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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#102e, some potential enhancements have been proposed and agreed to be further considered [1] in Release 17. In this contribution, we provide our views and consideration on these enhancements.  

[bookmark: _Ref129681832]Proposed Enhancements
Reference Signals
Agreement:
· Semi-persistent and a-periodic transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable semi-persistent and a-periodic DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· On-demand transmission and reception of DL PRS will be investigated in Rel-17.
· FFS: the details on when and how to enable on-demand DL PRS
· FFS: to be supported for which positioning methods, e.g.,
· UE-assisted and/or UE-based positioning
· DL positioning and/or Multi-RTT
· Notes: 
· Semi-persistent means MAC-CE triggered
· Aperiodic would correspond to DCI-triggered
· On-demand corresponds to the UE-initiated or network-initiated request of PRS and/or SRS. So, it is NOT the same as whether PRS is DCI-triggered or MAC-CE triggered. It is about UE or LMF request/suggesting/recommending specific PRS pattern, ON/OFF, periodicity, BW, etc. 
Rel-16 currently supports multiplexing of positioning signals in time (across different symbols/slots), frequency (across different RE patterns) and code domains (different sequences) to support multiple TRPs or gNBs transmissions of DL PRS. In addition, within a multiplexing domain, muting patterns can be configured to ensure that these PRS transmissions do not collide. The tradeoff is the added latency due to the fewer number of PRS transmissions per TRP/gNB that are sent within a transmission period and hence multiple periods are needed to transmit sufficient number of PRSs for the UE to measure. 
One solution is to configure the PRS transmissions only when it is needed for positioning measurements at the UE.  The PRS transmissions can be additional PRS transmissions on top of a sparse PRS transmissions such in the case when higher positioning accuracy or resolution is needed. Other scenarios when this would be beneficial is when certain additional PRS transmissions are needed for specific purposes such as NLOS/LOS identification methods that relies on measurements of the PRSs.
To support efficient configuration of these additional PRSs, some request mechanisms need to be introduced. The additional on-demand DL PRS transmissions would be triggered by the UE through UL signaling e.g. uplink control signaling, dedicated pre-allocated UL SRS resources, or with the less dynamic RRC signaling. Among the above three options, the use of less dynamic RRC signaling would incur the most latency. Given the importance of latency reductions to the overall positioning performance, it should be the least desired.
Proposal 1: On-demand DL PRS transmissions can be triggered by the UE through UL signaling e.g. uplink control signaling or dedicated pre-allocated UL SRS resources. On-demand PRS configurations should support at least the same configurability as in Rel-16 e.g. transmission period, multiple periods and muting. 
Proposal 2: On-demand DL PRS transmissions should be supported for both UE-assisted and UE-based positioning, including DL positioning and Multi-RTT.
	

Multipath Mitigation
Agreement:
· Multipath mitigation techniques will be investigated in this SI for improving positioning accuracy, which may include, but not limited to the following:
· The applicable scenarios and performance benefits of multipath mitigation techniques 
· The methods/measurement/signaling for the LOS/NLOS detection and identification
· The measurements for supporting the multipath mitigation/utilization
· The procedure and signaling for supporting the multipath mitigation/utilization
· Implementation-based solutions (e.g., outlier rejection) without the need of any additional specified method/measurements/procedures/signaling.
· Note: The above study applies to DL only, UL only, DL+UL positioning solutions for UE-based and UE-assisted positioning.

