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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 the RAN1 discussions.
	· 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.


During the past few meetings, there are already some discussion about the candidate positioning methods (e.g. TDOA, RTT, AOA/D, etc), and the design of SL-PRS. In this contribution, we would like to provide our further views on these aspects, based on the outcome of last RAN1 meeting.
Sidelink positioning methods
In RAN1#110bis-e meeting, three candidate methods have been agreed to be the potential candidates for SL positioning. 
	Agreement
· From the potential candidate Positioning methods using at least SL measurements, at least the following should be introduced:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· FFS: SL-AoD
Agreement
With regards to SL-TDOA positioning method for SL-only positioning,
· It corresponds to a method where SL-PRS is being transmitted from multiple anchor UEs to a target UE (i.e., DL-TDOA-like operation), and/or from a target UE to multiple anchor UEs (i.e. UL-TDOA-like operation) at least for the purpose of absolute positioning estimation of the target UE
· Study the detailed procedure, necessary signalling for SL-TDOA, method(s) to mitigate impact of synchronization error between multiple anchor UEs including whether such method(s) are needed.


[bookmark: OLE_LINK450][bookmark: OLE_LINK451][bookmark: OLE_LINK217][bookmark: OLE_LINK218][bookmark: OLE_LINK708][bookmark: OLE_LINK709][bookmark: OLE_LINK561][bookmark: OLE_LINK562]According to the above agreements, SL-TDOA is a potential candidate method, however, the use case should be limited since strict synchronization between anchor devices are required in this method. 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_LINK97][bookmark: OLE_LINK559][bookmark: OLE_LINK560]Observation 1: SL-TDOA may only be applicable for the case where the anchor devices are RSUs.
[bookmark: _Hlk101707794][bookmark: OLE_LINK552][bookmark: OLE_LINK553][bookmark: OLE_LINK554]There is an FFS in the agreement from last meeting to address that AoD can still be studied in RAN1. To our understanding, to enable this method, no matter the operation spectrum, sidelink multi-beam operation should be supported at Tx UE side, i.e., SL-AoD Tx UE has to transmit multiple SL-PRS resources using different transmission spatial filters), it may have impacts on sidelink PRS resource selection, i.e., multiple-slot candidate resources may need to be supported, or sub-slot SL-PRS resource allocation may need to be introduced.. Furthermore, for SL-AoD in FR2, QCL Type D indication is required to indicate the Rx UE the reception beam of multiple SL-PRS resources, but no baseline has been defined in Rel-18 Sidelink evolution work item because the study/specify of FR2 is put on hold until further checking in RAN#98. 
[bookmark: OLE_LINK730][bookmark: OLE_LINK731][bookmark: OLE_LINK150][bookmark: OLE_LINK179]Observation 2: To enable SL-AoD, sidelink multi-beam operation at Tx UE side should be supported, which may have impacts on sidelink PRS resource selection. In addition, for SL-AoD in FR2, QCL Type D indication is required while the study of FR2 in NR sidelink evolution is put on hold.
[bookmark: OLE_LINK734][bookmark: OLE_LINK735]Proposal 1: Regarding the sidelink positioning methods:
· 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;
· For SL-AoD in FR1, whether it can be supported depends on the progress on SL-PRS resource allocation, including whether multi-slot candidate resources or sub-slot SL-PRS resource granularity is supported; For SL-AoD in FR2, whether it can be supported during Rel-18 should be subject to the progress in 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
Frequency and time domain pattern
During last RAN1 meeting, the following agreements have been achieved with respect to the baseline design for SL-PRS.
	Agreement 
[bookmark: OLE_LINK86][bookmark: OLE_LINK87]With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· [bookmark: OLE_LINK94][bookmark: OLE_LINK98]With regards to the value N (comb size) and the number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround:
· At least the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
· [bookmark: OLE_LINK88][bookmark: OLE_LINK93]FFS: the values considered as potential candidate values for M
· [bookmark: OLE_LINK100][bookmark: OLE_LINK101]FFS1: Whether to consider N>12 as a potential candidate value(s) 
· The symbols of a SL-PRS resource within a slot are consecutive symbols
· [bookmark: OLE_LINK105][bookmark: OLE_LINK106]FFS: consecutive and/or non-consecutive symbols for shared resource pool (if supported) 
· FFS: RE-Offset sequence within a SL-PRS resource, including whether to have in the end of the SL-PRS pattern a symbol with the same RE-offset as the first symbol, for phase-tracking purpose


