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[bookmark: _Ref506539118]Introduction
At the RAN1#113 meeting, the following agreements and conclusions were made regarding resource allocation for sidelink positioning [1].
Agreement
For a dedicated resource pool for SL positioning, SL PRS cannot be transmitted in a slot without associated PSCCH.
Agreement
PSSCH is not included in dedicated resource pool for SL positioning.
Agreement
With regards to the SCI signaling in a shared resource pool, 
· Support a new format for 2nd stage SCI.
· FFS how to indicate the new 2nd stage SCI format
· FFS: If a 2nd stage SCI indicates both SL PRS and SL-SCH, the cast type, destination ID, source ID are shared.
Agreement
In shared resource pools,
· With regards to PSCCH and SL PRS multiplexing, support Alt. B.1. from previous agreement (i.e., Only TDMing is supported)
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, only TDMing is supported for the already agreed comb sizes 1, 2, 4
Agreement
In a shared resource pool, SL PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot:
· The PSSCH is used for 2nd SCI and SL-SCH
· Note: the UE may not have data available for transmission. Up to RAN2 how to define the specification support for this case.
Agreement
For the shared resource pool, reuse the existing IUC signaling of both Scheme 1 and Scheme 2.
· SL PRS transmissions are treated as any other legacy transmission for SL communication when considering IUC information exchanges. 
Conclusion
For Rel-18 sidelink positioning:
· For the dedicated resource pool, IUC signalling is not supported
· Do not support that a UE can reserve a SL PRS resource for the transmission of another UE
Conclusion
Do not support ACK/NACK feedback for SL PRS or lower-layer feedback-based retransmissions in Release 18.
Agreement
PSFCH is not included in dedicated resource pool for SL positioning.
Agreement
In the dedicated resource pool, 
· with regards to the SL PRS time-domain resource allocation within the resource pool support a
· SL PRS-resource-based allocation	
· SCI for SL PRS should at least indicate the following values:
· Source ID
· Destination ID
· Resource reservation period
· SL PRS Priority
· Cast type
· With regards to the SL PRS configuration and/or SL PRS time assignment information, select one alternative at RAN1#114:
· Alt. 3.1: support a one-to-one mapping relationship between a PSCCH resource and an associated SL PRS resource in the same slot. 
· Note: In this case, there is no need of an explicit signaling of which SL PRS resource for the same slot
· Note: Same number of PSCCH resource(s) and SL PRS resource(s) 
· Alt. 3.2: explicit signaling of SL PRS resource in the same slot
· Alt. 3.3: support a mapping relationship between a PSCCH resource and one or more associated SL PRS resource(s) in the same slot and explicit signaling of SL PRS resource
· Only a one-to-one mapping is used between a PSCCH resource and an associated SL PRS resource in the same slot if explicit signalling is not used
· Note: with a one-to-one mapping, some SL PRS resources might not be mapped
· FFS: details, including (pre)configuration
· FFS: Whether and how to indicate SCI resource(s) or SL PRS resource (s) for a future slot
· FFS: Additional information, e.g. SL PRS request, Positioning Session ID, number of resource reservation periods
Agreement
· In Scheme 2, with regards to the triggering of SL PRS, confirm the related WA for shared and dedicated resource pools.
· With regards to the lower-layer signalling, support SCI associated with SL PRS transmission
· FFS: whether this is enabled by (pre)configuration
· FFS: to support also SL PRS
Agreement
For Scheme 2, in a dedicated resource pool, 
· Multiple L1 SL PRS priority are allowed in a resource pool
· A SL PRS resource within the resource selection window is used as a candidate resource
· with regards the reservation interval of SL PRS, it is provided by UE’s higher layers with values TBD. The set of values is (pre-)configured.
· Use the periodicities available for legacy SL communication and the ones defined for DL-PRS as a starting point.
· with regards to the resource (re)-selection procedure
· support re-evaluation & pre-emption for SL PRS using the Rel-16 re-evaluation and pre-emption respectively as a starting point. 
Agreement
In dynamic grant type resource allocation in scheme 1,
· For shared resource pool, DCI format 3_0 is being used as a starting point, down-select between the two alternatives below:
· Alt. 1: Indication SL PRS specific information is explicitly included in DCI
· FFS: Which SL PRS specific information
· Alt. 2: Indication SL PRS specific information is not explicitly included in DCI
· FFS: Dedicated resource pool
Agreement
In Scheme 2, congestion control can restrict the range of parameters for SL PRS configuration per resource pool by CBR and priority. Consider further the following parameter(s): 
· Option 1: SL PRS transmission power
· Option 2: Periodicity of SL PRS
· Option 3: Number of occupied subchannels of SL PRS (for shared resource pool)
· Option 4: Number of SL PRS resources in a slot
· Option 5: comb-size of a SL PRS resource in a slot
· Option 7: Number of OFDM symbols of a SL PRS resource in a slot
· Option 8: Number of SL PRS (re-)transmissions
· FFS: Other options are not precluded
Agreement
In a dedicated resource pool, with regards to the PSCCH, reuse the PSCCH channel structure of SL communications, at least with regards to the following aspects:
· The first PSCCH symbol is mapped to the 2nd symbol available for SL transmissions in a slot 
· Note: 1st symbol available for SL transmissions in a slot is for PSCCH AGC similar to legacy
· PSCCH DM-RS in the slot is being reused from legacy
· The number of PSCCH symbol(s) is (pre-)configured to (down-select at RAN1#114):  
· Alt. 1: 2 or 3 symbols (same as legacy)
· Alt. 3: 1, or 2 or 3 symbols
· The number of PRBs is (pre-)configured using the legacy values
· FFS: reconsider if 1-symbol PSCCH is supported
In this contribution, we present our views on resource allocation for sidelink positioning reference signal (SL PRS). Our views on SL PRS design, and measurements and reporting for SL positioning are described in our companion contributions [2] and [3], respectively. 

