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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The Enhanced Positioning work item [1] was agreed in Dec 2020 at RAN#90-e with the following objectives:
[bookmark: _Hlk57059510]RAN1 centric objectives:
· 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]
· 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]
· UL AoA for network-based positioning solutions.
· DL-AoD for UE-based and network-based (including UE-assisted) positioning solutions.
Note: RAN1 will discuss the candidate solutions and provide updates for this objective, with status to be reviewed in RAN#91e.
 Notes: 
· Solutions for RAT-dependent positioning enhancements are designed to operate in both frequency ranges (i.e. FR1 & FR2)
· [bookmark: _Hlk57059470]The WID is subject to further update in RAN #91 for RAN1/2/3/4 scoping. 

The limited scope above as agreed in RAN#90-e is a subset of the Study Item recommendations (Section 11 of TR38.857 [2]). This decision was in consideration of the limited allocated time units and in anticipation of further updates from other working groups, specifically RAN2. In this contribution, we provide our views on the remaining objectives for an update of the WID, critical and necessary for fulfilling the objectives of the SI.   

[bookmark: _Hlk66440644]Discussions on the Remaining RAN1 Centric Enhancements 
From the start, the SI on Positioning Enhancements focus has been on enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency and device efficiency for commercial uses cases, specifically (I)IoT use cases. The outcome of the SI is reflecting these as well. 
In Section 11 of TR38.857, the RAN1 agreements achieved during the SI belong to two categories: enhancements that can be in the main objectives of the WI and enhancements that require further studies within the WI. The agreed enhancements can generally be viewed as belonging to the three main objectives as shown below. 
1. Support of high accuracy
a. Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation. (RAN1)
b. Simultaneous transmission by the gNB/UE and aggregated reception by the UE/gNB of multiple contiguous intra-band. (RAN1)
c. The enhancements of the procedure, measurements, reporting, and signaling for improving the accuracy of UL AoA and DL AoD. (RAN1)
d. The methods, measurements, signaling, and procedures for improving positioning accuracy in the presence of the UE Rx/Tx timing delays, and/or and gNB Rx/Tx timing delays. (RAN4, RAN1)
2. Support of low latency
a. On-demand transmission and reception of DL PRS, including the following further studies: (RAN1)
i. Aperiodic reception of DL PRS from the TRPs of the serving gNB and aperiodic reception of DL PRS from the TRPs of the neighboring gNBs
ii. 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
b. The enhancements of signaling & procedures for reducing NR positioning latency on the measurement gap configurations, measurement request and reporting, and measurement time, including the following further studies: (RAN2, RAN1)
i. the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE and/or physical layer procedure)
ii. the reception of DL PRS (e.g., priority rules for the reception of DL PRS)
3. Support of energy efficiency 
a. [bookmark: _Ref129681832]NR positioning for UEs in RRC_INACTIVE state (RAN2, RAN1)
Among the objectives pending further decisions and have been left out from [1], majority companies see it as beneficial as a main solution to mitigate the degrading effects of NLOS on the position estimates. The concerns were due to the lack of details on the specifications details of the different approaches proposed in terms of measurements, reporting, configurations and the LOS/NLOS indicator signaling such as whether it takes the form of binary indicator or soft indicator. Furthermore, numerous companies’ contributions in RAN1#104-e have raised the relevance and dependency of NLOS considerations during the discussions for AoD and AoA enhancements. It was clear of the impact of NLOS on the accuracy improvements on both AoD and AoA based positioning approaches. 

For the enhancements to improve the positioning latency, both enhancements 2a and 2b are beneficial and should be part of the WI. For 2a, the potential latency improvement from on-demand DL PRS is clear with no concern from companies during the SI. The triggering aspects of this on-demand PRS such as triggering from neighboring cells, use of other RS (e.g., CSI-RS) can be considered as items that need further discussions and studies during the WI. 

With the views as expressed above, to complete the enhancements needed for improved accuracy and lower latency, the remaining enhancements that were identified during the Study Item would be needed for the Work Item: 
· Support of high accuracy
· Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation. (RAN1)
· Simultaneous transmission by the gNB/UE and aggregated reception by the UE/gNB of multiple contiguous intra-band carriers. (RAN1)
· Support of low latency
· On-demand transmission and reception of DL PRS, including the following further studies: (RAN1)
· Aperiodic reception of DL PRS from the TRPs of the serving gNB and aperiodic reception of DL PRS from the TRPs of the neighboring 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

Discussions on the RAN2 Centric Enhancements 
RAN2 also performed and completed the studies on the enhancements needed for higher accuracy, lower latency, and energy efficiency.
For lower latency, the following should be included in the normative work: 
· Latency reduction related to the reporting and request of positioning assistance data (e.g., via location scheduling in advance of the time of when the location is needed), and
· UE-initiated request of on-demand DL-PRS transmission and LMF Initiated on-demand control of DL-PRS transmission.
Energy efficiency can be achieved by allowing UE to stay in RRC_INACTIVE state and performing reporting:
· Reporting of DL-PRS measurement and/or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE.
Furthermore, signaling and procedures to support GNSS positioning integrity determination are recommended for normative work:
· Signalling and procedures to support GNSS positioning integrity.

Conclusions
In this contribution, we provided our views on completing the scope of the Work Item and propose the following updates to the Positioning enhancements WID to include the enhancements needed for higher accuracy, lower latency, and energy efficiency.
RAN1 centric objectives: 
· Support of high accuracy
· Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation.  
· [Note: This can be approved as a standalone objective or added into the scope of the second objectives in [1] on AoA and AoD based positioning solutions.]
· Simultaneous transmission by the gNB/UE and aggregated reception by the UE/gNB of multiple contiguous intra-band carriers.  
· [bookmark: _Hlk66441809]Support of low latency
· On-demand transmission and reception of DL PRS, including the following further studies:  
· Aperiodic reception of DL PRS from the TRPs of the serving gNB and aperiodic reception of DL PRS from the TRPs of the neighboring 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.
RAN2 centric objectives:
· Support of low latency
· Latency reduction related to the reporting and request of positioning assistance data (e.g., via location scheduling in advance of the time of when the location is needed), and
· UE-initiated request of on-demand DL-PRS transmission and LMF Initiated on-demand control of DL-PRS transmission.
· [bookmark: _Hlk66441987]Support of energy efficiency 
· Reporting of DL-PRS measurement and/or location estimate performed in RRC_INACTIVE when the UE is in RRC_INACTIVE.
· Support of RAT Independent
· Signalling and procedures to support GNSS positioning integrity. 
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