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1. Introduction 
Rel-18 SID on Study on expanded and improved NR positioning has the following objectives on which a decision in RAN#98-e is necessary, as follows [1]:
	· Study solutions for sidelink positioning considering the following: [RAN1, RAN2] 
· Scenario/requirements 
· Coverage scenarios to cover: in-coverage, partial-coverage and out-of-coverage
· Requirements: Based on requirements identified in TR38.845 and TS22.261 and TS22.104
· Use cases: V2X (TR38.845), public safety (TR38.845), commercial (TS22.261), IIOT (TS22.104)
· Spectrum: ITS, licensed
· Identify specific target performance requirements to be considered for the evaluation based on existing 3GPP work and inputs from industry forums [RAN1]
· Define evaluation methodology with which to evaluate SL positioning for the uses cases and coverage scenarios, reusing existing methodologies from sidelink communication and from positioning as much as possible [RAN1]. 
· Study and evaluate performance and feasibility of potential solutions for SL positioning, considering relative positioning, ranging and absolute positioning: [RAN1, RAN2]
· Evaluate bandwidth requirement needed to meet the identified accuracy requirements [RAN1]
· Study of positioning methods (e.g. TDOA, RTT, AOA/D, etc) including combination of SL positioning measurements with other RAT dependent positioning measurements (e.g. Uu based measurements) [RAN1]
· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc, reusing existing reference signals, procedures, etc from sidelink communication and from positioning as much as possible [RAN1]
· Study of positioning architecture and signalling procedures (e.g. configuration, measurement reporting, etc) to enable sidelink positioning covering both UE based and network based positioning [RAN2, including coordination and alignment with RAN3 and SA2 as required]
Note: When the bandwidth requirements have been determined and the study of sidelink communication in unlicensed spectrum has progressed, it can be reviewed whether unlicensed spectrum can be considered in further work. Checkpoint at RAN#97 to see if sufficient information is available for this review.

· Improved accuracy, integrity, and power efficiency:
· Study solutions for Integrity for RAT dependent positioning techniques [RAN2, RAN1]:
· Identify the error sources, [RAN1, RAN2].
· Study methodologies, procedures, signalling, etc for determination of positioning integrity for both UE-based and UE-assisted positioning [RAN2]
· Focus on reuse of concepts and principles being developed for RAT-Independent GNSS positioning integrity, where possible.
· Study solutions for accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers considering e.g. timing errors, phase coherency, frequency errors, power imbalance, etc [RAN4]:
· Study solutions for accuracy improvement based on NR carrier phase measurements [RAN1, RAN4]
· Reference signals, physical layer measurements, physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning [RAN1]
· Focus on reuse of existing PRS and SRS, with new reference signals only considered if found necessary
· Study the requirements on LPHAP as developed by SA1 and evaluate whether existing RAN functionality can support these power consumption and positioning requirements. Based on the evaluation, and, if found beneficial, study potential enhancements to help address any limitations [RAN2, RAN1]
· Study is limited to a single representative use case (use case 6 as defined TS 22.104). The choice of selected use case can be reviewed at the start of the study.
· Study is limited to enhancements to RRC_INACTIVE and/or RRC_IDLE state

· Positioning support for RedCap UEs, considering the following:
· Evaluate positioning performance of existing positioning procedures and measurements with RedCap UEs[RAN1]
· Based on the evaluation, assess the necessity of enhancements and, if needed, identify enhancements to help address limitations associated with for RedCap UEs [RAN1, RAN2]


This contribution discusses how to proceed with the objective in Rel-18.

2. Discussion
2.1. SL positioning 
Following the note in SID above, RAN1 has evaluated the proposed candidate SL positioning techniques based on the agreed simulation conditions to check the bandwidth requirement to meet the agreed SL positioning accuracy requirements. The evaluation results showed that SL positioning in FR1 spectrum even with 40MHz bandwidth was able to meet some target requirements, while other target requirements required up to 100MHz bandwidth. Almost all the evaluation results were made based on SL positioning using FR1 spectrum. There is only two evaluation results using FR2 spectrum, and no evaluation results using the unlicensed spectrum.
Based on the observations above and consideration on the work load of positioning WI in Rel.18, we propose to confine the normative work for SL positioning using FR1 spectrum only with up to 100MHz bandwidth in Rel.18, and defer the normative work of SL positioning using FR2 and unlicensed spectrum to further release.
Proposal 1: The normative work for sidelink positioning Rel-18 is confined to use FR1 licensed and ITS spectrum only with up to 100MHz bandwidth.

Regarding the normative work for sidelink positioning, we propose the following scopes based on the agreements achieved in RAN1 SI.
· Support RTT, AoA, and TDOA type of sidelink positioning, based on a new sidelink positioning reference signal
· Support sidelink positioning based on PC5-only and combination of Uu and PC5 interface
· Support a network-based and UE-autonomous resource allocation for sidelink positioning
· Support a dedicated resource pool and a shared resource pool for sidelink positioning (only if there is no backward compatibility issue with legacy Rel.16/17 sidelink communication)
· Support unicast, groupcast and broadcast type of sidelink positioning reference signal transmission
Proposal 2: Support the above work scopes in the normative work for sidelink positioning in Rel-18.

