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Introduction
At RAN1#110 meeting, a lot of agreements were achieved related to potential solutions for SL positioning [1].
	Agreement
With regards to the Positioning methods supported using at least SL measurements, potential candidate positioning methods include at least the following:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· Note: other methods can still be studied
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified.  

Agreement
[bookmark: _Hlk112226498]A new reference signal should be introduced for supporting SL positioning/ranging.

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
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

Agreement
For the content of the sidelink positioning measurement report, potential elements may include at least the following:
· One or more sidelink positioning measurement(s)
· Timestamp(s) associated with a sidelink positioning measurement 
· Quality metric(s) associated with a sidelink positioning measurement 
· Identification Information for a sidelink positioning measurement
· FFS any detail for the above

Agreement
For the sequence of the new reference signal for SL positioning/ranging, down select between Alt 1 and Alt 2:
· Alt. 1: pseudorandom-based. Use existing sequence of DL-PRS as a starting point.
· Alt. 2: ZC-based (SRS sequence as a starting point)

Agreement
With regards to the frequency domain pattern, a Comb-N SL-PRS occupying M symbol(s) design should be introduced for the support of NR SL positioning
· Note: there could be multiple values for M, N
[bookmark: _Hlk112216116]
Agreement
Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:
· Resource selection mechanism for SL-PRS
· Inter-UE coordination
· Aspects for congestion control mechanisms for SL-PRS

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.

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




This contribution discusses potential solutions for sidelink positioning. Section 2 discusses sidelink positioning methods. Section 3 discusses sidelink positioning reference signal. Section 4 discusses sidelink positioning measurements and reporting. Section 5 discusses sidelink positioning physical-layer procedures. Section 6 discusses sidelink positioning terminology. Section 7 summarizes the proposals with conclusions.

Sidelink positioning methods
The following agreement was achieved in RAN1#110 related to sidelink positioning methods [1]:
	Agreement
With regards to the Positioning methods supported using at least SL measurements, potential candidate positioning methods include at least the following:
· RTT-type solution(s) using SL
· SL-AoA
· SL-TDOA
· Note: other methods can still be studied
· Note: The above categorization does not necessarily mean that there will be separate SL positioning methods specified.  




The positioning method SL-AoD on FR2 which relies on the beam management, so the enhanced sidelink operation on FR2 licensed spectrum should be studied first. Therefore, SL-AoD for FR2 should be postponed until the process of SL on FR2 is sufficient. For the SL-AoD on FR1, it is similar to SL-AoA, both of them belong to the positioning methods based on angle measurements. For SL-AoA, the receiver of SL-PRS will directly calculate the AoA/ZoA of the SL-PRS. For SL-AoD, the receiver of SL-PRS will calculate the SL-RSRP and the position of UE will be obtained based on the SL-RSRP. Since SL-AoA had been included into the potential candidate positioning methods for Rel-18 SL positioning, we prefer SL-AoD on FR1 should be the potential candidate positioning method for Rel-18 SL positioning.
Proposal 1: SL-AoD positioning method on FR1 should be one of the potential candidate positioning methods for Rel-18 SL positioning.
Regarding SL-ECID, since the cell may not be involved in the sidelink positioning, the Cell ID is not applicable for sidelink positioning, especially for the out-of-coverage scenario, we prefer SL-ECID positioning method is not supported for Rel-18 SL positioning.
Proposal 2: SL-ECID positioning method is not supported for Rel-18 SL positioning.
[bookmark: _Ref101028239]Sidelink positioning reference signal 

Sequence design of SL-PRS
The following agreement was achieved in RAN1#110 related to sequence design of SL-PRS [1]:
	Agreement
For the sequence of the new reference signal for SL positioning/ranging, down select between Alt 1 and Alt 2:
· Alt. 1: pseudorandom-based. Use existing sequence of DL-PRS as a starting point.
· Alt. 2: ZC-based (SRS sequence as a starting point)




The sequence design of SL-PRS should reuse the existing sidelink/positioning reference signals design as much as possible to reduce the workload of standardization and the complexity of UE implementation. The sequence design of SL-PRS can refer to DL-PRS, UL SRS-Pos, SL CSI-RS and SL PT-RS. For these reference signals, except that UL SRS-Pos uses ZC sequence, other reference signals use Gold sequence. The advantage of ZC sequence is low PAPR, which is conducive to the power saving of UE. However, considering the high doppler shift for V2X use cases, as a pseudo-random sequence, Gold sequence is more robust than ZC sequence, the current reference signals defined in sidelink, such as SL CSI-RS and SLPT-RS, all use Gold sequence, therefore, we prefer SL-PRS to also use Gold sequence in order to resist the high doppler shift for V2X use cases.
Proposal 3: The sequence design of SL-PRS should reuse the existing sidelink/positioning reference signals design as much as possible to reduce the workload of standardization and the complexity of UE implementation. 
Proposal 4: Gold sequence should be adopted as the sequence of SL-PRS in order to resist the high doppler shift for V2X use cases. 

