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In RAN#110bis-e meeting, the following agreements were made [1].
	Agreement
· With regards to the RTT-type solutions using SL, down-select between the following 2 alternatives: 
· Alt. 1: it corresponds to a single-sided RTT method
· Alt. 2: it may correspond to either a single-sided or double-sided RTT method
· With regards to the double-sided RTT, 
· companies are encouraged to analyze and evaluate the effect in performance for the single-sided SL RTT due to clock drift
· Study the order of the SL-PRS transmissions for double-sided RTT
· Study the impact of UE mobility
· FFS study whether there is or what is the spec impact of double-sided RTT method
· Note: the above may correspond to RTT with one or multiple devices

Agreement
For the study of SL-AoA positioning method, 
· Both SL Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement should be included 
· FFS: Definition of the measurements
· Study further whether other measurements can be applicable
· Study further the frame of reference (LCS or GCS)

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.

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

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
For the sequence of the new reference signal for SL positioning/ranging, use
· Alt. 1: pseudorandom-based. Use existing sequence of DL-PRS as a starting point.

Agreement
From RAN1 perspective, the following cast types of SL-PRS transmission can be introduced for SL positioning: Unicast, Groupcast (not including many to one)
· Broadcast (as a working assumption).
· FFS: Applicability of the above cast types

Agreement
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· 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}
· FFS: the values considered as potential candidate values for M
· 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
· 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

Agreement
For a dedicated resource pool for SL positioning,
· 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
· FFS: definition of PSSCH associated with SL-PRS transmission(s)
· Note: Companies are encouraged to provide their analysis and views on the above
Agreement
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.

Agreement
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:
· 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
· FFS: SL-MAC-CE or other higher-layer signaling reservation/indication

Agreement
With regards to the Positioning methods supported using SL-PRS measurements 
· at least the following measurements are considered:
· SL Rx-Tx measurement
· SL RSTD measurement
· SL RSRP measurement
· SL RSRPP measurement 
· SL RTOA measurement
· SL Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
· Companies are encouraged to study other measurements (e.g., time difference of arrival of 2 SL-PRS transmitted at 2 different times from the same anchor) and provide their analysis into why they are needed in light of the above measurements. 
· Companies are encouraged to study potential enhancements, such as SL Rx-Tx measurement not being reported but the transmit time of SL-PRS being adjusted based on the measurement
· FFS any additional measurements

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)

Agreement
Study further the granularity of time-domain resource allocation for SL-PRS transmission.

Agreement
With regards to the SL-PRS time domain behavior, at least study the following behaviors from Tx UE perspective:
· 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.
· 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 
· 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


In this contribution, we discuss potential solutions for SL positioning regarding the positioning methods and corresponding procedures and signals. 
SL positioning methods
SL positioning nodes and roles
It was agreed in RAN1 #110 meeting that potential candidate positioning methods using SL measurement include at least SL positioning methods based on RTT-type, SL-AoA, and SL-TDOA solutions. These potential SL positioning methods are configured, initiated and performed by SL nodes involved in SL positioning. These SL nodes are LMF, gNB, Target UE and Anchor UE. 
It was also agreed in RAN1 #109e meeting that a target UE is the UE to be positioned using SL and an anchor UE is the UE supporting positioning of a target UE. Multiple anchor UEs can participate in SL positioning procedures for a target UE, e.g., using TDoA-based positioning method. It can thus be beneficial to define a sidelink positioning group to facilitate discussions on e.g., coordination of signaling within the group with respect to SL positioning procedures. 
In addition to absolute positioning information, SL positioning supports relative positioning and ranging information [2]. A target UE obtains the information based on ranging, which is defined as a determination of the distance and/or the direction between a target UE and another SL entity, e.g., anchor UE [2]. It would be helpful to discuss SL relative position and/or ranging information with respect to a reference UE. Therefore, we propose additional SL positioning terminology. 
Proposal 1: Consider the following terminology for the purpose of continued RAN1 discussion:
· Reference anchor UE: An reference entity e.g., anchor UE, based on which a target UE’s relative position and/or ranging information is determined. 
· Sidelink positioning group: A group of UEs including a target UE and one or more anchor UEs, who participate in same positioning procedures.
The purpose for the above definitions will be explained in the subsequent sections of the contribution.
In an in-coverage SL positioning, a target UE and anchor UE(s) of a SL position group are within network coverage. Thus, the LMF’s role in Uu positioning in terms of e.g., provision of assistance information and reception of measurement reporting can be assumed for SL positioning. In addition, the LMF’s role in SL positioning-specific aspects e.g., related to anchor UE selection and relative positioning should be studied further. 
Proposal 2: Study LMF’s role in SL positioning and its interaction with the gNB for in-coverage SL positioning. 
The aforementioned SL positioning can entail positioning initiation, anchor UE discovery and identification, SL-PRS configuration and resource allocation, SL-PRS transmission and measurement and reporting, etc. It is desired to design the procedures and related signaling based on R16/R17 SL framework. 
One of the considerations is the cast type of the SL signalling for the abovementioned procedures between a target  UE and one or more anchor UE(s). In RAN1 #110bis-e meeting, it was agreed that the cast types supported for SL-PRS transmission include unicast and groupcast as indicated below. 
	Agreement
From RAN1 perspective, the following cast types of SL-PRS transmission can be introduced for SL positioning: Unicast, Groupcast (not including many to one)
· Broadcast (as a working assumption).
· FFS: Applicability of the above cast types


