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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:
	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.


Supporting M-sample measurement shall be a UE capability. A dedicated UE capability shall be introduced for this feature. The UE can report if the UE supports the M-sample measurement and the UE can also report the values of M that the UE can support. 
Proposal 1: Introduce a new UE capability for supporting M-sample measurement
· the UE can report the supported M value. M = 1 is one candidate value.
Regarding the capability of PRS processing, the current PRS processing capability can be reused. The PRS processing capability defines how much PRS the UE can process within a given time duration.  Whether M-sample or 4-sample measurement is applied would not have critical impact on PRS processing capability.   
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 2: 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 agreement with two options was made:
	Agreement:
For the purpose of positioning latency reduction, with potential support of a new mechanism of MG request, consider the following options with a decision to be made in RAN1#106b.
· Option. 1: by LMF (via a NRPPa message)
· Option. 2: by UE (via UCI or UL MAC CE)


For the purpose of latency reduction related with MG, in our view, Option 2 shall be supported. The justification for that is how and when to receive and process DL PRS resources is up to UE decision. The UE should be able to request a MG configuration the UE needs to process DL PRS. In rel-16, the UE can request MG through RRC signaling and the RRC signaling is the major reason for long latency. The 
Proposal 3: Support the UE to use MAC CE to request a MG configuration.

	Agreement:
For the purpose of positioning latency reduction, with potential support a new MG activation and deactivation procedure, consider the following options with a decision to be made in RAN1#106b (and RAN4 to be informed about any decision made)
· Option. 1: DCI
· Option. 2: DL MAC CE
· Option. 3: UE autonomously applies the MG
FFS whether deactivation can be implicit via configurable number of the MG occasions


The UE needs the measurement gap for DL PRS resource measurement only when the UE needs to measure DL PRS resource. Thus, the measurement gap only needs to exist for a given time duration when the UE measures DL PRS resources. When measurement gap is triggered by a DCI, the triggered measurement gap can happen for a given number of repetitions that is sufficient for UE to complete measuring the DL PRS resources.   When a measurement gap is activated by a MAC CE, the activated measurement gap can happen for a given number of repetitions and then stops.
Proposal 4: Support using MAC CE to activate a MG configuration and the MAC CE command can indicate:
· A MG configuration
· A number of repetitions for the indicated MG configuration and the MG configuration stops when the indicated number of repetitions are 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:
	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.)
· For the purpose of this feature, PRS-related conditions are expected to be specified, with the following to be down-selected:
· Alt. 1: Applicable to serving cell PRS only 
· Alt. 2: Applicable to all PRS under conditions to PRS of non-serving cell.
· Note: When the UE determines higher priority for other DL signals/channels over the PRS measurement/processing, the UE is not expected to measure/process DL PRS which is applicable to all of the above capability options.  
· Further study
· Further details of which other DL signals/channels to be prioritized 
· How the UE determines DL PRS’s priority based on one or more of the following:
· Opt. 1: Based on indication/configuration from serving gNB
· Opt. 2: Other options (e.g., implicit, signalling from LMF, etc)
· Whether UE can do the measurement for both inside MG (if MG is configured) and outside MG in a measurement period
· How to do the PRS measurement when the conditions cannot be satisfied, e.g. when BWP switching happens
· Prioritization conditions of processing PRS over other DL channels/signals or vice versa.
· Send an LS to RAN2, RAN3 and RAN4 informing them of this working assumption and requesting feedback in case they have concerns.


In release 16, the UE measures DL PRS resources only when measurement gap is configured. That could introduce extra latency to physical layer positioning procedure. The UE would have to wait for the available window of measurement gaps. The RRC signaling used for requesting measurement gap and configuring measurement gap would introduce latency too. To reduce the latency, one potential enhancement is to allow the UE to measure DL PRS resources without measurement gap when the numerology of DL PRS resources is same to that of the active BWP and the bandwidth of DL PRS resources is within the active BWP. That can reduce the latency caused by operation of measurement gap. Therefore, in principle, we prefer to confirm the WA to support the feature of PRS measurement outside MG.
Proposal 5: Support measuring DL PRS resource within active BWP and with same numerology outside measurement gap and confirm the WA.
One FFS point is whether the PRS measurement outside MG can be applied to PRS resource of non-serving cells. Theoretically, the UE can measure PRS resource from a non-serving cell only when that non-serving cell is synchronized with the serving cell, i.e., the timing error is within the CP.  The timing error between PRS resource of different cells can be caused by various factors, including the transmission distance difference. Therefore, practically only some corner scenario can satisfy that condition so that the UE is able to measure PRS resource of a non-serving cell. And it seems not feasible to determine or indicate which non-serving cell PRS can be measured outside MG. Therefore, we prefer to apply the PRS measurement outside MG only on serving cell PRS. 
Proposal 6: PRS processing outside MG is applied to serving cell PRS only.
To process PRS outside MG, priority between PRS and other DL channel/signals shall be defined.  For each DL channel or signal, we can consider the priority vs PRS outside MG separately:
· 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.
· PDCCH and PDSCH: when processing PRS outside MG collides with PDCCH or PDSCH reception, the UE can assume the PRS has higher priority. 
· CSI-RS: when processing PRS outside MG overlap with CSI-RS resource reception, the UE can assume PRS has higher priority so that the PRS can be processed properly.
Proposal 7: When processing PRS outside MG:
· The DL PRS and SSB can be mapped to the same symbol and which one of SSB or PRS has higher priority is indicated by the system.
· PRS resource has higher priority than PDCCH, PDSCH and CSI-RS.
On the symbols where DL PRS resources are configured, the UE might be scheduled with uplink transmission, for instance scheduled PUSCH, PUCCH or SRS transmission. When the PRS processing outside MG collides with any uplink transmission, the UE shall drop the uplink transmission and process the PRS with higher priority. 
Proposal 8: Processing PRS outside MG has higher priority than all UL channels/signals.
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 9: 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: Introduce a new UE capability for supporting M-sample measurement
· the UE can report the supported M value. M = 1 is one candidate value
Proposal 2: 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 3: Support the UE to use MAC CE to request a MG configuration.
Proposal 4: Support using MAC CE to activate a MG configuration and the MAC CE command can indicate:
· A MG configuration
· A number of repetitions for the indicated MG configuration and the MG configuration stops when the indicated number of repetitions are finished.
Proposal 5: Support measuring DL PRS resource within active BWP and with same numerology outside measurement gap and confirm the WA.
Proposal 6: PRS processing outside MG is applied to serving cell PRS only.
Proposal 7: When processing PRS outside MG:
· The DL PRS and SSB can be mapped to the same symbol and which one of SSB or PRS has higher priority is indicated by the system.
· PRS resource has higher priority than PDCCH, PDSCH and CSI-RS
Proposal 8: Processing PRS outside MG has higher priority than all UL channels/signals.
Proposal 9: 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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