Pattern design of SL-PRS
The following agreements were achieved in RAN1#110 related to pattern design of SL-PRS [1]:
	Agreement
With regards to the frequency domain pattern, a Comb-N SL-PRS occupying M symbol(s) design should be introduced for the support of NR SL positioning
· Note: there could be multiple values for M, N
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




In Rel-16, the full staggered pattern is adopted for the design of DL-PRS and SRS-Pos, in order to enhance the hearability of positioning reference signal. For SL-PRS, its transmission distance is shorter than DL-PRS or SRS-Pos, so the partially staggered pattern should be used as SL-PRS frequency domain pattern, i.e., M symbol(s) of SL-PRS with comb-N, with M<N, at each symbol a different RE offset is used. The number of Comb-N is bigger than the number of symbols-M, so that more users can be can accommodated in one slot.
In order to reduce the workload of standardization, the frequency domain pattern of DL-PRS or SRS-Pos defined in Rel-16 should be reused as much as possible, there is no need to consider other frequency domain patterns.
Regarding the numbers of symbols of SL-PRS within a slot, the numbers of symbols of DL-PRS and SRS-Pos within a slot is defined as {2. 4, 6, 12} and {1, 2, 4, 8, 12} in Rel-16, respectively. We prefer to use the numbers of symbols of SRS-Pos within a slot as the baseline, and the number of {12} can be removed from the candidate values as the transmission distance of SL-PRS is shorter than SRS-Pos. Therefore, the candidate values of number of symbols of SL-PRS within a slot should be {1, 2, 4, 8}.
Proposal 5: Partially staggered pattern should be used as SL-PRS frequency domain pattern due to limited transmission distance of SL-PRS. 
· M symbol(s) of SL-PRS with comb-N, with M<N, at each symbol a different RE offset is used.
Proposal 6: Single symbol SL-PRS should be supported in order to improve the flexibility of SL-PRS configuration and transmission.
Proposal 7: The candidate values of number of symbols of SL-PRS within a slot should be {1, 2, 4, 8}. 

Slot structure of SL-PRS
The following agreement was achieved in RAN1#109-e related to slot structure of SL-PRS [2]:
	Agreement
For a potential new SL PRS, study further the following
· Number of symbol(s) for AGC and/or Rx-Tx turnaround time
· Conditions under which AGC training and/or Rx-Tx turnaround time are needed



In NR V2X, an AGC symbol occupies the first or middle symbol of a sidelink slot for the UE to do AGC training to adopt the dynamic range of sidelink signals. In addition, a GP symbol occupies the last or middle symbol of a sidelink slot for the UE to switch between sidelink transmission and sidelink reception. For the SL-PRS, due to the same motivation as SL data transmission/reception, one AGC symbol is needed before the SL-PRS transmission/reception, and one GP symbol is needed after the SL-PRS transmission/reception.
For the out-of-coverage scenario, UE-A should allocate the resources to SL-PRS resource #1 based on the sensing results, which including the resource allocation information of SL-PRS resource #2 from UE-B. In order to indicate the resource allocation information of SL-PRS resource #2, UE-B should use one or multiple symbols of SCI before the SL-PRS resrouce #2 transmission, so as to UE-A can sense the resource allocation information of SL-PRS resource #2 from UE-B via decoding SCI and allocate the resources to its own SL-PRS resource #1. Therefore, SCI which indicates the resource allocation of a SL-PRS resource should occupied at least one symbol before the transmission of the SL-PRS resource.
Regarding the conditions under which AGC training and/or Rx-Tx turnaround time are needed, we prefer to always allocate one AGC symbol before every SL-PRS transmission/reception or SCI+SL-PRS transmission/reception. And one GP symbol should be always allocated after every SL-PRS transmission/reception or SCI+SL-PRS transmission/reception.
As shown in the following Figure 1, the slot is used for SL-PRS transmission. SCI occupies four symbols and indicate the resource allocation information of SL-PRS resource #1. SL-PRS resource #1 occupies eight symbols with one AGC symbol before the SCI+SL-PRS resource and one GP symbol after the SL-PRS resource, respectively.
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[bookmark: _Ref110870886]Figure 1: SL-PRS slot structure

Proposal 8: For the SL-PRS, one AGC symbol is needed before the SL-PRS transmission/reception, and one GP symbol is needed after the SL-PRS transmission/reception.
Proposal 9: SCI which indicates the resource allocation of a SL-PRS resource should occupy at least one symbol before the transmission of the SL-PRS resource.
Proposal 10: One AGC symbol should be always allocated before every SL-PRS transmission/reception or SCI+SL-PRS transmission/reception. And one GP symbol should be always allocated after every SL-PRS transmission/reception or SCI+SL-PRS transmission/reception.
[bookmark: OLE_LINK8]In addition, the scheme that multiple UEs multiplexing the SL-PRS resources in one slot should be as a candidate as shown in following Figure 2. When SL-PRS resources are TDMed with SL communication resource, the time-domain resource for SL-PRS is very limited. This kind of multiplexing structure can improve the time-domain resource utilization and reduce the latency. For the frequency-domain resource granularity, the subchannel of SL communication can be as starting point.
In the SCI part, as the frequency-domain resource is sufficient, the structure of PSCCH transmission along with PSSCH transmission is a better choice than that of PSCCH transmission only. The SCI carried by PSCCH can be used for scheduling the associated PSSCH/SL-PRS transmission and decoding of the associated PSSCH. The PSSCH can carry some information for positioning such as SL measurement reports, assistant information. In order to reduce the complexity of blind detection, the number of PRBs for PSCCH or PSCCH/PSSCH should not be larger than the subchannel size and should be fixed in the dedicated resource pool, starting from the lowest PRB of each subchannel.
In the SL-PRS resources part, each SL-PRS resource is used for one UE to send SL-PRS, the whole structure can be more flexible than Figure 2, here is just an example. The structure of SL-PRS resource is more like a PSFCH, because the sequence-based characters, the first symbol is a duplication of the second symbol which also can be used for AGC handling.



