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Introduction
In RAN1#112, we have discussed the solutions to support SL-PRS resource allocation. In this paper, we further provide our views on the resource allocations for SL positioning. 
Dedicated resource pool for SL-PRS
Slot structure
In RAN1#112 [1], channel structure for the dedicated resource pool have been discussed and we have the following agreement.
	Agreement
For a dedicated resource pool for positioning:
· The set of slots that belong to a resource pool is determined in the same way as for legacy SL communication pool (i.e. see section 8 of 38.214).
· FFS: additional slots that can be used for SL PRS is not precluded
· Study what the dedicated resource pools for positioning (pre-)configuration should include, and consider at least the following: The start PRB position, the number of contiguous PRBs, SL-PRS configuration, synchronization configuration, resource allocation scheme 2 related configuration, power control configuration, sub-channel size and sub-channel count, time-domain bitmap, reporting configuration

Agreement
For a dedicated resource pool for positioning,
· With regards to which channels can be included in the resource pool in addition to SL-PRS, option 1 (No other channel can be included beyond SL-PRS) is NOT pursued further. 
· Continue discussion between Option 2 and 3, and whether any other channel could also be included (e.g. PSFCH).




One of the main divergences about the slot structure of the dedicated resource pool is whether to include the PSSCH.  In our opinion, the design of the dedicated resource pool should first consider the necessary resource to support the basic functionalities. 
For SL-PRS transmission and sensing within the dedicated RP, only the resource reservation relevant information, e.g., time/frequency resource information, source/destination ID information, is needed. The content could be carried by the first stage SCI in the PSCCH. In addition, even for the design of the first stage SCI, some reserved bits with configured/preconfigured length could be included to support extended functions. Hence, we do not see the necessity of introducing PSSCH to the SL-PRS dedicated resource pool.
Observation 1: Single stage SCI could support the basic and necessary function for SL-PRS transmission and reservation.
On the other hand, including PSSCH to the dedicated resource pool firstly would reduce the resources that could be used for SL-PRS or reducing the bandwidth of SL-PRS, which is contrast the motivation of introducing the SL-PRS dedicated resource pool. Moreover, including PSSCH to carry the 2nd stage SCI would complicate the design of the dedicated resource pool from several aspect as analyzed in section 2.3.1. 
Observation 2: Including PSSCH would complicate the design of the SL-PRS dedicated resource pool from several aspects, including slot structure, resource allocation, power control and PSSCH design, which would significantly increase the workload of Rel-18 for sidelink positioning.
Based on above analysis, we do not support to include PSSCH within the SL-PRS dedicated resource pool.
Proposal 1: For the slot structure of SL-PRS dedicated resource pool, 
· Support to include SL-PRS and PSCCH, i.e., Option 2
· Do not support to include PSSCH, i.e., Option 3. 

Use of reserved slots
According to the agreement above, for a dedicated resource pool for positioning, the set of slots that belong to a resource pool is determined in the same way as for legacy SL communication pool. The procedures in TS 38.214 [3] is as follows.
	8	Physical sidelink shared channel related procedures
The set of slots that may belong to a sidelink resource pool is denoted by  where
-	 
-	the slot index is relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell or DFN 0,
-	the set includes all the slots except the following slots, 
-	 slots in which S-SS/PSBCH block (S-SSB) is configured,
-	 slots in each of which at least one of Y-th, (Y+1)-th, …, (Y+X-1)-th OFDM symbols are not semi-statically configured as UL as per the higher layer parameter tdd-UL-DL-ConfigurationCommon of the serving cell if provided or sl-TDD-Configuration if provided or sl-TDD-Config of the received PSBCH if provided, where Y and X are set by the higher layer parameters sl-StartSymbol and sl-LengthSymbols, respectively.
-	The reserved slots which are determined by the following steps.
1)	the remaining slots excluding  slots and  slots from the set of all the slots are denoted by  arranged in increasing order of slot index. 
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]2)	a slot  belongs to the reserved slots if , here  and  where  denotes the length of bitmap configured by higher layers.  
-	The slots in the set are arranged in increasing order of slot index.  
The UE determines the set of slots assigned to a sidelink resource pool as follows:
-	a bitmap  associated with the resource pool is used where  the length of the bitmap is configured by higher layers.
-	a slot  belongs to the set if  where . 
-	The slots in the set are re-indexed such that the subscripts i of the remaining slots   are successive {0, 1, …,  where  is the number of the slots remaining in the set.



The following Figure 1 gives an example based on the above procedures. Here we assume that there are 30 slots and the DL and UL slot assignment are 4:6, and there are two S-SSB slots. The bitmap of time resource associated with the resource pool is (0011111100), and length of bitmap  is 10.
[image: ]
[bookmark: _Ref114508170]Figure 1: Procedure for determining the set of slots assigned to a SL resource pool
According to the above configuration procedure, when a resource pool is configured for the UE, some slots are excluded (shown in Figure 1). These excluded slots are referred to as reserved slots. These reserved slots are excluded to make the number of remaining slots, after removing the S-SSB and NnonSL slots, divisible by , which is the length of a bitmap field indicating time domain resource allocation. Therefore, the bitmap may be used to periodically indicate which slots in all remaining slots are used for SL transmission. 
[bookmark: OLE_LINK28][bookmark: OLE_LINK27]The reserved slots cannot be used by SL communication and do not belong to any communication resource pool, and the number of reserved slots  relies on the length of bitmap of time resource allocation  . 

As , so the max length of  is 160. That means the maximum value of  can be 159. Therefore, when determining the slots used for a resource pool, there are 159 slots that may be excluded and reserved for nothing.
From our understanding, allowing these reserved slots to transmit the SL-PRS, which are TDMed with SL communication resource pool in nature, can provide more opportunities for SL-PRS transmission especially for the TDD system when the uplink slot proportion is relatively low.
Proposal 2: Support using the reserved slots to transmit SL-PRS in dedicated resource pool for positioning. 




