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Introduction
The revised WID for NR positioning enhancement [1] was approved in the RAN#91-e meeting.  One of the objectives is to discuss the latency reduction of positioning measurement.

	· Specify the enhancements of signalling, and procedures for improving positioning latency of the Rel-16 NR positioning methods, for DL and DL+UL positioning methods, including:
· [bookmark: _Hlk67643864]Latency reduction related to the request and response of location measurements or location estimate and positioning assistance data; [RAN2, RAN3, RAN1]
· Latency reduction related to the time needed to perform UE measurements; [RAN1, RAN4]
· Latency reduction related to the measurement gap; [RAN1, RAN4, RAN2]


In the RAN4#101-bis-e meeting, the latency reduction of positioning measurement was discussed and some agreements were captured in [2]. There are several issues to be further discussed:

· Number of measurement samples for latency reduction
· PRS measurements without gaps
· Measurement gap enhancement
In this contribution, we will provide our further discussion on the remaining issues regarding latency reduction of positioning measurement.
[bookmark: OLE_LINK5]Discussion
Number of measurement samples excluding sample for AGC
In the last meeting, the agreements related to number of measurement samples were captured as follows:
	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



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
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
· Sent following LS reply to RAN1 covering above agreements and agreements on issue 1-1-4:
· R4-2202678, LS reply on lower Rx beam sweeping factor for latency improvement, CATT

Agreements:
· The following Rx beam sweep numbers are supported for reduced Rx beam sweeping factor (<8) UE capability: {1, 2, 4, 6}
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
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.

Agreements:
· 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?
· NO



[bookmark: _Hlk95125297]In the last meeting, the issue on the AGC was discussed. When the PRS bandwidth is within the active BWP and the difference between the serving cell and neighbouring cell Rx power is within 6 dB, the additional samples for AGC for PRS measurement are not required. For the RX power definition, Option2 seems more reasonable. As long as the difference between the serving cell signal (SSB signal, data signal or PRS signal) and neighbouring cell PRS Rx EPRE is within 6dB, the AGC may be not required. 
Proposal 1: When the PRS bandwidth is within the active BWP and difference between the serving cell signal and neighbouring cell PRS RX EPRE is within [6] dB, the additional samples for AGC for PRS measurement are not required.
Another question is whether UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor. One case is that when the low latency positioning is needed, LMF configures the UE to perform measurement with a reduced Rx beam sweeping factor. Another case is that UE can decide the Rx beam sweeping factor by implementation without the indication of LMF. In our understanding, similar to reduced sample number, it may be better to reduce the Rx beam sweeping factor when the UE is indicated from LMF for the low latency positioning case.
Proposal 2: UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor for the low latency positioning case.
[bookmark: _Hlk85011555]PRS measurements without gaps
In the RAN1 107 meeting, RAN1 further studied the gapless PRS measurement and the following agreements were copied:
	Agreement
The following options are supported subject to UE capability for priority handling of PRS when PRS measurement is outside MG.
0. Option 1: UE may indicate support of two priority states.
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
0. State 2: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
0. Option 2: UE may indicate support of three priority states
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
0. State 2: PRS is lower priority than PDCCH and URLLC PDSCH and higher priority than other PDSCH/CSI-RS
0. Note: The URLLC channel corresponds a dynamically scheduled PDSCH whose PUCCH resource for carrying ACK/NAK is marked as high-priority.
0. State 3: PRS is lower priority than all PDCCH/PDSCH/CSI-RS
0. Option 3: UE may indicate support of single priority state
0. State 1: PRS is higher priority than all PDCCH/PDSCH/CSI-RS
Note: SSB is a separate issue.
Agreement
For the purpose of determining conditions for measuring the PRS outside of a MG, the expected Rx timing difference between the PRS from the non-serving cell and that from the serving cell is determined by expected RSTD and expected RSTD uncertainty in the assistance data.
Send an LS to request RAN4 study and determine 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.
0. Examples for the threshold: CP length, 50% of the OFDM symbol, 1ms
0. Other options can also be considered by RAN4
0. Note: the requirement on whether UE needs to calculate the expected Rx time difference and/or compare against the threshold is also a part of the study request
 