In our view, groupcast SL-PRS transmission is beneficial for SL positioning performed within an aforementioned sidelink positioning group performing a UL-TDoA-based positioning. A broadcast SL-PRS transmission can be used to discover anchor UE(s) and establish a positioning group. Both groupcast and broadcast SL-PRS transmission can be identified by a destination UE ID (indicated in SCI-2) associated with a SL positioning function or procedure. 
Proposal 3: Confirm WA to support broadcast SL-PRS transmission.
Timing-based positioning methods
SL RTT-based positioning
In a SL RTT-based positioning method, a SL RX-TX time difference between a received and transmitted SL-PRS transmission is measured and reported by either target UE or reference anchor UE to estimate the propagation delay (thus distance) between the pair of UEs. The accuracy of such propagation delay estimate can be impacted by SL reference timing offset between a target and reference anchor UE. 
A UE derives a SL reference timing based on its SL synchronization source. Based on a set of (pre)configured conditions, a UE selects one of GNSS, gNB DL, a SyncRef (synchronization reference) UE or internal clock as the synchronization source. Two UEs with the same synchronization source (e.g. a gNB) may still have a SL reference timing offset (due to the distance to the gNB) that may cause propagation delay estimation error. 
Also, the mobility of a target UE and/or reference anchor UE can impact the accuracy of RTT-based positioning. The relative movement of a target UE and/or reference anchor UE between the SL-PRS transmission and reception may cause error, especially for high-speed vehicle UEs. 
Therefore, it is preferred to study mechanisms to mitigate the errors caused by the clock drift and/or UE mobility for RTT-based positioning. For example, a target UE can become a SyncRef UE of the anchor UE for RTT measurement. Also, a stationary RSU can be prioritized as an anchor UE. 
Proposal 4: Study the impact of UE reference timing offset and mobility on single-sided RTT-based positioning.
Moreover, SL two-sided RTT can be used to address the propagation delay estimate error caused by above-discussed SL reference timing offset. A SL RX-TX time difference are measured and reported between a received and transmitted SL-PRS transmission by both target UE and reference anchor UE to remove the error caused by the SL reference timing offset. As a result, synchronization between a target and reference anchor UE is not necessary.  
	Agreement
· With regards to the RTT-type solutions using SL, down-select between the following 2 alternatives: 
· Alt. 1: it corresponds to a single-sided RTT method
· Alt. 2: it may correspond to either a single-sided or double-sided RTT method
· With regards to the double-sided RTT, 
· companies are encouraged to analyze and evaluate the effect in performance for the single-sided SL RTT due to clock drift
· Study the order of the SL-PRS transmissions for double-sided RTT
· Study the impact of UE mobility
· FFS study whether there is or what is the spec impact of double-sided RTT method
· Note: the above may correspond to RTT with one or multiple devices


Therefore, we prefer to support both single- and double-sided RTT methods for SL positioning. The design and specification impact of the additional SL-PRS transmission we think can be mostly based on single-RTT solution and will not be significant.
Proposal 5: Support Alt. 2 for RTT-type solutions corresponding to either a single-sided or double-sided RTT method. 
SL TDOA-based positioning
It was agreed in RAN1 #110bis-e meeting to support a SL positioning method based on DL-TDoA-like and/or UL-TDoA-like operation. In a SL DL-TDoA-based positioning, anchor UEs perform SL-PRS transmissions to a target UE in the same SL positioning group. The target UE can carry out a SL RSTD measurement and report the result to gNB/LMF for an in-coverage positioning. Conversely, in a SL UL-TDoA-based positioning, a target UE can transmit SL-PRS to multiple anchor UEs in a SL positioning group and each anchor UE measures a SL RTOA to report to gNB/LMF for an in-coverage positioning or to the target UE for an out-coverage positioning. 
	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.


