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Introduction
The RAN WG1 has completed study item on NR Positioning Enhancements [1] with conclusions captured in [2]. Further normative work is recommended in Rel.17 (please refer to Annex A). Considering that study by RAN WG2 is still in progress, we suggest preparing initial work item description with pure RAN WG1 objectives for upcoming meeting. Remaining objectives, having dependency with other RAN WGs (e.g. RAN WG 2/3/4) can be discussed and added to WID at the RAN WG #91-e. In addition, we provide our views on scope of WID for NR Positioning Enhancements.
On NR Positioning Enhancements Work Item Scope
Initial Version of WID
Considering that work by RAN WG2 on NR Positioning Enhancements is still in progress and on track to completion by RAN WG #91-e, the initial version of WID should contain only RAN WG1 objectives with primary focus on physical layer enhancements. The objectives that have dependency with other WGs can be decided upon completion of the work by RAN WG2 and thus should be decided at RAN WG #91-e (with a corresponding revision of WID).


Prepare initial WID for NR Positioning Enhancements with the RAN1-centric objectives only and trigger the corresponding work at the next RAN WG1 meeting
Objectives that are dependent on other RAN WGs are not included into the initial version of WID for NR Positioning Enhancements

On Potential NR Positioning Enhancements WID Objectives
Enhancements Recommended for Normative Work
The following items were recommended for normative work by RAN WG1.

NR Positioning support for UEs in RRC_INACTIVE state
	· NR positioning for UEs in RRC_INACTIVE state, including
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted solutions
· Support of UE positioning measurements for UEs in RRC_INACTIVE state
· Support of gNB positioning measurements for UEs in RRC_INACTIVE


Positioning support in RRC_INACTIVE state requires joint work of RAN WG1 and WG2. Multiple RAN WG1 centric design aspects need to be concluded, before RAN WG2 can proceed with normative work. At the same, time RAN WG2 has not analysed this aspect yet and thus this specific objective can be added at a later stage.

On demand DL PRS transmission / reception
	· On-demand transmission and reception of DL PRS
· UE-initiated request of on-demand DL PRS transmission
· LMF (network)-initiated request of on-demand DL PRS transmission
· Above enhancements are recommended for both DL and DL+UL positioning methods and both UE-based and UE-assisted positioning solutions.


In our view support of on-demand DL PRS transmission / reception is a RAN WG2 centric objective with limited RAN WG1 scope/impact and therefore needs to be discussed further by RAN WG2.

On UE and gNB Rx/Tx timing delays/errors
	· The methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or gNB Rx/Tx timing delays, including
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions


Work on Rx/Tx timing errors mitigation should be further progressed by RAN WG1 before other RAN WGs can be engaged into this objective/activity. At least measurements, methods and physical layer procedures need to be decided first by RAN WG1.

On UL-AoA / DL-AoD enhancements
	· The enhancements of the procedure, measurements, reporting, and signalling for improving the accuracy of 
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions


This is a physical layer centric discussion aspect and can be added into initial version of WID. At the same time the objective as written is not concrete in terms of specific enhancement and it needs to be further clarified by RAN WG1.

On measurement and reporting related enhancements
	· The enhancements of signalling & procedures for reducing NR positioning latency, including DL and DL+UL positioning methods:
· the measurement gap
· the measurement request and reporting 
· the measurement time 


This RAN WG1 recommendation for normative work has major overlap in scope with expertise of RAN WG4 and WG2.

Based on analysis of the RAN WG1 conclusions, the following objectives can be recommended for initial version of WID:


Initial WID for NR Positioning Enhancements includes the following RAN WG1-centric objectives for normative work:
Solutions for mitigation of gNB/UE Tx/Rx timing delays
Solutions for improving accuracy of UL-AoA and DL-AoD positioning methods

Enhancements w/ Further Study Needed for Normative Work 
The following set of enhancements considered as beneficial for the purpose of improving positioning accuracy, and are recommended to be studied further and if needed, specified during normative work:

NLOS mitigation
	· Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation


The NLOS mitigation problem is essential to solve and improve accuracy of NR Positioning. Majority of companies have shown that LOS/NLOS identification techniques improve performance in NLOS heavy scenarios with excess time offset in propagation delay.

Aggregation of DL PRS frequency layers and SRS for positioning
	· Simultaneous transmission by the gNB and aggregated reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs
· Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers


Fundamentally, bandwidth aggregation is beneficial for positioning accuracy. RAN WG1 needs to conclude further under which practical impairments / conditions the aggregation is beneficial.