[bookmark: _Ref110870913]
[bookmark: _Ref115102393]Figure 2: Multiple SL-PRS resources in single slot

Proposal 11: The slot structrue of multiple SL-PRS resources for several UEs in one slot should be considered.
Regarding PSCCH/SL-PRS time division multiplexing, if the RB configuration (location and/or size) is different between the PSCCH and SL-PRS, the power spectral density for PSCCH is higher than that for SL-PRS, which could result in a different MPR and AMPR for PSCCH and SL-PRS [4], so a transient period should be needed. Besides, one symbol should be used for Tx-Rx switching time right after PSCCH transmission, because the PSCCH and SL-PRS may be transmitted by different UEs as shown in Figure 2 (PSCCH2&SL-PRS Resource 1). Therefore, a gap symbol should be introduced for both the transient period and Tx-Rx switching time.
Proposal 12: If the RB configurations of PSCCH and SL-PRS are different when PSCCH and SL-PRS are TDMed, one symbol should be used for gap right after PSCCH transmission.

Resource allocation of SL-PRS
The following agreement was achieved in RAN1#110 related to resource pool configured for SL-PRS [1]:
	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



If the SL-PRS is multiplexed with PSCCH/PSSCH of Rel-16, the sidelink physical layer structure needs to be redesigned. The issues as TBS determination, SL-PRS mapping rules, multiplexing method and compatibility should be discussed. Besides, the transmission band of SL-PRS will be limited with PSCCH/PSSCH, which will affect the positioning accuracy.
Proposal 13: For resource pool configured for SL-PRS, only dedicated resource pool(s) (Alt.1 in RAN1#110) should be supported, due to the issues of limitation, complexity and compatibility of the shared resource pool(s) (Alt.2 in RAN1#110).

The following agreements were achieved in RAN1#110 related to Scheme 1 and Scheme 2 SL-PRS resource allocation of SL-PRS [1]:
	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
Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:
· Resource selection mechanism for SL-PRS
· Inter-UE coordination
· Aspects for congestion control mechanisms for SL-PRS


Resource selection mechanism for SL-PRS in the dedicated resource pool should reuse the existing resource selection mechanism for PSSCH in Rel-16/17 NR V2X as much as possible to reduce the workload of standardization and the complexity of UE implementation.
Regarding Scheme 2 SL-PRS resource allocation, since there is no unified scheduling by the gNB, the UE can only select the resources autonomously. Existing resource sensing/exclusion/re-evaluation/pre-emption schemes for PSSCH in Rel-16/17 NR V2X should be the starting point for resource selection mechanism for SL-PRS. We prefer to adopt the way of resource sensing and resource exclusion for the UE to select the time-frequency resources used by SL-PRS, which is similar to the legacy Mode 2 resource allocation mechanism in Rel-16/17 NR V2X. First, UE-1 indicate the time-frequency resources used by its SL-PRS via the SCI, and other UEs obtain the time-frequency resources used by the SL-PRS of UE-1 by decoding the SCI. Therefore, the time-frequency resources used by the SL-PRS of UE-1 can be avoided by means of resource exclusion of other UEs. Re-evaluation and pre-emption schemes for PSSCH in Rel-16/17 NR V2X should be also considered as resource selection mechanism for SL-PRS.
Proposal 14: Resource selection mechanism for SL-PRS in the dedicated resource pool should reuse the existing resource selection mechanism for PSSCH in Rel-16/17 NR V2X as much as possible to reduce the workload of standardization and the complexity of UE implementation.
When the slot structrue of multiple SL-PRS resources for several UEs in one slot is supported, the Mode 2 resource allocation for this kind of slot structure is shown in Figure 3. UE1 reserve the PSCCH and associated SL-PRS resource in slot 1 and slot 2 for PSCCH and SL-PRS transmission. If UE2 wants to transmit the PSCCH and SL-PRS in slot 2 based on the sensing results, it should select different resources separately for PSCCH and SL-PRS in the PSCCH resource set and SL-PRS resource set of slot 2. Existing resource sensing/exclusion/re-evaluation/pre-emption schemes for PSSCH in Rel-16/17 NR V2X should be the starting point.


[bookmark: _Ref115101922]Figure 3: Mode 2 resource allocation for PSCCH and associated SL-PRS.

Proposal 15: Existing resource sensing/exclusion/re-evaluation/pre-emption schemes for PSSCH in Rel-16/17 NR V2X should be the starting point for resource selection mechanism for PSCCH and SL-PRS.

