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1. Introduction
[bookmark: _Hlk30969022]The Rel-17 WID of NR positioning enhancement was approved in RAN#90e [1], including the following RAN1-centric objective of improving the latency accuracy of NR positioning methods:
	· 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 this contribution, we will present our views on latency reduction related with measurement gap and UE measurements. 
2. Positioning Measurements
The issue of M-sample (M<4) PRS processing was discussed and one agreement was made in previous meeting through assuming that RAN4 supports the M-sample measurement. M = 1 is one candidate value that the UE can report in UE capability:
	Agreement:
Subject to UE capability, support LMF to explicitly request UE to report the measurement with either M-sample or 4-sample, if RAN4 has supported M-sample measurement.
· FFS signalling details.
Agreement:
For the PRS processing sample number M, at least M = 1 is supported.


The LMF can explicitly request the UE to report measurement with either M-sample or 4-sample. It is preferred that the LMF can request the same M-sample or 4-sample measurement for all the positioning method configured to the UE. In other word, the UE would be requested to apply the same M-sample or 4-sample measurement for DL-DTOA, DL-AoD and Multi-RTT method. For that, the LMF can signal a common request of M-sample or 4-sample to a UE.
Proposal 1: The LMF shall request the same M-sample or 4-sample measurement for all the positioning methods to one UE.  The UE shall expect the same M-sample or 4-sample measurement to be performed on all positioning methods configured to the UE. 
3. Enhancements on Measurement Gap
In rel-16, the latency of measurement gap operation is due to RRC signaling and it could cause significant latency to positioning. The UE uses RRC signaling  LocationMeasurementInfo to request measurement gap when the UE needs measurement gap to measure DL PRS resource and the gNB uses the RRC parameter MeasGapConfig to provide the configuration of measurement gap. To reduce the latency of measurement gap operation, we can study to support using MAC CE or DCI signaling to provide and trigger the configuration of measurement gap. For the UE request, we can also study to support using PUCCH or MAC CE to send UE request of measurement gap.
For the issue of reducing MG request latency, the following agreements were made. It was agreed that the UE can use MAC CE to request MG configuration from the gNB and the gNB can use MAC CE to activate MG for positioning.
	Agreement:
Support the following options (in the agreement made in RAN1#106-e) for a new mechanism of MG activation request for the purpose of positioning.
· Option 2: by UE (via UCI or UL MAC CE)
· Select only one of UCI and UL MAC CE in RAN1#106bis-e
· Option 1: by LMF (via an NRPPa message)
· Note: This is transparent to the UE
Agreement:
Support using UL MAC CE for MG activation request by UE (Option 2) for the purpose of positioning.
Agreement:
Support the following option (from the agreement made in RAN1#106-e) for a new MG activation procedure to be performed by the gNB for the purpose of positioning.
· Option 2: DL MAC CE
· FFS: Deactivation process
 Agreement:
With regards to MG activation by DL MAC CE, further study
· DL MAC CE payload
· The necessity of pre-configuration of MGs in higher layers.



For the MAC-CE based request and activation, the gNB can configure a list of MG configurations for positioning in RRC. The UE can request one of those configured MG configurations to the gNB through MAC CE. Correspondingly, the gNB can use MAC CE to activate one MG configuration to the UE.
Proposal 2: Support configuring a list of MG configurations in RRC and the UE can use MAC CE to request one of them.
Each MG configuration can be associated with a number of repetitions. When the MG configuration is activated, the activated MG configuration would stop automatically after the indicated number of repetitions are finished. The number of repetitions can be configured in RRC for each MG configurations. In another alternative, the gNB can indicate the number of repetitions in the MAC CE activating one MG configuration for positioning. The indicated number of repetitions would be applied to the activated MG configuration. 
Proposal 3: In MG activation MAC CE, the gNB indicates:
· One MG configuration to be activated
· Indicate a number of repetitions.
Proposal 4: The activated MG configuration is deactivated automatically when the indicated number of repetitions is finished.
