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Introduction
In RAN1#112bis-e, we discussed the solutions to support SL-PRS resource allocation. In this paper, we further provide our views on the further design of resource allocations for SL positioning. 

Dedicated resource pool for SL-PRS
Slot structure
In RAN1#112bis-e [1], great progress has been made on slot structure of the dedicated resource pool. The remaining issue is whether only SL-PRS can be transmitted in a certain slot without associated PSCCH.  We further provide our views in this paper.
	Agreement
For a dedicated resource pool for SL positioning, only a single stage SCI is used. PSCCH and associated SL-PRS are TDMed in the same slot.
· FFS: whether SL-PRS can be transmitted in a slot without associated PSCCH




For the SL-PRS transmission within the dedicated resource pool, referring to the design of the legacy communication resource pool is preferable. To be specific, the PSCCH occupies the first 2 or 3 OFDM symbols whereas the SL-PRS occupying the following OFDM symbols within the same slot. For the legacy communication resource pool, the PSCCH is always transmitted with the PSSCH. Based on the decoding of the 1st stage SCI and 2nd stage SCI, the data in the PSSCH could be obtained. For the SL-PRS transmission, the PSCCH will be transmitted as well, which contains the necessary control information including destination or source ID information, based on which, the receiver UE will determine whether to perform measuring operation of the associated SL-PRS. 
The main problem of the SL-PRS only transmission without PSCCH is that if the receiver UE cannot determine whether the SL-PRS is coming from the original Tx UE or from another unintended Tx UE. An example is shown in Figure 1.
The UE1 intends to transmit SL-PRS to the UE0. The UE1 successfully transmits SL-PRS to the UE0 in the first slot and reserves/indicates the 2nd transmission in the SCI. The UE2 intends to transmit SL-PRS to another UE rather than UE0. The UE2 successfully transmits the first SL-PRS and indicates the second SL-PRS resource in the SCI based on the sensing results. However, the resources for the second SL-PRS transmission of UE1 and UE2 collide. If the SL-PRS of UE2 has higher priority, the same resource will be occupied by UE2 rather than UE1. If without PSCCH indication, the UE0 will treat the SL-PRS from UE2 as that from UE1, which will result in error of the measurement results. To avoid such situation, we think that SL-PRS should always be transmitted along with the associated PSCCH.
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[bookmark: _Ref134178907][bookmark: _Ref134781312]Figure 1: Example of resource preemption
Proposal 1: For the dedicated resource pool, SL-PRS should always be transmitted with the associated PSCCH within the same slot.
Another issue during the discussion in RAN1#112bis-e is whether to include PSSCH within the dedicated resource pool. The following feature lead proposal has been discussed.
	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 and PSCCH: 
· Do not include PSSCH. Only a single stage SCI is used for reservation.
· PSCCH and associated SL-PRS are TDMed in a slot
· [FFS whether PSCCH and associated SL-PRS can be FDMed in the OFDM symbol(s) for the PSCCH]
· [Study further if PSFCH-like channel is needed]


In our view, only SL-PRS and necessary control information, i.e., SCI, could be transmitted within the dedicated RP. Since the PSCCH, which could carry all the required SCI, has been included in the dedicated pool, it is not necessary to include PSSCH for SCI.  In addition, with regards to the measurement results report, since it is higher layer signaling, it should be viewed as data from the physical layer perspective and be transmitted in the legacy communication resource pool. Hence, it is not necessary to include PSSCH within the dedicated RP for the measurement report. 
On the other hand, introducing PSSCH within the dedicated RP would reduce the resources for SL-PRS or reduce the bandwidth of SL-PRS. In addition, the resource allocation scheme within the dedicated RP would be complicated as well, since the resource for PSSCH needs to be considered in addition to SL-PRS.
Based on above analysis, we do not support to introduce PSSCH within the dedicated RP. 
Proposal 2: Do not include PSSCH within the dedicated RP for SL-PRS transmission.
With regard to the PSFCH-like channel, since the criteria for the feedback of SL-PRS transmission is not clear, we do not support to introduce PSFCH-like channel for ACK/NACK feedback. The reason is that different from the PSSCH, where the Rx UE could be aware of whether the data has been decoded successfully or not, after receiving the SL-PRS, a UE cannot know the measured ToA/AoA is correct or not. If for the measurement quality, it is not clear when it should be ACK and when it should be NACK. 
Given the measurement quality can be included in the measurement report, then the ACK/NACK feedback seems unnecessary. With this, the PSFCH-like channel should not be introduced for the dedicated RP.
Proposal 3: Do not include PSFCH within the dedicated RP for SL-PRS transmission.

