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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#108. New agreements and open issues were captured in a WF [1]. At the same time, RAN1 completed the specification work for SL positioning, according to the latest WI status report [2].
In this paper, we provide further proposals for SL positioning based on the latest RAN1 agreements.
Discussion
Reference signal
RAN1 reached additional agreements about the definition of the reference signal for SL positioning [2]. Key agreements are reproduced below.
Conclusion (RAN#114)
For a dedicated resource pool, only the case where SL PRS bandwidth is the same as resource pool bandwidth is supported in Rel-18.
Agreement (RAN#114)
For TPC for PSCCH associated with SL PRS in dedicated resource pools: same symbol-level Tx power between PSCCH and SL PRS.
Agreement (RAN#114)
For SL PRS in a dedicated resource pool, the following values of ‘M’ (number of SL PRS symbols) are supported: {1, 2, 3, …, 9}. 
· In a dedicated resource pool, ‘M’ from {3, …, 9} are supported for cases with M > N with full staggering.
Agreement (RAN#114)
For a dedicated resource pool, the maximum number of TDM groups for TDM-based multiplexing of SL PRS within a slot is 4.
· Maximum number 4 only applies to the case of comb-2
Agreement (RAN#114)
For a dedicated resource pool, explicit (pre-)configuration of SL PRS resources in a slot includes:
· SL PRS Resource ID, (M, N) pattern, starting symbol, comb offset.
· FFS: constraints to the (pre-)configuration to address potential AGC issues
Agreement (RAN#114)
For SL PRS in a dedicated or shared resource pool, for a given valid comb size ‘N’, partially staggered SL PRS patterns (M, N) are supported for all integer values of ‘M’ such that (M, N) = (1, 2) or (2, 4).


Conclusion (RAN#114)
For a shared resource pool, no additional AGC or gap symbols are defined beyond those defined as part of Rel-16 SL communications, i.e., the only AGC symbol is the AGC symbol before the first symbol of the PSCCH and a gap symbol is present at the last SL symbol of the slot and/or a gap symbol is present in between PSSCH and PSFCH symbol when PSFCH is present in the slot. 

Agreement (RAN#114)
For a dedicated resource pool, no gap symbol for Tx-Rx switching is inserted in between two TDM-ed SL PRS resources within a slot when TDM of multiple SL PRS resources within a slot is enabled for the resource pool.




 Measurements
In this section we provide our views and proposals based on RAN1’s latest agreements on SL positioning measurements [2].
For SL-RTOA and SL-RSTD, RAN1 completed the definition of the measurements by specifying the reference points. These definitions are consistent with the legacy Uu measurements and no significant impact is expected in RAN4.
Agreement (RAN#114)
Regarding the reference point of SL-RTOA, support the following
· For frequency range 1, the reference point for TSL-RTOA measurement shall be the Rx antenna connector of the UE. For frequency range 2, the reference point for TSL-RTOA measurement shall be the Rx antenna of the UE 
Regarding the reference point of SL-RSTD, support the following.
· For frequency range 1, the reference point for SL RSTD measurement shall be the Rx antenna connector of the UE. For frequency range 2, the reference point for SL RSTD measurement shall be the Rx antenna of the UE

For SL PRS based Rx-Tx measurements, RAN1 reached the following agreements in the last two meetings. The first 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
Agreement (RAN#114)
For SL-PRS based Rx-Tx measurement, the Tx time information in the measurement report is the associated SL-PRS transmission timestamp.
Agreement (RAN#114)
For SL-PRS based Rx-Tx measurement, the same ARP is used for Rx and Tx for Rx-Tx time difference measurement.