1 Discussions on multiplexing of SL PRS 
In this section, we present our view on the remaining issues for multiplexing of SL PRS and other SL channels in both dedicated resource pool and shared resource pool. 
Multiplexing in a dedicated resource pool
At the RAN1#113 meeting, it was agreed that the PSCCH channel structure of SL communication is reused for PSCCH in a dedicated resource pool. In addition, the first PSCCH symbol is mapped to the 2nd symbol available for SL transmissions in a slot, and PSCCH DMRS structure is reused from existing design for SL communication. It is for further study the number of PSCCH symbols in a dedicated resource pool [1]. Figure 1 illustrates one example of multiplexing of PSCCH and SL PRS in a dedicated resource pool.
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[bookmark: _Ref137198879]Figure 1. Multiplexing of PSCCH and SL PRS in a dedicated resource pool.

In case of a dedicated resource pool, a single stage SCI, i.e., SCI format 1-B is introduced and carried by PSCCH, which includes the resource ID and destination ID associated with SL PRS. In general, the payload size of a single stage SCI is larger than that of first stage SCI as defined for SL communication. As agreed in the RAN1#113 meeting, the number of PRBs for PSCCH in a dedicated resource pool is reused from the legacy configuration [1]. 
In our understanding it is more desirable to match the coverage of SCI format 1-B to the coverage achieved by first stage SCI using format 1-A. The coverage is approximated by code rate of the PSCCH in both cases. The example system configurations are summarized in Table 1. Based on these examples, it is assumed that the code rate for all system configurations are in the range of 0.09 and 0.12. The following analysis does use this code rate range to approximate the coverage.
[bookmark: _Ref140673627]Table 1. SCI Format 1-A size examples with two system configurations. 
	System parameter
	Configuration 1
	Configuration 2

