancements for positioning, the above 2 questions are asked in the LS [3] to wait for more conclusions in RAN4. The first question is whether POS MG activated / deactivated via MAC CE could be considered as concurrent gap. And this issue is also related to the MG applicability discussed in the last meeting as shown below. Based on the previous agreements in MG enhancement, joint operation among pre-configured MG and concurrent gaps should be deferred when defining RRM requirements in RAN4 but it can be taken into accounted in RRC signalling design for forward compatibility. The same principle could be used for POS MG and therefore scenario 1 is supported. Both scenario 2 and scenario 3 assume joint operation of concurrent gaps and pre-configured MG, and should be postponed to the next release.  
	Issue 1-3-3: Requirements for MG enhancements introduced by RAN1
Open issues:
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
· Scenario 3: 
· 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 6: POS MG should not be considered as concurrent gaps when defining RRM requirements.  
Proposal 7: Support scenario 1, no MG is configured for RRM measurement.
The second question is whether NCSG can be used as POS MG. RAN4 already reached a conclusion that NCSG will not be used for PRS measurement. Thus, NCSG should not be pre-configured in RRC signalling or activated / deactivated via MAC CE. But from the signalling design perspective, RAN2 could consider pre-configured NCSG for PRS measurement for forward compatibility. 
Proposal 8: NCSG will not be configured for PRS measurement when defining RRM requirements.
Based on proposals 6~8, we provide draft LS reply in Annex.
Conclusion
In this contribution, our views on the latency reduction for positioning measurements and the following proposals are given.
Observation 1: Considering PRS configuration parameters in condition 3 is feasible if on-demand PRS and PRS outside MG are jointly considered.
Observation 2: UE capability on Rx beam sweeping factor is sufficient for LMF to decide the measurement latency.
Proposal 1: For the Rx power definition in condition 1B, prefer option 2: Difference between the serving cell signal and neighboring cell PRS cell-specific Rx EPRE is within [6] dB.
Proposal 2: It is not necessary for LMF to configure the UE with a reduced Rx beam sweeping factor. 
Proposal 3: 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 4: To optimize PRS measurement within gap, support option 1 as the starting point and further discuss how to achieve option 2 by reasonable PRS and MG configuration.
Proposal 5: For multiple PFLs scenarios, the total measurement period could be optimized as formulas (3) and (4).
   (3)
     (4)
Proposal 6: POS MG should not be considered as concurrent gaps when defining RRM requirements.  
Proposal 7: Support scenario 1, no MG is configured for RRM measurement.
Proposal 8: NCSG will not be configured for PRS measurement when defining RRM requirements.
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1. Overall Description: 
RAN4 thanks RAN1 for the LS on “Reply LS on latency improvement for PRS measurement with MG” and has reviewed the agreements made in RAN2. RAN4 reached the following conclusions regarding pre-configured measurement gaps for positioning introduced by RAN1.
	· For defining RRM requirements, pre-configured measurement gap for positioning should not be jointly considered with concurrent gaps or NCSG in Rel-17
· For RRC signalling design, RAN2 could consider joint operation between pre-configured measurement gaps and NCSG, or joint operation between pre-configured measurement gaps and concurrent gaps for forward compatibility. 



2. Actions:
To RAN WG2 group.
ACTION: 	RAN4 kindly asks RAN2 to take the above information into account in the further specification work.

3. References:
4. Date of Next TSG-RAN WG4 Meetings:
RAN WG4 Meeting #103-e		            May 16 – 27, 2022		              Electronic Meeting
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