When the absolute positioning information of anchor UEs are known, the SL TDoA-based positioning will provide accurate absolute positioning of a target UE based on triangularization technique. However, the impact of the above-discussed SL reference timing offset between anchor UEs and UE mobility will significantly impair the SL TDoA-based positioning performance. 
Hence, SL TDoA-based positioning methods can be first studied for a SL positioning group comprising of stationary anchor UEs with accurate synchronization between each other. A RSU is an example of such anchor UE and can function as a synchronization source of a target UE. Also, as an infrastructure node, RSUs in a SL positioning group can conceivably synchronize with each other to a high degree to remove the synchronization error. The location information of each RSU in the group can be transmitted to a target UE (out-of-coverage) or gNB/LMF (in-coverage) as assistance information. 
Proposal 6: Prioritize design of SL TDoA-based positioning in a SL positioning group of stationary anchor UEs (e.g., RSUs), and a target UE.
On the other hand, it can be difficult to synchronize SL reference timing of regular anchor UEs (not RSU) to a degree that will satisfy the high positioning accuracy requirement. UEs with the same synchronization source, e.g., GNSS, same gNB and/or same SyncRef UE, can still have an error too large for TDoA-based positioning. The impact of such synchronization timing error on SL TDoA-based positioning should be further studied. One option is to enable UEs in a TDoA-based positioning group to synchronize with a common SyncRef UE (e.g., the target UE or a RSU) in the group.  
Proposal 7: UEs in a TDoA-based positioning group synchronize with a common SyncRef UE in the same group.
To determine an absolute position of a target UE in TDoA-based positioning, the location information of the anchor UEs are required at the entity performing the positioning, e.g. LMF (in-coverage) or the target UE (out-of-coverage). It is thus desired to study the impact of the uncertainty associated with the location information on the positioning performance.  
Proposal 8: Study impact on SL TDoA-based positioning of the uncertainty of the location information of anchor UEs. 
SL positioning procedures
SL positioning initiation
A Uu positioning can be initiated based on a Mobile Originated Location Request (MO-LR) or Mobile Terminated Location Request (MT-LR). Both types of requests can be applicable to SL positioning for an in-coverage SL positioning and the related Uu positioning mechanism and signaling can be a starting point. 
Proposal 9: Support both MO-LR and MT-LR for in-coverage SL positioning. 
MO-LR can be used for an out-of-coverage SL positioning and related SL positioning procedures without the involvement of gNB/LMF, e.g., SL-PRS configuration signaling and interaction between a target UE and anchor UE(s), should be further studied. 
Proposal 10: Study SL mechanisms to support MO-LR for out-of-coverage SL positioning. 
Anchor UE discovery
A target UE (out-of-coverage) or gNB/LMF (in-coverage) can perform an anchor UE discovery procedure to identify one or more anchor UE(s) by performing a procedure of anchor UE discovery.  A suitable anchor UE can be determined based on a set of potential criteria based on e.g., measured link quality, UE capability, synchronization resource, UE speed estimate, availability of location information, etc. Specifically, the measured link quality in our view can comprise several metrics similar to NR Uu positioning measurements, e.g., RSRP, RSRPP, LOS/NLOS condition, etc. Further studies are needed to determine the criteria for anchor UE discovery.   
Proposal 11: Study anchor UE discovery criteria based on SL measurement including RSRP, RSRPP, LOS/NLOS condition, etc.
SL-PRS configuration and signalling 
In RAN1 #110bis-e meeting, the following regarding the SL-PRS configuration signaling in Mode 1 was agreed. 
	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


SL-PRS resource allocation information can include “(pre-)configured parameters of SL-PRS such as time-frequency resources (other parameters are not precluded) including its bandwidth and periodicity” according to RAN1 #109e agreement. As gNB is the central node performing resource allocation function in Mode 1, we think Opt. 2 will achieve more efficient and flexible resource utilization. Therefore, we prefer Opt. 2 to support DG and CG Type 1/Type 2 from gNB as indicated in the example in Figure 1 below.    
Proposal 12: Support Opt. 2, i.e. a transmitting UE receives a SL-PRS resource allocation through dynamic grant, or through configured grant type 1/type 2 from gNB.