SCI design
In RAN1#110bis-e [2], the SCI design for SL positioning has been discussed.
	Agreement

With regards to SL signaling of the reservation/indication of SL-PRS resource(s) for dedicated resource pool and shared resource pool (if supported) for positioning:
· Option A.1: SCI can be used for reserving/indicating one or more SL-PRS resource(s)
· Note: This does NOT mean that only SCI is being used. There can still be higher layer signaling for the purpose of indicating a part of SL-PRS configuration.
· FFS: Whether SCI is single stage SCI or two stage SCI
· FFS: SL-MAC-CE or other higher-layer signaling reservation/indication



[bookmark: _Ref131494703]Discussion on single stage or two-stage SCI design
With regards to the SCI design of the dedicated resource pool, the question that needs an answer is whether a single stage SCI is enough or a two-stage SCI is necessary. In our opinion, a single stage SCI is enough for the SL-PRS resource reservation and indication, and the two stage SCI is not necessary. 
First, the dedicated SL-PRS resource pool is mainly used for SL-PRS transmission. To support normal SL-PRS resource reservation and indication, a single stage SCI containing the resource allocation similar to the legacy 1st stage SCI could support this function. For extension of other functions, such as IUC, it is not bounded with 2nd stage SCI, i.e., the needed bits information could be contained by the single stage SCI with larger bit capacity as well. In addition, only single stage SCI has following advantages:
· Compact bit sizes and high spectral efficiency: Based on the single stage SCI, only necessary bits related to SL-PRS transmission would be contained. Communication related bits, e.g., “DMRS pattern”, “Beta offset indicator”, could be reduced owing to no 2nd stage SCI.
· Simplified resource allocation schemes: For the dedicated resource pool, the resource allocation (scheme 1 and scheme 2) could focus on the SL-PRS resources. The resource of PSCCH could be associated with the allocated SL-PRS resource in the same slot. Once the SL-PRS resource is determined, the relevant PSCCH resource carrying SCI would be selected. 
On the other hand, introducing the two-stage SCI brings no benefits but complicates the whole dedicated resource pool design and lower the spectrum efficiency and resource used for SL-PRS. The disadvantages are elaborated as the following:
· Resource inefficiency for PSSCH: The PSSCH should support variable bit capacity, hence, much more resources needs to be reserved and allocated. In addition, to support correct decoding of PSSCH, relevant information shall be carried by the 1st stage SCI, i.e., at least “Beta offset indicator”.  These limitations would definitely reduce the available resource for SL-PRS.
· Sensing and resource allocation scheme for PSSCH: Owing to the introduction of the PSSCH, the sensing scheme of the PSSCH needs to be designed. Do we need to design a new sensing scheme in the dedicated RP for PSSCH and SL-PRS jointly or shall we associate the PSSCH with SL-PRS? These questions need to the considered clearly before we introduce a two-stage SCI.
· Multi-User multiplexing: Without PSSCH, the multi-user multiplexing could be designed in a simplified way, i.e., different UE occupy different sub-channels/frequency band. With the introduction of PSSCH, whether the PSSCH should be always transmitted or not would greatly impact the multi-user complexity.
· Power control: Similarly, do we need to transmit PSSCH carrying the 2nd stage SCI and PSCCH carrying the 1st stage SCI simultaneously all the time? Or, PSCCH could be transmitted independently or jointly with the PSSCH? This could require more complicated power control scheme.
From above analysis, a single stage SCI within the dedicated SL-PRS RP could support basic and extended functions of SL-PRS transmission. Introducing the two-stage SCI for the dedicated SL-PRS RP is not necessary and bear several disadvantages.
Observation 3: Single stage SCI for dedicated SL-PRS RP is enough for SL-PRS transmission and it is not necessary to introducing two-stage SCI.
Proposal 3: In the dedicated resource pool, support single stage SCI for resource reservation/indication and reception for SL-PRS.
SCI contents 
To support SL-PRS resource indication and reception, the SCI contents need to be re-designed. In our opinion, the following fields should be included:
· Priority: Similar to the priority indication in SCI format 1-A indicating the priority of the associated TB transmission, a priority can be introduced for SL-PRS transmission, indicating the priority information of the associated positioning services.
· Time resource assignment: Indicates the time domain position (i.e., slot) of the reserved aperiodic SL-PRS resources. 
· SL-PRS resource indication: Indicates which one of the (pre-)configured SL-PRS resources is reserved within each reserved slot, if SL-PRS resource level granularity resource allocation scheme is introduced.
· Resource reservation period: By this field, a periodic resource could be reserved from the pre-configured resource reservation intervals.
· Source ID: Indicating the SL-PRS is transmitted by which UE.
· Destination ID: indicating which UE the SL-PRS is transmitted to.
Proposal 4: In the dedicated resource pool, SCI for SL-PRS should include following required fields:
· Priority; 
· Time resource assignment; 
· SL-PRS resource indication;
· Resource reservation period;
· Source ID;
· Destination ID.

