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Introduction
In RANP#94 meeting, the following objective [1] has been achieved which leads RAN1 to study the support of NR sidelink positioning. Wherein, there is a need for RAN1 to study and develop sidelink positioning solutions to support the use cases, scenarios and requirements identified during parallel RAN1 discussions, which will also be mentioned in another contribution from our company [2].
	· 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]
· [bookmark: OLE_LINK565][bookmark: OLE_LINK566][bookmark: OLE_LINK541][bookmark: OLE_LINK542][bookmark: OLE_LINK544][bookmark: OLE_LINK545][bookmark: OLE_LINK536][bookmark: OLE_LINK537]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]
· [bookmark: OLE_LINK538][bookmark: OLE_LINK539]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]
· [bookmark: OLE_LINK540]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.


[bookmark: OLE_LINK543]In this contribution, we would like to provide our further views on selecting the positioning methods from the candidate methods (e.g. TDOA, RTT, AOA/D, etc), and the design of reference signals, for sidelink positioning, based on the outcome of last RAN1 meeting.
Sidelink positioning methods
In RAN1#109-e meeting, it has been agreed that RAN1 should study and evaluate which or which combination of positioning methods should be supported in Rel-18 sidelink positioning. 
	Agreement
With regards to the Positioning methods supported using SL measurements study further the following methods:
· RTT-type solutions using SL
· Study both single-sided (also known as one-way) and double-sided (also known as two-way) RTT
· SL-AoA
· Include both Azimuth of arrival (AoA) and zenith of arrival (ZoA) in the study
· SL-TDOA
· SL-AoD
· Corresponds to a method where RSRP and/or RSRPP measurements similar to the DL-AoD method in Uu. 
· Include both Azimuth of departure (AoD) and zenith of departure (ZoD) in the study
· Consider in the study at least the following aspects:
· Definition(s) of the corresponding SL measurements for each method
· Which method is applicable to absolute or relative positioning or ranging, including whether such categorization is needed to be discussed. 
· For angle-based methods, antenna configuration consideration(s) using practical UE capabilities
· Per-panel location, if UE uses multiple panels. 
· UE’s mobility, especially for V2X scenarios
· Impact of synchronization error(s) between UEs
· Existing SL measurements (e.g. RSSI, RSRP), and UE ID information etc, may be used.
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified, or whether there will be a unified SL Positioning method.  
· Note: When the study of carrier phase positioning and the evaluations of sidelink positioning have progressed, it can be reviewed whether carrier phase for sidelink can be considered in further work. Checkpoint at RAN1#110-e-Bis to see if sufficient information is available for this review.
· Note: Companies are encouraged to describe the role of SL nodes and their interaction/coordination participating in each method.


In this contribution, we will further evaluate the positioning methods used in sidelink positioning by identifying the bottleneck of using these methods in sidelink positioning.
[bookmark: OLE_LINK546][bookmark: OLE_LINK547]First, for timing-based methods, i.e., TDOA and RTT, better accuracy performance requires larger BW for positioning RS. As mentioned in our company’s companion [2], to avoid the further involvements of unlicensed spectrum for positioning RS design, which is also in a starting phase in the study item of NR sidelink evolution, and introducing a very stressful workload, the evaluation of TDOA and RTT should be based on only ITS band (20/40MHz) and licensed band in FR1 in Rel-18.
[bookmark: OLE_LINK371][bookmark: OLE_LINK372][bookmark: OLE_LINK725][bookmark: OLE_LINK726][bookmark: OLE_LINK514][bookmark: OLE_LINK515][bookmark: OLE_LINK527][bookmark: OLE_LINK528][bookmark: OLE_LINK450][bookmark: OLE_LINK451][bookmark: OLE_LINK217][bookmark: OLE_LINK218][bookmark: OLE_LINK557][bookmark: OLE_LINK558]Observation 1: TDOA and RTT may requires larger BW for positioning RS.
[bookmark: OLE_LINK708][bookmark: OLE_LINK709][bookmark: OLE_LINK561][bookmark: OLE_LINK562]Moreover, for TDOA, strict synchronization between anchor devices are required. This is very difficult to be achieved if the anchor devices are other vehicles. However, one possible applicable scenario is when the anchor devices are deployed by operators (e.g., RSUs in V2X use case), in this case, the synchronization between anchor devices can be maintained well.