Agreement
At least the following parameters for PRS processing window from the gNB to the UE are supported.
0. Starting slot
0. Periodicity
0. Duration/length
0. Cell and SCS information associated with the above parameters
Discuss during the maintenance phase on the necessity of other parameters including but not limited to
0. Processing type (associated with the corresponding UE capability 1A/1B/2)
0. Band/CC-ID as needed depending on each scenario on which the PRS processing window is applied
0. The above cell and SCS information to determine where/when the PRS processing window is applied
Note: Indication of processing type does not suggest UE indication of multiple capabilities among (1A/1B/2) is already supported, which is a separate discussion.
Note: Some of the parameters above may not be mandatory for a PRS processing window
Agreement
The priority of PRS for UE supporting two priority states and three priority states can at least be indicated in RRC.
Agreement
0. For capability 1A as per working assumption made in RAN1#106-e, the DL signalings/channels in a per UE fashion (i.e. both across NR & LTE) inside the PRS processing window are dropped if the DL PRS is determined to be higher priority.
0. For capability 1B as per working assumption made in RAN1#106-e, only the DL signalings/channels from a certain band inside the PRS processing window are dropped if the DL PRS is determined to be higher priority.
0.  
	Working assumption:
Subject to UE capability, support PRS measurement outside the MG, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.
Inside the PRS processing window, subject to the UE determining that DL PRS to be higher priority, support the following UE capabilities: 
Capability 1: PRS prioritization over all other DL signals/channels in all symbols inside the window. 
Cap. 1A: The DL signals/channels from all DL CCs (per UE) are affected. 
Cap. 1B: Only the DL signals/channels from a certain band/CC are affected. 
FFS: band or CC
Capability 2: PRS prioritization over other DL signals/channels only in the PRS symbols inside the window 
A UE shall be able to declare a PRS processing capability outside MG. 
FFS: Details of capability signalling (e.g., per UE or per band, etc.)



Agreement
PRS processing window request to the gNB by the LMF is supported from RAN1 perspective.
0. It is up to RAN3 to design the necessary information to be transferred in the NRPPa message.
0. Note: It is up to gNB to determine the usage of measurement gap or PRS processing window
0. Include it in the LS to RAN2 and RAN3.
 
Agreement
For PRS processing window configuration and indication, at least the following mechanism is supported
0. RRC (pre-)configuration for PRS processing window configuration and DL MAC CE activation for PRS processing window, respectively.
Include it in the LS to RAN2 and request RAN2 to decide whether DL MAC CE is feasible for this indication.



In the last meeting, the issue related to the gapless PRS measurement was discussed. The conclusions as follows were reached:
	Agreements:
1. PRS measurements without gaps are performed within PRS processing window (PPW)
2. 
3. Scheduling restriction is required based on RAN1 agreements.
4. PRS processing window is based on RAN1 agreements
Open issues:
· Options for definition of parameters related 
	No.
	Parameters/issues
	Option 1
	Option 2
	Option 3
	Option 4

	5
	
	R16
	Unmuted and overlapped PRS within PRS processing window
	
	

	6
	 
	R16
	.
	
	

	7
	Applicable number of PFLs
	1 
	> 1
	
	

	8
	Applicable number of samples
	4 
	4 and < 4
	1
	

	9
	Approach on the calculation of multiple positioning frequency layers
	Based on PRS resources overlapping of different PFLs
	1 PFL
	Sum approach
	N/A

	10
	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, same SCS

	11
	CSSF outside MG
	Based on processing unit assumption
	1
	Update CSSF outside MG in clause 9.1.5.1 
	N/A

	12
	Scheduling restriction
	Scheduling restriction table 1 (R4-2201637)
	
RLM, BFD and L1/L3 measurement higher priority over PRS
	

	

	13
	PRS/SSB collision
	Extend PRS measurement period or drop SSB
	PRS is prioritized. Equal sharing between SSB and PRS in case of full overlapping
	

	

	14
	MG/PPW reconfig/activation
	Measurement period is extended 
	
	
	

	PPW= PRS processing window
PPWRP= PPW Repetition Period



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”.