1.1 Association of SL-PRS resource to PSCCH resource
As discussed in our companion paper [2], the SL-PRS resources should be pre-configured/configured within the dedicated RP to all the UEs. In each slot, it is possible that multiple UE transmitting SL-PRS using different SL-PRS resources. Since PSCCH is necessary to be transmitted along with SL-PRS, multiplexing of PSCCH resources should be supported. In addition, to enable successful reception of SL-PRS, PSCCH collision between different UEs should be avoided. In our opinion, the PSCCH association with SL-PRS could be introduced. When SL-PRSs between a pair of UE do not collide, the PSCCH would not collide, either.
[bookmark: OLE_LINK80][bookmark: OLE_LINK81]Proposal 5: Support to introduce an association scheme between SL-PRS resources with PSCCH resources for the dedicated resource pool.
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[bookmark: _Ref131147823]Figure 2: 4 pre-configured SL-PRS resources and 4 PSCCH resources the dedicated SL-PRS RP
The association between SL-PRS resource and PSCCH resource could be provided in the resource pool (pre-)configuration, where each PSCCH candidate can be indicated within a distinct SL-PRS resource.
Take Figure 2 for example, 4 SL-PRS resources and 4 PSCCH resources are (pre-)configured, and PSCCH resource 1 is indicated in SL-PRS resource 1, PSCCH resource 2 is indicated in SL-PRS resource 2, PSCCH resource 3 is indicated in SL-PRS resource 3, and PSCCH resource 4 is indicated in SL-PRS resource 4. When a UE reserves SL-PRS resource 1 in slot 0, SL-PRS resource 2 in slot 3, and SL-PRS resource 3 in slot 6. In order to convey such a reservation, UE may:
· In slot 0, use PSCCH resource 1 to carry SCI to indicate the SL-PRS resource 1 in slot 0 is transmitted and SL-PRS resource 2 in slot 3, and SL-PRS resource 3 in slot 6 are reserved.
· In slot 3, use PSCCH resource 2 to carry SCI to indicate the SL-PRS resource 2 in slot 3 is transmitted, and SL-PRS resource 3 in slot 6 is reserved.
· In slot 6, use PSCCH resource 3 to carry SCI to indicate that SL-PRS resource 3 in slot 6 is transmitted.
Furthermore, since this association is (pre-)configured by network, the specific association scheme can be up to network implementation.
[bookmark: OLE_LINK82][bookmark: OLE_LINK83]Proposal 6: Support to indicate the associated PSCCH resources as part of the SL-PRS resources (pre-)configuration for the dedicated resource pool.

Shared resource pool for SL-PRS 
In RAN1#112 [1], the following agreements related to the shared resource pool were made.
	Agreement 
· Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· For comb-based multiplexing of SL PRS from different UEs, support at least the case wherein a single (M,N) value is possible . 
· FFS: Whether to support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values.
· FFS: additional restrictions (if any) due to e.g. the impact of synchronization and IBE interference between UEs

Agreement 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: TDM-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· FFS: Details, including resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources, additional AGC symbols.
· FFS: restrictions for the configuration of TDM-based multiplexing of SL PRS from different UEs in a slot, if any
· FFS: which resource allocation schemes are applicable
· FFS: whether or not this is a separate UE capability

Agreement
· A UE can be configured to perform either resource allocation Scheme 1 or Scheme 2, applicable to all resource pools (dedicated or shared resource pools).
· SL PRS unicast/groupcast/broadcast can occur in either a shared or a dedicated resource pool.


Agreement
For SL-PRS transmission, at least support the following
· SL-PRS transmissions with periodic reservation: SL-PRS transmissions which are being reserved with a similar mechanism as the SL periodic resource reservation for another TB in legacy SL communication 
· FFS: whether/what changes are needed
· SL-PRS transmissions without periodic reservation: SL-PRS transmissions in which the SL-PRS is transmitted at least once without periodic reservation, with a similar mechanism as in legacy SL communication with SL resource without periodic reservation.
· FFS: Maximum number of reservations and transmissions after triggering




Slot structure
As discussed in RAN1#112, different designs can be considered in a shared resource pool for accommodating SL-PRS and sidelink communication, depending on whether SL-PRS is multiplexed with PSSCH (carrying the SL-SCH) in the same slot or not.
(1) Slot structure Option 1 for the shared pool
When a Tx UE has to transmit SL-SCH, i.e., data, as well as SL-PRS to another UE, the SL-PRS can be transmitted with a PSSCH carrying SL-SCH in the same slot. 
One possible design is to allow SL-PRS and PSSCH to be RE-level FDMed, similar to SL CSI-RS in NR V2X, as shown in Figure 3. It increases the UE processing complexity on the symbol with both SL-PRS and PSSCH, and is less preferred.
AGC
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GAP
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sub-channels
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[bookmark: _Ref109910371]Figure 3: Slot structure option 1 for a shared resource pool 
Another possible design for multiplexing SL-PRS and PSSCH in the same slot was also discussed in the last RAN1 meeting, i.e., to consider TDMed only between SL-PRS and PSSCH. The SL-PRS may be power boosted to maintain the same symbol-level power as PSSCH symbols.
For either case, the SL-PRS has the same bandwidth as the PSSCH. This can reduce the system overhead in the shared resource pool, as the SL-PRS can share the resources with a PSSCH. 
Proposal 7: Support TDM between SL-PRS and PSSCH when SL-PRS and PSSCH are transmitted in the same slot for the shared resource pool.
(2) Slot structure Option 2 for the shared pool
Although the SL-PRS is transmitted in the shared resource pool, some aspects are separately determined from the data transmission, e.g. SL-PRS transmission occasion, periodicity, priority. Moreover, the bandwidth requirements for a data transmission and of SL-PRS may be different, e.g., a PSSCH with data may only need to occupy one sub-channel while multiple sub-channels may be required for SL-PRS. Thus, multiplexing SL-PRS with a PSSCH in the same slot may impose that a PSSCH spans more sub-channels than necessary. One example could be that a Tx UE does not need to transmit any data to an intended Rx UE of SL-PRS at all and hence, the dummy data may be padded, causing resource waste. Therefore, the transmission parameters of SL-PRS should be decoupled from the transmission parameters of a data transmission. 
Observation 4: When a UE is triggered to transmit SL-PRS, the UE may or may not have data to transmit. 
Observation 5: In the shared resource pool, the transmission of SL-PRS should be decoupled from the data transmission.
Thus, multiplexing the transmissions of SL-PRS and of data in a PSSCH in the same slot may have some drawbacks. It is worthwhile to consider not multiplexing SL-PRS and SL-SCH (i.e., data in a PSSCH) in the same slot, to overcome the drawbacks for the slot structure option 1. 
Here we propose another design for a shared resource pool that consists of decoupling the transmission of SL-PRS and SL-SCH, i.e. transmitting SL-PRS without PSSCH carrying SL-SCH in the same slot, as shown in Figure 4. Similar to the dedicated resource pool, the symbols in a slot with SL-PRS resources can be (pre-)configured for Rel-18 UEs.
SL-PRS resources
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Slot with SL-PRS resources
Slot with sub-channels for PSCCH+PSSCH
PSCCH 