[bookmark: OLE_LINK592][bookmark: OLE_LINK593][bookmark: OLE_LINK99]In the above agreement, there is an FFS related to the potential candidate values for M, which is defined as the number of symbols of a SL-PRS resource within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround. From our perspective, it is too early to discuss this because it may depend on several open issues, including the resource granularity of a SL-PRS (i.e., only slot-based resource alocation is supported, or sub-slot-based resource allocation is allowed), and whether PSCCH should be transmitted along with SL-PRS and the corresponding number of symbols occupied by PSCCH, without the outcomes of these issues, it is difficult to determine the exact value of M.
[bookmark: OLE_LINK151]Proposal 3: RAN1 should postpone to decide the potential candidate values for M until some other aspects have been agreed in RAN1, including at least,
· The resource granularity and how many candidate SL-PRS resources can be allocated within a slot;
· Whether PSCCH should be transmitted along with SL-PRS and the corresponding number of symbols occupied by PSCCH.
Another FFS point to be further studied is whether to consider N>12 as a potential candidate value(s), in our view, if N>12 is supported, and if full stagger pattern still needs to be supported in this case, it may have risks that one SL-PRS resource occupies more than one slot, which is not preferred in the design of SL-PRS. On the other hand, the benefits of introducing N>12 is not clear. Hence, we think that in case significant gains are achieved for introducing N>12, such configuration for SL-PRS should be de-prioritized.
[bookmark: OLE_LINK152][bookmark: OLE_LINK153][bookmark: OLE_LINK181]Proposal 4: N>12 as a potential candidate value(s) for SL-PRS is de-prioritized in RAN1.
[bookmark: OLE_LINK102][bookmark: OLE_LINK103]Then there is still another remaining issue on whether non-consecutive symbols can be supported for shared resource pool (if supported). The proponents’ view to support the non-consecutive symbols of SL-PRS is the SL-PRS may overlap with other physical channel and signal in time domain, e.g., DMRS, PSCCH, etc. In our view, however, take SRS in Uu as an example, in this case, the symbols of SRS overlaps with other channel/signal are just “punctured” due to priority rule, which does not mean the symbols of this RS itself are “non-consecutive”. On the other hand, even if shared resource pool is supported, this condition can still be avoided by proper configuration, for example, when SL-PRS and SL data are symbol level semi-statically TDMed in a shared resource pool (see later, Proposal 6 in this section), in that case, the issue will never exist.
Proposal 5: RAN1 does not consider non-consecutive symbols for shared resource pool (if supported).

Resource pool for SL-PRS
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 in frequency domain, more collision will be additionally caused due to resource overlap b/w SL-PRS and data. In addition, it may cause the issue of simultaneously processing data and PRS again in Rel-18, which is not preferred back in Rel-16/17. Therefore, it is more appropriate to configure a dedicated resource pool for SL-PRS from our point of views. Even if shared resource pool is supported, the symbols used for SL-PRS and SL data should still be semi-statically distinguished by configuration, e.g., by separate startSLsymbols and lengthSLsymbols configuration which make the two parts do not overlap with each other. Therefore, we propose to only support semi-static TDM configuration b/w the available resources for SL data and SL-PRS.