In addition, random resource selection is also a possible solution for SL-PRS resource allocation for out-of-coverage scenario. This scheme can reduce the positioning latency and can be applied to sidelink positioning scenarios with latency sensitivity. Therefore, existing random resource selection schemes for PSSCH in Rel-16/17 NR V2X should also be considered for resource selection mechanism for SL-PRS.
Proposal 16: Existing random resource selection schemes for PSSCH in Rel-16/17 NR V2X should also be considered for resource selection mechanism for SL-PRS.

In order to solve the issue of potential resource confliction of PSSCH caused by hidden node issue or half-duplex issue, the inter-UE coordination mechanism for PSSCH was introduced in Rel-17 NR sidelink enhancements. Inter-UE coordination mechanism is an effective solution to alleviate/mitigate the impact of resource confliction of PSSCH among UEs. In order to solve the issue of SL-PRS resource confliction, we prefer to also introduce the inter-UE coordination mechanism for SL-PRS in the dedicated resource pool. Inter-UE coordination for SL-PRS in the dedicated resource pool should reuse the existing inter-UE coordination mechanism for PSSCH in Rel-17 NR sidelink enhancements as much as possible to reduce the workload of standardization and the complexity of UE implementation.
Proposal 17: In order to solve the issue of SL-PRS resource confliction, the inter-UE coordination mechanism for SL-PRS should be introduced in the dedicated resource pool.
Proposal 18: Inter-UE coordination for SL-PRS in the dedicated resource pool should reuse the existing inter-UE coordination mechanism for PSSCH in Rel-17 NR sidelink enhancements as much as possible to reduce the workload of standardization and the complexity of UE implementation.
Regarding the inter-UE coordination (IUC) mechanism for PSSCH in Rel-17 NR sidelink enhancements, it includes two kinds of schemes, i.e., IUC Scheme 1 and Scheme 2 as follows,
· IUC Scheme 1: The coordination information sent from UE-A to UE-B is the set of resources preferred and non-preferred for UE-B’s PSSCH transmission. For IUC Scheme 1, SL MAC CE or SCI format 2C are used as the container of inter-UE coordination information transmission from UE-A to UE-B.
· IUC Scheme 2: The coordination information sent from UE-A to UE-B is the presence of expected/potential on the resources indicated by UE-B’s SCI. For IUC Scheme 2, PSFCH format 0 is used to convey the presence of expected/potential resource conflict on reserved resource(s) indicated by UE-B’s SCI.
In order to reuse the existing mechanism, we prefer that the existing inter-UE coordination Scheme 1 and Scheme 2 for PSSCH in Rel-17 NR sidelink enhancements should be the starting point for inter-UE coordination for SL-PRS.
Proposal 19: Existing inter-UE coordination Scheme 1 and Scheme 2 for PSSCH in Rel-17 NR sidelink enhancements should be the starting point for inter-UE coordination for SL-PRS.

In Rel-16 V2X, congestion control mechansims for PSSCH had been introduced for QoS management of NR V2X. The purpose of congestion control is to improve the utilization rate of resource pool. When the sidelink was congested, adjusting the transmission parameters of PSSCH and the proportion of resource occupation for the traffic with different priority, so as to mitigate the impact of congestion on the sidelink transmission. On the one hand, it can guarantee reliable sidelink transmission for the UEs with higher priority; on the other hand, by adjusting UE transmission parameters and resource occupancy ratio, the interference in the sidelink can be reduced, and the congestion can be maintained within a reasonable level.
Sidelink Channel Busy Ratio (SL CBR) and Sidelink Channel Occupancy Ratio (SL CR) are the main metrics for the congestion control mechansims for PSSCH in Rel-16 V2X and Rel-17 sideink enhancements. CBR measures the proportion of channel occupancy in a resource pool within a historical time window as a characterization parameter of the current resource pool congestion. CR refers to the proportion of resources occupied by UE transmitting or expected transmitting in a time window including the past and future. 
In our point of view, congestion control mechanism for SL-PRS should be studied in order to maintain the congestion of SL-PRS within a reasonable level. However, since the definitions of CBR and CR are closely related to resource occupation, we prefer congestion control mechanism for SL-PRS should be studied after the resource allocation mechanism of SL-PRS was determined.
Proposal 20: Congestion control mechanism for SL-PRS should be studied after the resource allocation mechanism of SL-PRS was determined.

Considering the sidelink resource allocation mode 2 in Rel-16, the resource selection for SL-PRS transmission will follow the same approach as much as possible. The sidelink control information(SCI) for scheduling the SL-PRS transmission should be introduced for the resource allocation of SL-PRS. Considering the compatibility with R16/17 sidelink UE and simplicity of the design, placing the SCI in dedicated resource pool together with SL-PRS would be a better option.
Proposal 21: The SCI used for the scheduling of SL-PRS, should be transmitted in the dedicated resource pool for sidelink positioning.
Regarding the SCI content, the information transmitted by legacy 1st-stage SCI and 2nd-stage SCI defined in Rel-16 V2X can be as a starting point for the study. At least the following information shoud be considered:
· Priority
· Frequency resource assignment
· Time resource assignment
· Resource Reservation period
· SL-PRS pattern
· Source ID
· Destination ID
· SL-PRS request/indication
Proposal 22: For the SCI content, the information transmitted by legacy 1st-stage SCI and 2nd-stage SCI defined in Rel-16 V2X should be as a starting point for Rel-18 .