[bookmark: _Ref109983228][bookmark: _Ref126910832]Figure 4: Slot structure option 2 for a shared resource pool 
When a UE is triggered to send SL-PRS, it can send a SL-PRS without transmitting PSSCH carrying SL-SCH in the same slot as the SL-PRS, so that sidelink communication and SL-PRS can be decoupled. For example, a SL-PRS may span multiple sub-channels in a resource pool, e.g., all sub-channels in the resource pool, while one sub-channel can be used for a PSSCH carrying the SL-SCH.
Thus, if a UE has to transmit SL-SCH and the bandwidth requirement of a PSSCH suffices for a SL-PRS, then Option 1 (SL-PRS with SL-SCH) can be considered. Otherwise, the UE can transmit SL-PRS with Option 2 (SL-PRS without SL-SCH). 
Proposal 8: For the shared resource pool, the following two options on the slot structure are supported: 
· Option 1 (SL-PRS with SL-SCH): SL-PRS multiplexed with PSSCH carrying SL-SCH for the same Tx UE in a slot, where SL-PRS is multiplexed with PSSCH in a similar manner as the multiplexing of SL CSI-RS
· [bookmark: _Hlk127192257]Option 2 (SL-PRS without SL-SCH): SL-PRS and PSSCH carrying SL-SCH for the same Tx UE multiplexed on different slots.
We will discuss the backward compatibility issue in section 3.3 and how a Rel-18 UE can be aware of either option in section 3.4
[bookmark: _Hlk126911036]During the SI, the multiplexing of SL-PRS with PSCCH was also discussed for a shared resource pool. For slot structure Option 2 (SL-PRS without SL-SCH), it can be considered whether PSCCH is multiplexed or not within a slot with SL-PRS resources as shown in Figure 5. A PSCCH can indicate the sub-channels occupied by the SL-PRS resources. For example, a PSCCH sent in a slot with SL-PRS resources can indicate the sub-channels occupied by a SL-PRS in that slot. In addition, the PSCCH can indicate the sub-channels occupied by a SL-PRS in a future slot, i.e., with one of the up to two reservations that can be indicated in the 1st-stage SCI for retransmissions, as shown in Figure 5. 
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[bookmark: _Ref130854035]Figure 5: Slot structure option 2 with multiplexing of SL-PRS with or without PSCCH in a slot 
However, the presence of a PSCCH may reduce the available resources for SL-PRS in a slot. For increased resource efficiency, it can be considered to not have PSCCH in the sub-channels with SL-PRS resources, e.g., all 12 symbols in a slot can be used for SL-PRS resources. In this case, the resource reservation of the sub-channels with the SL-PRS resources can be indicated in a 1st-stage SCI sent in a PSCCH in a prior slot, i.e., with one of the up to two reservations that can be indicated in the 1st-stage SCI for future transmissions. The PSCCH indicating the resource reservation of a SL-PRS in a future slot can be sent in a slot with SL-PRS resources or in a slot with a PSSCH as shown in Figure 5. As discussed in Section 3.3, backward compatibility can be maintained if the first stage SCI includes at least the contents as in legacy SCI format 1-A.
Proposal 9: For slot structure Option2 (SL-PRS without SL-SCH) for the shared resource pool, support SL-PRS with or without PSCCH multiplexing in a slot. 

Resource Granularity for slot structure Option 2
In RAN1#110bis-e [2], the following agreements were made related to the pattern and granularity of a SL-PRS resource:
	Agreement
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· With regards to the value N (comb size) and the number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround:
· At least the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
· FFS: the values considered as potential candidate values for M
· FFS1: Whether to consider N>12 as a potential candidate value(s)
· The symbols of a SL-PRS resource within a slot are consecutive symbols
· FFS: consecutive and/or non-consecutive symbols for shared resource pool (if supported)
· FFS: RE-Offset sequence within a SL-PRS resource, including whether to have in the end of the SL-PRS pattern a symbol with the same RE-offset as the first symbol, for phase-tracking purpose

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




Although a SL-PRS resource can span all the sub-channels in a resource pool, a SL-PRS resource may not occupy all symbols and frequency resources in the allocated sub-channels. For a more efficient use of resources, TDM-based multiplexing of SL PRS from different UEs in a slot can be considered in a shared resource pool with slot structure Option 2 (SL-PRS without SL-SCH). As the SL-PRS uses a Comb frequency domain structure, Comb-base multiplexing of multiple SL-PRS resources within a sub-channel can be considered as well for the slot structure Option 2 (SL-PRS without SL-SCH). For a symbol, this results in a similar structure as the multiplexing PSFCHs from different UEs in a symbol, but instead from a Comb-based multiplexing perspective. Multiple SL-PRS resources can be multiplexed in a slot, such that multiple SL-PRS resources can be sent by different UEs, e.g., by different UEs serving as anchor nodes. 
Proposal 10: For slot structure Option2 (SL-PRS without SL-SCH), support TDM-based multiplexing and Comb-based multiplexing of SL PRS from different UEs in a slot in a shared resource pool. 

Backward compatibility 
For a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs needs to be maintained. 
A Rel-16/17 Tx UE performs mode 2 sensing to determine the reservations of transmissions from other UEs with a granularity of sub-channels, i.e., with the granularity of PSSCH. To ensure backward compatibility, Rel-16/17 Tx UEs need to be aware of reservations of the sub-channels occupied by SL-PRS resources reserved by Rel-18 Tx UEs. 
To realize this, the time and frequency resource reservation within the 1st stage SCI should be present within the PSCCH transmitted by a Rel-18 UE. The current design of the shared resource pool would not require the change of 1st stage SCI format, hence, the backward compatibility can be maintained from Tx (sensing) perspective.
[bookmark: _Hlk130854640]Observation 6: Backward compatibility can be ensured from the Tx and sensing perspective, if a first stage SCI that includes at least the contents as in legacy SCI format 1-A for sensing (i.e. priority/FDRA/TDRA/reservation period) are included for SL-PRS resource reservation/indication.
Proposal 11: For shared resource pool configured with SL-PRS, the BW of the reserved SL-PRS follows the FDRA field in the first stage SCI.