Now, the question in RAN4 is whether there is any impact to the 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 (when requested by the LMF) to report Rx-Tx based on the actual SL PRS transmission time. For example, 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. At the same time, it is desirable to minimize the actual time difference between the reception and transmission of SL PRS at the UE. A large time difference would degrade Rx-Tx measurement accuracy due to clock frequency error. Also, UE mobility would also degrade the accuracy of RTT since the UE may be at different locations when it receives and transmits. 
Proposal 1: When the UE reports SL PRS-based Rx-Tx time difference based on the actual SL PRS transmission time upon network/LMF request, the measurement period is extended until the UE transmits SL PRS.
· FFS whether to define a proximity condition between the reception and transmission of SL PRS for reporting SL PRS-based Rx-Tx time difference based on the actual SL PRS transmission time.
Proposal 2: 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 and previous RAN4 agreements.
In RAN4#107, RAN4 reached some initial agreements regarding the measurement period requirement [6]. 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.
RAN1 is discussing the UE processing capability for SL PRS (FG 41-1-1) [3]. Even though it has not been finalized, tentatively it includes five components:
1. Maximum SL PRS bandwidth in MHz in a resource pool for positioning, which is supported and reported by UE for SL-PRS measurement.
2. Maximum number of active/occupied SL PRS resources across all configured RPs assuming maximum SL PRS bandwidth in MHz, which is supported and reported by UE.
3. Duration of SL PRS symbols N in units of ms a UE can process every T ms assuming maximum SL PRS bandwidth in MHz, which is supported and reported by UE.
4. Minimum time after the end of a slot carrying a SL-PRS resource for a UE finish the SL-PRS resource processing and preparing the positioning measurement report assuming the active/occupied SL-PRS resources during this time haven’t exceeded the reported capabilities and assuming a maximum SL PRS bandwidth in MHz, which is supported and reported by UE.
5. SL PRS buffering capability.
Based on the above, it is evident that the SL PRS processing capability is quite different from its counterpart in Uu positioning. In particular, components 2 and 4 listed above do not have equivalents in Uu positioning. RAN1 adopted the concept active/occupied SL PRS resources to limit processing load of the UE: “a SL PRS resource is considered as active/occupied starting at the end of the last symbol of the PSCCH carrying the SCI trigger and the occupancy is released at the end of the last symbol of the PSSCH carrying the report.” Presumably, as long as the UE capabilities in component 2, 3 and 5 are not exceeded, the UE would be now expected to complete processing and be ready to report SL PRS measurements within the time signalled in component 4 from the end of a slot carrying SL PRS resources received by the UE.
Observation 1: RAN1 has not yet finalized the UE SL PRS processing capability(ies).
Proposal 3: RAN4 waits for further progress in RAN1 on the SL PRS processing capabilities before discussing the detailed SL PRS measurement period formula.
In RAN4#108 there was a proposal to consider TEG reporting in the core requirements for SL positioning. In our view, the TEG framework defined for Uu positioning has not been extended to SL positioning. RAN1 has not defined any new capabilities to enable TEG reporting for SL PRS based measurements.
Proposal 4: RAN4 will not consider TEG reporting in the requirements for SL PRS based measurements.
Next, we would like to discuss the definition of a ‘sample’ for the purpose of defining SL PRS measurement requirements. In the case of SL PRS transmission with aperiodic reservation, a single SCI can reserve resources in the current slot and in up to two future slots (Figure 1) within a given time window of up to 32 slots. For the purposes of defining SL PRS measurement requirements in RAN4, the multiple resources reserved by a single SCI can be treated as resource repetitions. Repetitions could be beneficial in practice to provide diversity under fading conditions and/or interference. 
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Figure 1: Single sample consisting of one SL PRS resource in the current slot plus up to two SL PRS resources reserved by the same SCI.
If RAN4 adopts the above concept of a sample including multiple SL PRS resource instances, the accuracy requirements can be defined assuming that the UE reports a measurement based on any one of the instances. i.e. the multiple instances may be used for diversity or they may be combined together by UE implementation but any performance gain resulting from any such techniques would not be reflected in the requirement. This approach would reduce the workload associated with defining requirements while providing some room to implement advanced processing with multiple repetitions.
Note that a UE could also be enabled to report one measurement per resource instance by higher layer signalling (Figure 2). Specifically, RAN1 has a working assumption that would allow the UE to report one Rx-Tx measurement per received SL PRS instance combined with a single SL PRS transmission. 
Working assumption
Support to indicate to UE(s) with higher layer signaling to report multiple Rx-Tx measurements for the same SL PRS transmission (resp. reception) and different SL PRS receptions (resp. transmissions) for the same pair of UE(s).
· FFS: whether the different SL PRS receptions correspond to the same or different SL PRS resources
· Note: reporting a single Rx-Tx measurement is also supported
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[bookmark: _Ref146563703]Figure 2: Single sample consisting of only one SL PRS resource in the current slot.