Figure 1 Illustration of TDOA for RSU-reference case

[bookmark: OLE_LINK727][bookmark: OLE_LINK728][bookmark: OLE_LINK559][bookmark: OLE_LINK560]Observation 2: TDOA may only be applicable for the case where the anchor devices are RSUs.
For angle-based method (AoA/AoD), it is not sensitive to the bandwidth; however, it requires UE to support multiple antennas, which will increase the requirement for UE capabilities.
[bookmark: OLE_LINK551][bookmark: OLE_LINK729][bookmark: OLE_LINK563][bookmark: OLE_LINK564]Observation 3: AOA/AOD may increase the requirement for UE capabilities since multiple antennas should be supported.
[bookmark: _Hlk101707794][bookmark: OLE_LINK552][bookmark: OLE_LINK553][bookmark: OLE_LINK554]For AoD, in addition, SL-PRS should support multi-beam operation, of which no baseline has been defined in sidelink because the study of FR2 in the study item of NR sidelink evolution is put on hold until further checking in RAN#97. It may also have impacts on sidelink PRS resource selection, i.e., multiple-slot candidate resources may need to be supported.
[bookmark: OLE_LINK730][bookmark: OLE_LINK731]Observation 4: AoD requires SL- PRS to support multi-beam while the study of FR2 in NR sidelink evolution is put on hold until further checking in RAN#97.
The bottlenecks of the positioning methods are summarized in the following table: 
Table 1 Bottlenecks of the positioning methods in sidelink
	Method
	[bookmark: OLE_LINK555][bookmark: OLE_LINK556]Bottleneck 1
	Bottleneck 2

	TDOA
	Larger BW for SL-PRS may be required.
	Strict synchronization between anchor devices is required

	RTT
	
	

	AOA
	The requirement for UE capabilities may be increased due to support of multiple antennas.
	

	AOD
	
	Multi-beam operation may be required.



[bookmark: _Hlk110844831][bookmark: _Hlk110844949]In our initial views, based on above analysis, RTT and AoA methods should be supported with higher priority in Rel-18, for both absolute positioning and relative positioning/ranging, due to strict synchronization and multi-beam operation is not required when applying these two methods. Besides, TDOA can be used when the RSU type anchor device is identified, as RSU is a kind of gNB-like UE that deployed and controlled by NW, in which the accuracy performance of absolute positioning can be guaranteed. However, whether to support AoD for both absolute positioning and relative positioning/ranging, should be subject to the progress in Rel-18 NR sidelink evolution.
[bookmark: OLE_LINK734][bookmark: OLE_LINK735]Proposal 1: RTT and AoA methods should be supported with higher priority in Rel-18 SL positioning for both absolute positioning and relative positioning/ranging.
· TDOA can be supported only in the case where the anchor devices are deployed and controlled by NW (e.g., RSUs) in Rel-18 SL positioning for absolute positioning;
· Whether AoD can be supported should be subject to the progress in Rel-18 NR sidelink evolution.
[bookmark: OLE_LINK583][bookmark: OLE_LINK584][bookmark: OLE_LINK580][bookmark: OLE_LINK720][bookmark: OLE_LINK721][bookmark: OLE_LINK585][bookmark: OLE_LINK586]Furthermore, it is straightforward to consider some joint scheme b/w NR sidelink Uu and SL positioning for some scenarios, as shown in Figure 2. As sidelink is more likely to be LOS dominant and more ideal in propagation environment, the positioning accuracy performance can be improved in terms of the measurements results from both links. 
[image: ]
Figure 2 Example scenarios for joint scheme b/w NR sidelink Uu and SL positioning

[bookmark: OLE_LINK587][bookmark: OLE_LINK588][bookmark: _Hlk101962228][bookmark: OLE_LINK736]Proposal 2: Joint scheme b/w NR Uu and SL positioning can be considered to facilitate the positioning accuracy performance.
[bookmark: OLE_LINK590][bookmark: OLE_LINK591]SL-PRS
Design baseline
During last RAN1 meeting, the following agreement has been achieved with respect to the baseline design for SL-PRS.
	[bookmark: OLE_LINK106][bookmark: OLE_LINK107]Agreement
Study new reference signal for SL positioning/ranging using the existing PRS/SRS design and SL design framework as a starting point.
· The study could at least include: Sequence design, frequency domain pattern, time domain pattern (e.g. number of symbols, repetitions, etc), time domain behavior, configuration/triggering/activation/de-activation of the SL-PRS, AGC time, Tx-Rx Turanround time, supportable bandwidth(s), multiplexing options with other SL channels, randomization/orthogonalization options.
· Note: The study of existing SL reference signal for SL positioning/ranging is not precluded. Companies are encouraged to perform performance evaluation/comparison to investigate whether such reference signals can meet the positioning accuracy requirements.