SCI design 
For the resource reservation and indication, the SCI in the shared resource pool needs to support both option 1 and option 2.
Reception of SL-PRS resource
In a shared resource pool, a Rel-18 Rx UE needs to be able to distinguish whether a 1st-stage SCI is associated with a PSSCH only transmission (legacy slot) or with a PSSCH+SL-PRS slot/SL-PRS only slot (Option 1/Option 2). For this purpose, the reserved bits in the 1st-stage SCI can be employed. 
Proposal 12: For a shared resource pool, support to use some reserved bits in the SCI-1 to indicate a PSSCH only transmission or a SL-PRS transmission with slot structure Option 1 or Option 2.
Transmission/Sensing of SL-PRS resource
For slot structure Option 1, only reservations with a sub-channel granularity need to be considered in a shared resource pool. The configuration SL-PRS resources can be configured by higher-layers. The existence of the SL-PRS does not need to be aware by Rel-18 sensing UEs.
For slot structure Option 2, a Rel-18 Tx UE performing sensing needs to determine the specific resource reservations of SL-PRS in a shared resource pool to exclude occupied resources for SL-PRS. In addition, as the resources can also be used for data transmission in a shared resource pool, a Rel-18 sensing UE needs to determine as well reservations for PSSCH. Hence, two level of granularities, i.e., first a subset of sub-channels and then the specific SL-PRS resources, need to be determined.
Observation 7: To support sensing of SL-PRS resources with slot structure Option 2 (SL-PRS without SL-SCH), Rel-18 Tx UEs need to send resource reservations with a granularity of SL-PRS resources.
To support the indication of resource reservations with two different granularities for slot structure Option 2 (SL-PRS without SL-SCH), the two stage SCI structure can be used with the introduction of a second stage SCI format associated with SL-PRS. While the first stage SCI can be used to indicate resource reservations with a sub-channel granularity, the second stage SCI can be used to indicate resource reservations with a granularity of SL-PRS resources. Thus, a Rel-18 Tx UE performing sensing for SL-PRS needs to decode the first stage SCI and the second stage SCI. 
Proposal 13: For SL-PRS transmissions with slot structure Option 2 (SL-PRS without SL-SCH) in a shared resource pool, support a two-stage SCI with the inclusion of a second stage SCI format to indicate the reservation of SL-PRS with a granularity of SL-PRS resource.

Resource allocation in Scheme 1 
In Scheme 1, gNB controls the resource allocation for SL-PRS transmission. The general procedure can be described as follows. When a UE wants to transmit SL-PRS according to a certain positioning service, it first sends the SL-PRS transmission request to the gNB to request resources. Upon the request of the UE, gNB grants certain resources for transmitting the SL-PRS. The granted resource can be provided by gNB following the similar mechanism like mode 1 for SL communication, e.g. dynamic grant, configured grant type1/type 2.
Proposal 14: For resource allocation scheme 1, support gNB to grant UEs the SL-PRS resource for transmission at least by a DCI.
For partial coverage scenario, it could be beneficial if one in-coverage UE could help to request SL-PRS for other out-of-coverage UEs. We think that the request of SL-PRS may include both the SL-PRS requirement for UE-A itself and for another OOC UE. The request for SL-PRS resource transmissions to gNB, such as number of slots, can be carried by uplink MAC CE.
The general diagram of resource allocation in Scheme 1 can be illustrated in Figure 6.
UE-B
UE-A
gNB
SL-PRS Request
(MAC CE)

Resource schedule
(DCI)
SL-PRS transmission
(SCI and SL-PRS)


[bookmark: _Ref130916860]Figure 6 Diagram of resource allocation procedure in Scheme 1

Proposal 15: For resource allocation scheme 1, support an in-coverage UE to request resource for SL-PRS transmissions from gNB by UL MAC CE, which also includes the requested SL-PRS characteristics.

Resource allocation in Scheme 2 
There are a couple of positioning methods that can be used for sidelink separately or by combination, like: RTT, TDOA, AoA, etc. Different sidelink positioning methods may require different operations among target UE and anchor UEs, but it is better to have a unified and transparent Scheme 2 design for different sidelink positioning/ranging methods for simplicity and less specification impact. 
Sensing
In RAN1#112 [1], the following agreements were made related to sensing.
	Agreement
Sensing based or random selection in Scheme 2 is allowed by (pre-)configured per resource pool (similar to Rel-17 NR sidelink communication). 
· Working assumption: Sensing-based and random selection can be allowed in the same resource pool 
· FFS: whether any enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool
· FFS: Details on the sensing-based resource selection and random selection, whether it will be similar to NR Rel-16 or NR Rel-17.




With regards to sensing of SL-PRS, we think that the following procedure for sensing in sidelink communication can be adjusted and used: 
· The resource selection UE-1 detects and decodes other UE-x’s SCI to obtain reserved resources, including the reservation period and priority; 
· The UE-1 determine the UE-x’s RSRP, e.g., according to PSCCH DMRS or SL-PRS RSRP; 
· UE-1 compares the UE-x’s RSRP to the RSRP threshold ;
· UE-1 does resource exclusion from the resource selection window.
· UE-1 does re-evaluation and pre-emption check before SL-PRS transmission. 
The same mechanism can be used for SL-PRS Scheme 2 resource selection for both shared and dedicated resource pool. 
We will discuss the scheme 2 based SL-PRS resource selection for option 1, option 2 and dedicated resource pool under section 5.1.1, 5.1.2 and 5.1.3 respectively. 
Shared resource pool option 1 (with SL-SCH)
For the shared resource pool option 1, the SL-PRS will be transmitted with PSCCH/PSSCH as illustrated in Figure 3. Since the SL-PRS resource is embedded in the slot, the resource used by this shared slot is mainly from the PSCCH/PSSCH based data transmission. A UE performing sensing is not required to recognize whether or not the SL-PRS is embedded in the slot of shared resource pool. With this understanding, we do not think it is needed to consider scheme 2 for SL-PRS since all the sensing procedure can follow the mode 2 procedure.
Proposal 16: For shared resource pool option 1 (SL-PRS with SL-SCH),
· The SL-PRS bandwidth is the same with PSSCH.
· No need to define independent scheme 2 resource selection for SL-PRS, i.e. the legacy Rel-16/Rel-17 PSCCH/PSSCH mode 2 resource selection scheme is used to determine the resource both for PSCCH/PSSCH and PRS.