	Bandwidth
	10 MHz
	40 MHz

	SCS
	30 kHz
	30 kHz

	Number of PRBs
	24
	106

	Sub-channel size
	12
	15

	Remainder PRBs
	0
	1

	PSCCH size frequency (in PRBs)
	12
	15

	PSCCH size time
	2
	2

	Maximum Number of reservations per SCI
	2
	2

	Number of reserved bits
	2
	2

	Bits to represent the number of resource reservation periods 
	3
	3

	Bits to represent the number of DMRS patterns
	2
	2

	Bits to indicate usage of additional MCS tables
	0
	0

	Bits to indicated PSFCH overhead indication
	1
	1

	SCI 1-A bits required (including 24-bit CRC)
	49
	52

	Code rate
	0.1134
	0.096



At the moment the size of the PSCCH for the dedicated SL PRS resource pool in frequency is not clear. For the payload size we assume that all fields that are now present in second stage SCI formats utilize the same number of bits, which results in in 56 bits (including CRC). In addition, the SL PRS resource indication might need to be signaled if we assume that this does also require between 0 and 2 bits this does result in a payload size of 56 to 658 bits. Note that this is larger compared to a SCI format 1-A payload size. If we assume the same size as the sub-channel size for system configuration 1 and 2 is used, this would result in a code rate in the range of 0.2074 to 0.2685 for SCI format 1-B using a single OFDM symbol. 
This indicates that utilizing a single OFDM symbol for the PSCCH in a dedicated pool would significantly reduce the coverage compared to the legacy Rel-16 PSCCH coverage. For a system utilizing two OFDM symbols for the PSCCH in a dedicated resource pool, the above assumptions result in a code rate between 0.1037 and 0.1343, which is closer to the legacy PSCCH coverage. Based on this evaluation, in order to ensure good performance for PSCCH, it would be more appropriate to support 2 or 3 symbols for PSCCH in the dedicated resource pool.
For SL communication, PSCCH candidate is located within a subchannel, and PSSCH may occupy the remaining resources within the subchannel in the same symbols for PSSCH. For SL positioning in a dedicated resource pool, it would be more desirable to continuously map the PSCCH candidates in the frequency domain, which can help reduce the resource waste and thereby increasing the multiplexing capacity for PSCCH transmissions in the dedicated resource pool. 

Proposal 1: 
For dedicated resource pool:
2 or 3 symbols can be (pre-)configured for PSCCH (Alt. 1: same as legacy). 
PSCCH candidates are mapped continuously in the frequency domain starting from the lowest PRB index.

Multiplexing in a shared resource pool
At the RAN1#113 meeting, it was agreed that SL PRS is multiplexed with PSSCH and PSCCH in a TDM manner in a shared resource pool. Further, the PSSCH is used to carry for both 2nd SCI and SL-SCH [1]. Figure 2 illustrates the multiplexing of PSCCH/PSSCH and SL PRS in a shared resource pool. Note that the SL PRS is only present in OFDM symbols without PSSCH DMRS.
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[bookmark: _Ref134703487]Figure 2. Multiplexing of PSCCH/PSSCH and SL PRS in a shared resource pool.

Further, at the RAN1#112b-e meeting, it was agreed that for shared resource pools, a UE does not map SL PRS and PSSCH DMRS in the same OFDM symbol(s) [4]. Same design principle can be applied if SL PRS collides with PT-RS in the same symbol, i.e., a UE does not map SL PRS and PT-RS in the same OFDM symbol for a shared resource pool. In particular, when PT-RS collides with SL PRS symbols, the PT-RS is shifted in the same way as if the OFDM symbol is allocated for PSSCH DMRS. This indicates that OFDM symbols with SL PRS are treated in step 2 of the procedure defined in section 8.4.1.2.2 of 38.211 ([6]) in the same way as OFDM symbols with PSSCH DMRS.   

Proposal 2: 
For PT-RS time allocation, OFDM symbols with SL PRS are treated in the same way as OFDM symbols with PSSCH DMRS. 

