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Introduction
RAN4 continued discussing requirements for SL positioning as part of the Rel-18 WI on expanded and improved NR positioning in RAN4#107. New agreements and open issues were captured in a WF [1]. 
In this paper, we provide further proposals for SL positioning based on the RAN1 agreements reached to date.
Discussion
Reference signal
RAN1 has reached additional agreements about the definition of the reference signal for SL positioning [2]. Key agreements are reproduced below.
Agreement (RAN1#113)
For a shared resource pool
· A SL PRS resource refers to a time-frequency resource within a slot that is used for SL PRS transmission.
· Characteristics associated with a SL PRS resource in a slot of a shared resource pool include at least: 
· SL PRS resource ID, 
· SL PRS comb offset and associated SL PRS comb size (N), 
· SL PRS starting symbol and number of SL PRS symbols (M),
· SL PRS frequency domain allocation
· SL PRS freq domain allocation is not used to identify a unique SL PRS resource ID
· A SL PRS resource is identified by a combination of SL PRS resource ID and a SL PRS frequency domain allocation. This combination is unique within a slot of a shared resource pool.
NOTE 1: The above does not imply need for signalling/(pre-)configuration of all these parameters

Conclusion
For a dedicated or shared resource pool, at least the following characteristics are NOT included as part of characteristics of a SL PRS resource:
· Periodicity, number of instances/repetitions of SL PRS

Agreement (RAN1#113)
For a dedicated resource pool, at least the case where SL PRS bandwidth is same as resource pool bandwidth is supported.

Agreement (RAN1#113)
For a shared resource pool, SL PRS bandwidth is same as the bandwidth indicated for PSSCH.

Agreement (RAN1#113)
For SL PRS in a shared resource pool, the symbols of a SL-PRS resource within a slot are consecutive symbols.

Agreement (RAN1#113)
In a dedicated resource pool, a SL PRS resource is immediately preceded by an AGC symbol unless RAN1 explicitly agrees that an AGC symbol is not included for specific cases (if any).

Agreement (RAN1#113)
· In a dedicated resource pool, a SL PRS resource is immediately followed by a gap symbol at least:
· if the gap symbol corresponds to the last SL symbol of a slot.
· Note: the gap can be used at least for Tx/Rx switching
· FFS: when TDM of multiple SL PRS resources within a slot is enabled in the dedicated resource pool
· FFS: Other cases.
· FFS: for SL PRS resource in a shared resource pool.

Agreement (RAN1#113)
Comb-based multiplexing of SL PRS resources from different UEs in a slot is NOT supported for shared resource pools.

Conclusion
TDM-ed SL PRS resources within a slot from a single UE in a dedicated/shared resource pool is not supported in Rel-18.

Agreement (RAN1#113)
Multiple (M,N) pairs within a slot in a dedicated resource pool is supported  only when the different (M, N) pairs are always multiplexed via TDM to different sets of symbols in a slot. Only a single (M,N) value can be mapped within one TDM duration (i.e. one set of symbols).

Agreement (RAN1#113)
For a shared resource pool, SL PRS transmit power is same as that for PSSCH.


Among the RAN1 agreements listed above, the conclusion stating that periodicity and number of repetitions are not properties of a SL PRS resource further confirms that there some impact to RAN4 core requirements may be expected relative to legacy Uu requirements. RAN1 has already agreed that SL PRS transmissions both with and without periodic reservation will be supported. These two agreements together confirm that there will be scenarios where SL PRS is not transmitted periodically. RAN4 should address requirements for both aperiodic and periodic scenarios.
Observation 1: SL PRS resources are not configured with periodicity or number of repetitions.
Agreement (RAN1#112)
For SL-PRS transmission, at least support the following
· SL-PRS transmissions with periodic reservation: SL-PRS transmissions which are being reserved with a similar mechanism as the SL periodic resource reservation for another TB in legacy SL communication 
· FFS: whether/what changes are needed
· SL-PRS transmissions without periodic reservation: SL-PRS transmissions in which the SL-PRS is transmitted at least once without periodic reservation, with a similar mechanism as in legacy SL communication with SL resource without periodic reservation.
· FFS: Maximum number of reservations and transmissions after triggering


Proposal 1: RAN4 will define measurement requirements for both periodic and aperiodic SL PRS transmissions.
 Measurements
In this section we provide our views and proposals based on RAN1’s latest agreements on new measurements for SL positioning [2].
For SL RTT-like positioning, RAN1 reached an agreement on the definition of the Rx-Tx measurement. RAN4 needs to wait for further progress in RAN1. The agreement allows two possible ways of reporting the measurement, each one corresponding to a different choice of the Tx time used to calculate the Rx-Tx time difference.