Configuration parameters
In RAN1#112 [2], the following agreement has been reached with regards to the configuration of the dedicated RP. In this paper, we further provide our views on how to configure the dedicated RP.
	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



For the dedicated RP, the configuration of the legacy resource pool can be viewed as a starting point. The configuration of the dedicated resource pool should at least include the following aspects:
· Time domain resources, including available slots and symbols
· [bookmark: _Hlk134179310]Frequency domain resource, including at least starting PRB, bandwidth
· PSCCH configurations, including at least bandwidth, number of symbols
· SL-PRS configurations, including at least comb size, offset, bandwidth (same as the resource pool), start symbol and number of symbols
Proposal 4: For the dedicated resource pool, the configuration of the SL-PRS dedicated resource pool should at least include following information
· Time domain resource, including at least available slots and symbols
· Frequency domain resource, including at least starting PRB, bandwidth
· PSCCH configurations, including at least bandwidth, number of symbols
· SL-PRS configurations, including at least comb size, offset, bandwidth (same as the resource pool), start symbol and number of symbols
Specifically, the point of the SL-PRS configuration is that based on the configuration, the specific time/frequency resource of each SL-PRS resource can be determined except the SL-PRS sequence ID that can be varied based on physical layer generation or high layer indication. With this, if a UE receives the resource pool configuration of the SL-PRS dedicated resource pool, the following slot structure including the PSCCH and SL-PRS resources can be uniquely determined:
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[bookmark: _Ref131147823]Figure 2: slot structure determination of the SL-PRS dedicated RP
As shown in Figure 2, based on the SL-PRS configuration within the dedicated resource pool, a UE can determine that there are four SL-PRS resources within each slot. When doing sensing operation, a UE only needs to sense which SL-PRS resource is available. By the SL-PRS resource level sensing/reservation, the sensing/scheduling complexity could be greatly reduced.
[bookmark: _Hlk134179252]Proposal 5: For the dedicated resource pool, SL-PRS configuration within the dedicated RP could uniquely determine all the parameters of each SL-PRS resource except the sequence ID.

1.1 Association of SL-PRS resource to PSCCH resource
In RAN1#112bis-e, the association between SL-PRS resource and PSCCH resource has been discussed. The following FL proposal has been discussed.
	For a dedicated resource pool for SL positioning, support a mapping relationship between a PSCCH resource and the resource of the associated SL-PRS in a slot
· FFS: Details 



Almost all the companies agree to introduce the association between SL-PRS resource and PSCCH resources. The following issue is to discuss how to design the association.
Since each SL-PRS resource could only be occupied by one UE in each slot, we think that at first the one-to-one mapping scheme should be introduced, i.e., each SL-PRS resource can only be mapped to only one PSCCH resource and vice versa.
Proposal 6: Support to introduce one–to-one mapping scheme between SL-PRS resource and PSCCH resource.
Based on the above proposal, the bandwidth of each PSCCH resource can be determined by dividing the whole bandwidth of the dedicated RP according to the number of SL-PRS resources within each slot. An example can be shown in Figure 3.
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[bookmark: _Ref134781513]Figure 3: Example of PSCCH resource allocation according to the number of SL-PRS resources
When there are four SL-PRS resources within the dedicated RP, the whole bandwidth of the RP can be divided into four equal partitions or four sub-channels. When there are two SL-PRS resources within the dedicated RP, then the whole bandwidth of the RP can be divided into two equal partitions or two sub-channels. It is noted that the frequency resource of each PSCCH may not span the whole bandwidth of each partition or each sub-channel.
Proposal 7: Support to divide the bandwidth of the dedicated RP into several sub-bands or sub-channels for PSCCH resources according to the number of the SL-PRS resources to be transmission within the same slot.
With regard to the association scheme, we think that the scheme should be designed with low complexity. Two optional association schemes are provided.
· Option 1: According to the order of the SL-PRS resource ID and PSCCH sub-channel. The scheme can be simply illustrated by the following table
	Sub-band/sub-channel index of PSCCH resource
	SL-PRS resource ID

	0
	0

	1
	1

	2
	2


· Option 2: The associated PSCCH resource can be indicated during the RRC configuration of the SL-PRS resources within the dedicated RP. In this way, all the UEs could have the same understanding of the association of SL-PRS resource and PSCCH resource. This option can be illustrated by the following Table
	Parameters of SL-PRS resource
	SL-PRS resource 1
	SL-PRS resource i
	…
	SL-PRS resource N

	Resource ID
	100
	101
	…
	Xxx

	Comb
	1
	2
	…
	

	Offset
	2
	5
	…
	

	Start symbol
	3
	7
	…
	

	Length symbol
	
	
	…
	

	PSCCH Index
	5
	3
	…
	1


In this way, a UE transmitting a certain SL-PRS resource could be aware of the associated PSCCH. It is noted that the above table does not mean that all the parameters of each SL-PRS resource should be explicitly configured. For example, the Comb Size can be commonly configured for all the SL-PRS resources rather than independently within configuration of each SL-PRS resource.
Proposal 8: Support to study the  following two association schemes between SL-PRS and PSCCH resources
· Option1: The association is determined based on the order of the SL-PRS resource ID and sub-band or sub-channel index of PSCCH resource.
· Option2: The association can be indicated during the (pre)configuration of SL-PRS resources.