For , Option 2 is recommendable. For positioning measurement with gap, the only the PRS resources unmuted and fully or partially overlapped with MG are considered for calculating the . Therefore, for positioning measurement without gap, the PRS resources unmuted and fully or partially overlapped with PRS processing window are considered. For , in our understanding, the existing definition may be reused for gapless PRS measurement and Option 1 is reasonable. For sample numbers, both 4 samples and < 4 samples should be supported for gapless measurement and Option 2 is recommendable. 
For applicable numbers of PFLs, in RAN1 agreement, within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP. We understand it is reasonable that only a signal positioning frequency layer is measured.
For the requirement applicability, Option 4 is reasonable. For CSSF outside MG, it may need to wait for the outcome of other issues (e.g., PRS/SSB collision). For scheduling restriction, based on different UE capabilities (e.g., capability 1A, capability 1B and capability 2), the cases are different. When the PRS is higher priority than other DL signals/channels, the UE is not expected to receive DL signals/channels in the PRS processing window for all DL CCs for capability 1A, the UE is not expected to receive DL signals/channels in the PRS processing window for a certain CC for capability 1B and the UE is not expected to receive DL signals/channels in the PRS symbols inside the PRS processing window for capability 2. As for the PRS/SSB collision, from RAN4 respective, RRM measurement is very critical for UE. When the PRS and SSB is collision, SSB shall be higher priority than PRS. Therefore, we prefer to extend PRS measurement period which also has less impact on 38.133.
Based on the above analyse, for PRS measurement without gaps, we propose that 
Proposal 3：
	Parameters/issues
	Proposal

	
	the PRS resources unmuted and fully or partially overlapped with PRS processing window

	 
	R16

	Applicable number of PFLs
	1

	Applicable number of samples
	4 and < 4

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

	Requirement applicability
	PRS overlapped with PPW.
PRS not overlapped with other signals/channels of higher priority.
the Rx timing difference between the PRS from the non-serving cell and that from the serving cell is less or equal than the threshold supported by UE.
Within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.

	CSSF outside MG
	Based on outcome of PRS/SSB collision

	Scheduling restriction
	When the PRS is higher priority than other DL signals/channels, the UE is not expected to receive DL signals/channels in the PRS processing window for all DL CCs for capability 1A.
When the PRS is higher priority than other DL signals/channels, the UE is not expected to receive DL signals/channels in the PRS processing window for a certain CC for capability 1B.
When the PRS is higher priority than other DL signals/channels, the UE is not expected to receive DL signals/channels in the PRS symbols inside the PRS processing window for capability 2.

	PRS/SSB collision
	Extend PRS measurement period.

	MG/PPW reconfigure/activation
	Measurement period is extended.



Another issue is related to the threshold between the PRS from the serving cell and that from the non-serving cell. As we mentioned in the last meeting [3], 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. In our understanding, as long as the PRS from the non-serving cell is guaranteed within the window, the UE can perform PRS measurement through time-domain sliding correlation. If the threshold is restricted, when the expected RSTD is larger, the positioning measurement for non-serving cell may not be performed. We suggest the threshold shall be about 1ms if the PRS from the nom-serving cell can be guaranteed within the PRS processing window.
In the last meeting, some companies propose the threshold shall be CP length. Therefore, it may be feasible to introduce the 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. The candidate thresholds include CP length, half of the symbol, half of the slot, 1ms.
Observation 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. As long as the PRS from the non-serving cell is guaranteed within the window, the UE can perform PRS measurement through time-domain sliding correlation.
Proposal 4: Introduce the 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.
Based on the above analyse, we replied the draft LS to RAN1 in the Appendix.
Proposal 5: Send LS response to RAN1 that a new UE capability for the threshold which is used to be compared against with the Rx timing difference should be supported. 
Measurement gap enhancement
In the last meeting, the agreements related to measurement gap enhancement were captured as follows:
	Agreements:
· Per-FR MG for PRS measurements shall be supported in Rel-17.
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: 
· 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.
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.