The degradation on the positioning accuracy due to NLOS paths is a major concern that have been studied and evaluated [2] [3] [4] [5]. Results from these studies confirmed the degradation in localization accuracy when there is presence of NLOS CIRs during the localization. The effectiveness and accuracy of any localization algorithms depend heavily on how these NLOS paths are taken into consideration by the positioning algorithms. 
Different approaches have also been proposed in the last meeting and we have evaluated the benefits of one such approach in [7]. Even though there could be different approaches, some basic commonalities and requirement should be established and agreed. 
In our view, at least the following specifications support common to the various proposals are:
·  LOS/NLOS Identification Signalling, 
· Measurements, and 
·  Procedures and Signalling

LOS/NLOS Signaling: 
The identification of the path LOS/NLOS status can be determined at the UE or at the gNB, depending if the positioning method is UE-based or UE-assisted. 
· For UE-based positioning, once the path LOS/NLOS is determined, no feedback to the gNB/network is needed since the positioning estimation is performed at the UE.
· For UE-assisted positioning, feedback of the path LOS/NLOS to the gNB/network would be needed. This feedback signalling can be binary or can be the actual measurements of any downlink signals made by the UE. The former would rely on the UE algorithm to determine the LOS/NLOS status and can incur as low as a single bit of feedback while in the latter, the determination of the LOS/NLOS status is left to the network algorithm and implementation.    
Observation 1: For the signaling method of the LOS/NLOS identifier, it should be decided first if the LOS/NLOS identification should be performed at the UE or by the network for UE-assisted positioning. For UE-based positioning, the support of LOS/NLOS identification signaling is not needed.

Measurements:
Depending on the different approaches, different measurements would be needed. An approach, proposed in [5] and evaluated in [7], to mitigate the NLOS effects is to identify the NLOS paths and discard them during localization. In this approach, existing R16 PRS transmissions framework is utilized by transmitting the PRSs with different polarizations. Other approaches include additional multipath measurements at the UE or deriving multipath information from the received CIR.
In Release 16, DL PRS supports various flexibility e.g. multiplexing of positioning signals in time (across different symbols/slots), frequency (across different RE patterns) and code domains (different sequences) to support multiple TRPs or gNBs transmissions. Therefore, additional reference signal(s) should not be supported. Instead, if required, further adaptation or measurements can be defined on the existing PRS transmissions such as PRS RSRQ or PRS SINR. 
Observation 2: Reuse and adapting of the existing DL PRS and UL SRS to support multipath mitigation measurements should be prioritized.

Procedures and Signaling:
Due to the very specific objectives targeting NLOS mitigation, the use of any approaches should be configurable such that overhead and latency is considered. However, the procedures and signaling to support it must be method-agnostic. One solution is to configure the PRS transmissions only when it is needed for positioning measurements at the UE.  The PRS transmissions can be additional PRS transmissions on top of a sparse and regular PRS transmissions. This enhancement has been discussed in Section 2.1 of this contribution.
Depending on the different approaches, for UE-based positioning, it should be further discussed whether specific signaling is needed for the network to inform the UE of the needed measurements to be made by the UE. 
Observation 3: Configurable on-demand PRS transmissions and measurements reporting would ensure network optimization of the positioning overhead and latency. It is beneficial to the various multipath mitigation approaches, including methods that identify LOS/NLOS paths, allowing these approaches to be configured only when needed depending on the scenarios and deployments. 
Observation 4: Depending on the different approaches, for UE-based positioning, it should be further determined whether specific signaling is needed for the network to inform the UE of the needed measurements to be made by the UE. 
[bookmark: _Hlk52969415]Proposal 3: Multipath mitigation methods support the feedback and mechanisms of a LOS/NLOS indicator, reuse of existing Rel-16 defined reference signals (DL PRS, UL SRS) and its configurability. 

[bookmark: _Hlk46751289]Multipath Measurements 
Agreement:
The scenario, benefits, and methods for improving the accuracy of the UL AoA and DL-AoD methods for both UE-based and network-based (including UE-assisted) positioning can be investigated in Rel-17.
Current TS 38.215 defines the DL PRS-RSRP, DL RSTD and the UE Rx-Tx time difference measurements. For the time difference-based approaches such as TDOA and RTT, the measurements are based on first detected path in time. However, for positioning methods relying on PRS RSRP measurements such as AoD that relies on the total received power of the PRS, first detected may or may not be the LOS path. When later paths are received with higher power than the first path, the angle of departure estimates would be biased by these latter paths. 
One approach is to be able to identify the NLOS path as described in the previous Section 2.2. For power-based methods such as AoD, other approaches such additional measurements should be studied. They may include the power of the first arrival path measurement and its K-factor w.r.t to other paths. Defining measurements relative to the power of the first detected should be further investigated.
Proposal 4: Additional measurements definition of the DL PRS including relative power to the first detected path should be supported to improve the positioning accuracy, specifically for DL-AoD positioning methods.