At the RAN1#112 meeting, it was agreed that fully staggered pattern with (M, N) pairs = (2, 2) and (4, 4) are supported for SL PRS transmission in both shared and dedicated resource pool [5]. When the number of symbols for SL PRS transmission in a shared resource pool is relatively large, e.g., 4, performance degradation for PSSCH may be expected if the existing mechanism on TBS determination for PSSCH is reused for SL communication, i.e., without considering the overhead of SL PRS. 
To address this issue, one straightforward solution is to (pre-)configure the number of symbols for PSSCH or SL PRS transmission in a shared resource pool. However, considering that the number of symbols for SL PRS transmission may vary depending on the number of (pre-)configured SL PRS resources and indication in the 2nd stage SCI format, this solution may not dynamically adapt to the exact number of SL PRS symbols for TBS determination. As an alternative, SL PRS overhead may be dynamically indicated similar to PSFCH overhead indication in the SCI format 1-A, which may provide accurate estimate on the number of symbols for SL PRS transmission and TBS determination. 
It is important to note that to calculate the 2nd stage resources, the information about the exact SL PRS configuration is not yet available as this is contained in the 2nd stage. Thus, it is only possible to account for a (pre)-configured or dynamically signaled number of REs that are considered as the overhead. In the alpha case (second cases of the two minimum parts in the formula of 8.4.4 in 38.212 ([7]) these would need to be excluded after calculating the total amount of REs available for the 2nd stage. A reasonable approach would be to provide the number of OFDM symbols that are assumed for SL PRS transmission to potential Rx UEs. Note that SL PRS overhead is determined based on the number of allocated sub-channels and number of symbols assumed for SL PRS. If a single (M, N) pair is provided by a Tx UE for the shared resource pool, then the number of symbols assumed for SL PRS simply corresponds to ‘M’. However, if multiple (M, N) pairs are identified as candidates by a Tx UE, then a separate value for the assumed number of symbols for SL PRS would need to be provided by the Tx UE.  

Proposal 3: 
For shared resource pool, SL PRS overhead needs to be included for TBS determination of PSSCH. 
Number of symbols for determination of SL PRS overhead can be provided for a shared resource pool by Tx UE. 
For 2nd stage SCI resource determination, SL PRS overhead is excluded based on the provided value of assumed number of symbols for SL PRS. 

Discussions on SL PRS resource allocation 
In the following sections, we present our view on Scheme 1 and Scheme 2 SL PRS resource allocation for shared resource pool and dedicated resource pool, respectively. 
Shared resource pool
Scheme 1 SL PRS resource allocation
At the RAN#113 meeting, it was agreed that DCI format 3_0 is used as starting point for shared resource pool for dynamic grant type resource allocation in scheme 1. Further, the following two alternatives were agreed for down-selection [1]:
· Alt. 1: Indication SL PRS specific information is explicitly included in DCI
· Alt. 2: Indication SL PRS specific information is not explicitly included in DCI
For scheme 1 SL PRS resource allocation, it would be more appropriate to allow gNB to control the scheduling of SL PRS in the shared resource pool. At the RAN1#113 meeting, it was agreed that for a shared resource pool, SL PRS resource is uniquely identified by a combination of SL PRS resource ID and a SL PRS frequency domain allocation [1]. In case when multiple SL PRS resources are (pre-)configured in a shared resource pool, it may not be desirable to explicitly indicate SL PRS resource ID from gNB. This explicit indication may unnecessarily increase the payload size for DCI format 3_0. 
To achieve a good balance between scheduling flexibility and DCI payload size, one bit field may be included in the DCI format 3_0 to indicate the presence of SL PRS transmission in the shared resource pool. In this case, UEs would have the freedom to select the appropriate SL PRS resource from the shared resource pool in a flexible manner. 

Proposal 4: 
For Scheme 1 SL PRS resource allocation in a shared resource pool, one bit field is included in the DCI format 3_0 to indicate the presence of SL PRS transmission.