[bookmark: OLE_LINK592][bookmark: OLE_LINK593]In Uu positioning, PRS is transmitted in downlink and used by UE to do measurement for the purpose of positioning; but SRS-Pos is transmitted in uplink and used by TRP to do measurement for positioning. The advantage of using PRS is that it follows the design principle of using downlink signals as reference in NR sidelink; however, the advantage of using SRS-Pos is that it can provide lower PAPR. Thus, from our point of view, both of them can be considered as baseline in Rel-18 sidelink positioning. And RAN1 should determine one of them to be the reference during this meeting. For the existing SL reference signals, e.g., SL CSI-RS, since it is hard to fulfil the positioning accuracy requirement with the limited BW size, and it always needs to be transmitted along with data, it is not feasible for using them for the SL positioning purpose. 
[bookmark: OLE_LINK642][bookmark: OLE_LINK643]Another aspect should be considered is that which type of RS in time domain should be supported in Rel-18, including periodic, semi-persistent, and aperiodic. From our point of view, for SL-PRS time domain behaviour, there are two kinds of options which have been discussed during last RAN1 meeting: one is a kind of pre-configured always-on SL-PRS, the other is a kind of on-demand SL-PRS with configuration and activation/triggering, refer to the following intermediary proposal discussed in the last FL summary:
	Feature Lead Proposal 4.2.4-v2 
With regards to the time-domain behaviour of the SL-PRS, study the following options:
· Option 1: Always-on SL-PRS
· If (pre-) configured, SL-PRS is always transmitted in a given deployment until the (pre-) configuration is disabled.
· Option 2: On-demand SL-PRS 
· Request is needed for one or more instances of a SL-PRS to be transmitted.
· Note: This may include periodic, semi-persistent, and/or aperiodic SL-PRS.
· Note: How SL-PRS is configured, e.g, through high layers, Uu/PC-5 RRC configuration, and/or activated/deactivated through MAC-CE, and/or triggered by SCI or DCI, or any combination of signaling, is a separate topic. 


For option 1, the applicable scenarios are limited (such as only can be supported in the scenarios with RSU deployment), and the resource overhead is very large due to the non-stop SL-PRS transmission. Then whether it should be supported needs to be further studied. Therefore, option 2 is preferred first for SL positioning, further, option 2 has two alternatives for the baseline. One is on-demand PRS with DL PRS as the baseline, which is only requested/activated by LPP signalling, the resource type in time domain may depend on the start and end time configured in the LPP signalling; the other one is based on SRS-pos, all of the P/SP/AP SL-PRS can be supported based on the higher layer configuration signalling and the potential lower layer signalling, i.e., MAC-CE or DCI. This issue is also related to SL PRS configuration/activation/triggering issue (with three options), detailed analysis can refer to the following part related to that issue.
[bookmark: OLE_LINK640][bookmark: OLE_LINK641][bookmark: OLE_LINK737][bookmark: OLE_LINK738]Proposal 3: RAN1 should determine which signal to be used as design baseline for sidelink positioning RS, b/w PRS and SRS-Pos.
· Using the existing SL reference signal for SL positioning/ranging should be precluded in Rel-18.
Proposal 4:  For the study of time domain behaviour, on-demand SL-PRS has higher priority than always-on SL-PRS
· All of the three types of time domain behaviour can be supported in Rel-18 for SL positioning RS, including periodic, semi-persistent, and aperiodic.