SCI design
In RAN1#112bis-e, the following proposal about SCI fields for SL positioning was discussed.
	In the dedicated resource pool, SCI for SL-PRS should at least include the following fields:
· Source ID
· Destination ID
· Resource reservation period
· SL-PRS Priority
· FFS: Cast type
· SL-PRS configuration and/or time-frequency assignment information:
· FFS: Details
· 24-bit CRC Field
· FFS: SL-PRS request
· FFS: Positioning Session ID
· FFS: Additional fields


In our opinion, the SCI should only contain necessary information for the receiver to correctly receive and measure the SL-PRS. In our opinion, at least the following fields should be included：
· ID information, which includes Destination ID and Source ID.
· SL-PRS Priority, similar to the legacy communication design, different level priorities of SL-PRS should be supported.
· Time Resource assignment, similar to the legacy communication design. This field indicates the time slots of the non-periodic SL-PRS reservation.
· SL-PRS Resource assignment, which is introduced for the dedicated resource pool where there are multiple SL-PRS resources. This field indicates which SL-PRS resource is specifically reserved in each of the reserved time slots.
· SL-PRS request, which can be only one bit for requesting the transmission of SL-PRS from the Rx UE. 
· Resource reservation period, similar to the legacy communication design, this field indicates periodic SL-PRS reservation.
In addition to the above fields should be included in the SCI, we further discuss that which fields should not be included in the SCI
· 24 bits CRC, which is calculated according to all the payload of the PSCCH rather than a pre-defined value. It is should not be included in the SCI fields.
· SL-PRS configuration information, including comb size, offset, start/length symbol, frequency info.
· Positioning session ID, which is a high layer parameter. It is not necessary to be carried explicitly by the physical layer signaling.
The reason of not including SL-PRS configuration information by the SCI is further explained in the following. For the current Uu and SL interface, the signaling of specific configuration of the resource for reference signals transmission is carried by higher layer signaling, such as LPP or RRC. For SL positioning, the configuration of SL-PRS should follow the similar methods and it can be (pre-)configured within the dedicated resource pool. The physical layer signaling overhead, i.e., number of bits of the SCI, can be reduced. On the other hand, carrying the configuration of the SL-PRS resources by the higher layer signaling is able to achieve the SL-PRS resource level sensing and reservation, i.e., the resources are sensed at the granularity of SL-PRS resources within the dedicated RP. When one of the SL-PRS resource is selected, all the parameters of the resource could be determined, including the bandwidth, comb, offset, symbols, etc., which are (pre-)configured for each of SL-PRS resource. By doing the SL-PRS resource level sensing and reservation, the resource allocation scheme of the dedicated resource pool could be simplified.
Proposal 9: In the dedicated resource pool, the SCI should at least include the following fields:
· ID information, Destination ID and Source ID;
· Priority; 
· Time resource assignment; 
· SL-PRS resource assignment;
· Resource reservation period;

Resource Allocation granularity
In RAN1#112bis-e, the following proposal about the resource allocation granularity within the dedicated RP were discussed. In this section, we further provide our views on this issue.
	For a dedicated resource pool, 
· with regards to the SL-PRS time-domain resource allocation within the resource pool support a
· Alt. 3: SL-PRS-resource-based allocation
· Note: An allocated SL-PRS resource may occupy a sub-slot or a slot.


From the discussion, the SL-PRS-resource-based allocation is in line with the view from the majority companies. Regarding the note, “An allocated SL-PRS resource may occupy a sub-slot or a slot.”, to our opinion, this note should not mean the sub-slot-based resource allocation. For the resource allocation, it is slot-based with the SL-PRS resource granularity, i.e., in each slot, only one SL-PRS resource could be transmitted or reserved for each UE.
Proposal 10: For a dedicated resource pool, with regards to the SL-PRS time-domain resource allocation, only one slot based SL-PRS resource can be reserved by one UE within each slot.
In addition, it should be noted that the SL-PRS-resource-based allocation does not mean all the OFDM symbols within the slot will be occupies by one SL-PRS resources. As mentioned in the above section, the start symbol and number of symbols for SL-PRS resources should be (pre-)configured per RP basis and cannot be dynamically changed, e.g., according to the sensing results and indicated by SCI.
Proposal 11: For a dedicated resource pool, with regards to the SL-PRS time-domain resource allocation,  support SL-PRS-resource-based allocation, where the occupied OFDM symbols of each SL-PRS resource are (pre-)configured and cannot be dynamically changed by SCI.
In addition to the occupied OFDM symbols, the other parameters such as bandwidth of each SL-PRS resource should be (pre)-configured and constant to all the UEs across all the slots within the dedicated resource pool. This means that the bandwidth of each SL-PRS resource cannot be dynamically changed either, such as indicated by SCI. By this way, the resource allocation scheme can be referred to as SL-PRS-resource-based resource allocation.
Proposal 12: For a dedicated resource pool, SL-PRS-resource-based allocation indicates that the bandwidth of each SL-PRS resource should be (pre-)configured and cannot be dynamically changed via SCI indication.

