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1. Introduction
Based on the discussion of the potential solutions for SL positioning during RAN1#110 meeting, some agreements were achieved as follows [1]: 
	Agreement
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS. 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS
Agreement
With regards to the SL Positioning resource allocation, one of the following alternatives should be introduced for supporting SL positioning/ranging:
· Alt. 1: only dedicated resource pool(s) can be (pre-)configured for SL-PRS
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-) configured for SL-PRS
· Note: whether other signals/channels can be present in the dedicated resource pool can be further discussed
Agreement
For the content of the sidelink positioning measurement report, potential elements may include at least the following:
· One or more sidelink positioning measurement(s)
· Timestamp(s) associated with a sidelink positioning measurement 
· Quality metric(s) associated with a sidelink positioning measurement 
· Identification Information for a sidelink positioning measurement
· FFS any detail for the above
Agreement
For the sequence of the new reference signal for SL positioning/ranging, down select between Alt 1 and Alt 2:
· Alt. 1: pseudorandom-based. Use existing sequence of DL-PRS as a starting point.
· Alt. 2: ZC-based (SRS sequence as a starting point)

Agreement
With regards to the frequency domain pattern, a Comb-N SL-PRS occupying M symbol(s) design should be introduced for the support of NR SL positioning
· Note: there could be multiple values for M, N
[bookmark: _Hlk112216116]Agreement
Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:
· Resource selection mechanism for SL-PRS
· Inter-UE coordination
· Aspects for congestion control mechanisms for SL-PRS
Agreement
· With regards to the configuration/activation/deactivation/triggering of SL-PRS, Option 3 from the previous corresponding RAN1 #109 agreement will not be considered further.
· With regards to reservation of SL-PRS, it can be considered based on the Option 1 or Option 2 from the previous corresponding RAN1 #109 agreement.
Agreement
With regards to the frequency domain pattern for multi-symbol SL-PRS, prioritize partially and fully staggered SL-PRS. 
· Note: this does not preclude comb N=1
FFS: single symbol SL-PRS, if supported



Considering maximum leveraging existing design in sidelink and positioning [2] [3], this contribution shares some views on potential solutions for sidelink positioning.
2. Potential solutions for Sidelink positioning
2.1 Resource allocation for SL-PRS
When the UE is not in the coverage (InC) of a gNB, it can only communicate with each other via PC5 interface and PSCCH/PSSCH cannot be transmitted in all RBs and slots in the NR system bandwidth, nor within the frequency span configured for sidelink. Resource pools are defined for the respective channels. When UE is out-of-coverage (OOC) of any gNB, UE can apply autonomous resource allocation, which is determined through a sensing procedure conducted autonomously by the transmitting UE. In such a case, the UE selects an appropriate amount of resources randomly and the resources selected are not in general periodic. Since the allocated resources can be random and thus non-contiguous in either frequency domain or time domain. Hence, the resource allocation of SL-PRS should match these allocated resources and aperiodic PRS should be supported for sidelink positioning.
Proposal 1: The resource allocation of SL-PRS in time and frequency domain should support non-contiguous resource allocation.
Regarding the two alternatives for SL positioning resource allocation in the agreement mentioned above, each one needs further investigation of the impact on existing SL specifications. As the positioning accuracy mostly depends on channel bandwidth and the received SNR at least for TOA based positioning methods. The wideband SL-PRS resource should be the common requirement for both options. Normally, the bandwidth of legacy shared resource pool is not necessarily sufficient for wideband SL-PRS transmission. Then the shared resource pools within the same sidelink slot which are contiguous or even non-contiguous in frequency domain can be jointly used to provide sufficient positioning resource. Further, the whole or part of frequency band of SL resource pools may be flexibly utilized according to the varied SL-PRS bandwidth. 
Proposal 2: Consider jointly utilizing the resources on multiple shared resource pools for SL-PRS transmission.
Alternatively, the dedicated resource pool with much wider bandwidth than shared resource pool can be introduced to positioning nodes only. Based on the (pre)configuration and/or the trigger for SL-PRS in dedicated resource pool, corresponding resource could be allocated through either mode 1 or mode 2 scheme for periodic or aperiodic/on-demand SL-PRS. Since any sidelink transaction shall operate on certain resource pool, at least when the control information for SL positioning is not conveyed in dedicated resource pool, there should be an association between the shared resource pool carrying control information and the dedicated resource pool carrying SL-PRS. To efficiently utilize the dedicated resource, the dedicated resource pool also may be shared by different positioning procedures involving the same or different shared resource pool(s) for separate signal/channel transmissions corresponding to the SL-PRS(s) of each procedure. 