Figure 1 An example of signaling between LMF, gNB, anchor UE and target UE for in-coverage SL positioning
It is also agreed in RAN1 #110bis-e meeting to use SCI for SL-PRS resource reservation and indication signaling on SL.  
	Agreement
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:
· 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
FFS: SL-MAC-CE or other higher-layer signaling reservation/indication


In our view, SCI associated with a SL-PRS transmission can indicate a specific resource and/or pattern that is included in SL PRS (pre)configuration conveyed in higher layer signaling. In Scheme 2, the resource for a SL-PRS transmission can be selected dynamically based on sensing and thus can be indicated in SCI separately from other parameters such as comb pattern and/or bandwidth of the SL-PRS transmission, which can be configured in higher layer signaling. The SCI can be transmitted in the associated SL-PRS transmission shown in Figure 2. The content and design of  such SCI including SL-PRS activation and/or resource indication information should be further studied. 
Proposal 13: Study a new SCI format associated with SL-PRS transmission.


Figure 2 An example of signaling between anchor UE and target UE for out-of-coverage SL positioning
SL-PRS resource allocation
SL-PRS resource allocation for Scheme 2 based on sensing was discussed in RAN1 #110bis-e meeting with focus on the design for a dedicated SL-PRS resource pool. 
	Agreement
Study further the granularity of time-domain resource allocation for SL-PRS transmission.


