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1. [bookmark: _GoBack]Introduction
At the RAN#91-e meeting, updated WID on NR positioning was agreed [1]. The work item includes RAN1-led objectives as follows:
The objective of this work item is to specify solutions to enable RAT dependent (for both FR1 and FR2) and RAT independent NR positioning enhancements for improving positioning accuracy, latency, network and/or device efficiency. The objective of this work item also includes the support of GNSS enhancements.  
The specific objectives of this work are:
· Specify methods, measurements, signalling, and procedures for improving positioning accuracy of the Rel-16 NR positioning methods by mitigating UE Rx/Tx and/or gNB Rx/Tx timing delays, including [RAN1, RAN2, RAN3, RAN4]
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· Specify the procedure, measurements, reporting, and signalling for improving the accuracy of [RAN1, RAN2, RAN3]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.

· 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]

· Study and specify, if agreed, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1, RAN2, RAN3]

Notes: 
Solutions for RAT-dependent positioning enhancements are designed to operate in both frequency ranges (i.e. FR1 & FR2)
RAN working groups will take into account the work from other working group SA/CT which involves same objectives.
· The WID is subject to further update in RAN #91 for RAN1/2/3/4 scoping.

In this contribution, we present our view on potential enhancements of latency improvements for Rel-17 NR positioning.

2. DL-PRS measurement with measurement gap (MG)
2.1. MG request enhancements
Regarding MG request enhancements, the following agreement was made at the last meeting [2].
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)

In Rel-16 NR, UE-initiated MG request via RRC signaling is supported. In order to reduce positioning latency, there are two options using lower layer signaling as in the above agreement. Considering the current NR supports UE-initiated MG request via RRC signaling, we think Option.2 (i.e. UE-initiated MG request via lower layer signaling) is straightforward solution. Regarding Option.1 (i.e. LMF-initiated MG request via NRPPa message), we need to clarify spec impact and scenario which LMF-initiated MG request has lower latency than UE-initiated MG request since the current NR does not support mechanism of LMF-initiated MG request.
Proposal 1: 
· Rel-17 should support at least UE-initiated MG request via lower layer signaling
Observation 1: 
· Regarding whether LMF-initiated MG request should be supported or not, we need to clarify spec impact and scenario which LMF-initiated MG request has lower latency than UE-initiated MG request

Regarding UE-initiated MG request via lower layer signaling, we need to discuss whether to support UCI based or UL MAC-CE based in order to request MG. Considering MG configuration may be assumed to be used for a long time, MAC-CE based MG request may be enough to reduce positioning latency. We think the UE would not request MG frequently as in L1 signaling.
Observation 2: 
· MAC-CE based MG request may be enough to reduce positioning latency

2.2. MG activation enhancements
Regarding MG activation enhancements, the following agreement was made at the last meeting [2].
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

We think both Option.1 (i.e. DCI based MG activation/deactivation) and Option.2 (i.e. DL MAC-CE based MG activation/deactivation) are straightforward solution for new MG activation/deactivation procedure since both options can align explicitly the applied MG between NW and UE. Considering increasing signaling overhead to activate/deactivate MG, if MAC-CE based MG activation/deactivate can achieve Rel-17 NR positioning latency requirement, it may be enough to support MAC-CE based scheme in Rel-17.
Proposal 2: 
· We prefer the following option for a new MG activation and deactivation procedure
· Option. 2: DL MAC CE

Regarding Option.3 (i.e. UE autonomously applies the MG), we may need to study further. In Rel-16 NR, autonomous gaps can be used to receive MIB and SIB1 message. Since these messages would be considered as higher priority signal than DL-PRS, it may be difficult to use autonomous gaps for DL-PRS reception. In addition, DL-PRS would be transmitted from not only serving cell but also neighbor cell. From the perspective of DL scheduling at serving cell and neighbor cell, we need to study further whether there is an issue or not.
Observation 3: 
· The following option needs to study further
· Option. 3: UE autonomously applies the MG

3. DL-PRS measurement without MG
Regarding DL-PRS measurement without MG, the following working assumption was made at the last meeting [2].
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.

Rel-16 NR supports DL-PRS measurement with MG. In order to reduce latency to measure positioning metric, DL-PRS measurement without MG would be beneficial. Therefore, the above working assumption should be confirmed in RAN1#106bis-e meeting.
Proposal 3: 
· The working assumption made at RAN1#106-e meeting regarding PRS measurement outside MG should be confirmed

If MG-less based DL-PRS measurement inside the active DL BWP is supported, we can consider whether the margin period around DL-PRS symbols should be specified or not. In case of intra-frequency SSB measurement, not only the priority rule between SSB reception and other channels/signals transmission/reception on the same symbol but also scheduling restriction (e.g. margin period around SSB symbols) with one symbol before/after the SSB symbol are specified in TS 38.133. Similar to the SSB measurement, priority rule between DL-PRS and other channels/signals should be specified. In addition, whether the margin period around DL-PRS symbols is necessary or not can be considered.
Observation 4: 
· If priority rule between DL-PRS and other channels/signals is introduced, whether the margin period around DL-PRS symbols is necessary or not can be considered

4. Conclusion
In this contribution, we discussed on potential enhancements for latency improvements for Rel-17 NR positioning. Based on the discussion, we made following observations and proposals.
Observation 1: 
· Regarding whether LMF-initiated MG request should be supported or not, we need to clarify spec impact and scenario which LMF-initiated MG request has lower latency than UE-initiated MG request
Observation 2: 
· MAC-CE based MG request may be enough to reduce positioning latency
Observation 3: 
· The following option needs to study further
· Option. 3: UE autonomously applies the MG
Observation 4: 
· If priority rule between DL-PRS and other channels/signals is introduced, whether the margin period around DL-PRS symbols is necessary or not can be considered
Proposal 1: 
· Rel-17 should support at least UE-initiated MG request via lower layer signaling
Proposal 2: 
· We prefer the following option for a new MG activation and deactivation procedure
· Option. 2: DL MAC CE
Proposal 3: 
· The working assumption made at RAN1#106-e meeting regarding PRS measurement outside MG should be confirmed
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