Agreement (RAN1#113)
For definition of SL-PRS based Rx-Tx measurement, the actual SL-PRS transmission time is used for the definition of SL-PRS based Rx-Tx time difference measurement if the UE optionally reports the Tx time information, otherwise use the Rel-16/17 definition for gNB Rx-Tx time difference/UE Rx-Tx time difference in Uu.
· FFS: details of the Tx time information
· FFS: whether additionally the network or LMF can request the UE to report the Tx time information
· Note: the value of Rx-Tx measurement is within [-0.5 0.5] ms



Now, the question in RAN4 is whether there is any impact to requirements as a consequence of having two different choices of reporting Rx-Tx difference in SL positioning. For core requirements, we understand that measurement delay may be affected if the UE chooses or is requested to report Rx-Tx based on the actual SL PRS transmission time. i.e. if the UE has not transmitted SL PRS in the recent past, the UE may need to transmit first before it can report the Rx-Tx measurement. Whether a UE will be allowed to choose which way to report has not been decided by RAN1.
Proposal 2: RAN4 should discuss potential impact to measurement delay when the UE reports SL PRS-based Rx-Tx time difference based on the actual SL PRS transmission time considering RAN1 agreements (e.g. whether the UE can choose to report based on actual SL PRS transmission time).
Proposal 3: FFS during the performance part whether the choice of Tx time has impact on SL PRS Rx-Tx measurement accuracy requirements.
 Core requirements
In this section we provide our views on how to define core requirements for SL positioning measurements considering the current status in RAN1.
In RAN4#107, RAN4 reached some initial agreements regarding the measurement period requirement.
Issue 1-1-1: Measurement types to be defined for SL positioning measurement requirements: 
Agreements: 
· RAN4 to start with defining measurement period requirements for SL-PRS based RSTD measurement. 
Issue 1-1-2: The principle for defining the measurement period requirements: 
Agreements: 
· As a general principle, RAN4 aims to define a common measurement period requirement for different SL positioning measurement types. Adaptations to specific measurements will be discussed on a case-by-case basis. 
Issue 1-1-3: Parameters in the measurement period requirements: 
GTW Agreements
· The measurements period requirements equation is FFS
· Number of samples for positioning measurements is FFS
· Option 1: 1
· Option 2: 2
· Option 3: 3
· Option 4: 4
· The number of Rx beams is equal to 1 in FR1. 
Issue 1-1-4: Impact of SL-DRX
Agreements: 
· RAN4 to start with defining the measurement period requirements based on non-DRX. 
· FFS whether the defined requirements apply for non-DRX as well as SL DRX case. 


Fortunately, RAN4 agreed in principle to develop a common measurement period requirement to be largely leveraged across all SL PRS-based measurements. To start, RAN4 will focus on the requirement for SL PRS-based RSTD measurements. Additionally, RAN4 will consider first requirements for non-DRX.
As noted elsewhere in this paper, there are key differences between SL PRS and Uu PRS that preclude fully leveraging the Uu measurement period requirement. E.g. there is no periodicity associated with SL PRS resources. Without an expectation of RS periodicity, the feasibility of specifying requirements for measurements based on multiple samples needs to be considered. In our view, this means that RAN4 needs to revisit some of the basic assumptions in the definition of the measurement period requirement.
Unfortunately, RAN1 has yet to reach agreement on the UE SL PRS processing capabilities. In our view, this is a major obstacle preventing RAN4 from starting discussion of the detailed measurement period requirement for SL positioning. 
Observation 2: RAN1 has not yet defined the UE SL PRS processing capability(ies).
Proposal 4: RAN4 waits for RAN1 agreements on UE SL PRS processing capabilities before discussing the detailed SL PRS measurement period formula.


One aspect we would like to start discussing in RAN4 is how to define a ‘sample’ for the purpose of defining SL PRS measurement requirements. In the case of SL PRS transmission without periodic reservation, a single SCI can reserve resources in the current slot and in a few (e.g. 2) future slots (Figure 1) within a given time window. For the purposes of defining SL PRS measurement requirements in RAN4, the multiple resources reserved by a single SCI could be treated as resource repetitions if some conditions are met, including:
· All the reserved resources have the same source ID, reservation ID and cast type.
· All the reserved resources have the same bandwidth.
Additional conditions may be considered by RAN4. If all the conditions agreed by RAN4 are met, then the collection of all the resources (repetitions) reserved by the single SCI could constitute a single sample. Based on RAN4’s experience defining requirements for Rel-16 NR positioning, resource repetitions were beneficial to improve accuracy for low RS BW allocations.
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[bookmark: _Ref142647255]Figure 1: Example of aperiodic reservation where SCI#1 reserves resources in the current slot and in two future slots. 
Proposal 5: RAN4 needs to specify the definition of a ‘sample’ for the purpose of defining SL PRS measurement requirements.
Proposal 6: For aperiodic SL PRS transmissions, multiple SL PRS resources reserved by a single SCI constitute a single sample if the following conditions are met:
· All the reserved resources have the same source ID, reservation ID and cast type.
· All the reserved resources have the same bandwidth.
· FFS other conditions.
Proposal 7: Define requirements for SL PRS measurements assuming one sample (N_sample = 1) at least for aperiodic SL PRS transmissions.


