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Introduction
At RAN#98 meeting, a new work item “expanded and improved NR positioning” was approved in RP-223549 [1]. 
The following table lists the part of objectives related to SL positioning reference signal.
	· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].



At RAN1#111 meeting, the conclusion for Rel-18 positioning study item was achieved related to potential solutions for SL positioning [2].
	Agreement
Update the agreed TP into the conclusion section of the TR 38.859 as follows:
For the solutions for sidelink positioning,
· The following 2 operation scenarios are recommended for normative work
· Operation Scenario 1: PC5-only-based positioning.
· Operation Scenario 2: Combination of Uu- and PC5-based positioning.
· RTT-type solution(s) using SL, SL-AoA and SL-TDOA are recommended for normative work.
· both single-sided and double-sided RTT methods, striving to minimize the changes needed on top of the specification support for single-sided RTT, if any, for the introduction of double-sided RTT
· For SL-TDOA, DL-TDOA-like operation and UL-TDOA-like operation is recommended for normative work.
· For the support of the above methods the following measurements are recommended for normative work:
· SL-PRS based Rx-Tx measurement
· SL-PRS based RSTD measurement
· SL-PRS based RSRP measurement
· SL-PRS based RSRPP measurement
· SL-PRS based RTOA measurement
· SL-PRS based Azimuth of arrival (AoA) and SL zenith of arrival (ZoA) measurement
· A new sidelink reference signal (SL-PRS) is recommended for normative work. 
· Such a reference signal should use a Comb frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS should be used as a starting point.
· SCI can be used for reserving/indicating one or more SL-PRS resources
· With regards to the power control for SL-PRS at least Open Loop PC is recommended for normative work.
· Both a resource allocation Scheme 1 and Scheme 2 is recommended for normative work, where Scheme 1 corresponds to a network-centric operation SL-PRS resource allocation and Scheme 2 corresponds to UE autonomous SL-PRS resource allocation.
· For resource allocation mechanism for SL-PRS in Scheme 2, a sensing based resource allocation, or a random resource selection, or both, should be introduced, where the legacy designs for UE autonomous resource allocation are used as a starting point.
· With regards to the SL-PRS transmission, both dedicated resource pool and shared resource pool with Rel-16/Rel-17/Rel-18 SL communication are recommended for normative work.
· For SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Unicast, Groupcast (not including many to one) and Broadcast of SL-PRS transmission are recommended for normative work.



This contribution discusses potential solutions for sidelink positioning. Section 2 discusses resource pool for SL-PRS. Section 3 discusses resource allocation Scheme 1 for SL-PRS. Section 4 discusses resource allocation Scheme 2 for SL-PRS. Section 5 discusses inter-UE coordination for SL-PRS. Section 6 discusses congestion control for SL-PRS. Section 7 discusses cast types of SL-PRS. Section 8 summarizes the proposals with conclusions.

Resource pool for SL-PRS
The following agreements were achieved in RAN1#111 related to resource pool configured for SL-PRS [2]:
	Agreement
With regards to the SL Positioning resource allocation, support
· 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: this does not imply that the design is the same for both types of resources pools
· Note: shared resources pool(s) should be supported with backward compatibility

Agreement
A dedicated SL-PRS resource pool is (pre-)configured in the only SL BWP of a carrier.



In RAN1#111, it had been agreed that either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS. However, if the SL-PRS resource is multiplexed with PSCCH/PSSCH/PSFCH in the shared resource pool, the sidelink physical layer structure needs to be redesigned. The issues as TBS determination, SL-PRS mapping rules, multiplexing method and backward compatibility should be studied. Besides, the transmission band of SL-PRS will be limited with PSCCH/PSSCH, which will affect the positioning accuracy. In our view, dedicated resource pool should be prioritized in Rel-18 to keep the workload within a reasonable level for SL positioning.
Proposal 1: Dedicated resource pool should be prioritized in Rel-18 to keep the workload within a reasonable level for SL positioning.
Regarding the configuration of dedicated resource pool or shared resource pool in the only SL-BWP of a carrier, we prefer that either dedicated resource pool(s) or shared resource pool(s) can be (pre-)configured in the only SL BWP of a carrier in order to reduce the complexity of SL-PRS configuration and improve the resource utilization efficiency. It is not allowed to (pre-)configure both dedicated resource pool and shared resource pool in the only SL-BWP of a carrier.
Proposal 2: Either dedicated resource pool(s) or shared resource pool(s) can be (pre-)configured in the only SL BWP of a carrier. It is not allowed to (pre-)configure both dedicated resource pool and shared resource pool in the only SL-BWP of a carrier.