Proposal 5: Define a SL PRS measurement sample as a group of SL PRS resource instances comprised of
· One SL PRS resource instance triggered by an SCI in the same slot, and
· up to SL PRS resource instances reserved in future slots by the same SCI.
Proposal 6: Prioritize defining requirements for SL PRS measurements assuming one sample (N_sample = 1).
Proposal 7: Define measurement accuracy requirements based on single SL PRS instance.
RAN4 discussed the potential impact of a change in synchronization reference source to SL positioning measurement requirements. The following options were listed for consideration in the WF [1].
Issue 1-1-5: UE behavior and the impact on SL-PRS measurement requirements when synchronization reference source change occurs
Agreements: 
· When the synchronization reference source change occurs on Rx side during the measurement period, 
· Alt 1: UE restarts the measurement after change (i.e., previous measurement is dropped). 
· Alt 2: UE continues the measurement and the measurement period is extended. 
· Alt 3: for SL PRS based Rx-Tx measurement, UE restarts the measurement; for other SL PRS based measurements, UE continue the measurement and meet the measurement period requirements. 
· Alt.4: when possible, postpone the synch source change until the on-going SL positioning measurement is completed. Restart when not possible.
· FFS: When the synchronization reference source change occurs on Tx side during the measurement period.

Proposal 8: When a change in synchronization reference source occurs during the SL PRS measurement period, the UE is allowed to restart the measurements.


Regarding the potential impact of a change in network coverage, the following proposals were set forth and captured in the topic summary [5].
Issue 1-1-7: Impact of network coverage change
· Option 1: (CATT)
· The measurement period requirements still apply when there is change of network coverage scenario. 
· Option 2: (Ericsson)
· When an SL UE determines that its coverage status has changed (e.g., changing between any two of: in-coverage, out-of-coverage, partial coverage, unknown coverage, different coverage range, or even transition period), it can either:
· Scenario 1: restart the on-going SL positioning measurements (if the change impacts the measurement), or 
· Scenario 2: continue the on-going SL positioning measurement (if the change does not impact the measurement).
· RAN4 to discuss the conditions for Scenario 2.
· Option 3: (Huawei)
· RAN4 to discuss the impact coverage status change after requirements for non-transition case are stable.
· Option 4: (Nokia)
· RAN4 to consider all coverage change scenarios to define the SL positioning measurement period requirements after the SL-PRS based measurement procedures are agreed in RAN1.
ssue 1-1-7: Impact of network coverage change
· Proposals: 
· Option 1: (CATT)
· The measurement period requirements still apply when there is change of network coverage scenario. 
· Option 2: (Ericsson)
· When an SL UE determines that its coverage status has changed (e.g., changing between any two of: in-coverage, out-of-coverage, partial coverage, unknown coverage, different coverage range, or even transition period), it can either:
· Scenario 1: restart the on-going SL positioning measurements (if the change impacts the measurement), or 
· Scenario 2: continue the on-going SL positioning measurement (if the change does not impact the measurement).
· RAN4 to discuss the conditions for Scenario 2.
· Option 3: (Huawei)
· RAN4 to discuss the impact coverage status change after requirements for non-transition case are stable.
· Option 4: (Nokia)
· RAN4 to consider all coverage change scenarios to define the SL positioning measurement period requirements after the SL-PRS based measurement procedures are agreed in RAN1.


Proposal 9: No need to define requirements for sidelink positioning measurements when there is a change in network coverage. 
On the report mappings for SL positioning measurements, RAN4 reached the following agreement [1].
Issue 1-2-1: Report mapping
Agreements: 
· Report mappings for SL-RSRP and SL-RSRPP are the same as for PRS-RSRP and PRS-RSRPP respectively. 
· Reporting mappings for SL-A-AoA and SL-Z-AoA are the same as for UL A-AoA and UL Z-AoA respectively.
· The report mappings for SL-UE-Rx-Tx, SL-RTOA and SL-RSTD are FFS 


Proposal 10:
· The report mapping for SL UE Rx-Tx is the same as for UE Rx-Tx.
· The report mapping for SL RSTD is the same as for RSTD.
· The report mapping for SL RTOA is the same as for UL-RTOA.

Issue 1-3-1: Requirements for initiation/cease of SL PRS Tx
Way Forward: 
· Option 1:
· No need to define additional requirements for initiation/cease of SLPRS transmission. The existing requirements for initiation/cease of SLSS transmission apply for sidelink UE supporting positioning.
· Option 2: 
· RAN4 will define requirements for initiation/cease of SL transmissions for positioning.
· Option 3: 
· Initiation/cease of SL PRS transmission should be up to RAN1 decision. 
· Option 4: 
· RAN4 to deprioritize defining requirements for initiation/cease of SL PRS transmissions.