Shared resource pool for SL-PRS 
Slot structure
In RAN1#112bis-e [1], channel structure for the shared resource pool were discussed and we have the following agreement.
	Agreement
With regards to the SCI signaling in a shared resource pool, in addition to SL PRS transmission, the UE transmits
· Opt. 1: SCI1-A & a 2nd stage SCI format are used for SL-PRS indication
· FFS: Details including a new or existing 2nd stage SCI

Agreement
In a shared resource pool: 
· SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot
· With regards to PSSCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. A.1: Only TDMing is supported
· Alt. A.2: Only FDMing of PSSCH and SL-PRS is supported
· FFS: Rate-matched around SL-PRS REs and/or PRB/sub-channel-level FDMing are supported potentially for different cases 
· Note: Rate-matched around SL-PRS REs is not applicable to comb-1 SL-PRS
· Alt. A.3: Both Alt. A.1 and A.2 are supported in the specification
· With regards to PSCCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. B.1: Only TDMing is supported
· Alt. B.2: TDMing or PRB/sub-channel-based FDMing is supported
· The PSSCH is used for (downselect one of the following alternatives in RAN1#113 meeting):
· Alt. C.1: 2nd SCI only
· Alt. C.2: 2nd SCI and SL-SCH
· Alt. C.3: “2nd SCI only” or “2nd SCI and SL-SCH”
· FFS: Handling of PT-RS and SL-PRS




In RAN1#112bis-e, different alternative designs were discussed regarding PSSCH and SL-PRS multiplexing within the same slot. 
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 FDMing as shown in Figure 4, which might be less friendly to UE implementation for processing both SL-PRS and PSSCH on the same symbol.
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[bookmark: _Ref109910371]Figure 4: Example of FDMing between SL-PRS and PSSCH 
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 TDMing only between SL-PRS and PSSCH as shown in Figure 5. The SL-PRS may be power boosted to maintain the same symbol-level power as PSSCH symbols.

[image: ]
[bookmark: _Ref134439150]Figure 5: Example of TDMing between PSSCH and SL-PRS
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. 
Comparing the above two options for down-selection, the TDMing scheme is more preferred for UE implementation simplicity with less specification impact possibly. 
Proposal 13: Support TDMing only between SL-PRS and PSSCH in the same slot (Alt. A.1) for the shared resource pool. 
Furthermore, as n legacy NR sidelink communication, the TBS determination will consider the overhead of PSFCH in the slot. The number of REs allocated for PSSCH within a PRB () is determined by the following manner as defined in TS 38.214: 

For the TDMing scheme, SL-PRS occupying some of symbols within the slot and the impact to the TBS determination should be considered, as the impact of PSFCH for the TBS determination . 
Proposal 14: With regards to PSSCH and SL-PRS multiplexing Alt. A.1, the TBS for PSSCH should be adjusted accordingly.  
· The TBS determination for PSSCH due to existence of PSFCH as legacy can be considered as baseline.

[image: ]
[bookmark: _Ref109983228][bookmark: _Ref126910832]Figure 6: Example for Alt. C.1

[image: ]
[bookmark: _Ref134218693]Figure 7: Example for Alt. C.2

The content of the PSSCH when multiplexed with SL-PRS was also discussed in the last meeting, i.e., whether the PSSCH should support carrying a second stage SCI and SL-SCH, only a second stage SCI or support having both. 
As mentioned before, SL-PRS can be transmitted with a PSSCH carrying SL-SCH in the same slot. In this case, the PSSCH should carry a second stage SCI and SL-SCH as shown in Figure 7. However, there could be cases that a Tx UE does not need to transmit any data to an intended Rx UE of SL-PRS at all and hence, the transmission of SL-PRS can be decoupled from a transmission of SL-SCH. In this case, the PSSCH carrying only a second stage SCI as depicted in Figure 6 can be considered. Nevertheless, how to handle the Source Layer-2 ID carried in the MAC subheader for SL-SCH should also be considered. 
Proposal 15: For multiplexing PSSCH and SL-PRS within a slot, at least support Alt. C.2, i.e., the PSSCH is used for 2nd SCI and SL-SCH.
· FFS Alt. C.3, taking into account the MAC subheader of carrying the Source Layer-2 ID.
[bookmark: _Hlk126911036]The multiplexing of SL-PRS with PSCCH in the same slot was also discussed for a shared resource pool in RAN1 #112bis-e. Multiplexing SL-PRS with PSCCH in the frequency domain can lead to different number of REs for SL-PRS on different symbols. On the symbols with the PSCCH, there will be a smaller number of REs available for SL-PRS compared to symbols without PSCCH. Having FDMing of SL-PRS and PSCCH complicates the SL-PRS design and resource assignment of SL-PRS. On the other hand, multiplexing SL-PRS and PSCCH in the time domain guarantees having the same number of REs available for SL-PRS on different symbols.
Proposal 16: Support TDMing only between SL-PRS and PSCCH in the same slot (Alt. B.1) for the shared resource pool.