Figure 3 TDM resource pool configuration b/w data and SL-PRS

[bookmark: OLE_LINK606][bookmark: OLE_LINK607][bookmark: OLE_LINK743][bookmark: OLE_LINK604]Proposal 6: In Rel-18, dedicated resource pool for SL-PRS (Alt 1) should be prioritized to be supported. 
· Even if shared resource pool is also supported, the available symbols for SL-PRS and data should still be distinguished by semi-static configuration.
During last RAN1 meeting, the following alternatives are provided for the dedicated resource pool to make down-selection among the options for which channels can be included in the resource pool in addition to SL-PRS.
	Agreement 
For a dedicated resource pool for SL positioning,
· [bookmark: OLE_LINK110]With regards to which channels can be included in the resource pool in addition to SL-PRS, consider the following options:
· Opt.1: No other channel can be included beyond SL-PRS
· Opt.2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included
· Opt.3: PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included 
· FFS: Details
· [bookmark: _GoBack]FFS: definition of PSSCH associated with SL-PRS transmission(s)
· Note: Companies are encouraged to provide their analysis and views on the above


[bookmark: OLE_LINK722][bookmark: OLE_LINK723]According to the above agreements, one further issue is whether the SL-PRS is a standalone RS (Opt.1) as defined in Uu positioning, or transmitted along with PSCCH within a same slot (Opt.2 or Opt.3) as defined in NR sidelink. In our views, we think that at least Opt.1 should be removed, i.e., there should be a PSCCH transmitted along with SL-PRS within a same slot. 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 SL-PRS 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. Moreover, from our perspective, in Opt.3, PSSCH can only be used for conveying 2nd SCI; otherwise, if PSSCHs for other purposes (e.g., conveying SL data) can be included in the resource pool, the resource pool will be no longer as a real “dedicated” resource pool, but actually a “shared” resource pool instead. In addition, we think whether Opt.2 or Opt.3 should be selected depends on whether 2nd SCI is needed for SL-PRS, which may need further investigation in RAN1, considering SCI payload size in PSCCH and some other aspects.
[bookmark: OLE_LINK744][bookmark: OLE_LINK745][bookmark: OLE_LINK154][bookmark: OLE_LINK123][bookmark: OLE_LINK124][bookmark: OLE_LINK184][bookmark: OLE_LINK185]Proposal 7: With regards to which channels can be included in the resource pool in addition to SL-PRS, at least Opt. 1 should be precluded.
· In Opt. 3, PSSCH can only be used for conveying 2nd SCI;
· RAN1 needs to further study whether 2nd SCI is needed for SL-PRS, in order to make down-selection b/w Opt. 2 and Opt. 3.
Furthermore, the PSCCH-PRS mapping relationship should be considered and NR sidelink PSCCH-PSSCH mapping can be a reference. 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 to avoid a dedicated and additional sensing/resource selection procedure for PSCCH. However, since RE level resource multiplexing is potentially supported in frequency domain for SL-PRS similar to Uu positioning, it would be different from the framework in NR sidelink where only sub-channel level multiplexing is supported. Therefore, multiplexing rule b/w PSCCH and SL-PRS resources may need to be re-designed for NR SL positioning, and PSCCH-PSSCH mapping relationship can be a reference with the consideration of RE-level multiplexing for SL-PRS may be supported in SL positioning.
[image: ]
Figure 4 Illustration of PSCCH and PSSCH resource in NR sidelink

[image: ]
Figure 5 Illustration for RE level multiplexing b/w SL-PRS and PSCCH-SL PRS mapping

Proposal 8: Mapping relationship b/w PSCCH and SL-PRS resources may need to be re-designed for NR SL positioning.
· PSCCH-PSSCH mapping relationship can be a reference;
· RE-level multiplexing for SL-PRS should be considered when designing the mapping relationship.
Regarding the dedicated resource pool, there is also an agreement related to the BW for SL-PRS, as follow.
	Agreement 
At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, downselect from the following alternatives: 
· Alt. 1: The bandwidth of SL-PRS can be same or smaller than that of the resource pool
· Alt. 2: The bandwidth of SL-PRS shall be the same as that of the resource pool 
· Note: Companies are encouraged to provide their analysis and views on the above alternatives
· FFS: Bandwidth of SL-PRS transmission for shared resource pool (if supported)