Resource types of SL-PRS
For SL-PRS resource types, there are three candidate options for NR sidelink positioning:
· Periodic SL-PRS
· Semi-Persistent SL-PRS
· [bookmark: OLE_LINK3]Aperiodic SL-PRS
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Obviously, at least semi-Persistent SL-PRS and aperiodic SL-PRS should be supported, these two kinds of resource type are just like the periodic and aperiodic transmission in Rel-16. Besides, they are more suitable for relative positioning and ranging between sidelink UEs (like OBU). Because the procedure for relative positioning and ranging is more likely triggered based on demand, there is no need to transmit the periodic SL-PRS persistently in this scenario.
About periodic SL-PRS, there are more details should be discussed first. For sidelink positioning, the sidelink UEs maybe move fast, and different location update period may be required for different positioning scenarios. How to choose an appropriate SL-PRS transmission period will be an issue. If a short period is configured to meet the different location update requirement, it will occupy too many limited physical resources. However, periodic SL-PRS can be used for absolute positioning. The anchor node UE (like RSU) should be better to transmit the periodic SL-PRS persistently to assist other UE in positioning.
Proposal 23: Periodic, semi-persistent and aperiodic SL-PRS should be supported in Rel-18.
For semi-persistent SL-PRS and aperiodic SL-PRS transmission procedure, the signaling procedure to trigger SL-PRS transmission should be introduced in sidelink positioning. When a UE receives the related signaling, the UE should select the resources for the SL-PRS transmission based on SL-PRS resource allocation.
For periodic SL-PRS transmission procedure, the UE can be (pre-)configured with one or more set of SL-PRS configurations. The UE may transmit the SL-PRS periodically on the (pre-)configured resources. If the SL-PRS configurations cannot be achieved, the UE may select the resources for the SL-PRS transmission based on SL-PRS resource allocation mechanism.
Proposal 24: The semi-persistent SL-PRS and aperiodic SL-PRS transmission procedure should be triggered explicitly by the related signaling procedure.

[bookmark: OLE_LINK10][bookmark: OLE_LINK9]Sidelink positioning measurements and reporting

New sidelink positioning measurements
In Rel-16/17 positioning, time measurement, angle measurement and power measurement are all supported for different positioning methods via Uu interface. Sidelink measurement aims to define the positioning measurement for PC5 interface. For sidelink, both absolute positioning and relative positioning could be supported. 
For absolute positioning via PC5 interface, RSU and UE would be envolved. Similar to gNB, the locations of RSUs are assumed to be known. From the positioning accuracy perspective, the requirement of synchronization among UE/RSU and its impact on positioning accuracy should be evaluated first. If synchronization among RSUs could be guaranteed, all the positioning methods supported in Rel-16/17 (e.g. DL-TDOA, DL-AoD, UL-TDOA, UL-AoA and multi-RTT) could be used for sidelink. Correspondingly, SL RSTD, SL RSRP, SL RTOA, SL AOA and SL Rx-Tx time difference should be supported for SL positioning. Otherwise, it is only necessary to support those positioning methods without synchronization requirement (i.e. DL-AoD, UL-AoA and multi-RTT). In this way, only SL RSRP/RSRPP, SL AOA and SL Rx-Tx time difference needs to be considered in Rel-18.
For relative positioning via PC5 interface, positioning between two UEs is assumed, where both distance and angle value are required for location calculation. Referring to multi-RTT, by transmitting and receving SL-PRS, distance between two UEs could be obtained using Rx-Tx time difference. The angle value could be estimated by measuring AOA of SL-PRS. In addition, SL RSRP/RSRPP is also beneficial for ranging. Therefore, SL Rx-Tx time difference, SL AOA and SL RSRP/RSRPP should be supported for SL relative positioning. 
As a summary, to support both absolute and relative positioning, at least SL Rx-Tx time difference, SL AOA and SL RSRP/RSRPP should be supported for sidelink. 
Proposal 25: Support at least the following measurements for sidelink positioning:
· SL Rx-Tx time difference
· SL AOA
· SL RSRP/RSRPP

Configuration/activation/deactivation/triggering of SL-PRS
The following agreement was achieved in RAN1#110 related to configuration of sidelink positioning measurements [1]:
	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.




For the design of SL positioning procedures, there are differences between SL positioning and Uu positioning, such as the diverse V2X application requirements, low-latency and high-reliability communications requirements in high-speed vehicular scenarios. With the consideration of UE’s mobility, especially for V2X scenarios, positioning latency is crucial. Therefore, the physical layer control information for triggering the SL-PRS resource allocation, transmission and measurement should be studied at least. An example of SL positioning procedure is shown in Figure 4.


[bookmark: _Ref115185296]Figure 4: The procedure of SL positioning operation

A UE can send a SL-PRS request information to requst other UEs to transmit the SL-PRS for SL positioning. Besides, a UE can send a positioning request information along with the SL-PRS transmission or separate from SL-PRS transmission, which is kindly like the situation of CSI-requst and CSI-RS.
Proposal 26: Considering the UE’s mobility and sensitive to the latency, at least the physical layer control information for triggering the SL-PRS resource allocation, transmission and SL measurement should be supported.

