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Introduction
The updated WID for NR positioning enhancements includes the following objectives for latency:
· 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:
· 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]

This contribution focuses on the second and third sub-objective and discuss the support of gapless measurements as well as solutions to reduce time needed to perform UE measurements.
Gapless measurement enhancements
The following working assumption was made in RAN1#106-e:

	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.




It should be noted that there exist very common use cases for which measurement gaps are not needed in order to perform DL PRS measurements.  In addition, the use case scenarios in release 17 include indoor factory positioning, where a multi-TRP architecture with a single gNB-DU (and thus, a single scheduler) steering several TRPs is a realistic possibility. In this case, the gNB could have full control of all PRS transmissions in the deployment and therefore could schedule data traffic and positioning in the same BWP without the need of measurement gap while still maintaining control on how to handle potential collisions.  Therefore, the case of gap-less measurement for PRS should be supported.  Hence, we propose to confirm the above working assumption.

[bookmark: _Toc84016194]Confirm the working assumption made in RAN1#106-e to support DL measurements based on DL PRS without the UE having to request measurement gaps. 

According to the above working assumption, the priority of DL PRS with respect to other DL signals/channels are signaled to the UE by the network.  However, in all the agreed capabilities (i.e., capability 1A, 1B, and 2), the DL PRS measurements outside the measurement gap would have to be performed inside a PRS processing window.  Such PRS processing window can be configured to the UE from the LMF via LPP signaling.  In order to prioritize other DL signals/channels over DL PRS measurement or vice versa, the serving gNB also needs to know the configuration of the PRS processing window.  Hence, the LMF also needs to signal/configure the PRS processing window to the serving gNB via NRPPa signaling.  Note that this NRPPa signaling can be somewhat similar to signaling ‘SRS search window’ from LMF to the gNB via NRPPa.

[bookmark: _Toc84016195]Support the LMF configuration of the PRS prioritization window to the UE via LPP signaling. 
[bookmark: _Toc84016196]Support the LMF configuration of the PRS prioritization window to the serving gNB via NRPPa signaling. 

One of the open issues that needs to be concluded is whether DL PRS measurements with MG needs to be (Alt 1) supported only in the serving cell or (Alt 2) if it needs to also be extended to non-serving cell.  It should be noted that the above working assumption states that the UE measurement of the DL PRS is inside the active DL BWP, then it is straightforward to support Alt 1 (i.e., support MG-less DL PRS in the serving cell) given that active DL BWP is defined within the serving cell.  For Alt 2 work there were several conditions were deemed needed by some companies in the discussions in the FL summary such as e.g., TRP synchronization to the serving cell, time domain overlapping with the serving cell, single IFFT window at the receiver.  Given the limited time left in Rel-17 enhanced positioning work item, defining such preconditions to support Alt 2 may not be feasible.  As discussed above, for indoor factory positioning it is possible to have multiple TRPs within the same serving cell.  Hence, we propose to support Alt 1.
[bookmark: _Toc84016197]In Rel-17, support DL measurements based on DL PRS without the UE having to request measurement gaps is limited to serving cell PRS only. 

Another open issue is further details of which other DL signals/channels to be prioritized over DL PRS.  For typical URLLC applications, there can be downlink data or downlink reference signals that may be more urgent than DL PRS depending on priority determined by the serving gNB.  It is important to support priority indication for both the following categories with respect to the DL PRS:
1) Dynamic scheduled traffic/reference signals (e.g., PDCCH, dynamically scheduled PDSCH, aperiodic CSI-RS including aperiodic TRS)
2) Periodic/semi persistent signals and channels (e.g., SPS PDSCH, semi-persistent CSI-RS, periodic CSI-RS including periodic TRS)
Furthermore, it is the serving gNB that knows the priority of these above channels/signals, and hence the priority of these channels/signals should be indicated from the serving gNB to the UE.  We, thus, make the following proposal:
[bookmark: _Toc84016198]For the UE to determine whether DL PRS shall be prioritized or not, the priority of at least the following channels/signals relative to DL PRS can be indicated by the gNB to the UE:
[bookmark: _Toc84016199](i)  Dynamic scheduled traffic/reference signals (e.g., PDCCH, dynamically scheduled PDSCH, aperiodic CSI-RS including aperiodic TRS)
[bookmark: _Toc84016200](ii)  Periodic/semi persistent signals and channels (e.g., SPS PDSCH, semi-persistent CSI-RS, periodic CSI-RS including periodic TRS)

Based on the above priority indications, the UE can determine whether or not to prioritize DL PRS with respect to the above channels and signals.


Reducing latency caused by measurement time 
Measurement reporting per occasion
During the study phase, we have shown that PRS measurements were not limited by the received PRS power when the deployment scenario was indoor factory and IOO, and that a single PRS symbol was sufficient to provide a reliable measurement. Our results are reproduced in Figure 1. Based on these results, the number of PRS instances used to produce a measurement could be relaxed from the Rel-16 = 4 down to = 1.  Hence, we propose the following:

[bookmark: _Toc84016201]Support measurement reports for RSRP and RSTD based on a single PRS measurement, i.e. = 1.
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[bookmark: _Ref53674992]Figure 1.  Evaluation results for 1-symbol DL PRS compared to Rel. 16 DL PRS
 
Short Periodicity / high frequency for periodic PRS
The lowest periodicity for PRS is currently 4 slots for 15kHz SCS. We do not think that increasing the frequency of occurrence of PRS is realistic given that other signals also need to be transmitted. The reporting periodicity can be discussed separately. 

[bookmark: _Toc84016202]Do not support lower PRS periodicities for DL PRS in rel17. 
a. [bookmark: _Toc84016203]Note: periodicity of measurement reporting is a separate discussion

Conclusion
  Based on the discussion in the previous sections we make the following proposals and observations:

Proposal 1	Confirm the working assumption made in RAN1#106-e to support DL measurements based on DL PRS without the UE having to request measurement gaps.
Proposal 2	Support the LMF configuration of the PRS prioritization window to the UE via LPP signaling.
Proposal 3	Support the LMF configuration of the PRS prioritization window to the serving gNB via NRPPa signaling.
Proposal 4	In Rel-17, support DL measurements based on DL PRS without the UE having to request measurement gaps is limited to serving cell PRS only.
Proposal 5	For the UE to determine whether DL PRS shall be prioritized or not, the priority of at least the following channels/signals relative to DL PRS can be indicated by the gNB to the UE:
(i)  Dynamic scheduled traffic/reference signals (e.g., PDCCH, dynamically scheduled PDSCH, aperiodic CSI-RS including aperiodic TRS)
(ii)  Periodic/semi persistent signals and channels (e.g., SPS PDSCH, semi-persistent CSI-RS, periodic CSI-RS including periodic TRS)
Proposal 6	Support measurement reports for RSRP and RSTD based on a single PRS measurement, i.e. = 1.
Proposal 7	Do not support lower PRS periodicities for DL PRS in rel17.
a.	Note: periodicity of measurement reporting is a separate discussion
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