[bookmark: OLE_LINK605][bookmark: OLE_LINK594][bookmark: OLE_LINK595][bookmark: OLE_LINK598]PHY structure of SL-PRS
[bookmark: OLE_LINK596][bookmark: OLE_LINK597]In a NR sidelink slot, for each sidelink signal/channel, the first symbol is a copy of the second one for the purpose of AGC. Besides, the last symbol is used as a guard for Tx/Rx switching. Moreover, PSCCH may be needed in a SL positioning RS transmission slot, which will be introduced in latter part of this contribution, 2 or 3 symbols are needed due to resource pool configuration, then, the remaining symbols can be regarded as candidate for sidelink positioning RS.
[image: ]
Figure 3 Potential slot structure of SL-PRS slot

[bookmark: OLE_LINK739][bookmark: OLE_LINK740]Proposal 5: Slot structure in NR sidelink should be reused as much as possible for SL-PRS slot, which including AGC symbol, GP symbol and the potential PSCCH symbols, the remaining symbols can be regarded as candidates for positioning RS.
[bookmark: OLE_LINK601][bookmark: OLE_LINK602]For SL-PRS, the design in sidelink cannot be supported as so much flexible as NR Uu, because without gNB scheduling, some big issues may be caused such as resource collision, AGC performance degradation, and so on. This issue may have bad impacts on the positioning performance. Therefore, we propose to live the parameters of SL-PRS, e.g., number of symbols, RS comb size, and RS BW, with resource pool level configuration. Furthermore, for the SL-PRS BW, RAN1 should further evaluate whether it should be directly equal to the bandwidth of the resource pool, in order to provide higher positioning accuracy. 
[bookmark: OLE_LINK741][bookmark: OLE_LINK742]Proposal 6: Parameters of SL-PRS, e.g., number of symbols, RS comb size, and RS BW, should be (pre)configured on resource pool level.
Proposal 7: To improve the positioning accuracy, it can be considered defining the BW of SL-PRS to be equal to the resource pool.

Resource pool for SL-PRS
During last RAN1 meeting, two alternatives about resource pool for sidelink positioning RS have been agreed to be studied as follow.
	Agreement
With regards to the SL Positioning resource allocation, study further the following 2 options for SL Positioning resource (pre-)configuration:
· Option 1: Dedicated resource pool for SL-PRS 
· Include in the study at least the following aspects:
· which slots can be used, SL frame structure, SL positioning slot structure, multiplexing of SL-PRS with control information (if included in the same slot)
· positioning measurement report
· whether a dedicated frequency allocation (e.g., layer/BWP) is needed for SL PRS
· resource allocation procedure(s) of SL-PRS
· This option may or may not include control information (i.e., configuration/activation /deactivation/triggering of SL-PRS) for the purpose of SL positioning operation
· Option 2: Shared resource pool with sidelink communication. 
· Include in the study at least the following aspects:
· co-existence between SL communication and SL positioning, backward compatibility
· Multiplexing considerations of SL-PRS with other PHY channels (PSCCH, PSSCH, PSFCH) and any modifications in the SL-slot structure


In NR sidelink, available resources are restricted by resource pool. From our perspective, if SL-PRS can be multiplexed with data in a same resource pool, more collision will be additionally caused due to resource overlap b/w RS and data. In addition, backward compatibility is also an issue to be addressed in such a case. Therefore, it is more appropriate to configure a dedicated resource pool for SL-PRS from our point of views. Moreover, to avoid introducing the issue for processing data and positioning RS simultaneously again in Rel-18, we propose to only support TDM configuration b/w SL data resource pool and SL-PRS resource pool.


Figure 4 TDM resource pool configuration b/w data and SL-PRS

[bookmark: OLE_LINK606][bookmark: OLE_LINK607][bookmark: OLE_LINK743][bookmark: OLE_LINK604]Proposal 8: In Rel-18, only dedicated resource pool for SL-PRS (Option 1) should be supported. 
· Only support TDM configuration b/w SL data and SL-PRS resource pools.

Resource allocation for SL-PRS
During last meeting, an agreement has been achieved in which the Mode 1 and Mode 2 mechanisms in NR sidelink are used as baseline for SL-PRS resource allocation.
	Agreement
With regards to the SL-PRS resource allocation, study the following two schemes:
· 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 
· Applicable regardless of the network coverage 
· FFS: potential mechanisms, if needed, for SL-PRS resource coordination across a number of transmitting UEs (e.g. IUC-like solutions). 
· Note: Other Schemes are not precluded to be studied
· FFS how to handle resource allocation of SL-Positioning measurement report