Proposal 11: RAN4 to deprioritize defining requirements for initiation/cease of SL PRS transmissions.
Simulation assumptions
RAN4 has reached initial agreements on simulation assumptions for sidelink positioning [1, 4]. In this section we propose some updates to the simulation assumptions.
The simulation assumptions agreed in RAN4#107 include the SL PRS configurations shown in the table below. For SCS = 15 kHz, the highlighted entries slightly exceed two of the supported RB allocations for SL subchannels. Since the maximum number of usable RBs needs to be a multiple of the subchannel bandwidth values, it will not be possible to configure SL PRS with 52 or 104 RB allocation unless a wider channel bandwidth is configured. We propose replacing those values with 48 and 96, respectively.
Table 2: SL-PRS transmission configuration parameters
Parameter
Value
SCS, RB num
SCS (kHz)
RB num
Sample rate (Tc) 

15
52
128


104
64

30
24
128


48
64


96
32

60
24
64
SL-PRS comb size (N)
4
SL-PRS number of symbols (M)
4 (for full staggering),2 (for partial staggering)
Number of samples
1, 2,3,4
SL-PRS periodicity
40ms
TOA estimation 
Realistic 
Path #
First path
NOTE 1: Companies are encouraged to check suitability of the parameters and the values.
NOTE 2: For number of samples equal to 1, only configurations with RB num ≥ 48 are simulated.



    sl-SubchannelSize-r16              ENUMERATED {n10, n12, n15, n20, n25, n50, n75, n100}                  OPTIONAL,   -- Need M

sl-SubchannelSize
Indicates the minimum granularity in frequency domain for the sensing for PSSCH resource selection in the unit of PRB.


Proposal 12: Update the number of RBs for SL PRS with SCS = 15 kHz in the simulation assumptions as shown below.
	Parameter
	Value

	SCS, RB num
	SCS (kHz)
	RB num
	Sample rate (Tc) 

	
	15
	48
	128

	
	
	96
	64



Two sets of Es/Iot side conditions were listed in the simulation assumptions in RAN4#107, as shown below.
	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 [4], 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 2: A side-condition of Es/Iot = -6 dB may be too aggressive for defining SL PRS measurement accuracy requirements.
Proposal 13: Add Es/Iot = (0, -3, -3) dB to the SL PRS simulation assumptions.
Conclusions
Proposal 1: When the UE reports SL PRS-based Rx-Tx time difference based on the actual SL PRS transmission time upon network/LMF request, the measurement period is extended until the UE transmits SL PRS.
· FFS whether to define a proximity condition between the reception and transmission of SL PRS for reporting SL PRS-based Rx-Tx time difference based on the actual SL PRS transmission time.
Proposal 2: FFS during the performance part whether the choice of Tx time has impact on SL PRS Rx-Tx measurement accuracy requirements.
Observation 1: RAN1 has not yet finalized the UE SL PRS processing capability(ies).
Proposal 3: RAN4 waits for further progress in RAN1 on the SL PRS processing capabilities before discussing the detailed SL PRS measurement period formula.
Proposal 4: RAN4 will not consider TEG reporting in the requirements for SL PRS based measurements.
Proposal 5: Define a SL PRS measurement sample as a group of SL PRS resource instances comprised of
· One SL PRS resource instance triggered by an SCI in the same slot, and
· up to SL PRS resource instances reserved in future slots by the same SCI.
Proposal 6: Prioritize defining requirements for SL PRS measurements assuming one sample (N_sample = 1).
Proposal 7: Define measurement accuracy requirements based on single SL PRS instance.
Proposal 8: When a change in synchronization reference source occurs during the SL PRS measurement period, the UE is allowed to restart the measurements.
Proposal 9: No need to define requirements for sidelink positioning measurements when there is a change in network coverage. 
Proposal 10:
· The report mapping for SL UE Rx-Tx is the same as for UE Rx-Tx.
· The report mapping for SL RSTD is the same as for RSTD.
· The report mapping for SL RTOA is the same as for UL-RTOA.
Proposal 11: RAN4 to deprioritize defining requirements for initiation/cease of SL PRS transmissions.
Proposal 12: Update the number of RBs for SL PRS with SCS = 15 kHz in the simulation assumptions as shown below.
Observation 2: A side-condition of Es/Iot = -6 dB may be too aggressive for defining SL PRS measurement accuracy requirements.
Proposal 13: Add Es/Iot = (0, -3, -3) dB to the SL PRS simulation assumptions.
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