Shared resource pool option 2 (without SL-SCH)
For shared resource pool slot structure Option2 (SL-PRS without SL-SCH) for the shared resource pool, since there will be no PSSCH transmission sent with the SL-PRS, only PSCCH-RSRP measurement is possible. 
[bookmark: _Hlk131780109]Proposal 17: PSCCH-RSRP should be configured for the sensing procedure in a shared resource pool when the slot structure Option2 (SL-PRS without SL-SCH) is applied. 
Since the shared resource pool option 2 should support coexistence with legacy sidelink communication, the PSCCH and subchannels occupied by SL-PRS should be recognized by the legacy UE. Hence, the computation like subchannel based resource should be first determined by the SL-PRS transmission UE. 
1. For a UE that wants to transmit at least data, the subchannel within the slot can be excluded for resource selection following mode 2 procedure.
1. For a UE that wants to transmit SL-PRS without data, within the subchannel of the slot, the exclusion based on SL-PRS resources can be further executed, so that a UE may be able to use the same subchannel reserved by another UE to transmit a SL-PRS with a different RE offset. The SL-PRS resources within a slot should be configured for Rel. 18 UEs. 
Proposal 18: For resource selection Scheme 2 of shared resource pool option 2 (SL-PRS without SL-SCH) from perspective of R18 UE, 
· The slot and subchannel-based resource first determined by legacy Rel-16/Rel-17 PSCCH/PSSCH mode 2 resource selection scheme to support the coexistence with communication UEs.
· SL-PRS resource can be further determined within the selected slot and subchannel.

Dedicated resource pool
As discussed in Section 2, we believe that only the PSCCH and SL-PRS are transmitted in the whole resource pool should be considered. Since there will be no PSSCH transmission sent with the SL-PRS, only PSCCH-RSRP measurement is possible.
Proposal 19: PSCCH-RSRP should be configured for the sensing procedure in a dedicated resource pool.
Since comb-based multiplexing of SL-PRS has been agreed, the SL-PRS comb-based resource selection should be supported in Scheme 2.
Proposal 20: The SL-PRS comb-based resource selection should be supported for dedicated resource pool.
· The comb-based SL-PRS resource should be operated during the sensing detection, candidate resource determination and resource exclusion. 
Random resource selection
In RAN1#112 [1], the following agreements/working assumption were made related to random resource selection.
	Agreement
Sensing based or random selection in Scheme 2 is allowed by (pre-)configured per resource pool (similar to Rel-17 NR sidelink communication). 
· Working assumption: Sensing-based and random selection can be allowed in the same resource pool 
· FFS: whether any enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool
· FFS: Details on the sensing-based resource selection and random selection, whether it will be similar to NR Rel-16 or NR Rel-17.

Agreement
With regards to random resource selection, reuse existing Rel-17 random selection mechanism from sidelink communications. 
· Study if any changes are needed



For coexistence of random selection and sensing-based resource selection in a resource pool, we do not think that any enhancements are needed, i.e. reuse what has done in NR Rel-16 or NR Rel-17. It is anyway (pre-)configured by the network, which is up to network implementation.
Proposal 21: Confirm the working assumption: Sensing-based and random selection can be allowed in the same resource pool.
· No enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool.

Inter-UE coordination
There are two Inter-UE coordination schemes defined in Rel-17 NR sidelink communication:
· Inter-UE coordination Scheme 1: A UE can send preferred or not preferred resource information to the reception UE.
· Inter-UE coordination Scheme 2: PSFCH based conflict indication. 
When we consider reusing the IUC schemes to SL-PRS transmission, we need further check the suitable use cases. For IUC Scheme 1, it can help the reception UE to select SL-PRS transmission resource, if multiple UEs are associated with a sidelink positioning procedure, e.g. RTT, TDoA, etc., since these algorithms require a group of UEs to transmit/receive SL-PRS.  Hence, IUC Scheme 1 can be used to reduce the resource selection latency by this coordination. 
Observation 8: Rel-17 inter-UE coordination Scheme 1 can reduce the resource selection latency for SL-PRS transmission. 
For IUC Scheme 2, since the SL-PRS transmission is a reference signal, it can be robust to potential interference. For data transmission, the overlapping PSSCHs due to collision cannot be decoded at all. Hence the IUC Scheme 2 is less suitable nor useful for SL-PRS. 
Observation 9: Less benefit or necessity are observed to support Rel-17 inter-UE coordination Scheme 2 for sidelink positioning. 
Proposal 22: Only Rel-17 inter-UE coordination Scheme 1 is considered for the support of SL-PRS resource transmission. 
· The inter-UE coordination signaling will be indicated in SCI for both shared and dedicated resource pool.
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[bookmark: _Ref127436725]Figure 7 DL-like SL-TDoA
Inter-UE SL-PRS transmission request
In RAN1#112 [1], the following agreements were made related to inter-UE SL-PRS transmission request.
	Agreement
In Scheme 2, with regards to the triggering of SL-PRS, support one or both of the following options: 
· Option 1: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers.
· Note: this also includes higher layer triggering from another UE
· Option 2: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· FFS: Whether lower-layer signaling is SCI or SL MAC-CE