4. Measurement without Measurement Gap
The issue of PRS processing outside the MG was discussed in last meeting and the following working assumption was achieved:
	Agreement:
For PRS measurement outside MG, support the following Alt. 2 in the working assumption made in RAN1#106-e with the following update of the PRS cell condition.
· Alt. 2: Applicable to all PRS (serving and/or non-serving cell) under conditions to PRS of non-serving cell.
· The conditions at least include that the Rx timing difference between PRS from the non-serving cell and that from the serving cell is within a threshold
· The UE is not expected to determine whether the above condition is satisfied by performing measurements and instead can be determined using assistance data
· 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.
· Further discuss the necessity on the following additional conditions
· When the PRS is higher priority than other channels/signals, for capability 1A and 1B, the PRS from the non-serving cell have to be inside the PRS prioritization window.
· When the PRS is higher priority than other channels/signals, for capability 2, the PRS from the non-serving cell have to be in the same symbols as the PRS of the serving cell since the serving cell does not know the symbol position of neighbour cell PRS.



One FFS point is how to determine whether the PRS resource of one TRP can be measured outside MG. As we agreed in previous meeting, one condition can be the Rx timing difference between PRS from one TRP and that from the serving cell TRP is within a threshold. The rough timing difference between two TRPs can be estimated from the expected RSTD and the expected RSTD uncertainty. For instance, the timing difference at the symbol level between one TRP and the reference TRP can be roughly in the range of [expected RSTD – expected RSTD uncertainty, expected RSTD + expected RSTD uncertainty]. If the expected Rx timing difference is beyond the CP length, that TRP is not measurable.  That can be calculated by the UE based on PRS assistance data. However, since those expected RSTD value are known by the LMF, the LMF can calculate and then determine whether one TRP can be measured outside MG by the UE and the LMF can indicate that to the UE. That seems to be more efficient than asking the UE to determine by itself. 
Proposal 5: In PRS assistance data, the LMF explicitly indicate to the UE whether the PRS resource of one TRP can be measured outside MG.
To support measuring PRS outside MG, indicating priority vs other channels/signals is necessary:
	Agreement:
· With regards to UE determining the PRS priority with other DL signal/channels within the PRS processing window for PRS measurement outside MG, support the priority indicated by gNB.
· FFS: What are the other DL signals/channels
· With regards to the PRS processing window for PRS measurement outside MG, at least support the window indicated by gNB.


To process PRS outside MG and consider the priority between PRS and other channel/signals, we shall consider the following cases:
1) The SSB of the serving cell: in release 16, the DL PRS cannot be transmitted on any symbol where SSB is transmitted. The UE assumes that the DL PRS from the serving cell is not mapped to any symbol that contains SSB from the serving cell. And for non-serving cell, if the time and frequency location of the SSB is provided, the UE also makes the same assumption. This limitation would restrict the UE processing DL PRS resource. Even when a DL PRS resource is transmitted on the symbols where SSB is transmitted and the UE does not process that SSB, the UE still cannot measure that DL PRS resource. That would increase the latency of processing DL PRS resource. To resolve this issue, we can support mapping DL PRS resource on the symbols where SSB is transmitted. The UE can be indicated which one of DL PRS resource or SSB shall be processed. The system shall indicate which one SSB vs PRS has higher priority.
2) The PDSCH, PUSCH and PUCCH transmission with high priority: In DCI format 1_1 or 1_2 and 0_1 or 0_2, the gNB can indicate a priority indicator for the PUSCH and PUCCH associated with the PDSCH assignment.  The use case for that is to support URLLC services.  The gNB shall indicate whether PRS outside MG has higher priority than such PDSCH, PUSCH or PUCCH with high priority index. 
3) UCI with high priority: The SR configuration can be configured with priority index. The CSI report on PUCCH can also be configured with a priority index. For the UCI with high priority, the gNB can indicate whether the PRS outside MG has higher priority than those UCI or not.