One issue discussed previously by RAN4 is the definition of the report mapping for SL AoA. The existing UL AoA measurement report mapping features an angular resolution of 0.1 degrees. In our view, this is sufficient for SL positioning use cases and can be fully leveraged.
Issue 1-3-2: Report mapping
Way forward: 
· Option 1: 
· For SL-PRS RSRP, SL-PRS RSRPP, SL-PRS AOA/ZOA, SL-PRS RSTD, SL-PRS RTOA, the report mapping requirements including reporting range, resolution step can be same as Rel-16/Rel-17 report mapping requirement. 
· Option 2: 
· The measurement ranges for SL positioning measurements (except for SL-PRS AOA/ZOA) can be different compared to those specified for Uu positioning measurements. RAN4 to discuss the relevant range for each SL positioning measurement.
· Option 3:
· Reuse the UL AoA measurement report mapping in 38.133 for SL AoA measurements. 


Proposal 8: Reuse the UL AoA measurement report mapping in 38.133 for SL AoA measurements.


 Simulation assumptions
RAN4 has reached initial agreements on simulation assumptions for sidelink positioning [1, 3]. Two sets of Es/Iot side conditions were listed in the simulation assumptions.
	Es/Iot for three anchor UEs (UE 1, UE 2, UE 3), [dB]
	For SL-PRS based RSTD/Rx-Tx/RSRP/RSRPP: 
(-3, -6, -6), (0, -6, -6) 


One aspect that should be considered when defining Es/Iot side-conditions for SL PRS measurements is the dependence on PSCCH decoding performance. According to RAN1 design, SL PRS cannot be transmitted in a slot without an associated PSCCH. At the receiving end, the UE needs to decode the associated PSCCH in order to receive SL PRS.
Agreement
For a dedicated resource pool for SL positioning, only a single stage SCI is used. PSCCH and associated SL-PRS are TDMed in the same slot.
· FFS: whether SL-PRS can be transmitted in a slot without associated PSCCH
Agreement
With regards to the SCI signaling in a shared resource pool, in addition to SL PRS transmission, the UE transmits
· Opt. 1: SCI1-A & a 2nd stage SCI format are used for SL-PRS indication
· FFS: Details including a new or existing 2nd stage SCI
Agreement
For a dedicated resource pool for SL positioning, SL-PRS cannot be transmitted in a slot without associated PSCCH.



In our view, the SINR side conditions used to define measurement accuracy should be selected so that SCI can be decoded correctly with high probability (PDCCH BLER ≤ 1%). Otherwise, the RAN4 simulation results will be biased if high PDCCH BLER is not accounted for in the simulations. Additionally, if the PDCCH BLER is relatively high at the selected SINR side-condition it may make verification of the accuracy requirement less meaningful. i.e. effectively, we would end up testing PDCCH performance instead of SL PRS measurement accuracy.
Based on initial evaluation of the Es/Iot side conditions in the simulation assumptions [3], we believe -6 dB will be too aggressive to define the requirements, especially considering fading channels. We encourage other companies to check SCI performance, although we note that RAN1 has not yet finalized the SCI design for SL PRS. In the meantime, we would like to propose an alternate side condition for the simulation assumptions.
Observation 3: A side-condition of Es/Iot = -6 dB may be too aggressive for defining SL PRS measurement accuracy requirements.
Proposal 9: Add Es/Iot = (0, -3, -3) dB to the SL PRS simulation assumptions.


Conclusions
Observation 1: SL PRS resources are not configured with periodicity or number of repetitions.
Proposal 1: RAN4 will define measurement requirements for both periodic and aperiodic SL PRS transmissions.
Proposal 2: RAN4 should discuss potential impact to measurement delay when the UE reports SL PRS-based Rx-Tx time difference based on the actual SL PRS transmission time considering RAN1 agreements (e.g. whether the UE can choose to report based on actual SL PRS transmission time).
Proposal 3: FFS during the performance part whether the choice of Tx time has impact on SL PRS Rx-Tx measurement accuracy requirements.
Observation 2: RAN1 has not yet defined the UE SL PRS processing capability(ies).
Proposal 4: RAN4 waits for RAN1 agreements on UE SL PRS processing capabilities before discussing the detailed SL PRS measurement period formula.
Proposal 5: RAN4 needs to specify the definition of a ‘sample’ for the purpose of defining SL PRS measurement requirements.
Proposal 6: For aperiodic SL PRS transmissions, multiple SL PRS resources reserved by a single SCI constitute a single sample if the following conditions are met:
· All the reserved resources have the same source ID, reservation ID and cast type.
· All the reserved resources have the same bandwidth.
· FFS other conditions.
Proposal 7: Define requirements for SL PRS measurements assuming one sample (N_sample = 1) at least for aperiodic SL PRS transmissions.
Proposal 8: Reuse the UL AoA measurement report mapping in 38.133 for SL AoA measurements.
Observation 3: A side-condition of Es/Iot = -6 dB may be too aggressive for defining SL PRS measurement accuracy requirements.
Proposal 9: Add Es/Iot = (0, -3, -3) dB to the SL PRS simulation assumptions.
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