It was agreed in RAN1 #110-bis-e meeting that a dedicated resource pool for SL-PRS can be (pre)configured. Accordingly, a resource allocation for stand-alone SL-PRS transmission in a dedicated resource should be studied. In Scheme 2, a target UE can autonomously select a stand-alone SL-PRS transmission resource based on R16/R17 Mode 2 sensing. It is thus important to determine the granularity of the sensing in both time and frequency domain. 
In R16/R17 Mode 2 sensing for PSSCH/PSCCH transmission, the resource selection granularity is a single-slot resource over a number of sub-channels. The number of sub-channels is indicated by higher layers. For a SL-PRS transmission, we think the resource selection in time domain can be based on SL-PRS resource. A SL-PRS resource at least include M symbols of the used SL-PRS pattern. However, further study is required, e.g., to determine if SL-PRS resource duration including symbols for AGC and associated PSCCH transmission.
Proposal 14: Study a time domain resource allocation granularity for SL-PRS transmission based on SL-PRS-resource duration in a dedicated resource pool. 
In frequency domain, a resource selection based on SL-PRS resource can have a frequency granularity of SL-PRS transmission bandwidth. For example, when a SL-PRS transmission bandwidth is smaller than the bandwidth of a resource pool, SL-PRS resources in different frequency allocation can be selected at the same symbols. Additionally, a RE-level/pattern-level frequency granularity within a SL-PRS bandwidth can be considered. SL-PRS resources of same bandwidth can have different patterns or same pattern but different RE offsets. As indicated in section 4.4, RE-level/pattern-level multiplexing may have IBE (In-Band Emission) issue and also increase the complexity of resource selection. The frequency granularity of the SL-PRS resource should thus be further studied.  
Proposal 15: Study a frequency domain resource allocation granularity for SL-PRS transmission based on both SL-PRS-resource bandwidth and/or pattern in a dedicated resource pool. 
More importantly, we think a critical design goal for Scheme 2 SL-PRS sensing is to ensure high reliability of selected SL-PRS resources to achieve desired positioning accuracy. Enhancements of legacy Mode 2 sensing procedure are thus desirable to minimize SL-PRS collision in Scheme 2. For example, a (pre)configured absolute SL-RSRP threshold based on required positioning accuracy can be applied in SL-PRS resource selection. Also, RSRP increment used in legacy Mode 2 resource selection should not be applied. Instead, when the number SL-PRS candidate resources based on sub-channel granularity are lower than a (pre)configure threshold, additional RE-level candidate resources can be considered, i.e. to enable multiplexing between orthogonal comb patterns transmitted by different UEs.    
Proposal 16: Study Mode 2 sensing enhancements to minimize SL-PRS collision in Schem 2. 
Additionally, in a shared pool (if supported), a SL-PRS transmission can be multiplexed with SL data transmission and a joint resource allocation in Scheme 2 for multiplexed transmission should be evaluated. One option is to re-use a Mode 2 legacy sensing for data transmission with additional mechanism to consider different reliability required for the data and SL-PRS transmission. For example, a SL-PRS priority based on its associated positioning accuracy requirement can be used in the sensing. 
Proposal 17: Study a joint Scheme 2 resource allocation for multiplexed SL-PRS and PSSCH/PSCCH transmissions based on legacy Mode 2 sensing procedure. 
IUC-based resource allocation is introduced in R17 SL to improve specifically reliability of SL transmissions in Mode 2 and thus beneficial for SL-PRS transmission in Scheme 2. For example, when DL-TDoA-based positioning is used, it may not be optimal for measurement by a target UE if each anchor UE performs resource selection without coordination. Instead, a target UE can perform sensing to select a set of SL-PRS resources (e.g., within a coordinated measurement period) for each anchor UE and indicate the resources in a preferred resource set (e.g. using groupcast) to anchor UEs. 
Also, in Scheme 1, each anchor UEs may need to send SR/BSR to gNB to request SL-PRS resource. To save such signaling overhead, a target UE or one of the anchor UEs can request SL-PRS resources for all anchor UEs from gNB and provide the resources based on IUC framework.
Thus, based on the IUC scheme 1, it is preferable to enable a UE to receive SL-PRS resources from another UE and transmit a SL-PRS in a resource selected from the received resources. 
Proposal 18: A transmitting UE receives SL PRS resources indication based on IUC Scheme 1.  
It should be noted in IUC, a UE provides the resource set in SCI-2 and/or MAC CE for the other UE to perform resource selection and the UE does not reserve any resources included in the set. However, in a single-sided RTT-based positioning, it can be beneficial for the target UE to select and reserve the resources for both the 1st transmissions by itself and the 2nd transmission by the anchor UE to reduce the latency. The target UE can indicate both resource(s) in the SCI of the 1st transmission to the anchor UE. The anchor UE can in turn transmit 2nd SL-PRS using the indicated resource, which is reserved in the 1st SL-PRS. 
Hence, we support UE receives a SL-PRS resource reserved by another UE and transmit a SL-PRS in the reserved resource at least for RTT-based positioning solutions. 
Proposal 19: At least for RTT-based positioning solutions, a transmitting UE receives SL PRS resource reservation and transmits the SL-PRS in the reserved SL PRS resource(s).  
R16/R17 SL congestion control is based on CBR and CR measurement to deal with the congestion in a resource pool due to high traffic load. Depending on the accuracy requirement of SL positioning, SL-PRS transmissions can be performed with large bandwidth in bursts and increase the congestion, it is thus essential to enhance the legacy congestion control mechanisms to include aspects specific to SL-PRS transmissions. 
One aspect is the definition of CBR measurement for stand-alone SL-PRS transmission with the legacy PSSCH/PSCCH CBR measurement defined in TS 38.215 as a baseline. Since a SL-PRS transmission may not fully occupy a sub-channel due to comb configuration, it should be further studied if the RSSI threshold for a SL-PRS CBR measurement can be different from PSSCH/PSCCH CBR measurement. 
Another aspect is the differentiation of CR measurement between PSSCH/PSCCH transmissions and SL-PRS transmission in a shared resource pool. The legacy CR measurement is based on the number of sub-channels used for both performed and reserved PSSCH/PSCCH transmissions by a UE within a (pre)configured measured period. When a CR is above a threshold, a UE may drop SL transmissions to avoid overloading the channel. 
While PSSCH/PSCCH transmissions follow the SL traffic pattern, the pattern of SL-PRS transmissions can depend on the positioning method and requirements. If both types of transmissions are counted the same in CR evaluation, it could lead to drop of SL-PRS transmissions due to heavy data traffic, which may not be desirable. It can thus be considered to study separate CR measurements for PSSCH/PSCCH and SL-PRS transmissions. 
Proposal 20: Study CBR and CR measurement for SL-PRS transmissions. 
SL-PRS power control 
In R16/R17 SL framework, open loop power control (OLPC) is supported for PSSCH/PSCCH transmissions of all cast types. A PSSCH/PSCCH power is computed based on a (pre)configured nominal value, PSSCH/PSCCH transmission bandwidth and a DL path loss to mitigate the interference to UL transmissions. For a SL unicast transmission, a SL path loss is also used, and the minimum power based on DL or SL path loss is applied to the transmission. This allows to reduce further power level of unicast transmissions by a pair of nearby UEs while maintaining a received power close to the (pre)configured nominal value. For a SL-PRS transmission multiplexed PSSCH/PSCCH transmission in a SL slot, we think R16/R17 PSSCH/PSCCH OLPC can be a starting point. 
Proposal 21: Study OLPC for a SL-PRS transmission multiplexed with a PSSCH/PSCCH transmission, with R16/R17 PSSCH/PSCCH OLPC as a starting point. 
For a stand-alone SL-PRS transmission (if supported), a similar unicast OLPC mechanism can be helpful to achieve a target received SL-PRS power value to ensure a desired accuracy of the positioning based on the SL-PRS. The target power value can conceivably be different corresponding to applied positioning method, SL-PRS comb pattern, SL-PRS repetition factor, etc. Therefore, it is beneficial to signal the SL-PRS target power value together with the corresponding SL-PRS resource and transmission configuration. For example, in out-of-coverage scenario, the lower layer signaling used for configuration/activation/ triggering (e.g., SCI) can include the SL-PRS target power value indication. 
Proposal 22: Study unicast-based OLPC mechanism for stand-alone SL-PRS transmission. 
SL-PRS request 
We think the triggering of an aperiodic SL-PRS transmission as discussed in the RAN1 #110bis-e agreement below applies to an internal request from higher layers to physical layers to perform a SL-PRS transmission. 
	Agreement
With regards to the SL-PRS time domain behavior, at least study the following behaviors from Tx UE perspective:
· 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.
· 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 
· 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