Scheme 2 SL PRS resource allocation
At the RAN1#113 meeting, it was agreed that for a shared resource pool, a new format for 2nd stage SCI, i.e., SCI format 2-D is introduced [1]. To ensure backward compatibility, existing SCI 1-A format needs to be used. In this case, the information available in SCI 1-A can be used for sensing purpose and thus legacy device can protect any related transmission. In addition, the reserved codepoint in the 2nd stage SCI format field, i.e., “11” can be used to indicate the SCI format 2-D for scheduling of PSSCH and SL PRS in a shared resource pool. 
Further, the SCI format 2-D can be designed based on the existing SCI format 2-A, with an additional field for scheduling SL PRS transmission. HARQ process number, new data indicator, redundancy version, source ID, destination ID, HARQ feedback enabled/disabled indicator, cast type indicator and CSI request can be included in the SCI format 2-D. When both PSSCH and SL PRS are scheduled in the shared resource pool, the source ID, destination ID and cast type can be commonly applied for both PSSCH and SL PRS.
As agreed at the RAN1#113 meeting, for a shared resource pool, SL PRS resource is uniquely identified by a combination of SL PRS resource ID and a SL PRS frequency domain allocation [1]. In case multiple SL PRS resources are (pre-)configured in a shared resource pool, SL PRS resource indication may be included in the SCI format 2-D for scheduling SL PRS transmission, where one codepoint may be used to indicate that SL PRS is not present in the shared resource pool.
Beyond the agreement for a new 2nd stage format the fields contained in it needs to be discussed. In our understanding as the PSSCH is present in the transmission also all related information in the 2nd stage need to be included. Therefore, the following parameters that are essentially to demodulate and decode the PSSCH are also included in SCI format 2-D:
· HARQ process number (4 bit)
· New data indicator (1 bit)
· Redundancy version (2 bit)
· Source ID (8 bit)
· Destination ID (16 bit)
· HARQ feedback enabled/disabled indicator (1 bit)
· Cast type indicator (2 bit)
· CSI-RS request (1 bit)
The ones that are marked with bold font are already included in the (in principle) agreed editor CR of 38.212. We think it is possible to transmit CSI-RS in a transmission that does include SL PRS, therefore a field indicating the presence of CSI-RS is necessary. Note that not all combinations of PSSCH DMRS time density, number of SL PRS OFDM symbols, and SL CSI-RS transmissions are possible. In our understanding the source and destination ID for the PSSCH and for the SL PRS should be the same. 

Proposal 5: 
For Scheme 2 SL PRS resource allocation in a shared resource pool, 
Codepoint “11” in the field of 2nd-stage SCI format in SCI format 1-A is used to indicate SCI format 2-D.
SL PRS resource indication field is included in the SCI format 2-D for scheduling SL PRS transmission. 
The Source ID, Destination ID, and cast type in SCI format 2-D are the same for SL PRS and SL-SCH. 
The following fields are also present in SCI format 2-D.
HARQ process number
New data indicator
Redundancy version
HARQ feedback enabled/disabled indicator
Cast type indicator
CSI request

The operation of congestion control in shared resource pools was discussed. In our understanding, the restriction of transmission parameters due to congestion control needs to take the same parameters as available for legacy UEs for data transmissions. Therefore, the congestion control remains the same and is only applicable for SL PRS. In this regard, the SL PRS transmission parameters are adapted to the PSSCH transmission parameters. 

Proposal 6: 
For shared resource pools, existing congestion control mechanism is reused. 