2.2. Accuracy improvement based on NR carrier phase measurements 
According to the SID, a solution for accuracy improvement based on NR carrier phase measurements has been studied. During the study item phase, RAN1 agreed on feasibility of supporting NR carrier phase measurement and made recommendations on the objectives of study item including reference signals, physical layer measurement and physical layer procedures to enable positioning based on NR carrier phase measurements for both UE-based and UE-assisted positioning. 
From positioning accuracy perspective, it was observed by the most sources that the centimeter level accuracy can be achieved with NR carrier phase measurement based positioning method especially when the double differential technique with PRU is applied for mitigating impact of error sources. On the contrary, there was some concerns that the positioning accuracy of NR carrier phase based positioning method significantly impacted by the ARP error, and it cannot overwhelm existing Rel-17 positioning methods (e.g. TDOA) in some cases. However, as described in section 6.3.2 in [2], there are some sources show that the impact of gNB ARP position errors on multi-frequency carrier phase positioning is much smaller than the impact on single-frequency carrier phase positioning. Moreover, additional techniques that would be beneficial for mitigating the integer ambiguity even with ARP error can be discussed further during the normative work. 
Based on the conclusion of study item phase and consideration of benefits from positioning accuracy perspective discussed above, we propose to include the normative work for the NR carrier phase measurement based positioning for Rel-18 positioning work item.
Proposal 3: Support the normative work for NR carrier phase measurement based positioning with new carrier phase measurement and enhancements including, at least, double differential technique with PRU in Rel-18.

2.3. Positioning enhancements for LPHAP 
During the study item phase, RAN1 and RAN2 have been studied the requirements on LPHAP use case 6, and conclude that the existing positioning methods and procedures are not sufficient to achieve the target battery life of LPHAP devices. To support LPHAP devices, it seems necessary to enhance the positioning techniques for UEs in RRC_INACTIVE state, and additionally in RRC_IDLE state, in Rel-18. Based on the conclusions in [2], at least following enhancements for LPHAP are recommended for normative work for the positioning work item. 
· Support the enhancement of SRS positioning for UEs in RRC_INACTIVE state 
· Alignment between paging DRX and DL PRS measurement, at least for UEs in RRC_INCATIVE state 
· DL PRS measurement for UEs in RRC_IDLE state 
Proposal 4: Support the above work scopes in the normative work for supporting LPHAP UEs in Rel-18.

2.4. Positioning supports for RedCap UEs 
Based on the investigation during the study item phase, RAN1 conclude that the horizontal positioning requirement is not achieved by the existing Rel-17 positioning methods using 5 MHz or 20 MHz of bandwidth. To compensate performance degradation due to the bandwidth size limitation, RAN1 recommended the normative work to support PRS frequency hopping and SRS frequency hopping. Hence we propose to include PRS/SRS frequency hopping for Rel-18 positioning work item. 
Proposal 5: Support the normative work to support PRS frequency hopping and SRS frequency hopping for RedCap UEs in Rel-18.

2.5. Accuracy improvement based on PRS/SRS bandwidth aggregation for intra-band carriers
According to the SID objective, RAN4 conducted an evaluation of the PRS/SRS bandwidth aggregation based positioning during the study item phase. The PRS/SRS bandwidth aggregation based positioning is very sensitive to timing alignment error between carriers. Therefore, the single RF architecture was considered first to minimize the timing alignment error between carriers. However, even considering only the single RF architecture, timing alignment error due to group delay may occur and additional analysis is required in the WI phase.
· RRM impact of possible group delay error between PRS/SRS from different carriers in single RF chain (Tx/Rx) architecture.
Depending on the UE capability for the group delay, the application of the PRS/SRS bandwidth aggregation based positioning may be determined.
· PRS/SRS bandwidth aggregation may be supported in RRC_CONNECTED and RRC_INACTIVE subject to UE capability.
Basic RRM requirements should be specified and PRS measurement impact on data communication should be analyzed during WI phase.
· Specify RRM requirements including at least PRS measurement period/reporting/accuracy (including margins), and the impacts of PRS measurement on data communication including CA/DC.
Proposal 6: Support the above work scopes in the normative work for supporting the PRS/SRS bandwidth aggregation based positioning in Rel-18.

3. Conclusion
[bookmark: _GoBack]This document discussed how to proceed with the objective on the sidelink positioning in Rel-18. We propose RAN to take the following proposal.
Proposal 1: The normative work for sidelink positioning Rel-18 is confined to use FR1 licensed and ITS spectrum only with up to 100MHz bandwidth.
Proposal 2: Support the following work scopes in the normative work for sidelink positioning in Rel-18.
· Support RTT, AoA, and TDOA type of sidelink positioning, based on a new sidelink positioning reference signal
· Support sidelink positioning based on PC5-only and combination of Uu and PC5 interface
· Support a network-based and UE-autonomous resource allocation for sidelink positioning
· Support a dedicated resource pool and a shared resource pool for sidelink positioning (only if there is no backward compatibility issue with legacy Rel.16/17 sidelink communication)
· Support unicast, groupcast and broadcast type of sidelink positioning reference signal transmission
Proposal 3: Support the normative work for NR carrier phase measurement based positioning with new carrier phase measurement and enhancements including, at least, double differential technique with PRU in Rel-18.
Proposal 4: Support the following work scopes in the normative work for supporting LPHAP UEs in Rel-18.
· Support the enhancement of SRS positioning for UEs in RRC_INACTIVE state 
· Alignment between paging DRX and DL PRS measurement, at least for UEs in RRC_INCATIVE state 
· DL PRS measurement for UEs in RRC_IDLE state 
Proposal 5: Support the normative work to support PRS frequency hopping and SRS frequency hopping for RedCap UEs in Rel-18.
Proposal 6: Support the following work scopes in the normative work for supporting the PRS/SRS bandwidth aggregation based positioning in Rel-18.
· RRM impact of possible group delay error between PRS/SRS from different carriers in single RF chain (Tx/Rx) architecture.
· PRS/SRS bandwidth aggregation may be supported in RRC_CONNECTED and RRC_INACTIVE subject to UE capability.
· Specify RRM requirements including at least PRS measurement period/reporting/accuracy (including margins), and the impacts of PRS measurement on data communication including CA/DC.
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