SCI design
In RAN1#112bis-e, the following agreements were made related to the SCI signaling in a shared resource pool:
	Agreement
With regards to the SCI signaling in a shared resource pool, in addition to SL PRS transmission, the UE transmits
· Opt. 1: SCI1-A & a 2nd stage SCI format are used for SL-PRS indication
· FFS: Details including a new or existing 2nd stage SCI




In a shared resource pool, a Rel-18 Rx UE needs to be able to distinguish whether a first stage SCI is associated with a PSSCH only transmission (legacy slot) or with a PSSCH+SL-PRS slot. For this purpose, the reserved bits in the first stage SCI or indicating SL-PRS based second stage SCI format 2 (e.g. SCI-2D) can be considered. 
Proposal 17: For a shared resource pool, indication of a PSSCH only transmission or a PSSCH+SL-PRS transmission by some reserved bits in the SCI-1 or by the indication of SL-PRS based second stage SCI format 2 can be considered.
In a shared resource pool, two levels of resource granularities need to be supported for the transmission of SL-PRS, i.e., first a subset of sub-channels and then the specific resources for SL-PRS. For higher flexibility of the resource allocation of SL-PRS, information associated with the resources of a SL-PRS (e.g., SL-PRS resource ID) could be indicated in the SCI. As the number of reserved bits in the first stage SCI is limited, the reserved bits may not be able to provide such flexibility. In addition, the bits in the first stage SCI used for indicating other control information associated with the demodulation of a TB (e.g., modulation and coding scheme, time pattern of PSSCH DMRS) cannot be used for this purpose neither, as the PSSCH may or may not carry SL-SCH, i.e., these bits are not available when SL-PRS is multiplexed with PSSCH carrying SL-SCH. A new second stage SCI format can be considered to support higher flexibility in the resource allocation of SL-PRS in a shared resource pool. While the first stage SCI can be used to indicate resource reservations with a sub-channel granularity (relevant for sensing UEs), the second stage SCI can be used to indicate resource reservations with a granularity of SL-PRS resources (relevant for Rel. 18 UEs). 
Proposal 18: For a shared resource pool, a new second stage SCI format associated with SL-PRS to indicate the reservation of SL-PRS with a granularity of SL-PRS resource can be considered.
For the second stage SCI, the potential fields include e.g., SL PRS resource ID, source ID, and destination ID etc. This can be used for both Alt.C.1 and Alt.C.2. For Alt.C.2, the second stage SCI will need to indicate both SL-PRS and the PSSCH transmission parameters which are defined in legacy SCI format 2-A/2-B/2-C.
Proposal 19: For the Alt.C.2, the following signaling should be indicated in the second stage SCI:
· The legacy contents of SCI format 2-A/2-B/2-C.
· SL-PRS transmission parameters.

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 first 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 first stage SCI format, hence, the backward compatibility can be maintained from Tx (sensing) perspective.
[bookmark: _Hlk130854640]Observation 1: 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 20: For shared resource pool configured with SL-PRS, the BW of the reserved SL-PRS follows the FDRA field in the first stage SCI.

Resource allocation in Scheme 1
In RAN1#112bis-e, the following agreements were made related to the resource allocation in Scheme 1. In this section, we further provide our opinions on design the resource allocation in scheme1.
	Agreement
For Scheme 1 SL-PRS resource allocation, a transmitting UE can receive a SL-PRS resource allocation signaling from gNB through a
· Dynamic grant
· FFS Reuse DCI format 3_0 for signalling SL-PRS resource allocation or Support a new DCI format (3_X) and consider DCI format 3_0 as a starting point
· Configured grant type 1
· the SL-PRS transmission(s) follows the higher layer configuration
· Configured grant type 2
· Support activating and releasing the configured grant using a new DCI format 3_X or 3_0 (to be down-selected between the two DCI formats)
· The above mechanisms use NR Rel-16 mode-1 signaling as a starting point
· FFS: whether same/different DCI format(s) are applied for shared pool and dedicated pool.
· FFS: Further details


