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[bookmark: _Toc32744954][bookmark: _Toc54553015][bookmark: _Toc48211438][bookmark: _Toc54552893]Introduction
To address the higher accuracy location requirements resulting from new applications and industry verticals for 5G, the Rel-17 Study Item of “Study on NR Positioning Enhancements” was approved by 3GPP TSG RAN [1][2]. The study item covers the enhancements and solutions necessary to support the high accuracy (horizontal and vertical), low latency, network efficiency (scalability, RS overhead, etc.), and device efficiency (power consumption, complexity, etc.) requirements for commercial uses cases (incl. general commercial use cases and specifically IIoT use cases). 
The objectives of the SI related to RAN1 were completed in RAN1#103-e [3][4] with the following accomplishments:
· the target performance requirements for RAT dependent solutions for Rel-17 for both general commercial use cases and IIoT use cases;
· the additional scenarios and channel models for evaluating NR positioning enhancements;  
· the NR positioning enhancements candidates for improving accuracy, reducing latency, and improving network and device efficiency for Rel-17;
· evaluation of the achievable positioning performance, including the performance analysis of Rel-16 positioning solutions, the performance analysis, the efficiency analysis, and the observations obtained from the investigations for Rel-17 NR positioning enhancements;
· the identified NR impacts for normative work for Rel-17.

The objectives of the SI related to RAN2 are scheduled to be completed in RAN2#113. The remaining issues include the evaluation on latency enhancement solutions, the study on support of on demand PRS and Positioning support in RRC_IDLE/RRC_INACTIVE, and finalise of integrity text proposals, etc.
[bookmark: _Toc511230715][bookmark: _Toc511230578]In this contribution, we present our views on the WI scope of Rel-17 NR positioning enhancements based on the process and the achievement of the SI in both RAN1 and RAN2.

[bookmark: _Toc54553016][bookmark: _Toc48211439][bookmark: _Toc54552894]Discussion
[bookmark: _Toc56686550]Accomplishments achieved during the study item
Based on the investigation during the SI, the following enhancements related to improving positioning accuracy are recommended for Rel-17 WI:
[bookmark: _Toc56686554]Enhancements for UE Rx/Tx and gNB Rx/Tx timing delays
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 are recommended for normative work, including 
· DL, UL and DL+UL positioning methods 
· UE-based and UE-assisted positioning solutions
· Note: The details of the solutions are left for further discussion in normative work.

[bookmark: _Toc56686555]Enhancements for angle-based methods
The enhancements of the procedure, measurements, reporting, and signalling for improving the accuracy of 
· UL AoA is recommended for normative work for network-based positioning solutions.
· DL-AoD is recommended for normative work for UE-based and network-based (including UE-assisted) positioning solutions.
[bookmark: _Toc56686556]Enhancements of information reporting from UE/gNB for supporting multipath/NLOS mitigation
Enhancements of information reporting from UE and gNB for supporting multipath/NLOS mitigation can be studied further, and if needed, specified during normative work for improving positioning accuracy.
· Note: The details of the enhancements of reporting are left for further discussion in normative work, which may include, but are not limited to the following information associated with multi-path, e.g., LOS/NLOS identification, time of arrival of the multi-path components, signal power and/or relative power, power delay profile, angle, and/or polarization information, coherence bandwidth, etc.
[bookmark: _Toc56686552]Aggregation of DL PRS resources
Simultaneous transmission by the gNB and reception by the UE of intra-band one or more contiguous carriers in one or more contiguous PFLs can be studied further and if needed, specified during normative work
· From both gNB and UE perspective, the applicability and feasibility of this enhancement for different scenarios, configurations, bands and RF architectures, can be further studied 
[bookmark: _Toc56686553]Aggregation of SRS for positioning resources
Simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers can be studied further and if needed, specified during normative work.
· From both gNB and UE perspective, the applicability and feasibility of this enhancement for different scenarios, configurations, particular bands and RF architectures, can be further studied.

In addition, the following enhancements related to reducing the positioning latency and improving the UE and network efficiency are recommended for Rel-17 WI:
[bookmark: _Toc56686557]Enhancements of signalling & procedures for reducing NR positioning latency 
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 can be studied further and if needed, specified during normative work.
· Note: Aperiodic reception corresponds to DCI-triggered reception  

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 can be studied further and if needed, specified during normative work.
· Note: Semi-persistent reception in the above corresponds to MAC-CE activated reception

The following enhancements of signaling & procedures for reducing NR positioning latency are recommended for normative work, 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:
· Latency reduction related to the measurement gap
· Latency reduction related to the reporting and request of the measurement (e.g., via RRC signaling, MAC-CE and/or physical layer procedure, and/or priority rules)
· Latency reduction related to measurements

The following enhancements of signaling & procedures for reducing NR positioning latency can be studied and specified, if needed
· Latency reduction related to the request and response of positioning assistance data (e.g., via RRC signaling, MAC-CE and/or physical layer procedure)
· Latency reduction related to the reception of DL PRS (e.g., priority rules for the reception of DL PRS)
No assumptions are made on whether the LCS architecture specified in TS 23.273 is enhanced or not.
NR positioning for UEs in RRC_INACTIVE state
NR positioning for UEs in RRC_INACTIVE state is recommended for normative work, 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