The following agreement was achieved in RAN1#110bis-e related to the bandwidth of SL-PRS transmission [3]:
	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)


Regarding the bandwidth of SL-PRS, there are two alternatives agreed in RAN1#110bis-e for further down selection. As shown above, Alt.1 is the bandwidth of SL-PRS can be same or smaller than that of the resource pool , and Alt.2 is the bandwidth of SL-PRS shall be the same as that of the resource pool. We can understand that the positioning accuracy will improve for both absolute positioning and relative positioning/ranging with increasing of bandwidth of SL-PRS, but the higher positioning accuracy was purchased by the higher overhead of SL-PRS. In our view, since the accuracy requirements from different sidelink positioning use cases will be varied a lot, we prefer the bandwidth of SL-PRS should be (pre-)configurable and can be same or smaller than that of the resource pool, so the configured SL-PRS with different bandwith will satisfy different accuracy requirements, in order to get a right balance between positioning accuracy and SL-PRS overhead.
Proposal 3: For a dedicated resource pool for sidelink positioning, the bandwidth of SL-PRS should be (pre-)configurable and it can be same or smaller than that of the resource pool in order to get a right balance between positioning accuracy and SL-PRS overhead.
For shared resource pool, SL-PRS should be TDMed with PSSCH, in order to keep the backward compatibility and reduce design complexity. In our view, SL-PRS and PSSCH should occupy different slots, or occupy different symbols in the same slot. The PSCCH associated with SL-PRS will indicate the resource allocation of SL-PRS. As shown in Figure 1(a), SL-PRS resource #1 is TDMed with PSSCH in the slot-level and it occupies all the available 8 symbols in a slot, and no symbol is occupied by PSSCH in the slot. As shown in Figure 1(b), SL-PRS resource #1 is TDMed with PSSCH in the symbol-level and it occupies 4 symbos in a slot, and PSSCH occupies the left 4 symbos in the slot.
Proposal 4: For shared resource pool, SL-PRS should be TDMed with PSSCH in the slot-level or symbol-level.
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(a) SL-PRS is TDMed with PSSCH in the slot-level
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(b) SL-PRS is TDMed with PSSCH in the symbol-level
[bookmark: _Ref127522484][bookmark: _Ref127522480]Figure 1: SL-PRS is TDMed with PSSCH in the slot-level or symbol-level

When SL-PRS and PSSCH occupy different symbols in the same slot for shared resource pool, SL-PRS should be configured with the same bandwidth with PSSCH, in order to keep the backward compatibility and avoid the introduction of the new AGC/GP symbols around the SL-PRS.
Proposal 5: For shared resource pool, SL-PRS should be configured with the same bandwidth with PSSCH, when SL-PRS and PSSCH occupy different symbols in the same slot.

The following agreement was achieved in RAN1#110bis-e related to time-domain resource allocation for SL-PRS [3]:
	Agreement
Study further the granularity of time-domain resource allocation for SL-PRS transmission.


Regarding the granularity of time-domain resource allocation for SL-PRS transmission, if the resource allocation unit is symbol or slot, such unit cannot match the definition of SL-PRS resource and will go against the measurement of SL-PRS. Hence, we prefer to use the SL-PRS resource or SL-PRS resource set as the resource allocation unit in time-domain for SL-PRS transmission. However, we haven’t define SL-PRS resource or SL-PRS resource set in Rel-18, so the definition of SL-PRS resource or SL-PRS resource set should be confirmed firstly. 
Proposal 6: SL-PRS resource or SL-PRS resource set should be the resource allocation unit in time-domain for SL-PRS transmission.
· The definition of SL-PRS resource and SL-PRS resource set should be specified firstly.