In the DL-like SL-TDoA, multiple UEs will transmit SL-PRS to the T-UE (Target UE), as shown in Figure 7. If the T-UE can select the resources for the three Anchor UEs, then the DL-like SL-TDoA can be executed more efficiently. 
For RTT based positioning, typically it needs two UEs take turns to transmit SL-PRS and measure the signal as shown in Figure 8. In order to ensure the RTT functionality for the SL-PRS transmission, the transmitting UE-A should request UE-B for the SL-PRS reverse transmission during an RTT procedure.
PRS 3
PRS 2
PRS 1
UE-A
UE-B
One RTT procedure

[bookmark: _Ref127436776]Figure 8  One RTT session includes multiple SL-PRS resources
Observation 10: For TDoA and RTT-based SL positioning, there are several associated SL-PRS transmissions.
With regarding to the inter UE SL-PRS transmission request, there are two options for triggering of SL-PRS, high layer or lower layer. In our opinion, compared to the higher layer signaling, lower layer possess the benefit of low latency. Hence the SL-PRS transmission request should be at least carried by lower layer signaling, e.g., SL MAC-CE or SCI, to reduce the latency. 
Proposal 23: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A, where the lower layer signaling can be SL MAC-CE or SCI sent by UE-A.
In addition, the request of SL-PRS transmissions can be done jointly with the transmission or reservation by UE-A via inter-UE coordination, which can make all the associated SL-PRS transmission resources within an expected time window. By this way, the transmission delay can be reduced compared to separate resource selection from every one-shot transmission. Similar to the inter-UE coordination in sidelink communication, the transmitting UE can provide the selected SL-PRS resources for the other associated UEs in the same positioning/ranging session and the responding UE can also send request to ask for the SL-PRS transmission. 
Proposal 24: For DL-like SL-TDoA, the inter-UE coordination mechanism can be used to indicate the associated SL-PRS transmission among different UEs e.g.
· The target UE can allocate/recommend the associated SL-PRS resources for the responding UE within the reserved period. 
Proposal 25: For RTT-type positioning, the inter-UE coordination mechanism can be used to indicate the associated SL-PRS transmission among different UEs, e.g.
· The transmitting UE can reserve the next associated SL-PRS resources for itself within the reserved period; and
· The transmitting UE can request the responding UE to transmit SL-PRS based on the responding UE sensing. 
To enable the above inter-UE coordination mechanism, the legacy providing/requesting indicator in current SCI format 2-C can be reused to indicate the SL-PRS resource allocation or request. The similar signaling contents can also be considered as: 
Proposal 26: To enable the inter-UE coordination Scheme-1 mechanism for SL-PRS transmission, the SCI can include:
· Providing/Requesting indicator in SCI
· Allocated SL-PRS resource information when the Providing/Requesting indicator indicates ‘Providing’
· The request for SL-PRS transmission from the responding UE when the Providing/Requesting indicator indicates ‘Requesting’.

Congestion control
In sidelink communication, congestion control can be used to control the PSSCH transmission parameters in order to keep the system works well when the resource pool is under congestion. Under the congestion control, it will make every UE have more chance to transmit the data. Especially, for the higher priority traffic, the QoS can be guaranteed better under the congestion condition. We think the mechanism is still helpful for SL-PRS transmission. 
Proposal 27: Congestion control is supported for SL-PRS transmission. 
The following is the legacy definition for CR and CBR for sidelink communication. 
	Legacy definition for CR
	Sidelink Channel Occupancy Ratio (SL CR) evaluated at slot n is defined as the total number of sub-channels used for its transmissions in slots [n-a, n-1] and granted in slots [n, n+b] divided by the total number of configured sub-channels in the transmission pool over [n-a, n+b].



	Legacy definition for CBR
	SL Channel Busy Ratio (SL CBR) measured in slot n is defined as the portion of sub-channels in the resource pool whose SL RSSI measured by the UE exceed a (pre-)configured threshold sensed over a CBR measurement window [n-a, n-1], wherein a is equal to 100 or 100·2µ slots, according to higher layer parameter sl-TimeWindowSizeCBR. When UE is configured to perform partial sensing by higher layers (including when SL DRX is configured), SL RSSI is measured in slots where the UE performs partial sensing and where the UE performs PSCCH/PSSCH reception within the CBR measurement window. The calculation of SL CBR is limited within the slots for which the SL RSSI is measured. If the number of SL RSSI measurement slots within the CBR measurement window is below a (pre-)configured threshold, a (pre-)configured SL CBR value is used.



For dedicated resource pool and option 2 of shared resource pool, the resource granularity for SL-PRS is different from the data transmission. For example, the SL-PRS resources in the same slot may be multiplexed on different comb offsets, while the whole reserved subchannel will be used for sidelink communication. 
The CR and CBR definition for SL-PRS should be counted on the basis of SL-PRS resources instead of subchannels.
Proposal 28: Reuse the definition of CR and CBR for SL communication, but change the subchannel to SL-PRS resource. 

Conclusion
In this contribution, we provided our views on the resource allocations for SL positioning. Based on the discussion, we have the following observations and proposals.
Observation 1: Single stage SCI could support the basic and necessary function for SL-PRS transmission and reservation.
Observation 2: Including PSSCH would complicate the design of the SL-PRS dedicated resource pool from several aspects, including slot structure, resource allocation, power Control and PSSCH design, which would significantly increase the workload of Rel-18 for sidelink positioning.
Observation 3: Single stage SCI for dedicated SL-PRS RP is enough for SL-PRS transmission and it is not necessary to introducing two-stage SCI.
Observation 4: When a UE is triggered to transmit SL-PRS, the UE may or may not have data to transmit. 
Observation 5: In the shared resource pool, the transmission of SL-PRS should be decoupled from the data transmission.
Observation 6: Backward compatibility can be ensured from the Tx and sensing perspective, if a first stage SCI that includes at least the contents as in legacy SCI format 1-A for sensing (i.e. priority/FDRA/TDRA/reservation period) are included for SL-PRS resource reservation/indication.
Observation 7: To support sensing of SL-PRS resources with slot structure Option 2 (SL-PRS without SL-SCH), Rel-18 Tx UEs need to send resource reservations with a granularity of SL-PRS resources.
Observation 8: Rel-17 inter-UE coordination Scheme 1 can reduce the resource selection latency for SL-PRS transmission. 
Observation 9: Less benefit or necessity are observed to support Rel-17 inter-UE coordination Scheme 2 for sidelink positioning. 
Observation 10: For TDoA and RTT-based SL positioning, there are several associated SL-PRS transmissions.