Proposal 3: Either dedicated resource pool(s) and/or shared resource pool(s) with sidelink communication can be (pre)configured for SL-PRS, namely the Alt.2 regarding the resource pool(s) for SL positioning resource allocation should be supported.
Proposal 4: If both dedicated resource pool(s) and shared resource pool(s) are supported, the association between two kinds of resource pools for SL positioning control information transmission(s) should be considered. 
Further, considering varied SL-PRS bandwidth, the frequency range of dedicated resource pool can accommodate one or multiple SL-PRSs related to different positioning procedures simultaneously. The SL-PRS transmissions for simultaneous positioning procedures may be performed by the same pair or different pairs of positioning devices, and may occupy overlapped or partly overlapped resources with each other within the same slot. Namely, if a dedicated resource pool is associated with multiple SL resource pools, the time-frequency resource on dedicated pool may be allocated in the way of FDM or TDM to SL-PRSs for positioning procedures in parallel.
Proposal 5: Multiplexed SL-PRS resource on dedicated resource pool should be supported for parallel positioning procedures.
If a dedicated resource pool is supported for SL-PRS, only SL-PRS is expected to be transmitted and there is no transaction data transmission but potentially with PSCCH carrying the first stage SCI and PSSCH carrying the second stage SCI within one time slot. Both SCIs can be used to configure/activate/deactivate/trigger SL-PRS. Since the configuration of SL-PRS does not necessarily change every slot. There is no need to have PSCCH/PSSCH within every slot but instead PSCCH/PSSCH can appear every n slots. Therefore, it is possible for a slot with SL-PRS only (AGC symbol(s) and guard symbol(s) might still be needed).
Proposal 6: If a dedicated resource pool is supported for SL-PRS, only SL-PRS is expected to be transmitted and there is no data transmission but potentially with PSCCH carrying first stage SCI and PSSCH carrying second stage SCI, being used to configure/activate/deactivate/trigger SL-PRS.
The positioning measurement reports can be transmitted with or without other data. Therefore, both dedicated and shared resource pools can be supported for measurement reports. However, if shared resource pool is configured for measurement reports, higher priority should be given to such reports to guarantee the timely reception of the reports and calculation of the location accordingly. Further, considering the limited size of measurement report and the latency requirement of report in OOC scenarios, the report may be it may be carried as lower layer or higher layer signaling.
Proposal 7: Both dedicated and shared resource pools can be configured for measurement reports. If shared resource pool is configured, higher priority should be given to such reports.
At the same time, regarding the time resource of the dedicated resource pool and the associated shared resource pool(s), at least the same slot based configuration could be naturally supported to simplify the control information and SL-PRS transmitting/receiving with minimum impact on existing specifications. Further, the slot structure on the dedicated resource pool may be flexibly designed to meet the different SL-PRS resource requirements in time domain. Namely, a slot on dedicated resource pool may include a single 12-symbol SL-PRS or multiple short length of SL-PRSs with an AGC symbol immediately ahead of the first SL-PRS symbol, such as four 2-symbol SL-PRSs, two 4-symbol SL-PRSs or two 6-symbol SL-PRSs depending on whether the control information is carried in the slot.
Proposal 8: The similar slot based configuration of the shared resource pool should be supported as that of the associated dedicated resource pool. 
Proposal 9: The flexible SL positioning slot structure feasible to varied SL-PRS should be supported for dedicated resource pool. 
At least for OOC scenarios in SL positioning, legacy mode 2 scheme seems to be the only solution for SL-PRS resource allocation without network participation. To improve the reliability and efficiency of resource selection and coordinate the transmission of different nodes in such case, the inter-UE coordination (IUC) method could be considered due to the resource related information exchange between target UE and anchor nodes by IUC. While, the features in positioning procedure, such as the bi-directional transmission of SL-PRS/measurement report and the parallel transactions with low latency in typical positioning methods, should be taken into account to meet the specific requirement of SL positioning on the SL-PRS resource allocation. Hence, the enhancement to the requesting/ providing form and content may be necessary for the application of IUC in SL positioning.
Proposal 10: The IUC method could be considered based on necessary enhancement for OCC SL positioning.