SL-PRS resource requesting
For scheme 1, prior to the dynamic grant of the SL-PRS resource by DCI signaling, the SL-PRS resource request needs to be transmitted to the gNB. The issue is which kind of signaling should be used to carry the SL-PRS resource request. In our opinion, the current scheduling request for data should be reused as much as possible.
[image: ]
[bookmark: _Ref134545597]Figure 8: Current SL data requesting and scheduling scheme
Figure 8 shows the procedures of the legacy SL resource requesting and scheduling scheme. To reuse the current scheme, the PUCCH can be used to indicate the scheduling request for SL-PRS resources as well. The specific characteristics of the requested SL-PRS resources, such as number of transmissions, bandwidth of SL-PRS could be carried by the MAC signaling, i.e., for the PUSCH containing MAC PDU carries SL-PRS characteristics rather than SL-BSR. Then, the gNB is aware of that the resource request is for SL-PRS transmission rather than data transmission. The SL-PRS resource requesting and scheduling scheme illustrated in Figure 9.
[image: ]
[bookmark: _Ref134632381]Figure 9: SL-PRS resource requesting and scheduling scheme
Proposal 21: For scheme 1, support to reuse PUCCH for requesting resource for SL-PRS transmissions.
For the specific characteristics, we think that only necessary information of the SL-PRS resources should be included to reduce signaling overhead. In our view, the number of SL-PRS transmissions and bandwidth of SL-PRS resources are necessary for gNB to schedule appropriate resource for SL-PRS. The number of SL-PRS transmissions can help the gNB to determine how many slots should be granted,  and the bandwidth of SL-PRS resources  can help the gNB to determine how many sub-channels should be granted within the shared pool or which SL-PRS resources should be granted within the dedicated pool.
Proposal 22: For scheme 1, support to send SL-PRS characteristics to gNB by MAC CE, the specific SL-PRS characteristics includes at least:
· Number of SL-PRS transmissions
· Bandwidth of SL-PRS resource

SL-PRS resource scheduling 
, a unified scheduling scheme for both data and SL-PRS should be guaranteed at least for the shared RP. Hence, we propose to reuse the current DCI 3_0 for SL-PRS resource scheduling for the shared pool. 
Proposal 23: Support to reuse DCI 3_0 for shared resource pool for SL-PRS transmission.
For the dedicated resource pool, certain fields carried by SCI should be indicated by the DCI, e.g., at least include “Time resource assignment” and “SL-PRS resource assignment”. Some fields in current DCI format 3_0 might not be needed. Regarding whether it is a new DCI format or reusing the current DCI format 3_0 could be decided later or even up to editor.
Proposal 24: Support to indicate following fields in DCI for dedicated resource pool
· Time resource assignment; 
· SL-PRS resource assignment;

Resource allocation in Scheme 2 
Sensing
In RAN1#112bis-e [1], the following agreements were made related to sensing.
	Agreement
For Scheme 2, in a dedicated resource pool, using Rel-16 resource (re)-selection procedure as the starting point, consider at least the following potential modifications:
· Modification 1: For the RS used to derive L1 SL-RSRP for resource exclusion:
· Option 1: SL-PRS
· Option 2: PSCCH DMRS
· Option 3: PSSCH DMRS (if PSSCH is included in the dedicated resource pool)
· Modification 2: For the resource selection window: 
· Option 1: for the derivation of the window, using the legacy approach as a starting point, substitute the Packet Delay Budget (PDB) with a new delay budget
· Option 2: the selection window is provided by higher layers 
· Modification 3: For the SL-PRS priority:
· Option 1: A single L1 SL-PRS priority is allowed in a resource pool
· Option 2: Multiple L1 SL-PRS priority are allowed  in a resource pool
· Modification 4: For the definition of a candidate resource within the resource selection window:
· Options TBD 
· Modification 5: For the reservation interval of SL-PRS: 
· Option 1: Provided by UE’s higher layers with values TBD. The set of values is (pre-)configured.
· Modification 6: For the sensing window length (): 
· Option 1: Use the legacy (pre-)configuration with values (100 msec, 1100 msec)
· Option 2: Equal to or larger than the largest reservation interval
· Option 3: Provided by higher layers with values TBD
· Modification 7: For the initial S-RSRP threshold & stepsize, target resource ratio X(%):
· Options TBD
· Modification 8: For the pre-emption of the reserved resources:
· Options TBD 
· Note 1: Other potential modifications and/or other options within each modification are not precluded
· Note 2: Multiple options for each potential modification may be supported




