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1.  Background
RAN WGs concluded the discussion of the study on expanded and improved NR positioning. Under this study, 4 sub agendas are carefully studied, and conclusions and recommendations are drawn in TR 38.859 [1], which is subjected to RAN plenary approval in this meeting. The topics which are studied under this agenda are sidelink positioning, Positioning Enhancements for Improved Integrity, carrier phase positioning for accuracy improvement, Low Power, High Accuracy Positioning, and Positioning of UEs with Reduced Capabilities, etc. 
2. Observation on SI outcome and WI scope discussion
Rel 18 positioning SI was one of the heavily loaded SI, at least in RAN 1. Multiple topics are studied for positioning accuracy, integrity, and power improvement under different sub-agendas. But for at work item phase, it is necessary to select a few topics out of all studied agendas/topics considering the factor like the technical maturity of the topic, evaluation study, market need to adopt the feature, and time budget available for positioning in WI phase considering remaining time for Rel 18 freeze. Considering the above aspects, the adoption of at least sidelink positioning and carrier phase positioning should be considered in the WI phase. 
Sidelink positioning is studied extensively in RAN 1 and RAN 2, and details conclusions as potential standard impact are listed in TR 38.859 [1].  The aspects considering positioning method, scenarios, positioning resource configurations, positioning reference signal design, protocol changes, and signaling impact are studied in detail, and possible solutions are listed in TR 38.859[1]. The potential specification impact is as below,

The following summarizes the key areas of potential specification impact from RAN1’s perspective that have been identified for the support of solutions for sidelink positioning:
· Specification changes to support the following two operation scenarios:
· Operation Scenario 1: PC5-only-based positioning.
· Operation Scenario 2: Combination of Uu- and PC5-based positioning.
· Specification changes to introduce:
· RTT-type solution(s) using SL, SL-AoA, SL-TDOA (where DL-TDOA-like operation and UL-TDOA-like operation are included).
· At least the following measurements: SL PRS based Rx-Tx measurement, SL PRS based RSTD measurement, SL PRS based RSRP measurement, SL PRS based RSRPP measurement, SL PRS based RTOA measurement, SL PRS based Azimuth of Arrival (AoA) and SL Zenith of Arrival (ZoA) measurement.
· A new sidelink reference signal (SL PRS), including details of sequence design, physical structure, resource mapping.
· Support of unicast, Groupcast (not including many to one) and Broadcast of SL PRS transmissions,
· Support of SCI to be used for reserving/indicating one or more SL PRS resources.
· SL PRS resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric resource allocation, and Scheme 2 corresponds to UE autonomous SL PRS resource allocation, and potential mechanisms for SL PRS resource coordination.
· SL PRS transmission in dedicated resource pool or shared resource pool that may be shared with Rel-16/Rel-17/Rel-18 SL communication.
· Support of Open Loop Power Control (OLPC) for SL PRS transmissions.
· Details of sidelink positioning measurement reporting.
RAN2 identified that there is potential specification impact for sidelink positioning including: 
-	Introduction of a new protocol for sidelink positioning procedures between UEs, with where it is specified to be determined during normative work.
-	The new protocol is a separate ASN.1 module from LPP (this does not necessarily imply whether it is included in TS 37.355 [16]).
-	Options for signaling between LMF and UE will be down selected during normative work.
From the perspective of NG-RAN interface, the following have been identified to have potential specification impact for support of sidelink positioning:
-	Support of sidelink positioning and ranging service authorizations signaling to NG-RAN as needed.
Further, the evaluation result summary in section 5.4 provides that the required target can be achieved for various sidelink scenarios. Further, as discussed during SI scoping stage and as mentioned in the SID justification that sidelink positioning is necessary for speeding up the V2X deployment to tackle the issues with synchronization (mainly in out-of-coverage scenarios) and better localization accuracy in many other use cases like industrial IoT, commercial and public safety use cases, therefore, it should be considered in normative phase. 

Further the carrier phase positioning is also studied extensively in RAN 1, and details and conclusions are potential standard impacts are listed in TR 38.859 [1]. The aspects considering positioning method, scenarios, positioning resource configurations, positioning reference signal design, protocol changes, and signaling impact are studied in the study phase. The potential specification impact is as below,

· Regarding the reference signals for NR carrier phase positioning:
· Existing DL PRS and UL SRS for positioning purpose are recommended as the reference signals to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning if NR CPP is introduced.
NOTE: The use of SRS MIMO for NR carrier phase positioning is transparent for UE.