The details of how to enable the UE positioning in RRC_ INACTIVE state can be further discussed during normative work. These details may include, but are not limited to the following aspects:
· UL reference signals (e.g., SRS for positioning, PRACH preambles) for UL measurements
· Signalling and procedures for support the assistance data delivery, DL-PRS configuration, UL reference signals for positioning resource configuration, measurement reporting, which may be developed based on the enhancements of existing signalling and procedures (e.g., existing 2-step and/or 4-step PRACH procedures, paging procedure, small data transmission). 
[bookmark: _Toc56686551]On-demand transmission and reception of DL PRS
From a physical layer perspective, on-demand transmission and reception of DL PRS, which includes at least the following is recommended
· 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.
[bookmark: _Toc56686558]DL positioning measurement in RRC_IDLE state
From a physical layer perspective, it is feasible for a UE to perform DL positioning measurement in RRC_IDLE state.
· Note: This does not imply that measurements have to be reported in RRC_IDLE state.

Remaining issues of the study item
The investigation of the study item related to RAN2 is still on-going, which is scheduled to be completed in RAN2#113. The remaining issues include the evaluation on latency enhancement solutions, the study on support of on demand PRS and positioning support in RRC_IDLE/RRC_INACTIVE, and finalise of integrity text proposals, etc.
Determination of WI Objectives
For the accomplishments achieved during the SI, the enhancements related to improving positioning accuracy are mainly RAN1 centric work. RAN2’s on-going study is not related to these enhancements and thus the WI objectives related to the enhancements of positioning accuracy can be determined in RAN#90e, and no need to wait for the completion of RAN2’s work to determine which of the enhancements should, or should not, be included in the WI. 
On the other hand, the enhancements related to improving the positioning latency and efficiency are more closely related to RAN2 on-going study, e.g., on demand PRS and positioning support in RRC_IDLE/RRC_INACTIVE. Thus, it may be prudent for us to delay the decision of the WI objectives related to the enhancements of the positioning latency and efficiency to RAN#91e.
Observation 1:  The enhancements related the positioning accuracy are mainly RAN1 centric work. There is no need to wait for the completion of RAN2’s work to determine which of the enhancements for improving positioning accuracy are included in the WI scope.
Observation 2:  The enhancements related the positioning latency and efficiency are more closely related to RAN2 on-going investigation Thus, it is prudent for us to wait for the completion of RAN2’s study to discuss which of the enhancements for improving positioning latency and efficiency are included in WI scope.
Based on above observations, we have:
Proposal 1:  In RAN#90e, discuss and approve Rel-17 WI objectives covering the enhancements related the positioning accuracy. The WI objectives related to the enhancements of the positioning latency and efficiency can be decided in RAN#91e. 
WI Objectives for improving positioning accuracy
Based on the enhancements for improving positioning accuracy recommended during SI [3][5], we suggest including the following RAN1 centric objectives for RAT-dependent positioning in FR1 and FR2 in the WI in RAN#90e. The objectives will be further updated in RAN#91 to include RAN2/3/4 centric objectives.
[bookmark: _Hlk57059510]RAN1 centric objectives:
· Specify the methods, measurements, signalling, and procedures of mitigating UE Rx/Tx and/or gNB Rx/Tx timing errors for improving positioning accuracy of NR RAT dependent positioning [RAN1]
· 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 in RAN#91e.
· Study and specify, if supported, the enhancements of information reporting from UE and gNB for multipath/NLOS mitigation [RAN1]
· Study and specify, if supported, the enhancements to simultaneous transmission by the gNB and aggregated reception by the UE of DL PRS for positioning for one or more contiguous carriers in one or more contiguous PFLs [RAN1/RAN4]
· Study and specify, if supported, the enhancements to simultaneous transmission by the UE and aggregated reception by the gNB of the SRS for positioning in multiple contiguous intra-band carriers [RAN1/RAN4]

[bookmark: _Toc54552970][bookmark: _Toc54553092][bookmark: _Toc48211480][bookmark: _Toc32744983]Summary
In this contribution, we presented our views on the Rel-17 ePos WI scope with the following observations and proposal.
Observation 1:  The enhancements related the positioning accuracy are RAN1 centric work. There is no need to wait for the completion of RAN2’s work to determine which of the enhancements for improving positioning accuracy are included in the WI scope.
Observation 2:  The enhancements related the positioning latency and efficiency are closely related to RAN2 on-going investigation Thus, it is prudent for us to wait for the completion of RAN2’s study to discuss which of the enhancements for improving positioning latency and efficiency are included in WI scope.
Proposal 1:  In RAN#90e, discuss and approve Rel-17 WI objectives covering the enhancements related the positioning accuracy. The WI objectives related to the enhancements of the positioning latency and efficiency can be decided in RAN#91e. 
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