4) The PDCCH for PDSCH/PUSCH/PUCCH with high priority: The priority indicator for PDSCH/PUSCH/PUCCH is indicated in DCI format. If the URLLC service has higher priority than the PRS outside MG, then the PDCCH carrying those DCI shall also have higher priority than PRS outside MG. The DCI formats that carrying the priority indicator for PDSCH/PUSCH/PUCCH can be transmitted in a Type-3 CSS set in a primary cell or any USS. Therefore, the gNB shall indicate the priority between the PRS outside MG and the PDCCH in Type-3 CSS set in primary cell and any USS. 
5) CSI-RS and SRS: for CSI-RS or SRS, the gNB can indicate that the PRS outside MG has higher priority than the CSI-RS or SRS. 
To summarize, the gNB should indicate separately the priority of PRS outside MG vs the channels related with high priority index, for the use case of URLLC.  And the gNB should indicate separately the priority of PRS outside MG vs serving cell SSB. For the CSI-RS, SRS and channels not associated with high priority index, the gNB can indicate that the PRS outside MG can have higher processing priority. 
Proposal 6: For processing PRS outside MG:
· The gNB can indicate the priority of PRS vs the PDSCH/PUSCH/PUCCH and UCI associated with high priority index.
· The gNB can indicate the priority of PRS vs the PDCCH in Type-3 CSS set in SpCell and USS.
· The gNB can indicate the priority of PRS vs serving cell SSB. 
· The gNB can indicate that PRS resource has higher priority than PDCCH/PDSCH/PUSCH/PUCCH not associated with high priority, CSI-RS and SRS.
To support processing PRS outside MG, a PRS processing window (PPW) seems to be a natural choice.  Within a PPW, the UE can process PRS with higher priority than other signal as proposed in above proposals. When the LMF requests positioning measurement results from a UE, the LMF can indicate a configuration of PPW. The configuration of PPW shall include periodic time window with a given length and a given number of occurrences. For instance, a configuration of PPW can have the following parameters:
· The length of one time-window in terms of number of symbols or slots.
· The periodicity and slot offset.
· The number of occurrences of PPW time window. The PPW configuration stops when the number of occurrences is met.  
 Proposal 7: When LMF requests positioning measurement results, the LMF indicates a configuration of PPW and the configuration of PPW includes the following parameters:
· The periodicity and slot offset of PPW
· The length of time window
· The number of occurrences of PPW.
5. Conclusions
In this contribution, we presented our views on latency reduction related with measurement gap and UE measurement. Accordingly, the following proposals were made:
Proposal 1: The LMF shall request the same M-sample or 4-sample measurement for all the positioning methods to one UE.  The UE shall expect the same M-sample or 4-sample measurement to be performed on all positioning methods configured to the UE. 
Proposal 2: Support configuring a list of MG configurations in RRC and the UE can use MAC CE to request one of them.
Proposal 3: In MG activation MAC CE, the gNB indicates:
· One MG configuration to be activated
· Indicate a number of repetitions.
Proposal 4: The activated MG configuration is deactivated automatically when the indicated number of repetitions is finished.
Proposal 5: In PRS assistance data, the LMF explicitly indicate to the UE whether the PRS resource of one TRP can be measured outside MG.
Proposal 6: For processing PRS outside MG:
· The gNB can indicate the priority of PRS vs the PDSCH/PUSCH/PUCCH and UCI associated with high priority index.
· The gNB can indicate the priority of PRS vs the PDCCH in Type-3 CSS set in SpCell and USS.
· The gNB can indicate the priority of PRS vs serving cell SSB. 
· The gNB can indicate that PRS resource has higher priority than PDCCH/PDSCH/PUSCH/PUCCH not associated with high priority, CSI-RS and SRS.
Proposal 7: When LMF requests positioning measurement results, the LMF indicates a configuration of PPW and the configuration of PPW includes the following parameters:
· The periodicity and slot offset of PPW
· The length of time window
· The number of occurrences of PPW.
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