Resource allocation Scheme 1 for SL-PRS
Dedicated resource pool
The following agreement was achieved in RAN1#110bis-e related to Scheme 1 SL-PRS resource allocation [3]:
	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


In RAN1#110bis-e, two options had been agreed as the potential candidate signalings to indicate the SL-PRS resource allocation for Scheme 1 in the coverage of network. The signallng Opt.1 is through higher layers from LMF, it is the same as the DL-PRS/SRS-Pos resource allocation mechanism in Rel-16 NR positioning. The signaling Opt.2 is through dynamic grant, or through configured grant type 1/type 2 from gNB, it reuses the existing Mode 1 resource allocation mechanism in Rel-16 V2X. In our view, different options will have different application scenarios. For example, Opt.1 can be used to configure the SL-PRS transmitted by the UEs in both serving and neighbouring cells and Opt.2 can be used to configure SL-PRS transmitted by the UEs in the serving cell. Hence, both Opt.1 and Opt.2 should be supported in Rel-18 to adapt different application scenarios and improve the flexibility of resource allocation for Scheme 1.
Propoasl 7: Regarding Scheme 1 SL-PRS resource allocation, the transmitting and receiving UEs receive a SL-PRS resource allocation signaling from the network, both of the following two options should be supported in Rel-18:
· Opt. 1: through higher layers signaling from the LMF.
· Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB.

We will discuss the signaling details of above Opt. 1 and Opt. 2 as follows:
Opt. 1: through higher layers signaling from the LMF
In Rel-16/Rel-17 positioning, LMF had been introduced for the configuration of positioning reference signals and calculation of UE position. Such mechanism should be reused in Rel-18 sidelink positioning.
For Opt. 1 above, i.e., a transmitting UE receives a SL-PRS resource allocation signaling from the network through higher layers signaling from the LMF, the new protocol SLPP should be involved in the configuration of SL-PRS. In our view, LMF configures DL-PRS or UL-SRS resources through the existing LPP protocol, SLPP(Sidelink Positioning Protocol) should be responsible for SL-PRS resource allocation as SL-PRS belongs to sidelink resources. The advantage of configuring SL-PRS resources with LMF is that if the target UE needs to receive SL-PRS transmitted by the UEs in neighbouring cells, it is more convenient to configure the SL-PRS with LMF than with serving gNB.
Propoasl 8: Regarding Scheme 1 SL-PRS resource allocation, SLPP should be responsible for SL-PRS resource allocation if the SL-PRS resource allocation signaling through higher layers signaling from the LMF.

Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB 
In Rel-16 V2X/Rel-17 sidelink, resource allocation mode 1 had been introduced for gNB scheduling sidelink resource under the in-coverage scenario. It supports two kinds of scheduling grants: dynamic grant or configured grant, and configured grant includes two types: configured grant type 1 and type 2.
For Opt. 2 above, i.e., a transmitting UE receives a SL-PRS resource allocation signaling from the network through dynamic grant, or through configured grant type 1/type 2 from gNB, SL-PRS resources are scheduled by the serving gNB. Compared with resource allocation Scheme 2 for SL-PRS, the resource allocation Scheme 1 greatly reduces the probability of SL-PRS resource collision and improves the reliability of the SL-PRS transmission. 
Similar to the resource allocation Mode 1 in V2X, resource allocation Scheme 1 for SL-PRS should also support two kinds of scheduling grants for different application scenarios: SL-PRS dynamic grant and SL-PRS configured grant. In addition, resource allocation Scheme 1 should support periodic SL-PRS transmission and aperiodic SL-PRS transmission. The serving gNB should allocate aperiodic SL-PRS transmission resources to UEs through downlink control signaling by SL-PRS dynamic grant. SL-PRS configured grant should include configured grant type 1 and configured grant type 2. SL-PRS configured grant type 1 should provide UEs with SL-PRS transmission parameters by RRC signaling, including SL-PRS time-frequency resources and periodicities. Once the RRC signaling for SL-PRS configuration was correctly received, UE will transmit SL-PRS according to the received paremeters. SL-PRS configured grant type 2 should configure SL-PRS transmission periodicities by RRC signaling, and activate or deactivate SL-PRS transmission by downlink control signaling. The serving gNB should allocate periodic SL-PRS resources or resource sets to UEs by SL-PRS configured grants. According to SL positioning requirements, the serving gNB may provide UEs with multiple SL-PRS configured grants.
Proposal 9：Existing resource allocation Mode 1 for PSSCH in Rel-16/17 NR V2X should be the starting point for resource allocation Scheme 1 for SL-PRS.
Proposal 10: Resource allocation Scheme 1 should support both periodic SL-PRS transmission and aperiodic SL-PRS transmission.
Shared resource pool
Regarding the SL-PRS shared resource pool with Rel-16/17/18 sidelink communication, SL-PRS and PSSCH may be scheduled in a same slot by different DCIs. In our view, resource allocation Scheme 1 for dedicated resource pool should be reused for shared resource pool. In this case, the serving gNB can allocate proper time and frequency resources for SL-PRS and PSSCH and avoid potential resource conflicts between SL-PRS and PSSCH. The potential issues can be further studied for shared resource pool.
Proposal 11: Resource allocation Scheme 1 for dedicated resource pool should be reused for shared resource pool.