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. These issues may have bad impacts on the positioning performance. Therefore, we propose to leave the parameters of SL-PRS, e.g., number of symbols, RS comb size, and RS BW, to resource pool level configuration. Furthermore, for the SL-PRS BW, we think it should be directly equal to the bandwidth of the resource pool, in order to provide higher positioning accuracy. 
Proposal 9: Parameters of SL-PRS, e.g., number of symbols, RS comb size, and RS BW, should be (pre)configured on resource pool level.
Proposal 10: To improve the positioning accuracy, it can be considered defining the BW of SL-PRS to be equal to that of the resource pool (Support Alt. 2).
For shared resource pool, the following agreement has been achieved w.r.t backward compatibility with legacy Rel-16/17 UEs.
	Agreement
[bookmark: OLE_LINK113][bookmark: OLE_LINK114][bookmark: OLE_LINK115][bookmark: OLE_LINK116]With regards to the SL Positioning resource allocation, for SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication (if supported), backward compatibility with legacy Rel-16/17 UEs should be ensured.


[bookmark: OLE_LINK117][bookmark: OLE_LINK118]Since we propose that even if shared resource pool is supported, the available symbols for SL-PRS and data should also be semi-statically distinguished by configuration (see Proposal 6), where the enhancements on the SCI design and sensing/resource selection procedure are not needed, then the issues for support backward compatibility with legacy Rel-16/17 UEs can be easily avoided, which can save more specification workload and complexity.
Observation 3: For shared resource pool (if supported), if the available symbols for SL-PRS and data are semi-statically distinguished by configuration, the backward compatibility with legacy Rel-16/17 UEs can be naturally ensured without introducing more specification workload and complexity.

Resource allocation for SL-PRS
During the RAN1#110 meeting, an agreement has been achieved in which the Scheme 1 and Scheme 2 mechanisms in NR sidelink are supported for SL-PRS resource allocation; and another agreement has also been reached for the study of Scheme 2 SL-PRS resource allocation.
	[bookmark: OLE_LINK119][bookmark: OLE_LINK120]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
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:
· Resource selection mechanism for SL-PRS
· [bookmark: OLE_LINK91][bookmark: OLE_LINK92]Inter-UE coordination 
· Aspects for congestion control mechanisms for SL-PRS


During the RAN1#110bis-e meeting, the following agreement has been achieved w.r.t Scheme 1.
	Agreement 
Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. Consider one or more of the following options:
· Opt. 1: through higher layers from the LMF 
· Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB
· Up to further discussion which one or more of these shall be applicable


For Scheme 1 SL-PRS resource allocation, firstly, we don’t think it is necessary to support both options and prefer to down-select to one. Then, b/w the two options, we think Opt.2 should be supported other than Opt.1, since Opt.1 may need frequent information exchange between the gNB and LMF, e.g., to exchange the available sidelink resources. This will cause more latency and introduce much more complexity. Therefore, this option should not be preferred. In contrast, Opt.2 has just followed NR sidelink Mode 1 principle and can be directly used as the resource allocation mechanism for SL-PRS in Scheme 1, so it should be regarded as baseline for Scheme 1.
Proposal 11: For Scheme 1 SL-PRS resource allocation, Opt. 2 should be selected, i.e., NR sidelink Mode 1 principle should be followed.
[bookmark: OLE_LINK121][bookmark: OLE_LINK122][bookmark: OLE_LINK622][bookmark: OLE_LINK623][bookmark: OLE_LINK6][bookmark: OLE_LINK7]For Scheme 2 SL-PRS resource allocation, it has been agreed that inter-UE coordination mechanism can be studied to enhance the reliability and performance for SL-PRS transmission. It should be clarified that both methods in and out of the R17 scope are open to be discussed in future meetings. From our perspective, 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 6 Mode 2(d) like mechanism for SL-PRS resource allocation

Proposal 12: The scope of Inter-UE coordination can be extended to mechanisms beyond those supported in Rel-17.
[bookmark: OLE_LINK630][bookmark: OLE_LINK631][bookmark: OLE_LINK750]Proposal 13: Centralized scheduling mechanism, e.g., mode 2(d) like method discussed in Rel-16 NR sidelink, can be considered for resource allocation for SL-PRS.

SL-PRS configuration
For the configuration/activation/deactivation/triggering of SL-PRS, there are three options proposed in the last two RAN1 meetings and option 3 was excluded in the 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.
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.