On the other hand, a request can be received from another UE, e.g., a target UE requesting an anchor UE to perform a SL-PRS transmission. More importantly, a request from another UE can be used to improve SL-PRS transmission reliability. For example, a SL-PRS transmission in a resource selected in Scheme 2 can experience high interferences due to hidden node issue. It can be advantageous to enable a UE receiving such a SL-PRS transmission to send a feedback to request another SL-PRS transmission.
Proposal 23: Support a feedback transmission to request an aperiodic SL-PRS transmission. 
SL-PRS measurement and reporting 
For in-coverage SL positioning, a target UE and/or anchor UE can perform positioning measurement reporting to gNB/LMF, e.g. in UE-assisted positioning. Uu positioning measurement reporting in higher layer can be applied as a design baseline. 
Proposal 24: A target and/or anchor UE reports SL positioning measurement to gNB/LMF in higher layer signalling in in-coverage scenario.
In an out-of-coverage scenarios, SL positioning measurements can be included in a SL transmission, e.g. from an anchor UE to a target UE for target UE-based positioning. Higher layer-based measurement reporting can be also considered when a unicast link is established between a target and anchor UE. When a unicast link is not available, lower layer signalling, e.g., SCI2 or a PSFCH, to carry the SL positioning measurement reporting should be studied, e.g. with respect to association between the resources used for the reporting and the corresponding SL-PRS transmission. 
Proposal 25: A target UE receives positioning measurement reporting from anchor UE(s) in out-of-coverage scenario.
For higher layer-based measurement reporting, the resource allocation of the PSSCH/PSCCH transmissions for the measurement reporting should be further examined in connection with the resources used for the measured SL-PRS transmission. For example, the resources for both SL-PRS transmission and the associated measurement reporting can be selected by the UE performing the SL-PRS transmission using Scheme 2 in an out-of-coverage positioning. 
Proposal 26: Study resource allocation for SL-PRS measurement reporting.
To prioritize positioning measurement, mechanisms based on measurement gap and processing window are specified in Uu positioning. For SL positioning, since a UE can operate several SLs, it is also beneficial to study a similar mechanism to optimize the SL-PRS measurement, e.g., a window or period dedicated to processing of measurement and transmission/reception of SL-PRS transmissions. Within the window or period, a target UE may stop transmissions and receptions of all other SL channels and signals. 
Proposal 27: Study SL mechanism to allow the target UE to process SL-PRS measurements for SL positioning.
One of the FFS points from RAN1#109e [3] was “FFS: clarification of the knowledge of the location of the anchor UE.” In addition to SL-PRS measurement, an anchor UE can provide its own location information and associated uncertainty information, e.g. to assist determination of the absolution position of a target UE in the same SL positioning group. Uncertainty information can be a range of the absolute location, similar to the uncertainty of TRP or ARP locations specified in TS 37.355 [4] or TS 38.455 [5], respectively. Since a SL UE can obtain location information based on the methods of GNSS, Uu-based positioning, SL-based positioning, it can be useful to have uncertainty information associated with each described method. Such uncertainty information can be reported to LMF or the target UE depending on the coverage.
Proposal 28: An anchor UE reports its location and associated uncertainty information to LMF (for in-coverage) and a target UE (for out-of-coverage).
SL positioning reference signal (SL-PRS)
SL-PRS resource pool
SL positioning resource allocation in terms of resource pool configuration for SL-PRS transmission was discussed in RAN1 #110 meeting and one of the two alternatives listed below in the agreement is to be introduced. 
	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


We prefer Alt. 2 to allow the network to configure SL-PRS resource in a flexible manner considering the SL carrier bandwidth, SL data traffic pattern and SL-PRS transmission load. To have only dedicated SL-PRS resource pool may reduce the spectrum efficiency, e.g. when the SL-PRS transmission load is low.  
Proposal 29: Either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS (Alt. 2). 
It was discussed whether additional signaling associated with SL-PRS transmission can be included in the dedicated SL-PRS resource pool. The following options were proposed for further evaluation. 
	Agreement
For a dedicated resource pool for SL positioning,
· 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
· FFS: definition of PSSCH associated with SL-PRS transmission(s)
· Note: Companies are encouraged to provide their analysis and views on the above