To support both absolute positioning and relative positioning, SL-PRS with different time domain behavior should be supported. For periodic SL-PRS, high-layer-only signaling is enough for the configuration. For example, in the case of in coverage, the positioning procedure in Rel-16/17 could be reused, where SL-PRS resource allocation is configured by LMF through LPP. For semi-persistent SL-PRS or aperiodic SL-PRS, activating or triggering is needed for SL-PRS transmission. Considering latency and signaling overhead, the combination of high-layer and lower-layer signaling is more suitable. Taking the relative positioning as an example (shown in Figure 5), UE-1 triggers aperiodic SL-PRS transmission to UE-2. The SL-PRS configuration of UE-1 and the required measurements are configured to UE-2 in the assisted data using LPP or SLPP (Sidelink Positioning Protocol, the definition is up to RAN2). Then SL-MAC-CE or SCI of UE-1 would activate/trigger aperiodic SL-PRS transmission. After measuring SL-PRS, UE-2 reports SL Rx-Tx time difference and SL AOA to UE-1 through SLPP for location calculation. In this way, to support periodic/semi-persistent/aperiodic SL-PRS, the combination of high-layer and lower-layer signaling should be supported for the SL-PRS configuration.
[image: ]
[bookmark: _Ref110870967]Figure 5: Relative positioning for sidelink

Proposal 27: With regards to the configuration/activation/deactivation/triggering of SL-PRS, the combination of high-layer and lower-layer signaling (Option 2) should be supported for the SL-PRS configuration.

Sidelink positioning measurement report
The following agreement was achieved in RAN1#110 related to sidelink positioning measurement report [1]:
	Agreement
For the content of the sidelink positioning measurement report, potential elements may include at least the following:
· One or more sidelink positioning measurement(s)
· Timestamp(s) associated with a sidelink positioning measurement 
· Quality metric(s) associated with a sidelink positioning measurement 
· Identification Information for a sidelink positioning measurement
· FFS any detail for the above




According to the agreement of the last meeting, at least RTT-type solution(s), SL-AoA and SL-TDOA would be the potential candididate sidelink positioning methods. Therefore, at least SL Rx-Tx time difference, SL AOA, SL RSRP/RSRPP and SL RSTD should be supported as measurement results. In Rel-16 positioning, the reporting granularity for timing measurements is configurable to support different positioning scenarios (e.g. indoor or outdoor). Similary, to support urban grid, highway, IIoT and other scenarios, the dynamic range of timing measurements may have large difference for different application scenarios, Therefore, the reporting granularity for SL Rx-Tx time difference and SL RSTD should be configurable. For SL AOA, fixed reporting granularity as that of Rel-16 could be adopted. Further, in Rel-16, the quality metrics include two fields, i.e. {Value, Resolution}. The field ‘Value’ specifies the best estimate of the uncertainty of the measurement. And the field ‘Resolution’ specifies the resolution levels used in the Value field. In our opinion, such definition of quality metrics could be reused for sidelink positioning.
Proposal 28: For SL positioning, the reporting granularity for SL Rx-Tx time difference and SL RSTD should be configurable. And fixed reporting granularity is applied to SL AOA.
According to the above discussion, periodic SL-PRS, semi-persistent SL-PRS and aperiodic SL-PRS are all preferred to be supported in Rel-18. Consequently, periodic, semi-persistent and aperiodic measurement report should be supported. For flexibility, even if periodic SL-PRS is configured, semi-persistent or aperiodic report could be activated or triggered. Considering the overhead of the measurement report, high-layer report should be adopted. Namely, SL-PRS measurement results are reported through SLPP for location calculation.
Proposal 29: Periodic, semi-persistent and aperiodic measurement report should be supported in SL positioning. And the sidelink positioning measurement should be a high-layer report.

Sidelink positioning physical-layer procedures

SL-PRS power control
The following agreement was achieved in RAN1#109-e related to SL-PRS power control [2]:
	Agreement
· Study power control mechanisms for SL-PRS transmission, including whether it is necessary.



In order to mitigate the interference among SL-PRS transmitted by different UEs and more effectively utilize the transmission power of UE, SL-PRS power control needs to be introduced in Rel-18. The power control mechanism of PSSCH in NR V2X in Rel-16 can be reused for SL-PRS, i.e., the minimum pathloss between downlink pathloss and sidelink pathloss can be adopted as the compensated pathloss for the SL-PRS power control.
Proposal 30: SL-PRS power control should be introduced in Rel-18.
· The minimum pathloss between DL pathloss and SL pathloss can be adopted as the compensated pathloss for the SL-PRS power control.