From our perspective, before making the down-selection between option 1 and option 2, two questions should be answered or clarified since the current descriptions in the above agreements may cause some confusions among companies. Some understanding should be aligned during RAN1 discussion in order to select a better option.
[bookmark: OLE_LINK95][bookmark: OLE_LINK96]Q1:  What is the definition of high-layer configuration for SL-PRS?
In our views, there are several categories of high-layer configuration. One is as in NR sidelink, some parameters for sidelink data transmission is up to BWP level configuration, e.g., StartSymbol and LengthSymbol for PSSCH transmission, or resource pool level configuration, e.g., PSSCH-DMRS-TimePattern, which is (pre-)configured by the NW. Another is as for SL CSI-RS, the configuration is conveyed by PC5 RRC signalling. In addition, the SL-PRS configuration may also depend on SLPP signalling, which is under the discussion in RAN2 and follows the Uu positioning principle. At this stage, we think all these configuration methods should not be precluded. 
Observation 4: The high-level configuration signalling of SL-PRS may include one or a combination of resource pool/BWP level configuration, PC5-RRC signalling or SLPP signalling which is potentially designed in RAN2.
Q2:  What is the definition of low-layer activation/indication/reservation/triggering for SL-PRS?
[bookmark: _Hlk115429380][bookmark: OLE_LINK104]First of all, from our understanding, activation/deactivation mechanism does not exist in Sidelink because this kind of semi-persistent mechanism by sending MAC CE is not supported in SL. Next, SCI is used to indicate the PSSCH transmission within the same slot of the PSCCH, for the UE(s) with a specific destination ID, and it can also reserve further resources for the subsequent transmission. From a receiver UE’s perspective, its PSSCH reception is based on the decoded SCI within the same slot, and is achieved by identifying that it is the intended receiver of the corresponding destination ID indicated in the SCI; however, the resource reservation is only for other transmitter UE’s resource exclusion procedure, not the receiver UE’s reception because the transmission may be dropped even the resource has been reserved, or the reserved resource may also be changed by the pre-emption procedure.
Observation 5: In NR sidelink, SCI is used to indicate the PSSCH transmission within a same slot of PSCCH, and is also used to reserve further resource for subsequent transmission.
Observation 6: In NR sidelink, from the perspective of receiver UE(s), its reception is achieved by identifying that it is the intended receiver of the corresponding destination ID indicated in the SCI within the same slot; not based on the reservation information of a transmitter UE.
Observation 7: In NR sidelink, from the perspective of other transmitter UE(s), the resource reservation information is used for resource exclusion procedure.
Based on the above analysis, there are two alternatives for SL-PRS reception. The first one is to follow NR sidelink principle, then the aforementioned mechanism for NR sidelink data should be reused; the second one is to follow NR Uu principle, where SCI can be used as “triggering” for one or more transmissions to notify the receiver UE the corresponding resources to perform reception, in this case one SCI can be used to trigger multiple PSSCH transmission, i.e., there is no need to transmit a PSCCH along with each PSSCH. However, since the SL resources may need to be changed, more collision and redundant reservation issues will be caused accordingly. 
Moreover, regardless of which alternatives above is finally selected, option 2 in the agreement of last meeting should be agreed since SCI has been involved in both of the two alternatives.
Proposal 14: RAN1 should further study the following alternatives for SL-PRS reception:
· Alt 1: The NR sidelink principle is followed.
· SCI is used to indicate the current PSSCH for receiver UE, and reserve subsequent resources for the resource exclusion procedure of other transmitter UE(s) only.
· Alt 2: The NR Uu principle is followed.
· SCI is used to trigger one or more transmissions and to notify the receiver UE where to perform resource reception.
Proposal 15: With regards to the configuration/activation/deactivation/triggering of SL-PRS, option 2 in the agreements from RAN1#109-e should be selected.
Regarding the SL signalling for resource reservation/indication, it has been agreed that SCI should be used for reserving/indicating one or more SL-PRS resource, which is similar with NR sidelink, during RAN1#110bis-e meeting.
	Agreement 
[bookmark: _Hlk118212518]With regards to SL signaling of the reservation/indication of SL-PRS resource(s) for dedicated resource pool and shared resource pool (if supported) for positioning:
· [bookmark: _Hlk118212553]Option A.1: SCI can be used for reserving/indicating one or more SL-PRS resource(s)
· Note: This does NOT mean that only SCI is being used. There can still be higher layer signaling for the purpose of indicating a part of SL-PRS configuration.
· FFS: Whether SCI is single stage SCI or two stage SCI 
· [bookmark: OLE_LINK141][bookmark: OLE_LINK142]FFS: SL-MAC-CE or other higher-layer signaling reservation/indication