Resource allocation Scheme 2 for SL-PRS
Dedicated resource pool
The following agreement was achieved in RAN1#111 related to Resource allocation Scheme 2 for SL-PRS [2]:
	Agreement
For Scheme 2, with regards to Resource allocation mechanism for SL-PRS, pick one or both of the following options:
· Option 1: A sensing based resource allocation should be introduced 
· Option 2: A random resource selection should be introduced
· In either option 1 or 2, the legacy designs for UE autonomous resource allocation should be used as a starting point. Study if/what enhancements may be needed. 


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 indicates 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.
When the slot structure 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 2. 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: _Ref127391027]Figure 2: Mode 2 resource allocation for PSCCH and associated SL-PRS.

Proposal 12: Resource selection mechanism for PSCCH/SL-PRS in the dedicated resource pool should reuse the existing resource selection mechanism for PSCCH/PSSCH in Rel-16/17 NR V2X as much as possible to reduce the workload of standardization and the complexity of UE implementation.
For the resource allocation of SL-PRS, the biggest difference from the original PSSCH is the minimum resource allocation unit of SL-PRS in the time domain is shorter than a slot. This difference will cause a lot of changes to resource allocation of SL-PRS. The definition of a candidate single-slot resource for transmission  should be redesigned, which may cause the resource exclusion process to be modified accordingly. 
Proposal 13: The resource allocation of SL-PRS in dedicated resource pool should be modified according to the minimum resource allocation unit of SL-PRS.
For Rel-16/17 UEs, each PSSCH transmission is associated with a PSCCH transmission. And the PSCCH transmission starts from the lowest PRB of the lowest subchannel of the associated PSSCH. This kind of structure mapping rule make PSSCH and PSCCH as a whole. The legacy UE(s) can select resources for PSSCH and PSCCH together, which decrease the complexity of resource allocation. For the slot structure of SL-PRS and associated PSCCH, a similar mapping rule also can be used, the resources in frequency domain for PSCCH can be associated with the location information and RE-offset of SL-PRS in the slot. With this mapping rule, the multiple SL-PRS resources will have multiple associated and orthogonal PSCCH resources with each other. For the detail of design, the mapping rule between PSSCH reception and PSFCH transmission can be used as a starting point, as shown in following Figure 3. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]For SL-PRS resources, the time domain granularity is equal to one or more symbols, and the frequency domain granularity is equal to one or more subchannels. As shown in Figure 3, each block in SL-PRS resource zone represents a SL-PRS sub-set, whose time-frequency two-dimensional index is (i, j). One SL-PRS transmission may occupy multiple blocks as the yellow parts in following Figure 3.
For PSCCH resources in time domain, they are same as that of legacy UE. However, the PSCCH transmission resource in frequency domain may be determined with the associated SL-PRS sub-set(s) and some other SL-PRS indication information. It is similar to the UE procedure for transmitting PSFCH in response to the PSSCH reception. The frequency domain granularity of a block in PSCCH resources part may be limited to one subchannel, which is only used for one PSCCH transmission.