SL-PRS beam management
The following feature lead proposal was discussed but failed to be agreed in RAN1#109-e related to SL-PRS beam management [2]:
	[EMAIL ENDORSEMENT]Feature Lead Proposal 6.2-v2
Deprioritize SL-PRS beam management study, until at least, SL communication for FR2 in Agenda Item 9.4 has progressed
· Note: this does not preclude FR2 operation for SL positioning




[bookmark: _Hlk89917271]For SL-PRS in FR2 band, SL-PRS beam management need to be considered. However, considering the sidelink beam management mechanism has not been introduced in NR V2X, and RAN1 will focus only on updating the evaluation methodology for commercial deployment scenario in 4Q 2022 for enhanced sidelink operation on FR2 licensed spectrum in Rel-18 sidelink evolution work item [3], we prefer the beam management of SL-PRS will not be specified in Rel-18 and this feature can be studied in future release, e.g, Rel-19. The potential solutions investigation and performance evaluation should focus on ITS band and FR1 band in Rel-18.
Proposal 31: There is no need to specify SL-PRS beam management in Rel-18.

SL-PRS cast type
The broadcast SL-PRS can be used for the most of sidelink positioning scenarios. However, only supporting broadcast SL-PRS may be not enough for all the SL positioning scenarios.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Since the SL-PRS transmission and measurements reports are associated with some UE information, at least the groupcast SL-PRS can be used for relative positioning between different members within a group. Regarding to the unicast, the applicable scenario should be identified first before being introduced.
Proposal 32: Groupcast and broadcast SL-PRS should be considered for SL positioning.
· FFS: Unicast SL-PRS
Sidelink positioning terminology
The following agreements were achieved in RAN1#109-e related to terminology alignment for sidelink positioning [2]:
	Agreement
For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· Target UE: UE to be positioned (in this context, using SL, i.e. PC5 interface).
· Sidelink positioning: Positioning UE using reference signals transmitted over SL, i.e., PC5 interface, to obtain absolute position, relative position, or ranging information.
· Ranging: determination of the distance and/or the direction between a UE and another entity, e.g., anchor UE.
· Sidelink positioning reference signal (SL PRS): reference signal transmitted over SL for positioning purposes.
· SL PRS (pre-)configuration: (pre-)configured parameters of SL PRS such as time-frequency resources (other parameters are not precluded) including its bandwidth and periodicity. 
· Continue discussion on additional terminology clarification(s) such as: Initiator UE, Responder UE, Sidelink Positioning group, reference UE, etc, including whether such terminology is needed within RAN1 discussion. 

Agreement
For the purpose of RAN1 discussion during this study item, at least the following terminology is used:
· Anchor UE: UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface. 
· FFS: clarification of the knowledge of the location of the anchor UE



It had been agreed that several terminologies, such as target UE, anchor UE, sidelink positioning, ranging, sidelink positioning reference signal and SL PRS (pre-)configuration, will be used for the the purpose of RAN1 discussion during the Rel-18 positioning study item. For the anchor UE, according to the above agreement, it refers to the UE supporting positioning of target UE, e.g., by transmitting and/or receiving reference signals for positioning, providing positioning-related information, etc., over the SL interface. Regarding the issue of the knowledge of the location of the anchor UE, we prefer the location coordinates of anchor UE should be known at least for SL absolute positioning.
In fact, anchor UE is equivalent to RSU in the discussion of AI 9.5.1.2(SL positioning evaluation). According to the following agreement in RAN1#109-e (AI 9.5.1.2) [2], at least for absolute positioning, the location coordinates of anchor UE should be known.
	Agreement
For SL positioning evaluation,
           The existing pattern and sequence of DL-PRS or positioning SRS can be reused as baseline for evaluation purpose.
o    Companies should provide the description if other pattern and sequence are evaluated, 
o    AGC settling time is considered by companies
           Explicit simulation of all links, individual parameters estimation is applied. Companies should provide description of applied algorithms for estimation of signal location parameters. 
           As baseline for absolute positioning, sidelink anchors location coordinates are perfectly known. 
o    Uncertainty in the sidelink anchors location coordinates can be considered by companies
           As baseline, Perfect synchronization between network and anchor UEs in the evaluation is assumed.
o    Network synchronization error and timing errors defined in TR 38.857 Table 6-1 can also be optionally used by companies for Synchronization between BS and BS, between BS and anchor UEs, and between anchor UEs.



Therefore, in our point of view, at least for SL absolute positioning, the location coordinates of anchor UE should be known for the location calculation unit, e.g. LMF or target UE. As shown in the following Figure 6, four anchor UEs (anchor UE1/2/3/4) send the SL-PRS to the target UE for target UE-based positioning, the target UE will calculate the sidelink positioning measurements based on the received SL-PRS, then the absolute position of targe UE can be obtained based on the sidelink positioning measurements and the location coordinates of anchor UEs (anchor UE1/2/3/4).



[bookmark: _Ref110870990]Figure 6: SL absolute positioning

Our intention for this proposal is trying to let anchor UE to assist target UE to finish the abosulte positioning. If the location coordinates of anchor UE are not known, it is impossible for the location calculation unit to calculate and obtain the absolute position of target UE. 
Proposal 33: The location coordinates of anchor UE should be known at least for SL absolute positioning.