When a dedicated resource pool is (pre)configured for SL-PRS, it can be beneficial to include a PSCCH transmission carrying an associated SCI in the same resource pool to enable resource selection and sensing procedure in Scheme 2. The PSCCH can also include activation and de-activation information of a SL-PRS configuration. In addition, the associated PSCCH transmission is always coupled with SL-PRS transmission and resource selection is performed bot both transmissions.
Including PSSCH associated with SL-PRS transmission(s) in the dedicated resource pool will cause design complexity, e.g., multiple slot formats may be required, and resource selection may need to consider both PSSCH and SL-PRS resource reservations. In our opinion, the purpose of introducing a dedicated SL-PRS resource pool is to simplify the design and thus we do not support inclusion of PSSCH.
Proposal 30: Include only associated PSCCH in the SL-PRS dedicated resource pool (Option 2).  
SL-PRS slot format
In R16/R17 SL communication framework, PSSCH/PSCCH transmission is slot-based and thus the granularity of the resource allocation is a single-slot PSSCH/PSCCH resource. 
A SL-PRS transmission, however, may not always occupy an entire slot in time domain. The duration of a SL-PRS transmission depends on the number of symbols (M) of the comb pattern. We think the symbols of one SL-PRS resource should be consecutive in both dedicated and share resource pool (if supported). Non-consecutive symbols of a SL-PRS resource (as indicated in FFS in RAN1 #110bis-e agreement below) will cause AGC and TX/RX switch overhead in a shared resource pool without clear benefit.  
Proposal 31: A SL-PRS resource in time domain comprises consecutive symbols in a share resource pool (if supported).  
	Agreement
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· 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}
· FFS: the values considered as potential candidate values for M
· 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
· 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


In a dedicated resource pool, one SL-PRS transmission in time domain can include AGC symbol, PSCCH symbol, SL-PRS symbols and TX/RX switch symbol. The number of AGC, PSCCH and TX/RX switch symbol(s) can be (pre)configured. The number of SL-PRS symbols (M) is currently under discussion and the candidate values include 1, 2, 4, 6, 8 and 12. With small M values, it should be further studied if multiple SL-PRS transmissions can be TDMed within a slot. 
Proposal 32: Study mechanism to enable TDMed SL-PRS transmissions in a slot. 
It is desired to have a common PSCCH occasion for SL-PRS transmission(s) within a slot to maintain a per-slot SCI blind decoding processing. Each SL-PRS transmission within a slot can be associated with a PSCCH transmitted at the common PSCCH occasion, e.g. a (pre)configured number of symbols after the AGC symbol at the beginning of the slot. The PSCCH can carry a SCI including the SL-PRS configuration parameters including e.g. comb pattern. 
Proposal 33: Study a SL-PRS slot format including a common PSCCH occasion in the beginning of the slot. 
In a shared resource pool, symbol-based SL-PRS can be also considered. A PSSCH/PSCCH transmission can be time-multiplexed with a SL-PRS transmission over (pre)configured symbols in one slot. The PSCCH can include resource information for both PSSCH and SL-PRS. 
Proposal 34: Study symbol-level granularity of SL-PRS transmission multiplexing PSSCH/PSCCH transmission. 
SL-PRS bandwidth
It was agreed in RAN1 #110bis-e meeting to down-select between the alternatives indicated below about the SL-PRS bandwidth. 
	Agreement
At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, downselect from the following alternatives: 
· [bookmark: _Hlk118207096]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)


We prefer Alt. 1 for a dedicated resource pool to allow flexibility in configuring the SL-PRS bandwidth based on the positioning method and accuracy requirement. Alt. 1 in addition also enables FDM:ed SL-PRS transmissions at the same symbol(s) to improved spectrum efficiency. 
Proposal 35: The bandwidth of SL-PRS can be same or smaller than that of a dedicated resource pool (Alt. 1). 
SL-PRS frequency multiplexing
SL-PRS frequency domain pattern supports partial and full staggered pattern as indicated below in RAN1 #110 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