2.2 Sidelink positioning procedure
In Rel-16/17 positioning, especially in DL positioning, all positioning methods including OTDOA, RTT, AOA/D, etc. assume that the references points with already known location, i.e., gNBs are fixed. In V2X, when anchor vehicle or road unit with known location is used as reference point, it is quite likely these nodes are moving and the movement of reference points might affect the positioning accuracy. According to [4], the UE velocity up to 250 km/h needs to be supported for outdoor and tunnel areas so that the relative velocity can be up to 500 km/h between two moving vehicles. This brings some new challenges and one of them is that the location of the reference points is no longer fixed as shown in Fig. 1.
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Fig. 1 Relative movement of reference points
[bookmark: _GoBack]In Fig. 1, two vehicles are moving toward each other and if location of vehicle A is assumed to be known, it can be used as a reference point in addition to the gNB along the road for the positioning of vehicle B. However, unlike the fixed gNB/RSU along the road, vehicle A is moving. For example, assuming the relative velocity is 500 km/h and maximum allowed positioning latency is 100 ms, the distance between the original location of the moving reference points, i.e. vehicle A at the beginning of the positioning procedure and the location at the end of the procedure can be more than 13 meters, which might cause some issues, especially for use cases/scenarios that require sub-meter accuracy.
Proposal 11: The movement of reference points should be taken into account for the study of sidelink positioning methods including OTDOA, RTT, AOA/D, etc, especially for DL positioning.
2.3 Other issues
It has been agreed that the spectrum used for sidelink positioning includes ITS and licensed bands. For ITS spectrum, the ITS bandwidth in all the regions is smaller than 80MHz and in some countries only 20MHz is allocated to ITS [5]. However, the positioning accuracy is related to PRS spanned bandwidth. Normally, large bandwidth is needed to achieve high accuracy such as sub-meter accuracy. Therefore, ITS spectrum may not be able to provide sufficient accuracy when timing difference based positioning methods are used. In this regard, carrier phase based positioning method should also be considered for sidelink positioning. 
Carrier phase measurements has long been used for estimating position and time in satellite navigation receivers. Carrier phase measurements are roughly 1000 times less noisy and much less sensitive to multipath than code phase measurements [6]. However, the main challenge is the reliable resolution of their integer ambiguities. Blewitt’s bootstrapping and Teunissen’s LAMBDA method have been widely used for solving the integer ambiguity and some new methods with reduced complexity have been proposed recently [7]. However, even with the new methods, the remaining complexity is still quite high, especially for those power saving users. In order further reduce the complexity, timing/power/AoA/AoD based positioning methods can be combined with carrier phase based positioning method to firstly used to reduce the searching space of the integer ambiguity and corresponding measurement should be conducted.
Proposal 12:	Timing/power/AoA/AoD based positioning methods can be combined with carrier phase based positioning method to firstly used to reduce the searching space of the integer ambiguity and corresponding measurement should be conducted. 

3. Conclusion
This contribution shares our views on potential solutions for sidelink positioning, and the following proposals are made:
Proposal 1: The resource allocation of SL-PRS in time and frequency domain should support non-contiguous resource allocation.
Proposal 2: Consider jointly utilizing the resources on multiple shared resource pools for SL-PRS transmission.
Proposal 3: Either dedicated resource pool(s) and/or shared resource pool(s) with sidelink communication can be (pre)configured for SL-PRS, namely the Alt.2 regarding the resource pool(s) for SL positioning resource allocation should be supported.
Proposal 4: If both dedicated resource pool(s) and shared resource pool(s) are supported, the association between two kinds of resource pools for SL positioning control information transmission(s) should be considered. 
Proposal 5: Multiplexed SL-PRS resource on dedicated resource pool should be supported for parallel positioning procedures.
Proposal 6: If a dedicated resource pool is supported for SL-PRS, only SL-PRS is expected to be transmitted and there is no data transmission but potentially with PSCCH carrying first stage SCI and PSSCH carrying second stage SCI, being used to configure/activate/deactivate/trigger SL-PRS.
Proposal 7: Both dedicated and shared resource pools can be configured for measurement reports. If shared resource pool is configured, higher priority should be given to such reports.
Proposal 8: The similar slot based configuration of the shared resource pool should be supported as that of the associated dedicated resource pool. 
Proposal 9: The flexible SL positioning slot structure feasible to varied SL-PRS should be supported for dedicated resource pool. 
Proposal 10: The IUC method could be considered based on necessary enhancement for OCC SL positioning.
Proposal 11: The movement of reference points should be taken into account for the study of sidelink positioning methods including OTDOA, RTT, AOA/D, etc, especially for DL positioning.
Proposal 12:	Timing/power/AoA/AoD based positioning methods can be combined with carrier phase based positioning method to firstly used to reduce the searching space of the integer ambiguity and corresponding measurement should be conducted.   
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