Inactive and Idle UE Positioning 
Agreement:
· NR positioning for UEs in RRC_IDLE state and UEs in RRC_INACTIVE state will be investigated in Rel-17, including the benefits on latency, network/UE efficiency and UE power consumption
· FFS: which positioning methods to be supported, e.g., DL positioning, UL positioning, DL+UL positioning and/or Multi-RTT
· FFS: the details of how to enable the UE positioning in RRC_IDLE state and RRC_INACTIVE state
· Reference signals (e.g., based on DL PRS signals, UL SRS signals, both of them, etc.)
· Signaling and procedures (e.g., based on PRACH procedure, paging triggered UL SRS transmission, etc.)

For Rel-16, the positioning support is limited to UE in connected mode. For Rel-17, extending it to Inactive and Idle UEs should be supported. This would improve the positioning latency for the UE since transitioning to Connected state would not be needed prior to obtaining its position. As such, existing positioning methods: UL, DL, DL+UL approaches could be extended to both Inactive and Idle UEs. Studies should focus on the transmissions and receptions of the PRS and SRS reference signals in these modes.
Given that the studies and specifications work is expected to be greater for UL than DL, such as the considerations the transmission of SRS during RRC_INACTIVE or reusing 2-step RACH procedures,  efforts should focus on at least completing the support for DL within the Rel-17 time frame.
Proposal 5: Extend the support of Rel-16 positioning methods to Inactive and Idle UEs, at least for the DL positioning by adapting the Rel-16 DL PRS signals.


Conclusions
In this contribution, some of the proposed enhancements are discussed and our views provided. Below are the observations and proposals.
Proposal 1: On-demand DL PRS transmissions can be triggered by the UE through UL signaling e.g. uplink control signaling or dedicated pre-allocated UL SRS resources. On-demand PRS configurations should support at least the same configurability as in Rel-16 e.g. transmission period, multiple periods and muting. 
Proposal 2: On-demand DL PRS transmissions should be supported for both UE-assisted and UE-based positioning, including DL positioning and Multi-RTT.
Observation 1: For the signaling method of the LOS/NLOS identifier, it should be decided first if the LOS/NLOS identification should be performed at the UE or by the network for UE-assisted positioning. For UE-based positioning, the support of LOS/NLOS identification signaling is not needed.
Observation 2: Reuse and adapting of the existing DL PRS and UL SRS to support multipath mitigation measurements should be prioritized.
Observation 3: Configurable on-demand PRS transmissions and measurements reporting would ensure network optimization of the positioning overhead and latency. It is beneficial to the various multipath mitigation approaches, including methods that identify LOS/NLOS paths, allowing these approaches to be configured only when needed depending on the scenarios and deployments. 
Observation 4: Depending on the different approaches, for UE-based positioning, it should be further determined whether specific signaling is needed for the network to inform the UE of the needed measurements to be made by the UE. 
Proposal 3: Multipath mitigation methods support the feedback and mechanisms of a LOS/NLOS indicator, reuse of existing Rel-16 defined reference signals (DL PRS, UL SRS) and its configurability. 
Proposal 4: Additional measurements definition of the DL PRS including relative power to the first detected path should be supported to improve the positioning accuracy, specifically for DL-AoD positioning methods.
Proposal 5: Extend the support of Rel-16 positioning methods to Inactive and Idle UEs, at least for the DL positioning by adapting the Rel-16 DL PRS signals.
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