[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss potential solutions for SL positioning, and give the following proposals:
Proposal 1: SL-AoD positioning method on FR1 should be one of the potential candidate positioning methods for Rel-18 SL positioning.
Proposal 2: SL-ECID positioning method is not supported for Rel-18 SL positioning.
Proposal 3: The sequence design of SL-PRS should reuse the existing sidelink/positioning reference signals design as much as possible to reduce the workload of standardization and the complexity of UE implementation. 
Proposal 4: Gold sequence should be adopted as the sequence of SL-PRS in order to resist the high doppler shift for V2X use cases. 
Proposal 5: Partially staggered pattern should be used as SL-PRS frequency domain pattern due to limited transmission distance of SL-PRS. 
· M symbol(s) of SL-PRS with comb-N, with M<N, at each symbol a different RE offset is used.
Proposal 6: Single symbol SL-PRS should be supported in order to improve the flexibility of SL-PRS configuration and transmission.
Proposal 7: The candidate values of number of symbols of SL-PRS within a slot should be {1, 2, 4, 8}. 
Proposal 8: For the SL-PRS, one AGC symbol is needed before the SL-PRS transmission/reception, and one GP symbol is needed after the SL-PRS transmission/reception.
Proposal 9: SCI which indicates the resource allocation of a SL-PRS resource should occupy at least one symbol before the transmission of the SL-PRS resource.
Proposal 10: One AGC symbol should be always allocated before every SL-PRS transmission/reception or SCI+SL-PRS transmission/reception. And one GP symbol should be always allocated after every SL-PRS transmission/reception or SCI+SL-PRS transmission/reception.
Proposal 11: The slot structrue of multiple SL-PRS resources for several UEs in one slot should be considered.
Proposal 12: If the RB configurations of PSCCH and SL-PRS are different when PSCCH and SL-PRS are TDMed, one symbol should be used for gap right after PSCCH transmission.
Proposal 13: For resource pool configured for SL-PRS, only dedicated resource pool(s) (Alt.1 in RAN1#110) should be supported, due to the issues of limitation, complexity and compatibility of the shared resource pool(s) (Alt.2 in RAN1#110).
Proposal 14: Resource selection mechanism for SL-PRS in the dedicated resource pool should reuse the existing resource selection mechanism for PSSCH in Rel-16/17 NR V2X as much as possible to reduce the workload of standardization and the complexity of UE implementation.
Proposal 15: Existing resource sensing/exclusion/re-evaluation/pre-emption schemes for PSSCH in Rel-16/17 NR V2X should be the starting point for resource selection mechanism for PSCCH and SL-PRS.
Proposal 16: Existing random resource selection schemes for PSSCH in Rel-16/17 NR V2X should also be considered for resource selection mechanism for SL-PRS.
Proposal 17: In order to solve the issue of SL-PRS resource confliction, the inter-UE coordination mechanism for SL-PRS should be introduced in the dedicated resource pool.
Proposal 18: Inter-UE coordination for SL-PRS in the dedicated resource pool should reuse the existing inter-UE coordination mechanism for PSSCH in Rel-17 NR sidelink enhancements as much as possible to reduce the workload of standardization and the complexity of UE implementation.
Proposal 19: Existing inter-UE coordination Scheme 1 and Scheme 2 for PSSCH in Rel-17 NR sidelink enhancements should be the starting point for inter-UE coordination for SL-PRS.
Proposal 20: Congestion control mechanism for SL-PRS should be studied after the resource allocation mechanism of SL-PRS was determined.
Proposal 21: The SCI used for the scheduling of SL-PRS, should be transmitted in the dedicated resource pool for sidelink positioning.
Proposal 22: For the SCI content, the information transmitted by legacy 1st-stage SCI and 2nd-stage SCI defined in Rel-16 V2X should be as a starting point for Rel-18 .
Proposal 23: Periodic, semi-persistent and aperiodic SL-PRS should be supported in Rel-18.
Proposal 24: The semi-persistent SL-PRS and aperiodic SL-PRS transmission procedure should be triggered explicitly by the related signaling procedure.
Proposal 25: Support at least the following measurements for sidelink positioning:
· SL Rx-Tx time difference
· SL AOA
· SL RSRP/RSRPP
Proposal 26: Considering the UE’s mobility and sensitive to the latency, at least the physical layer control information for triggering the SL-PRS resource allocation, transmission and SL measurement should be supported.
Proposal 27: With regards to the configuration/activation/deactivation/triggering of SL-PRS, the combination of high-layer and lower-layer signaling (Option 2) should be supported for the SL-PRS configuration.
Proposal 28: For SL positioning, the reporting granularity for SL Rx-Tx time difference and SL RSTD should be configurable. And fixed reporting granularity is applied to SL AOA.
Proposal 29: Periodic, semi-persistent and aperiodic measurement report should be supported in SL positioning. And the sidelink positioning measurement should be a high-layer report.
Proposal 30: SL-PRS power control should be introduced in Rel-18.
· The minimum pathloss between DL pathloss and SL pathloss can be adopted as the compensated pathloss for the SL-PRS power control.
Proposal 31: There is no need to specify SL-PRS beam management in Rel-18.
Proposal 32: Groupcast and broadcast SL-PRS should be considered for SL positioning.
· FFS: Unicast SL-PRS
Proposal 33: The location coordinates of anchor UE should be known at least for SL absolute positioning.
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