In our views, similar to sidelink data transmission, and to be applicable for both in-coverage and out-of-coverage scenario, both Scheme 1 and Scheme 2 should be supported in R18 sidelink positioning. 
Proposal 9: With regards to the SL-PRS resource allocation, support both schemes:
· Scheme 1; Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution);
· Scheme 2; UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution).
[bookmark: OLE_LINK722][bookmark: OLE_LINK723]As aforementioned, a dedicated resource pool is (pre-)configured for SL-PRS. In such a case, one open issue is whether the SL-PRS is a standalone RS as defined in Uu positioning, or transmitted along with PSCCH as defined in NR sidelink. In our views, the transmission of SL-PRS should inherit the framework of NR sidelink. The reasons are twofold. First, SL-PRS associated with PSCCH can make the design unified for both Mode1 and Mode 2 resource allocation mechanisms. In addition, the associated PSCCH of PSSCH can be used to reserve further resources and mitigate the resource collision possibility by performing resource selection procedure; otherwise, resource collision b/w different UEs’ SL-PRS may also happen frequently if only standalone RS is transmitted.
[bookmark: OLE_LINK744][bookmark: OLE_LINK745][bookmark: OLE_LINK610][bookmark: OLE_LINK611]Proposal 10: SL-PRS should also be transmitted along with PSCCH to reserve further resources and mitigate the resource collision possibility.
[bookmark: OLE_LINK608][bookmark: OLE_LINK609][bookmark: OLE_LINK612]In NR sidelink, the starting position of the frequency domain of the PSCCH is the lowest PRB of the lowest sub-channel of the scheduled PSSCH, thus a relationship between PSCCH and PSSCH resource is established. However, RE level resource multiplexing is supported in frequency domain for the positioning RS defined in NR positioning, which is quite different from the framework in NR sidelink where only sub-channel level multiplexing is supported. Whether this kind of RE level resource multiplexing can be reused in sidelink may depend on whether the IBE issue can be solved. If so, multiplexing rule b/w PSCCH and SL-PRS resources may need to be re-designed for NR SL positioning.
[image: ]
Figure 5 Illustration of PSCCH and PSSCH resource in NR sidelink

[image: ]
Figure 6 Illustration for RE level multiplexing b/w SL-PRS from different UEs

[bookmark: OLE_LINK746][bookmark: OLE_LINK747]Proposal 11: Multiplexing rule b/w PSCCH and positioning RS resources may need to be re-designed for NR SL positioning.
[bookmark: OLE_LINK622][bookmark: OLE_LINK623]Moreover, another applicable method for mode 2 resource selection is to use a Mode 2(d) like method which has been discussed in Rel-16, so as to perform centralized scheduling of RS resources. Some neighbouring UEs or RSUs which have positioning services between each other can form a group, and the headers can take the responsibility for resource allocation. The benefits are higher reliability can be obtained compared to UE autonomous selection procedure. Meanwhile, RE-level sensing/resource selection procedure may be possible to be avoided, because a scheduler UE can obtain resources in a sub-channel level granularity, and then allocate them to member UEs for performing RE-level multiplexing. This method is also benefit for mitigating the IBE impact since RB level multiplexing will be operated for different groups, but RE level multiplexing is only possible for UEs within a same group, wherein, the distance between group members is not much different.
[image: ]
Figure 8 Mode 2(d) like mechanism for SL positioning RS

[bookmark: OLE_LINK630][bookmark: OLE_LINK631][bookmark: OLE_LINK750]Proposal 12: Centralized scheduling mechanism, e.g., mode 2(d) like method discussed in Rel-16 NR sidelink, can be considered for resource allocation for SL positioning PRS.

The configuration of SL-PRS
For the configuration of SL-PRS, there are three options proposed in last RAN1 meeting.
	Agreement
With regards to the configuration/activation/deactivation/triggering of SL-PRS, study the following options:
· Option 1: High-layer-only signaling involvement in the SL-PRS configuration
· No Lower layer involvement, e.g., SL-MAC-CE or SCI or DCI, for the activation or the triggering of a SL-PRS. 
· Based on the study, this option may correspond to
· A SL-PRS configuration that is a single-shot or multiple shots
· A high-layer configuration that may be received from an LMF, a gNB, or a UE
· Option 2: High-layer and lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· For example, high layer signaling can may be used for SL-PRS configuration and lower layer signaling can may be used for initiating SL positioning and/or configuration/triggering/ activating/deactivating/indicating and potential resource indication/reservation transmission of SL-PRS.
· Option 3: Only lower-layer signaling involvement in the SL-PRS configuration
· Lower-layer may correspond to SL-MAC-CE, or SCI, or DCI
· Note 1: Include aspects in the study related to flexibility, overhead, latency, and reliability as/if needed.