Given the large bandwidth required for SL-PRS transmission for certain positioning method, FDM:ed multiplexing over different SL-PRS bandwidth may not always be feasible. To utilize spectrum resource more efficiently, it can be beneficial to consider FDM of multiple SL-PRS transmissions within the same bandwidth at RE level, e.g. by using different RE offset. Potential in-band emission issue should be evaluated for a RE-level SL-PRS FDM scheme. Also, a resource selection (sensing) procedure considering RE-level resource multiplexing should be further studied. 
Proposal 36: Study RE-level frequency multiplexing of SL-PRS transmissions. 
Conclusion
In this contribution, the following proposals are made.
Proposal 1: Consider the following terminology for the purpose of continued RAN1 discussion:
· Reference anchor UE: An reference entity e.g., anchor UE, based on which a target UE’s relative position and/or ranging information is determined. 
· Sidelink positioning group: A group of UEs including a target UE and one or more anchor UEs, who participate in same positioning procedures.
Proposal 2: Study LMF’s role in SL positioning and its interaction with the gNB for in-coverage SL positioning. 
Proposal 3: Confirm WA to support broadcast SL-PRS transmission.
Proposal 4: Study the impact of UE reference timing offset and mobility on single-sided RTT-based positioning.
Proposal 5: Support Alt. 2 for RTT-type solutions corresponding to either a single-sided or double-sided RTT method. 
Proposal 6: Prioritize design of SL TDoA-based positioning in a SL positioning group of stationary anchor UEs (e.g., RSUs), and a target UE.
Proposal 7: UEs in a TDoA-based positioning group synchronize with a common SyncRef UE in the same group.
Proposal 8: Study impact on SL TDoA-based positioning of the uncertainty of the location information of anchor UEs. 
Proposal 9: Support both MO-LR and MT-LR for in-coverage SL positioning. 
Proposal 10: Study SL mechanisms to support MO-LR for out-of-coverage SL positioning. 
Proposal 11: Study anchor UE discovery criteria based on SL measurement including RSRP, RSRPP, LOS/NLOS condition, etc.
Proposal 12: Support Opt. 2, i.e. a transmitting UE receives a SL-PRS resource allocation through dynamic grant, or through configured grant type 1/type 2 from gNB.
Proposal 13: Study a new SCI format associated with SL-PRS transmission.
Proposal 14: Study a time domain resource allocation granularity for SL-PRS transmission based on SL-PRS-resource duration in a dedicated resource pool. 
Proposal 15: Study a frequency domain resource allocation granularity for SL-PRS transmission based on both SL-PRS-resource bandwidth and/or pattern in a dedicated resource pool. 
Proposal 16: Study Mode 2 sensing enhancements to minimize SL-PRS collision in Schem 2. 
Proposal 17: Study a joint Scheme 2 resource allocation for multiplexed SL-PRS and PSSCH/PSCCH transmissions based on legacy Mode 2 sensing procedure. 
Proposal 18: A transmitting UE receives SL PRS resources indication based on IUC Scheme 1.  
Proposal 19: At least for RTT-based positioning solutions, a transmitting UE receives SL PRS resource reservation and transmits the SL-PRS in the reserved SL PRS resource(s).  
Proposal 20: Study CBR and CR measurement for SL-PRS transmissions. 
Proposal 21: Study OLPC for a SL-PRS transmission multiplexed with a PSSCH/PSCCH transmission, with R16/R17 PSSCH/PSCCH OLPC as a starting point. 
Proposal 22: Study unicast-based OLPC mechanism for stand-alone SL-PRS transmission. 
Proposal 23: Support a feedback transmission to request an aperiodic SL-PRS transmission. 
Proposal 24: A target and/or anchor UE reports SL positioning measurement to gNB/LMF in higher layer signalling in in-coverage scenario.
Proposal 25: A target UE receives positioning measurement reporting from anchor UE(s) in out-of-coverage scenario.
Proposal 26: Study resource allocation for SL-PRS measurement reporting.
Proposal 27: Study SL mechanism to allow the target UE to process SL-PRS measurements for SL positioning.
Proposal 28: An anchor UE reports its location and associated uncertainty information to LMF (for in-coverage) and a target UE (for out-of-coverage).
Proposal 29: Either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS (Alt. 2). 
Proposal 30: Include only associated PSCCH in the SL-PRS dedicated resource pool (Option 2).  
Proposal 31: A SL-PRS resource in time domain comprises consecutive symbols in a share resource pool (if supported).  
Proposal 32: Study mechanism to enable TDMed SL-PRS transmissions in a slot. 
Proposal 33: Study a SL-PRS slot format including a common PSCCH occasion in the beginning of the slot. 
Proposal 34: Study symbol-level granularity of SL-PRS transmission multiplexing PSSCH/PSCCH transmission. 
Proposal 35: The bandwidth of SL-PRS can be same or smaller than that of a dedicated resource pool (Alt. 1). 
Proposal 36: Study RE-level frequency multiplexing of SL-PRS transmissions. 
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