[bookmark: _Ref127391161]Figure 3: The mapping rule between PSCCH and SL-PRS
Proposal 14: For the mapping rule between PSCCH and SL-PRS in dedicated resource pool, the method of determination for PSFCH based on associated PSSCH can be as a starting point.

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 15: Existing random resource selection schemes for PSCCH/PSSCH in Rel-16/17 NR V2X should also be considered for resource selection mechanism for PSCCH/SL-PRS in dedicated resource pool.

The following agreement was achieved in RAN1#110bis-e related to which channels can be included in the dedicated resource pool in addition to SL-PRS for SL positioning [3]:
	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


In Rel-16/17 NR V2X, two stage SCI had been introduced for the resource allocation of PSSCH and the IUC schemes for PSSCH. The new SCI design for SL-PRS in Rel-18 should reuse the existing SCI design for PSSCH in Rel-16/17 NR V2X as much as possible to reduce the workload of standardization and the complexity of UE implementation. Hence, the two stages SCI for scheduling the SL-PRS transmission should be introduced for the allocation of SL-PRS and potential IUC schemes for SL-PRS. 

Proposal 16: The new SCI design for SL-PRS in Rel-18 should reuse the existing SCI design for PSSCH in Rel-16/17 NR V2X as much as possible to reduce the workload of standardization and the complexity of UE implementation.
Considering tthat SL-PRS supports different cast types, placing the two stage SCI together with SL-PRS in dedicated resource pool would be a reasonable solution. In other words, PSCCH which carries 1st-stage SCI associated with SL-PRS transmission(s) and PSSCH which carries 2nd-stage SCI associated with SL-PRS transmission(s) should be included in the dedicated resource pool in addition to SL-PRS. However, it needs further study on whether the PSSCH which carries measurement reports associated with SL-PRS transmission(s) should also be included in the dedicated resource pool. 
Proposal 17: The two stage SCI used for the scheduling of SL-PRS, should be supported in the dedicated resource pool for sidelink positioning.
Proposal 18: For a dedicated resource pool for SL positioning, PSCCH which carries 1st-stage SCI associated with SL-PRS transmission(s) and PSSCH which carries 2nd-stage SCI associated with SL-PRS transmission(s) should be included in the dedicated resource pool in addition to SL-PRS. 
· FFS: Whether the PSSCH which carries measurement reports associated with SL-PRS transmission(s) should also be included in the dedicated resource pool.

Regarding the contents of the SCI, the information transmitted by legacy 1st-stage SCI and 2nd-stage SCI defined in Rel-16/17 V2X can be a starting point. At least the following information should be considered:
· Priority
· Frequency resource assignment
· Time resource assignment
· Resource Reservation period
· SL-PRS pattern
· Source ID
· Destination ID
· SL-PRS request/indication
For source ID and destination ID information, if PSSCH can’t carry any data type information like measurement reports, then the SCI used for scheduling SL-PRS should carry the full 24bits source/destination ID information, not truncated ID information. Otherwise, UE identities cannot be distinguished by combining the ID information recovered at the MAC layer as before.
Proposal 19: For the contents of the two stage SCI for SL-PRS in dedicated resource pool, the information transmitted by legacy 1st-stage SCI and 2nd-stage SCI defined in Rel-16/17 V2X should be a starting point.

Shared resource pool
When both Rel-18 UEs and Rel-16/17 UEs coexist in the shared resource pool, the resource allocation procedure of legacy UEs should be guaranteed to proceed normally. Thus the PSCCH design for SL-PRS may maintain as it is, which can eliminate the impact of SL-PRS on the sensing procedure of Rel-16/17 UEs. In this case, the SL-PRS can be only scheduled by 2nd-stage SCI carried by the PSSCH. In addition, our preferrd slot structure of SL-PRS can be found in our companion contribution [4].
With new bits in 1st-stage SCI, a new 2nd-stage SCI format may be indicated, or the reserved bits in 1st-stage SCI will be used to indicate the Rel-18 UEs the SL-PRS transmission. For 2nd-stage SCI, the scheduling information for SL-PRS should be transimitted. However, this method cannot solve the issue that legacy UEs cannot correctly decode the PSSCH carrying SL-PRS.
In order to keep the backward compatibility and avoid the introduction of the new AGC/GP symbols around the SL-PRS, the bandwidth of SL-PRS should keep same as the associated PSSCH, as shown in Figure 4. 