In this section, we give our views on the potential modifications for the Scheme 2. 
For dedicated resource pool, 
· Modification 1: We think both option 1 and option 2 can be used. For option 1 based SL-PRS, larger bandwidth of SL-PRS can make the SL-RSRP more accurate. Which option is used can be up to configuration. 
· Modification 2: We noticed that, in NR sidelink communication, the min selection window T2min is configured by higher layer parameter sl-SelectionWindowList for the given value of . UE can set its actual selection window no less than T2min.We haven’t seen any problem to reuse this mechanism. 
· Modification 3: Single L1 SL-PRS priority in a resource pool will have a strong limitation on the SL-PRS transmission. Option 2 based multiple L1 SL-PRS priority is more preferable. 
· Modification 4:  The candidate resource should base on the SL-PRS resource, which will be determined by SL PRS resource ID and slot index. 
· Modification 5: Option 1 can be used which are the same as NR sidelink communication. 
· Modification 6: We think Option 1 legacy mechanism is enough. 
· Modification 7: We think legacy NR sidelink communication can be reused.
· Modification 8: We think legacy NR sidelink communication can be reused.
Proposal 25: For dedicated resource pool, 
· Modification 1: both Option 1 (i.e. SL-PRS) and option 2 (i.e. PSCCH DMRS) can be used according to (pre)-configuration.
· Modification 3: Option 2 (i.e. Multiple L1 SL-PRS priorities are allowed in a resource pool) is supported. 
· Modification 4: The candidate resource should base on the SL-PRS resource, which will be determined by SL PRS resource ID and slot index etc. 
· Reusing legacy NR sidelink communication for others. 

Inter-UE coordination
For RTT based positioning, typically it needs two UEs take turns to transmit SL-PRS and measure the SL-PRS. To this end, similar to the inter-UE coordination in sidelink communication, the transmitting UE can recommend the selected SL-PRS resource 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 26: Support that a UE can recommend a SL-PRS resource transmission from another UE.
· Inter-UE coordination Scheme-1 can be used as baseline.
To enable the above inter-UE coordination Scheme-1, 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 27: 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 recommended SL-PRS resource transmission from the responding UE when the Providing/Requesting indicator indicates ‘Requesting’.
· The related inter-UE coordination information can be indicated in the first stage SCI.

Inter-UE SL-PRS transmission request
In RAN1#112bis-e [1], the following agreements were made related to inter-UE SL-PRS transmission request.
	greement
In Scheme 2, with regards to the triggering of SL-PRS,
· Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers
· Working assumption: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· Up to UE-B’s own higher layers to transmit SL-PRS in response to the lower layer request from UE-A
· FFS: Lower layer signaling corresponds to SCI, MAC-CE, or SL-PRS




For UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A can accelerate the resource selection procedure for the multiple associated SL-PRS between UE-A and UE-B. The transmission latency can be reduced by this manner. Hence, we support to confirm this working assumption. 
Proposal 28: Confirm the following WA which are made in RAN1#112b-e meeting: 
· Working assumption: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· Lower layer signaling corresponds to SCI

Congestion control
In RAN1#112bis-e[1], the following agreements were made related to congestion control.
	Agreement
For Scheme 2 SL-PRS resource allocation, specify congestion control mechanisms using the existing congestion control mechanisms as a starting point. 
· Study at least the following aspects on potential changes over the existing congestion control mechanisms: 
· CBR and CR definition for SL-PRS
· Which parameters  of a SL-PRS configuration could be impacted by the congestion control mechanism, the mapping between congestion measurements, SL-PRS priority and SL-PRS parameters
· CR and CBR measurement time window
· Congestion control processing time
· Number of CBR ranges
· Whether any proposed changes could be applicable to shared resource pools in addition to the dedicated resource pool




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, 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 and different symbols within a slot, while the whole reserved subchannel and slot 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.
Since the SL-PRS can support comb-based resource multiplexing, the different comb RE offset will have different CBR values. To reflect this situation, the legacy sub-channel based CBR measurement will be updated accordingly. The SL RSSI calculated on different RE offsets within a given comb size N in the slot. 
Proposal 29: For the CBR and CR definition of SL-PRS of dedicated resource pool
· the subchannel in the definition of CR is changed to SL-PRS resource; 
· the RSSI measurement on all subchannel in the definition of CBR is changed to different RE offsets.
In the legacy NR sidelink communication, the PSSCH transmission parameters like the used MCS ranges, sub-channel number, retransmission number and the max transmission power are associated with CBR ranges. We think that for SL-PRS transmission, at least transmission power control should be considered.
Proposal 30: The following parameter of a SL-PRS configuration will be impacted by the congestion control mechanism of SL-PRS within the dedicated resource pool: 
· Maximum transmission power.

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.
Proposal 1: For the dedicated resource pool, SL-PRS should always be transmitted with the associated PSCCH within the same slot.
Proposal 2: Do not include PSSCH within the dedicated RP for SL-PRS transmission.
Proposal 3: Do not include PSFCH within the dedicated RP for SL-PRS transmission.
Proposal 4: For the dedicated resource pool, the configuration of the SL-PRS dedicated resource pool should at least include following information
· Time domain resource, including at least available slots and symbols
· Frequency domain resource, including at least starting PRB, bandwidth
· PSCCH configurations, including at least bandwidth, number of symbols
· SL-PRS configurations, including at least comb size, offset, bandwidth (same as the resource pool), start symbol and number of symbols
Proposal 5: For the dedicated resource pool, SL-PRS configuration within the dedicated RP could uniquely determine all the parameters of each SL-PRS resource except the sequence ID.
Proposal 6: Support to introduce one–to-one mapping scheme between SL-PRS resource and PSCCH resource.
Proposal 7: Support to divide the bandwidth of the dedicated RP into several sub-bands or sub-channels for PSCCH resources according to the number of the SL-PRS resources to be transmission within the same slot.
Proposal 8: Support to study the  following two association schemes between SL-PRS and PSCCH resources
· Option1: The association is determined based on the order of the SL-PRS resource ID and sub-band or sub-channel index of PSCCH resource.
· Option2: The association can be indicated during the (pre)configuration of SL-PRS resources.