RAN1 has defined the preconfigured measurement gap for PRS measurement. We understand for scenario 1, the existing RRM and positioning requirements can be reused. There is only one point, the gap activation method may need to be clarified to change from RRC to MAC CE. As for scenario 2, considering the joint working between concurrent gap and preconfigured gap is not supported in R17, we suggest scenario 2 can be discussed in the later release. For scenario 3, it seems reasonable. 
Proposal 6: For scenario 1, i.e., no MG is configured for RRM measurement, the existing RRM and positioning requirements can be reused. 
Proposal 7: Considering the joint working between concurrent gap and preconfigured gap is not supported in R17, scenario 2 (i.e., one legacy MG is configured for RRM measurement) can be discussed in the later release.
Conclusion
Proposal 1: When the PRS bandwidth is within the active BWP and difference between the serving cell signal and neighbouring cell PRS RX EPRE is within [6] dB, the additional samples for AGC for PRS measurement are not required.
Proposal 2: UE needs to be configured by LMF to perform measurements with a reduced Rx beam sweeping factor for the low latency positioning case.
Proposal 3：
	Parameters/issues
	Proposal

	
	the PRS resources unmuted and fully or partially overlapped with PRS processing window

	 
	R16

	Applicable number of PFLs
	1

	Applicable number of samples
	4 and < 4

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

	Requirement applicability
	PRS overlapped with PPW.
PRS not overlapped with other signals/channels of higher priority.
The Rx timing difference between the PRS from the non-serving cell and that from the serving cell is less or equal than the threshold supported by UE.
Within a PRS processing window, and UE measurement inside the active DL BWP with PRS having the same numerology as the active DL BWP.

	CSSF outside MG
	Based on outcome of PRS/SSB collision

	Scheduling restriction
	When the PRS is higher priority than other DL signals/channels, the UE is not expected to receive DL signals/channels in the PRS processing window for all DL CCs for capability 1A.
When the PRS is higher priority than other DL signals/channels, the UE is not expected to receive DL signals/channels in the PRS processing window for a certain CC for capability 1B.
When the PRS is higher priority than other DL signals/channels, the UE is not expected to receive DL signals/channels in the PRS symbols inside the PRS processing window for capability 2.

	PRS/SSB collision
	Extend PRS measurement period.

	MG/PPW reconfigure/activation
	Measurement period is extended.



Observation 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. As long as the PRS from the non-serving cell is guaranteed within the window, the UE can perform PRS measurement through time-domain sliding correlation.
Proposal 4: Introduce the 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.
Proposal 5: Send LS response to RAN1 that a new UE capability for the threshold which is used to be compared against with the Rx timing difference should be supported. 
Proposal 6: For scenario 1, i.e., no MG is configured for RRM measurement, the existing RRM and positioning requirements can be reused. 
Proposal 7: Considering the joint working between concurrent gap and preconfigured gap is not supported in R17, scenario 2 (i.e., one legacy MG is configured for RRM measurement) can be discussed in the later release.
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1. Overall Description: 
RAN4 thanks RAN1 for the LS on the condition of PRS measurement outside the MG. 
RAN4 has discussed 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. 
RAN4 has agreed that UE capability should be introduced for the different thresholds so that UE can have flexibility to choose the threshold.
· 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}
2. Actions:
To RAN WG1 group.
ACTION: 	RAN4 kindly asks RAN1 to take the above information into account in the further specification work.

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