However, there is an FFS to further discuss whether SL-MAC-CE or other higher-layer signalling can be used for resource reservation/indication. From our perspective, since we have already agreed that the resource reservation/indication should be achieved by SCI, the intention to support additional kind of signalling for reservation/indication is not so clear. Moreover, in NR sidelink, there is no such mechanism has been supported, i.e., SL-MAC-CE or other higher-layer signalling cannot be used for reservation/indication, thus we propose not to support this feature for SL-PRS as well.
[bookmark: OLE_LINK143][bookmark: OLE_LINK144][bookmark: OLE_LINK155]Proposal 16: SL-MAC-CE or other higher-layer signalling should not be supported for SL-PRS resource reservation/indication.

SL-PRS time domain behavior
For the time domain behavior of SL-PRS, it has been agreed that all of the tree types of time domain behaviour (P/SP/AP) can be studied.
	Agreement
With regards to the SL-PRS time domain behavior, at least study the following behaviors from Tx UE perspective:
· [bookmark: OLE_LINK128]Periodic SL-PRS 
· SL-PRS is transmitted periodically with a transmission periodicity 
· FFS: any additional details, including whether or not higher layers can start/stop transmission.
· [bookmark: OLE_LINK126]Semi-persistent SL-PRS 
· SL-PRS is transmitted periodically with a transmission periodicity after activation and until deactivation
· FFS: any additional details
· Aperiodic SL-PRS 
· [bookmark: OLE_LINK137][bookmark: OLE_LINK138]SL-PRS is transmitted at least once after [triggering/request] 
· Note: the brackets in the above means that companies are encouraged to study further whether “triggering” and/or “request” should be used and provide their definitions. 
· FFS: any additional details
· FFS: Applicability of the above time behaviors for scheme 1 & scheme 2
· FFS: Rx UE behavior is separately discussed.
· FFS: What mechanism(s) are used for activation/deactivation/triggering is part of the study