[bookmark: _Ref127391096]Figure 4: The structure of PSSCH and SL-PRS
Proposal 20: For the backward compatibility of shared resource pool, the PSCCH design for SL-PRS should keep same as that of Rel16/17.
Proposal 21: The bandwidth of SL-PRS should be equal to that of associated PSSCH in shared resource pool.

Inter-UE coordination for SL-PRS
The following proposal was discussed but failed to reach the consensus in RAN1#110bis-e related to inter-UE coordination for Scheme 2 SL-PRS resource allocation [3]:
	 [LOW] Feature Lead Proposal 5.2.2.C-v1
For Scheme 2, at least for the dedicated resource pool for positioning, with regards to Inter-UE coordination for SL-PRS, 
· Option 1: study Rel-17 Scheme 1 IUC procedure as a starting point
· Option 2: study Rel-17 Scheme 2  IUC procedure as a starting point
· Option 3: study Rel-17 Scheme 1 or and 2  IUC procedure as a starting point
· Option 4: Inter-UE coordination procedures can be deprioritized
Note: For either option, companies are encouraged to describe what enhancements may be needed. 



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 22: 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 23: 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 24: 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.

Congestion control for SL-PRS
The following proposal was discussed but failed to reach the consensus in RAN1#110bis-e related to congestion control for Scheme 2 SL-PRS resource allocation [3]:
	[LOW] Feature Lead Proposal 5.2.2.D-v0
For Scheme 2, at least for the dedicated resource pool for positioning, with regards to congestion control mechanisms for SL-PRS
· Study congestion metrics definition for SL-PRS (e.g. CBR and CR)
· Study which parameters  of a SL-PRS configuration could be impacted by the congestion control mechanism
· Note: Companies are encouraged to study the above in conjunction to the resource allocation mechanisms for SL-PRS. 



In Rel-16 V2X, congestion control mechanisms 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 mechanisms for PSSCH in Rel-16 V2X and Rel-17 sidelink 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 25: Congestion control mechanism for SL-PRS should be studied after the resource allocation mechanism of SL-PRS was determined.

Cast types of SL-PRS
The following agreement was achieved in RAN1#111 related to cast types of SL-PRS [2]:
	Agreement
Unicast, Groupcast (not including many to one) and Broadcast of SL-PRS transmission are recommended for normative work.




Since the SL-PRS transmission and measurements reports are expected to associate with some UE-specific information in some sidelink positioning scenarios, such as the use case of distance-based smart device control, the unicast and groupcast SL-PRS can be used for relative positioning between two UEs or among different UE members within a group. 
Regarding the broadcast SL-PRS, it can be used for a lot of sidelink positioning scenarios. For example, in the V2X highway scenario, the RSUs allocated in the road sides of highway will transmit the broadcast SL-PRS without the designated target UEs, so every vehicle received the SL-PRS can do abosule/relative positioning. 
Therefore, unicast, groupcast and broadcast of SL-PRS transmission should all be supported in Rel-18 SL positioning.
In Rel-16 SL, a 2 bits field, named as cast type indicator, is included in the second SCI format 2A. This field is used to indicate the cast type for data communication. Since SL communication is independent to SL positioning, the cast type for SL positioning should also be indicated. Refering to Rel-16 SL communication, a field indicating the cast types of SL-PRS should be included in the SCI associated with the SL-PRS.
Proposal 26: A field indicating the cast types of SL-PRS should be included in the contents of SCI associated with the SL-PRS.