· Regarding the physical layer measurements for NR carrier phase positioning:
· New measurements are recommended to be introduced for supporting UE-based and UE-assisted NR carrier phase positioning, if NR CPP is introduced. The new measurements include, at least, the following:
· For DL carrier phase positioning, the following candidate measurements are identified (potential down-selection may be considered during normative work).
· The difference between the carrier phase measured from the DL PRS signal(s) of the target TRP and the carrier phase measured from the DL PRS signal(s) of the reference TRP;
· The carrier phase measured from the DL PRS signal(s) of a TRP.
· For UL carrier phase positioning, the carrier phases measured from the UL SRS for positioning purpose is identified as the UL carrier phase measurements.
NOTE: This proposal does not imply which carrier phase measurements are mapped to which positioning technique.
· Multipath mitigation methods for the carrier phase positioning are recommended to be introduced during normative work, if NR CPP is introduced. The candidate solutions may include, but are not limited to, the following:
· Reporting of the carrier phase of the first path
· At least reporting of the carrier phase of the first path, and optionally, the additional paths.
· The use of LOS/NLOS indication for the carrier phase measurements.
· NOTE: Rel-17 LOS/NLOS indicator can be considered as a starting point.
· Reporting of other channel information together with carrier phase measurements, such as existing RSRP/RSRPP.
· At least the double differential technique with PRU is feasible for UE-based, and network-based NR carrier phase positioning, if NR CPP is introduced, at least, for eliminating the impact of the initial phases of the transmitter and the receiver.
NOTE 1: How to efficiently enable the use of the PRU for supporting NR double differential carrier phase positioning needs further discussion during normative work.
NOTE 2: The required PRU density also needs further discussion during normative work.
NOTE: Other methods for eliminating the impact of the initial phases of the transmitter and the receiver are not precluded.
The evaluation summary in section 6.4 in TR 38.859 [1] shows that the carrier phase positioning can achieve centimetre-level accuracy in most of the evaluation scenarios. Study in the TR is sufficiently matured, and it ensures the further improvement in positioning accuracy if used in conjunction with legacy methods. Therefore, it should be considered in the normative phase.

Proposal 1: For Rel 18, expanded and improved NR positioning WI scope, sidelink positioning and carrier phase-based positioning should be considered. 

a. Discussion on WI objective for Sidelink positioning:

During the study phase, different aspects of specification impacts are studied and concluded in the TR. Solution and evaluation is performed for absolute positioning, relative positioning, and direction & angle ranging in different use cases and scenarios. For the V2X use case, it is important to support out-of-coverage scenario and partial coverage scenario along with in-coverage scenario. Therefore, specification support for these scenarios should be considered and around it objective of WI should be finalised. Additionally, it is observed that SL only and/or joint SL +Uu-link based positioning is useful to achieve target accuracy, which depends on the scenario and use cases. This is concluded in both RAN 1 and RAN 2 studies. Therefore, the normative phase should consider this aspect as well. 
From RAN 1 perspective, aspects like positioning method, PRS design, PRS resource configuration, and measurement report should be specified to support SL positioning. 
From RAN 2 perspectives, it is concluded to introduce sidelink positioning protocol (SLPP) at least for partial and out of coverage scenario. Further signaling and reporting of assistance information, capability and location messages need to be specified for sidelink positioning based methods. 
RAN 3 perspectives, it is identified that service authorizations signaling to NG-RAN needs to be specified for SL and ranging services. Further impact on the NRPPa should be analysed based on RAN 1 and RAN 2 progresses during WI phase.  Base on that following objective can be considered for SL positioning in WI phase,

Proposal 2: Specify solutions for sidelink positioning support consider SL only and SL+Uu operation including: 
· Positioning methods, measurements, signalling, and procedures [RAN1, RAN2, RAN 3, RAN 4]
· Support absolute positioning, relative positioning and ranging
· Define at least SL-TDOA, RTT base method over SL, SL-AOA
· Define the signaling protocol and procedure for SL positioning considering in coverage, partial coverage and out of coverage scenarios [RAN 2, RAN 3]
· Define SLPP and modification to LPP if necessary
· Define signaling between LMF, NG-RAN and UE
· Considering session based and session less operation and cast types as unicast, broadcast and group cast.

b. Discussion on WI objective for carrier phase-based positioning:
During the study phase, different aspects of specification impacts are studied and concluded in the TR. Solution and evaluation are performed for IIoT InF_SH and InF_DH scenarios. And the study phase results show that carrier phase positioning can provide centimetre-level accuracy. Therefore, specification support for these scenarios should be considered, and the objective of WI should be finalized.

Proposal 3: Specify solutions for accuracy improvement based on NR carrier phase measurements for both UE-based and network-based positioning, including:
· Define downlink carrier phase measurement(s) for the UE [RAN1]
· Define uplink carrier phase measurement for the gNB [RAN1]
· Specify signaling to support NR carrier phase positioning [RAN2, RAN3]


3. Conclusion
In this contribution, we discussed the scope of the Rel 18 expanded and improved NR positioning WI. We proposed the following points for the WI scope discussion.

Proposal 1: For Rel 18, expanded and improved NR positioning, WI scope, sidelink positioning, and carrier phase-based positioning should be considered. 

Proposal 2: Specify solutions for sidelink positioning support consider SL only and SL+Uu operation including: 
· Positioning methods, measurements, signalling, and procedures [RAN1, RAN2, RAN 3, RAN 4]
· Support absolute positioning, relative positioning and ranging
· Define at least SL-TDOA, RTT base method over SL, SL-AOA
· Define the signaling protocol and procedure for SL positioning considering in coverage, partial coverage and out of coverage scenarios [RAN 2, RAN 3]
· Define SLPP and modification to LPP if necessary
· Define signaling between LMF, NG-RAN and UE
· Considering session based and session less operation and cast types as unicast, broadcast and group cast.

Proposal 3: Specify solutions for accuracy improvement based on NR carrier phase measurements for both UE-based and network-based positioning, including:
· Define downlink carrier phase measurement(s) for the UE [RAN1]
· Define uplink carrier phase measurement for the gNB [RAN1]
· Specify signaling to support NR carrier phase positioning [RAN2, RAN3]
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