[bookmark: OLE_LINK127]First, as aforementioned, from our understanding, activation/deactivation mechanism does not exist at least in sidelink mode 2 mechanism because this kind of semi-persistent mechanism by sending MAC CE in Uu is not supported in SL, if the activation and deactivation signalling for the semi-persistent SL-PRS implied that it is achieved by SL MAC CE, no baseline can be found in NR sidelink. Then from our perspective, to reduce the specification impacts and complexity, such type of time domain behavior for SL-PRS should not be supported in Scheme 2 for SL-PRS transmission.
However, in NR sidelink mode 1, such kind of semi-persistent transmission can be achieved by using configured grant type 2 where a DCI format 3_0 can be used for the activation/deactivation.
[bookmark: OLE_LINK132][bookmark: OLE_LINK133]Observation 8: In NR sidelink mode 2, semi-persistent transmission based on activation/deactivation achieved by SL MAC CE is not supported.
[bookmark: OLE_LINK156][bookmark: OLE_LINK157]Proposal 17: For SL-PRS, in Scheme 2, semi-persistent transmission with a transmission periodicity after activation and until deactivation is not supported.
Proposal 18: For SL-PRS, in Scheme 1, semi-persistent transmission with a transmission periodicity after activation and until deactivation can be supported.
· A DCI similar to format 3_0 is used for the activation/deactivation.
On the other hand, for periodic SL-PRS, during the discussion, two types of periodic SL-PRS were considered, one is the periodic transmission similar as that in NR sidelink, and the other is R16 DL PRS like pre-configured always on SL-PRS. In our views, both has applicable schemes/scenarios and can be supported. 
For the periodic transmission of SL-PRS as that in NR sidelink, the next period transmission is reserved by SCI and if a UE would like to stop the periodic transmission or change the transmission resource in the next period, it just needs to indicate “0” in the field of “Resource reservation period” in current period’s SCI. Such periodic SL-PRS should be supported at least for Scheme 2.
[bookmark: OLE_LINK130][bookmark: OLE_LINK131]For the R16 DL PRS like always-on periodic transmission of SL-PRS, in NR sidelink, there is no R16 DL PRS like always-on transmission at least in Mode 2 due to it is not beneficial for resource efficiency on sidelink if a UE can occupy a periodical resource all the time. UE can change/reselect the resource when a counter in MAC layer has been decremented to 0, or when re-evaluation/pre-emption occurs.
[bookmark: OLE_LINK182][bookmark: OLE_LINK183]Observation 9: In NR sidelink mode 2, R16 DL PRS like always-on transmission in which a UE can occupy a periodical resource all the time is not supported.
[bookmark: OLE_LINK139][bookmark: OLE_LINK140][bookmark: OLE_LINK158][bookmark: OLE_LINK159][bookmark: OLE_LINK180]However, for SL-PRS, maybe always-on like transmission is applicable for one specific case, that is, when the UE is working in Scheme 1, maybe this kind of SL-PRS can be pre-configured to and transmitted by some RSU type UEs, which can provide positioning service continuously for the surrounding UEs. In this case, the allocated resources can be obtained from configured grant type 1. 
Proposal 19: For SL-PRS, periodic SL-PRS can be supported：
· [bookmark: OLE_LINK134][bookmark: OLE_LINK135]Periodic transmission of SL-PRS similar as that in NR sidelink can be supported;
· When A UE needs to stop the periodic transmission or change the transmission resource in the next period, “0” in the field of “Resource reservation period” should be indicated in current period’s SCI;
· R16 DL PRS like always-on periodic transmission of SL-PRS is applicable for Scheme 1 only and not applicable for Scheme 2.
Finally, for aperiodic SL-PRS, SL CSI-RS can be a reference for the detail design, one aspect should be clarified is that the triggering/request can be either generated from the higher layer of Tx UE itself or the peer UE. Both of the two schemes can be further studied in RAN1.
Proposal 20: For SL-PRS, aperiodic transmission can be supported.
· Both of the two mechanisms can be further studied in RAN1:
· The triggering/request is generated from the Tx UE's own higher layer;
· The triggering/request is received from the peer UE.
[bookmark: _Ref31533076]Conclusions
In this contribution, we have shared our further views on SL positioning, including the positioning methods and RS design, the following observations and proposals are provided:
Observation 1: SL-TDOA may only be applicable for the case where the anchor devices are RSUs.
Observation 2: To enable SL-AoD, sidelink multi-beam operation at Tx UE side should be supported, which may have impacts on sidelink PRS resource selection. In addition, for SL-AoD in FR2, QCL Type D indication is required while the study of FR2 in NR sidelink evolution is put on hold.
Observation 3: For shared resource pool (if supported), if the available symbols for SL-PRS and data are semi-statically distinguished by configuration, the backward compatibility with legacy Rel-16/17 UEs can be naturally ensured without introducing more specification workload and complexity.
Observation 4: The high-level configuration signalling of SL-PRS may include one or a combination of resource pool/BWP level configuration, PC5-RRC signalling or SLPP signalling which is potentially designed in RAN2.
