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1. Introduction
In Rel-18, based on the outcome of the study item, the following new features were specified to further enhance NR positioning [1] :
· sidelink ranging/positioning.
· integrity for RAT-dependent positioning methods.
· enhancements for enabling LPHAP use-case 6 as defined in TS 22.104.
· positioning for UEs with Reduced Capabilities.
· bandwidth aggregation for positioning measurements across up to three intra-band contiguous carriers.
· carrier phase positioning.
In this paper we discuss and give our views on the scope of NR positioning for Rel-19.
2. Discussion
[bookmark: _Hlk144310281]2.1 SL-U positioning
In the SI phase of Rel-18 NR positioning RAN1 identified the performance requirements for the use cases of SL positioning and evaluated the bandwidth needed to meet the requirements. The horizontal and vertical accuracy requirements for the use cases are summarized in Table 1 below, where we can see that meter-level accuracy is required for most of use cases and Set B accuracy requirements for V2X and IIoT are in sub-meter level. Thus, based on the evaluation in RAN1, it is recommended that SL PRS bandwidths of up to 100 MHz are supported by the specifications in FR1 bands [2] . 
Table 1. Horizontal and vertical accuracy requirements of 4 use cases identified by RAN1
	Accuracy requirements @90% of UEs
	V2X
	IIoT
	Public safety
	Commercial

	Horizontal
(absolute and relative)
	Set A: 1.5 m
Set B:  0.5 m
	Set A: 1m
Set B: 0.2 m
	1m
	1m

	Vertical
(absolute and relative)
	Set A: 3m
Set B: 2m
	Set A: 1m
Set B: 0.2 m
	2m
	2m