Proposal 9: In the dedicated resource pool, the SCI should at least include the following fields:
· ID information, Destination ID and Source ID;
· Priority; 
· Time resource assignment; 
· SL-PRS resource assignment;
· Resource reservation period;

Proposal 10: For a dedicated resource pool, with regards to the SL-PRS time-domain resource allocation, only one slot based SL-PRS resource can be reserved by one UE within each slot.
Proposal 11: For a dedicated resource pool, with regards to the SL-PRS time-domain resource allocation,  support SL-PRS-resource-based allocation, where the occupied OFDM symbols of each SL-PRS resource are (pre-)configured and cannot be dynamically changed by SCI.
Proposal 12: For a dedicated resource pool, SL-PRS-resource-based allocation indicates that the bandwidth of each SL-PRS resource should be (pre-)configured and cannot be dynamically changed via SCI indication.
Proposal 13: Support TDMing only between SL-PRS and PSSCH in the same slot (Alt. A.1) for the shared resource pool. 
Proposal 14: With regards to PSSCH and SL-PRS multiplexing Alt. A.1, the TBS for PSSCH should be adjusted accordingly.  
· The TBS determination for PSSCH due to existence of PSFCH as legacy can be considered as baseline.
Proposal 15: For multiplexing PSSCH and SL-PRS within a slot, at least support Alt. C.2, i.e., the PSSCH is used for 2nd SCI and SL-SCH.
· FFS Alt. C.3, taking into account the MAC subheader of carrying the Source Layer-2 ID.

Proposal 16: Support TDMing only between SL-PRS and PSCCH in the same slot (Alt. B.1) for the shared resource pool.
Proposal 17: For a shared resource pool, indication of a PSSCH only transmission or a PSSCH+SL-PRS transmission by some reserved bits in the SCI-1 or by the indication of SL-PRS based second stage SCI format 2 can be considered.
Proposal 18: For a shared resource pool, a new second stage SCI format associated with SL-PRS to indicate the reservation of SL-PRS with a granularity of SL-PRS resource can be considered.
Proposal 19: For the Alt.C.2, the following signaling should be indicated in the second stage SCI:
· The legacy contents of SCI format 2-A/2-B/2-C.
· SL-PRS transmission parameters.

Observation 1: 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 20: 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 21: For scheme 1, support to reuse PUCCH for requesting resource for SL-PRS transmissions.
Proposal 22: For scheme 1, support to send SL-PRS characteristics to gNB by MAC CE, the specific SL-PRS characteristics includes at least:
· Number of SL-PRS transmissions
· Bandwidth of SL-PRS resource

Proposal 23: Support to reuse DCI 3_0 for shared resource pool for SL-PRS transmission.
Proposal 24: Support to indicate following fields in DCI for dedicated resource pool
· Time resource assignment; 
· SL-PRS resource assignment;

Proposal 25: For dedicated resource pool, 
· Modification 1: both Option 1 (i.e. SL-PRS) and option 2 (i.e. PSCCH DMRS) can be used according to (pre)-configuration.
· Modification 3: Option 2 (i.e. Multiple L1 SL-PRS priorities are allowed in a resource pool) is supported. 
· Modification 4: The candidate resource should base on the SL-PRS resource, which will be determined by SL PRS resource ID and slot index etc. 
· Reusing legacy NR sidelink communication for others. 

Proposal 26: Support that a UE can recommend a SL-PRS resource transmission from another UE.
· Inter-UE coordination Scheme-1 can be used as baseline.

Proposal 27: 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 recommended SL-PRS resource transmission from the responding UE when the Providing/Requesting indicator indicates ‘Requesting’.
· The related inter-UE coordination information can be indicated in the first stage SCI.

Proposal 28: Confirm the following WA which are made in RAN1#112b-e meeting: 
· Working assumption: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· Lower layer signaling corresponds to SCI

Proposal 29: For the CBR and CR definition of SL-PRS of dedicated resource pool
· the subchannel in the definition of CR is changed to SL-PRS resource; 
· the RSSI measurement on all subchannel in the definition of CBR is changed to different RE offsets.

Proposal 30: The following parameter of a SL-PRS configuration will be impacted by the congestion control mechanism of SL-PRS within the dedicated resource pool: 
· Maximum transmission power.
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