From our perspective, option 1 is not feasible at least for mode 2. In mode 2 operation, the configuration information itself also needs to be carried in PSSCH, which will also require an additional resource selection procedure, and then the positioning latency will be increased accordingly; meanwhile, the configuration may also need to be changed along with the change of SL-PRS resources (e.g., caused by re-evaluation/pre-emption), and then the configuration information needs to be selected again, which will further increase the overhead and latency. Moreover, this also cannot achieve unified design for mode 1 and mode 2 because in mode 2 the resource may not be obtained in time as in mode 1. Therefore, we propose to remove option 1 for the down-selection of SL-PRS configuration.
For option 2 and option 3, we think both of them can be considered and the sidelink transmission and reception principles are followed in these two options. Which one should be selected may depend on whether all the configuration parameters related to SL-PRS (such as time domain resources and comb size, etc.) can be left up to the resource pool level configuration; if so, option 3 is preferred since the configuration message from Tx UE to Rx UE is not needed in this case; otherwise, option 2 is workable.
Proposal 13: Option 1 is not preferred for the configuration/activation/deactivation/triggering of SL-PRS.
· RAN1 should further study option 2 and option 3 with the consideration of whether all the configuration parameters related to SL-PRS (such as time domain resources and comb size, etc.) can be left up to the resource pool level configuration.

[bookmark: _Ref31533076]Conclusions
In this contribution, we have shared our further views on SL positioning, including the potential methods and RS design, the following observations and proposals are provided:
Observation 1: TDOA and RTT may requires larger BW for positioning RS.
Observation 2: TDOA may only be applicable for the case where the anchor devices are RSUs.
Observation 3: AOA/AOD may increase the requirement for UE capabilities since multiple antennas should be supported.
Observation 4: AoD requires positioning RS to support multi-beam while the study of FR2 in NR sidelink evolution is put on hold until further checking in RAN#97.
Proposal 1: RTT and AoA methods should be supported with higher priority in Rel-18 SL positioning for both absolute positioning and relative positioning/ranging.
· TDOA can be supported only in the case where the anchor devices are deployed and controlled by NW (e.g., RSUs) in Rel-18 SL positioning for absolute positioning;
· Whether AoD can be supported should be subject to the progress in Rel-18 NR sidelink evolution.
Proposal 2: Joint scheme b/w NR Uu and SL positioning can be considered to facilitate the positioning accuracy performance.
Proposal 3: RAN1 should determine which signal to be used as design baseline for sidelink positioning RS, b/w PRS and SRS-Pos.
· Using the existing SL reference signal for SL positioning/ranging should be precluded in Rel-18.
Proposal 4:  For the study of time domain behaviour, on-demand SL-PRS has higher priority than always-on SL-PRS
· All of the three types of time domain behaviour can be supported in Rel-18 for SL positioning RS, including periodic, semi-persistent, and aperiodic.
Proposal 5: Slot structure in NR sidelink should be reused as much as possible for SL-PRS slot, which including AGC symbol, GP symbol and the potential PSCCH symbols, the remaining symbols can be regarded as candidates for positioning RS.
Proposal 6: Parameters of SL-PRS, e.g., number of symbols, RS comb size, and RS BW, should be (pre)configured on resource pool level.
Proposal 7: To improve the positioning accuracy, it can be considered defining the BW of SL-PRS to be equal to the resource pool.
Proposal 8: In Rel-18, only dedicated resource pool for SL-PRS (Option 1) should be supported. 
· Only support TDM configuration b/w SL data and SL-PRS resource pools.
Proposal 9: With regards to the SL-PRS resource allocation, support both schemes:
· Scheme 1; Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution);
· Scheme 2; UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution).
Proposal 10: SL-PRS should also be transmitted along with PSCCH to reserve further resources and mitigate the resource collision possibility.
Proposal 11: Multiplexing rule b/w PSCCH and positioning RS resources may need to be re-designed for NR SL positioning.
Proposal 12: Centralized scheduling mechanism, e.g., mode 2(d) like method discussed in Rel-16 NR sidelink, can be considered for resource allocation for SL positioning PRS.
Proposal 13: Option 1 is not preferred for the configuration/activation/deactivation/triggering of SL-PRS.
· RAN1 should further study option 2 and option 3 with the consideration of whether all the configuration parameters related to SL-PRS (such as time domain resources and comb size, etc.) can be left up to the resource pool level configuration.
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