But in Rel-18 only ITS carrier and licensed carrier in FR1 are considered for SL positioning, according to existing reginal regulations the maximum available ITS bandwidth in FR1 is 40MHz all over the world (in Europe, but may not be used as one carrier), and the maximum bandwidth of SL band (n38) defined by RAN4 so far is also 40MHz [3] . On the contrary, there is rich spectrum in FR1 unlicensed band, it is quite necessary to consider this spectrum for SL positioning. 
Observation 1: The bandwidth available for SL positioning is much less than the bandwidth recommended by RAN1, there is a strong need to use unlicensed spectrum for SL positioning. 
We conducted evaluations to assess the feasibility of SL positioning over unlicensed spectrum, the results are given in Figure 1 and Figure 2 below. The evaluation results show that under same bandwidth the accuracy loss in unlicensed carrier is marginal comparing to licensed carrier, SL-U positioning can achieve better performance thanks to more available spectrum in unlicensed band for SL operation.
[image: ]
Figure 1 Accuracy of ranging based on SL-RTT over unlicensed and licensed spectrum
[image: ] 
Figure 2 Accuracy of absolute positioning based on SL-TDOA over unlicensed and licensed spectrum
Therefore, it is time to consider the spectrum for SL positioning in Rel-19. Firstly, SL positioning has been specified in Rel-18, positioning methods, SL PRS, resource allocation, signaling and procedures, etc., could mostly be reused for SL-U positioning. Next, the solutions specified in SL-U for channel access could be used as baseline for SL PRS transmission on unlicensed spectrum.
Proposal 1: Support SL-U positioning in Rel-19 with following objectives:
· Specify channel access mechanism to support SL PRS and associated channel(s) on unlicensed spectrum. 
· e.g., LBT, COT sharing, SCSt, etc.
· Channel access mechanism for Rel-18 SL-U should be the baseline.
· Specify physical structure of SL PRS and associated channel(s), including the multiplexing scheme.
· Physical structure of SL PRS and associated channel(s) on ITS/licensed band are used as the baseline.
· Support both shared resource pool with Rel-18 SL-U and dedicated resource pool for SL-U positioning.
· Backward compatibility with Rel-18 UE should be ensured in the shared resource pool.
· Study and specify mechanism(s) to simplify the signaling procedure for SL-U positioning to reduce the possibility of signaling collision.
2.2 Leftovers/enhancement of Rel-18 SL positioning
Due to the limited time in Rel-18 some features, including partial sensing, DRX and inter-UE coordination in dedicated resource pool for SL PRS, are precluded from the WI scope. However, SL positioning aims also to support commercial use cases, whether devices involved are sensitive to power consumption, in this sense, partial sensing and DRX are critical for SL positioning. Moreover, inter-UE coordination in dedicated resource pool can mitigate resource collision among UEs, which is helpful to improve the positioning accuracy.
In addition, due to the latest RAN2 discussion result, RAN2 find it is risky to complete the sidelink positioning objectives in the current WI. Some of the objectives might need to be precluded, for instance, supporting of the sidelink positioning in the partial coverage, broadcast/groupcast to be used for transmission of SLPP messages, etc. We think that objectives to be down-scoped from the Rel-18 WI should be considered for Rel-19 WI on positioning.
Proposal 2: Support leftovers of Rel-18 SL positioning, including partial sensing, DRX, inter-UE coordination in dedicated resource pool, RAN2 down-scoped objectives in Rel-18, etc.
2.3 Enhancements of Rel-18 SL positioning
SL PRS transmission in FR2 is allowed but beam management for SL PRS is not supported in Rel-18. Consequently, the performance (in particular the coverage) of SL positioning in FR2 may not be satisfactory. Enhanced SL operation on FR2 licensed spectrum is being studied in Rel-18, and this item is supposed to be converted into normative phase in Rel-19, it is possible to apply the beam management mechanism specified in this item for beam management of SL PRS and associated channels in shared resource pool.
NR DL and UL carrier phase positioning (CPP) is supported in Rel-18, based on the study in Rel-18, it is feasible to use existing DL PRS and SRS to obtain the carrier phase measurements for achieving a horizontal accuracy of up to a few centimeters at least at 50% under certain conditions. CPP is beneficial to SL positioning in FR1 licensed spectrum as this method does not reply on PRS bandwidth to achieve high accuracy.
Positioning integrity is a measure of the trust in the accuracy of the position-related data and the ability to provide timely warnings based on assistance data provided by the network. The focus during Rel-17 and Rel-18 work were on GNSS and Uu RAT-dependent integrity, respectively, and it is a good opportunity to extend this to SL positioning in the Rel-19. Integrity enables applications to justify whether the positioning result is reliable or not, which is critical for some safety-sensitive tasks.
Proposal 3: Support following enhancements for SL positioning in Rel-19:
· Study and specify beam management for SL PRS and associated SL channel(s).
· Focus on ITS and licensed spectrum only.
· The work can start after sufficient progress is achieved in enhanced SL operation on FR2 licensed spectrum.
· Strive to reuse beam management for SL communication.
· Specify physical layer measurements and signaling to support SL carrier phase positioning.
· Focus on ITS and licensed spectrum on FR1.
· SL signal(s) defined in Rel-18 is used for SL carrier phase measurement.
· Support integrity for SL positioning.
[bookmark: _Hlk144305413]2.4 Enhancements for DL/UL CPP
Rel-18 introduces carrier phase positioning (CPP) based on the existing DL RPS and UL SRS. However, Rel-18 CPP mechanism only supports carrier phase (CP) measurement for single carrier. The issue of integer ambiguity of carrier phase measurement is not well resolved in Rel-18. And R18 CPP only works well for the LOS-heavy scenarios but cannot suppress the multipath effect efficiently. Hence, in our view further enhancement for DL/UL CPP should be introduced in Rel-19 to improve the performance of the positioning method.
Proposal 4: Support following enhancements for DL/UL CPP in Rel-19:
· Support advanced CPP based on the carrier phase measurement on multiple DL/UL carriers/sub-bands. 
· Multi-frequency based CPP measurement is also one candidate to resolve the issue of integer ambiguity.
· Support mechanisms to facilitate CPP to mitigate multipath. 
3. Conclusion
In this contribution discussed the scope for Rel-19 NR positioning, we have following observation and proposals:
Observation 1: The bandwidth available for SL positioning is much less than the bandwidth recommended by RAN1, there is a strong need to use unlicensed spectrum for SL positioning. 
Proposal 1: Support SL-U positioning in Rel-19 with following objectives:
· Specify channel access mechanism to support SL PRS and associated channel(s) on unlicensed spectrum. 
· e.g., LBT, COT sharing, SCSt, etc.
· Channel access mechanism for Rel-18 SL-U should be the baseline.
· Specify physical structure of SL PRS and associated channel(s), including the multiplexing scheme.
· Physical structure of SL PRS and associated channel(s) on ITS/licensed band are used as the baseline.
· Support both shared resource pool with Rel-18 SL-U and dedicated resource pool for SL-U positioning.
· Backward compatibility with Rel-18 UE should be ensured in the shared resource pool.
· Study and specify mechanism(s) to simplify the signaling procedure for SL-U positioning to reduce the possibility of signaling collision.
Proposal 2: Support leftovers of Rel-18 SL positioning, including partial sensing, DRX, inter-UE coordination in dedicated resource pool, RAN2 down-scoped objectives in Rel-18, etc.
Proposal 3: Support following enhancements for SL positioning in Rel-19:
· Study and specify beam management for SL PRS and associated SL channel(s).
· Focus on ITS and licensed spectrum only.
· The work can start after sufficient progress is achieved in enhanced SL operation on FR2 licensed spectrum.
· Strive to reuse beam management for SL communication.
· Specify physical layer measurements and signaling to support SL carrier phase positioning.
· Focus on ITS and licensed spectrum on FR1.
· SL signal(s) defined in Rel-18 is used for SL carrier phase measurement.
· Support integrity for SL positioning.
Proposal 4: Support following enhancements for DL/UL CPP in Rel-19:
· Support advanced CPP based on the carrier phase measurement on multiple DL/UL carriers/sub-bands. 
· Multi-frequency based CPP measurement is also one candidate to resolve the issue of integer ambiguity.
· Support mechanisms to facilitate CPP to mitigate multipath. 
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