Observation 5: In NR sidelink, SCI is used to indicate the PSSCH transmission within a same slot of PSCCH, and is also used to reserve further resource for subsequent transmission.
Observation 6: In NR sidelink, from the perspective of receiver UE(s), its reception is achieved by identifying that it is the intended receiver of the corresponding destination ID indicated in the SCI within the same slot; not based on the reservation information of a transmitter UE.
Observation 7: In NR sidelink, from the perspective of other transmitter UE(s), the resource reservation information is used for resource exclusion procedure.
Observation 8: In NR sidelink mode 2, semi-persistent transmission based on activation/deactivation achieved by SL MAC CE is not supported.
Observation 9: In NR sidelink mode 2, R16 DL PRS like always-on transmission in which a UE can occupy a periodical resource all the time is not supported.
Proposal 1: Regarding the sidelink positioning methods:
· 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;
· For SL-AoD in FR1, whether it can be supported depends on the progress on SL-PRS resource allocation, including whether multi-slot candidate resources or sub-slot SL-PRS resource granularity is supported; For SL-AoD in FR2, whether it can be supported during Rel-18 should be subject to the progress in 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 postpone to decide the potential candidate values for M until some other aspects have been agreed in RAN1, including at least,
· The resource granularity and how many candidate SL-PRS resources can be allocated within a slot;
· Whether PSCCH should be transmitted along with SL-PRS and the corresponding number of symbols occupied by PSCCH.
Proposal 4: N>12 as a potential candidate value(s) for SL-PRS is de-prioritized in RAN1.
Proposal 5: RAN1 does not consider non-consecutive symbols for shared resource pool (if supported).
Proposal 6: In Rel-18, dedicated resource pool for SL-PRS (Alt 1) should be prioritized to be supported. 
· Even if shared resource pool is also supported, the available symbols for SL-PRS and data should still be distinguished by semi-static configuration.
Proposal 7: With regards to which channels can be included in the resource pool in addition to SL-PRS, at least Opt. 1 should be precluded.
· In Opt. 3, PSSCH can only be used for conveying 2nd SCI;
· RAN1 needs to further study whether 2nd SCI is needed for SL-PRS, in order to make down-selection b/w Opt. 2 and Opt. 3.
Proposal 8: Mapping relationship b/w PSCCH and SL-PRS resources may need to be re-designed for NR SL positioning.
· PSCCH-PSSCH mapping relationship can be a reference;
· RE-level multiplexing for SL-PRS should be considered when designing the mapping relationship.
Proposal 9: Parameters of SL-PRS, e.g., number of symbols, RS comb size, and RS BW, should be (pre)configured on resource pool level.
Proposal 10: To improve the positioning accuracy, it can be considered defining the BW of SL-PRS to be equal to that of the resource pool (Support Alt. 2).
Proposal 11: For Scheme 1 SL-PRS resource allocation, Opt. 2 should be selected, i.e., NR sidelink Mode 1 principle should be followed.
Proposal 12: The scope of Inter-UE coordination can be extended to mechanisms beyond those supported in Rel-17.
Proposal 13: 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 14: RAN1 should further study the following alternatives for SL-PRS reception:
· Alt 1: The NR sidelink principle is followed.
· SCI is used to indicate the current PSSCH for receiver UE, and reserve subsequent resources for the resource exclusion procedure of other transmitter UE(s) only.
· Alt 2: The NR Uu principle is followed.
· SCI is used to trigger one or more transmissions and to notify the receiver UE where to perform resource reception.
Proposal 15: With regards to the configuration/activation/deactivation/triggering of SL-PRS, option 2 in the agreements from RAN1#109-e should be selected.
Proposal 16: SL-MAC-CE or other higher-layer signalling should not be supported for SL-PRS resource reservation/indication.
Proposal 17: For SL-PRS, in Scheme 2, semi-persistent transmission with a transmission periodicity after activation and until deactivation is not supported.
Proposal 18: For SL-PRS, in Scheme 1, semi-persistent transmission with a transmission periodicity after activation and until deactivation can be supported.
· A DCI similar to format 3_0 is used for the activation/deactivation.
Proposal 19: For SL-PRS, periodic SL-PRS can be supported：
· Periodic transmission of SL-PRS similar as that in NR sidelink can be supported;
· When A UE needs to stop the periodic transmission or change the transmission resource in the next period, “0” in the field of “Resource reservation period” should be indicated in current period’s SCI;
· R16 DL PRS like always-on periodic transmission of SL-PRS is applicable for Scheme 1 only and not applicable for Scheme 2.
Proposal 20: For SL-PRS, aperiodic transmission can be supported.
· Both of the two mechanisms can be further studied in RAN1:
· The triggering/request is generated from the Tx UE's own higher layer;
· The triggering/request is received from the peer UE.
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