[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss resource allocation for SL positioning reference signal, and give the following proposals:
Proposal 1: Dedicated resource pool should be prioritized in Rel-18 to keep the workload within a reasonable level for SL positioning.
Proposal 2: Either dedicated resource pool(s) or shared resource pool(s) can be (pre-)configured in the only SL BWP of a carrier. It is not allowed to (pre-)configure both dedicated resource pool and shared resource pool in the only SL-BWP of a carrier.
Proposal 3: For a dedicated resource pool for sidelink positioning, the bandwidth of SL-PRS should be (pre-)configurable and it can be same or smaller than that of the resource pool in order to get a right balance between positioning accuracy and SL-PRS overhead.
Proposal 4: For shared resource pool, SL-PRS should be TDMed with PSSCH in the slot-level or symbol-level.
Proposal 5: For shared resource pool, SL-PRS should be configured with the same bandwidth with PSSCH, when SL-PRS and PSSCH occupy different symbols in the same slot.
Proposal 6: SL-PRS resource or SL-PRS resource set should be the resource allocation unit in time-domain for SL-PRS transmission.
· The definition of SL-PRS resource and SL-PRS resource set should be specified firstly.
Propoasl 7: Regarding Scheme 1 SL-PRS resource allocation, the transmitting and receiving UEs receive a SL-PRS resource allocation signaling from the network, both of the following two options should be supported in Rel-18:
· Opt. 1: through higher layers signaling from the LMF.
· Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB.
Propoasl 8: Regarding Scheme 1 SL-PRS resource allocation, SLPP should be responsible for SL-PRS resource allocation if the SL-PRS resource allocation signaling through higher layers signaling from the LMF.
Proposal 9：Existing resource allocation Mode 1 for PSSCH in Rel-16/17 NR V2X should be the starting point for resource allocation Scheme 1 for SL-PRS.
Proposal 10: Resource allocation Scheme 1 should support both periodic SL-PRS transmission and aperiodic SL-PRS transmission.
Proposal 11: Resource allocation Scheme 1 for dedicated resource pool should be reused for shared resource pool.
Proposal 12: Resource selection mechanism for PSCCH/SL-PRS in the dedicated resource pool should reuse the existing resource selection mechanism for PSCCH/PSSCH in Rel-16/17 NR V2X as much as possible to reduce the workload of standardization and the complexity of UE implementation.
Proposal 13: The resource allocation of SL-PRS in dedicated resource pool should be modified according to the minimum resource allocation unit of SL-PRS.
Proposal 14: For the mapping rule between PSCCH and SL-PRS in dedicated resource pool, the method of determination for PSFCH based on associated PSSCH can be as a starting point.
Proposal 15: Existing random resource selection schemes for PSCCH/PSSCH in Rel-16/17 NR V2X should also be considered for resource selection mechanism for PSCCH/SL-PRS in dedicated resource pool.
Proposal 16: The new SCI design for SL-PRS in Rel-18 should reuse the existing SCI design 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 17: The two stage SCI used for the scheduling of SL-PRS, should be supported in the dedicated resource pool for sidelink positioning.
Proposal 18: For a dedicated resource pool for SL positioning, PSCCH which carries 1st-stage SCI associated with SL-PRS transmission(s) and PSSCH which carries 2nd-stage SCI associated with SL-PRS transmission(s) should be included in the dedicated resource pool in addition to SL-PRS. 
· FFS: Whether the PSSCH which carries measurement reports associated with SL-PRS transmission(s) should also be included in the dedicated resource pool.
Proposal 19: For the contents of the two stage SCI for SL-PRS in dedicated resource pool, the information transmitted by legacy 1st-stage SCI and 2nd-stage SCI defined in Rel-16/17 V2X should be a starting point.
Proposal 20: For the backward compatibility of shared resource pool, the PSCCH design for SL-PRS should keep same as that of Rel16/17.
Proposal 21: The bandwidth of SL-PRS should be equal to that of associated PSSCH in shared resource pool.
Proposal 22: 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 23: 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 24: 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 25: Congestion control mechanism for SL-PRS should be studied after the resource allocation mechanism of SL-PRS was determined.
Proposal 26: A field indicating the cast types of SL-PRS should be included in the contents of SCI associated with the SL-PRS.
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