Aperiodic and semi-persistent DL PRS transmission/reception
	· Aperiodic reception of DL PRS from the TRPs of the serving gNB and aperiodic reception of DL PRS from the TRPs of the neighbouring gNBs
· Semi-persistent reception of DL PRS from the TRPs of the serving gNB and Semi-persistent reception of DL PRS from the TRPs of the neighboring gNBs


Support of aperiodic and semi-persistent DL PRS facilitates reduce physical layer latency of NR Positioning, as well as provide improved network and device efficiency. From latency perspective, there are other dominant L2/L3 latency components and thus the inclusion of this specific objective to WID is not urgent at this stage (i.e. has lower priority).

Assistance information and DL PRS reception
	· Enhancements of signaling & procedures for reducing NR positioning latency related to
· the request and response of positioning assistance data (e.g., via RRC signalling, MAC-CE and/or physical layer procedure)
· the reception of DL PRS (e.g., priority rules for the reception of DL PRS)


The signalling and procedure for delivery of assistance information are in scope of the RAN WG2 and thus can be discussed later.


Initial WID for NR Positioning Enhancements also includes the following RAN WG1-centric objectives for further study and normative work (listed in priority order):
Solutions for NLOS mitigation
Aggregation of DL PRS frequency layers and SRS for positioning
Support of aperiodic and semi-persistent DL PRS

Revision of WID
The remaining objectives for NR Positioning enhancements with identified work dependencies can be discussed and decided at the RAN WG #91-e meeting upon completion of the study item by RAN WG2.


Remaining set of objectives for NR Positioning enhancements with the identified inter-work group dependencies is discussed and decided at the RAN WG #91-e meeting

Conclusions
In this contribution, we have provided our views on NR Positioning Enhancement work item. In summary, we have following proposals:

Proposal 1: 
· Prepare initial WID for NR Positioning Enhancements with the RAN1-centric objectives only and trigger the corresponding work at the next RAN WG1 meeting
· Objectives that are dependent on other RAN WGs are not included into the initial version of WID for NR Positioning Enhancements

Proposal 2: 
Initial WID for NR Positioning Enhancements includes the following RAN WG1-centric objectives for normative work:
Solutions for mitigation of gNB/UE Tx/Rx timing delays
Solutions for improving accuracy of UL-AoA and DL-AoD positioning methods

Proposal 3: 
Initial WID for NR Positioning Enhancements also includes the following RAN WG1-centric objectives for further study and normative work (listed in priority order):
Solutions for NLOS mitigation
Aggregation of DL PRS frequency layers and SRS for positioning 
Support of aperiodic and semi-persistent DL PRS

Proposal 4: 
Remaining set of objectives for NR Positioning enhancements with the identified inter-work group dependencies is discussed and decided at the RAN WG #91-e meeting
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Annex-A: Study Item Conclusions
In this section, we provide conclusions captured in the 3GPP TR 38.857 [2] related to potential normative work on NR Positioning Enhancements based on the agreements made by RAN WG1.
	The following enhancements have been recommended for normative work
· NR positioning for UEs in RRC_INACTIVE state, including
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
· Support of UE positioning measurements for UEs in RRC_inactive state
· Options that can be considered include DL-PRS or DL-PRS and SSB
· Support of gNB positioning measurements for UEs in RRC_inactive state
· On-demand transmission and reception of DL PRS, which includes at least 
· UE-initiated request of on-demand DL PRS transmission
· LMF (network)-initiated request of on-demand DL PRS transmission
· Above enhancements are recommended for both DL and DL+UL positioning methods and both UE-based and UE-assisted positioning solutions.

· The methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or gNB Rx/Tx timing delays, including
· DL, UL and DL+UL positioning methods
· UE-based and UE-assisted positioning solutions

· The enhancements of the procedure, measurements, reporting, and signalling for improving the accuracy of 
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions

· The enhancements of signalling & procedures for reducing NR positioning latency, including DL and DL+UL positioning methods. The details of the solutions are left for further discussion in normative work, which may include the following aspects:
· the measurement gap
· the measurement request and reporting (e.g., via RRC signalling, MAC-CE and/or physical layer procedure, and/or priority rules)
· the measurement time

The following enhancements are considered beneficial for the purpose of improving positioning accuracy, reducing latency, improving network and/or device efficiency and are being recommended to be studied further and if needed, specified during normative work 
· Simultaneous transmission by the gNB and aggregated reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs
· Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers
· Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation
· Aperiodic reception of DL PRS from the TRPs of the serving gNB and aperiodic reception of DL PRS from the TRPs of the neighbouring gNBs
· Semi-persistent reception of DL PRS from the TRPs of the serving gNB and Semi-persistent reception of DL PRS from the TRPs of the neighbouring gNBs
· Enhancements of signalling & procedures for reducing NR positioning latency related to
· the request and response of positioning assistance data (e.g., via RRC signalling, MAC-CE and/or physical layer procedure)
· the reception of DL PRS (e.g., priority rules for the reception of DL PRS)

From a physical layer perspective, it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state. This does not imply that measurements have to be reported in RRC_IDLE state.
It is recommended to proceed with a normative work to support NR positioning enhancements.
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