Proposal 1: For the slot structure of SL-PRS dedicated resource pool, 
· Support to include SL-PRS and PSCCH, i.e., Option 2
· Do not support to include PSSCH, i.e., Option 3. 
Proposal 2: Support using the reserved slots to transmit SL-PRS in dedicated resource pool for positioning. 
Proposal 3: In the dedicated resource pool, support single stage SCI for resource reservation/indication and reception for SL-PRS.
Proposal 4: In the dedicated resource pool, SCI for SL-PRS should include following required fields:
· Priority; 
· Time resource assignment; 
· SL-PRS resource indication;
· Resource reservation period;
· Source ID;
· Destination ID.
Proposal 5: Support to introduce an association scheme between SL-PRS resources with PSCCH resources for the dedicated resource pool.
Proposal 6: Support to indicate the associated PSCCH resources as part of the SL-PRS resources (pre-)configuration for the dedicated resource pool.
Proposal 7: Support TDM between SL-PRS and PSSCH when SL-PRS and PSSCH are transmitted in the same slot for the shared resource pool.
Proposal 8: For the shared resource pool, the following two options on the slot structure are supported: 
· Option 1 (SL-PRS with SL-SCH): SL-PRS multiplexed with PSSCH carrying SL-SCH for the same Tx UE in a slot, where SL-PRS is multiplexed with PSSCH in a similar manner as the multiplexing of SL CSI-RS
· Option 2 (SL-PRS without SL-SCH): SL-PRS and PSSCH carrying SL-SCH for the same Tx UE multiplexed on different slots.
Proposal 9: For slot structure Option2 (SL-PRS without SL-SCH) for the shared resource pool, support SL-PRS with or without PSCCH multiplexing in a slot. 
Proposal 10: For slot structure Option2 (SL-PRS without SL-SCH), support TDM-based multiplexing and Comb-based multiplexing of SL PRS from different UEs in a slot in a shared resource pool. 
Proposal 11: For shared resource pool configured with SL-PRS, the BW of the reserved SL-PRS follows the FDRA field in the first stage SCI.
Proposal 12: For a shared resource pool, support to use some reserved bits in the SCI-1 to indicate a PSSCH only transmission or a SL-PRS transmission with slot structure Option 1 or Option 2.
Proposal 13: For SL-PRS transmissions with slot structure Option 2 (SL-PRS without SL-SCH) in a shared resource pool, support a two-stage SCI with the inclusion of a second stage SCI format to indicate the reservation of SL-PRS with a granularity of SL-PRS resource.
Proposal 14: For resource allocation scheme 1, support gNB to grant UEs the SL-PRS resource for transmission at least by a DCI.
Proposal 15: For resource allocation scheme 1, support an in-coverage UE to request resource for SL-PRS transmissions from gNB by UL MAC CE, which also includes the requested SL-PRS characteristics.
Proposal 16: For shared resource pool option 1 (SL-PRS with SL-SCH),
· The SL-PRS bandwidth is the same with PSSCH.
· No need to define independent scheme 2 resource selection for SL-PRS, i.e. the legacy Rel-16/Rel-17 PSCCH/PSSCH mode 2 resource selection scheme is used to determine the resource both for PSCCH/PSSCH and PRS.
Proposal 17: PSCCH-RSRP should be configured for the sensing procedure in a shared resource pool when the slot structure Option2 (SL-PRS without SL-SCH) is applied. 
Proposal 18: For resource selection Scheme 2 of shared resource pool option 2 (SL-PRS without SL-SCH) from perspective of R18 UE, 
· The slot and subchannel-based resource first determined by legacy Rel-16/Rel-17 PSCCH/PSSCH mode 2 resource selection scheme to support the coexistence with communication UEs.
· SL-PRS resource can be further determined within the selected slot and subchannel.
Proposal 19: PSCCH-RSRP should be configured for the sensing procedure in a dedicated resource pool.
Proposal 20: The SL-PRS comb-based resource selection should be supported for dedicated resource pool.
· The comb-based SL-PRS resource should be operated during the sensing detection, candidate resource determination and resource exclusion. 
Proposal 21: Confirm the working assumption: Sensing-based and random selection can be allowed in the same resource pool.
· No enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool.
Proposal 22: Only Rel-17 inter-UE coordination Scheme 1 is considered for the support of SL-PRS resource transmission. 
· The inter-UE coordination signaling will be indicated in SCI for both shared and dedicated resource pool.
Proposal 23: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A, where the lower layer signaling can be SL MAC-CE or SCI sent by UE-A.
Proposal 24: For DL-like SL-TDoA, the inter-UE coordination mechanism can be used to indicate the associated SL-PRS transmission among different UEs e.g.
· The target UE can allocate/recommend the associated SL-PRS resources for the responding UE within the reserved period. 
Proposal 25: For RTT-type positioning, the inter-UE coordination mechanism can be used to indicate the associated SL-PRS transmission among different UEs, e.g.
· The transmitting UE can reserve the next associated SL-PRS resources for itself within the reserved period; and
· The transmitting UE can request the responding UE to transmit SL-PRS based on the responding UE sensing. 
Proposal 26: To enable the inter-UE coordination Scheme-1 mechanism for SL-PRS transmission, the SCI can include:
· Providing/Requesting indicator in SCI
· Allocated SL-PRS resource information when the Providing/Requesting indicator indicates ‘Providing’
· The request for SL-PRS transmission from the responding UE when the Providing/Requesting indicator indicates ‘Requesting’.
Proposal 27: Congestion control is supported for SL-PRS transmission. 
Proposal 28: Reuse the definition of CR and CBR for SL communication, but change the subchannel to SL-PRS resource. 
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