Dedicated resource pool
Scheme 1 SL PRS resource allocation
As agreed in the RAN1#112b-e meeting, a transmitting UE can receive a SL PRS resource allocation signaling from gNB through a dynamic grant [4]. For Scheme 1 SL PRS resource allocation, one straightforward approach is to define a new DCI format, which may include the resource reservation for SL PRS in time and code domain in a dedicated resource pool. Further, to differentiate DCI format 3_0 and the new DCI format, a resource pool index may be associated with a specific type of SL PRS resource pool (i.e., shared, or dedicated resource) via higher layer (pre)-configuration. Based on the indicated resource pool index, UE can determine whether the SL PRS is allocated in a dedicated resource pool or a shared resource pool.
It should be noted that a SL PRS resource is identified by a SL PRS resource ID that is unique within a slot of a dedicated SL PRS resource pool. As described in our companion contribution, comb size, whether TDM-based multiplexing for SL PRS resources, the starting symbols and number of symbols in case of TDM-based multiplexing can be (pre-)configured per dedicated resource pool [2]. This would help ensure alignment of SL PRS transmission in a dedicated resource pool, and thereby mitigating the interference for SL PRS transmission from different UEs. 
In this regard, SL PRS resource assignment in a slot may be indicated via a SL PRS resource ID in a dedicated resource pool, which is identified by a specific starting symbol and RE offset for SL PRS transmission in the indicated slots. Based on the discussions, the following fields may be included in the new DCI format: 
· Resource pool index
· Time gap between PDCCH and the slot of first SL PRS transmission
· SL PRS resource indication for the initial transmission
· SL PRS time resource assignment/reservation for subsequent slots 
· SL PRS resource assignment/reservation for subsequent slots 
For SL PRS time resource assignment/reservation for subsequent slots, the existing mechanism, i.e., TRIV as defined for SL communication can be reused. In addition, for SL PRS resource assignment/reservation for subsequent slots, given that TDM-ed SL PRS resources within a slot from a single UE in a dedicated/shared resource pool is not supported in Rel-18 [1], a single SL PRS resource in each future reserved slot can be indicated. Considering maximum number of reserved resources can be (pre-)configured as 2 or 3, the SL PRS resource assignment for subsequent slot can be determined as 
· If maximum number of reserved resources is 2 then
· 
· If maximum number of reserved resources is 3 then
· 
Where  and are the SL PRS resource index for the second and third resource, respectively, and  is the number of SL PRS resources in a dedicated resource pool. 

Proposal 7: 
For Scheme 1 SL PRS resource allocation in a dedicated resource pool, a new DCI format is defined for SL PRS resource allocation. The following fields are included.
Resource pool index
Time gap between PDCCH and the slot of first SL PRS transmission
SL PRS resource indication for the initial transmission
SL PRS time resource assignment/reservation for subsequent slots 
SL PRS resource assignment/reservation for subsequent slots 

Scheme 2 SL PRS resource allocation
At the RAN1#113 meeting, it was agreed that for a dedicated resource pool for SL positioning, at least source ID, destination ID, resource reservation period, SL PRS priority and cast type are included in the single stage SCI [1]. Like SL communication, the following two fields may also be included in the SCI format 1-B: 
· SL PRS time resource assignment/reservation for subsequent slots
· SL PRS resource assignment/reservation for subsequent slots
Regarding the determination of SL PRS resource associated with PSCCH in the same slot, the following options were identified for down-selection [1]:
· Alt. 3.1: support a one-to-one mapping relationship between a PSCCH resource and an associated SL PRS resource in the same slot. 
· Alt. 3.2: explicit signaling of SL PRS resource in the same slot.
· Alt. 3.3: support a mapping relationship between a PSCCH resource and one or more associated SL PRS resource(s) in the same slot and explicit signaling of SL PRS resource.
As agreed in the RAN#112b-e meeting, in a dedicated resource pool, a SL PRS resource refers to a time-frequency resource within a slot that is used for SL PRS transmission, which is identified by a SL PRS resource ID that is unique within a slot of a dedicated SL PRS resource pool [4]. 
As defined for SL communication, the lowest sub-channel for sidelink transmission is the sub-channel on which the lowest PRB of the associated PSCCH is transmitted. Following similar design principle, it may be more appropriate to support a mapping between subchannel index used for the PSCCH transmission and associated SL PRS resource index, which can help reduce the SCI signalling overhead. Figure 3 illustrates one to one mapping between PSCCH subchannel and SL PRS resource in a dedicated resource pool.
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[bookmark: _Ref134742190]Figure 3. Mapping between PSCCH subchannel and SL PRS resource in a dedicated resource pool

At the RAN1#113 meeting, it was agreed that the existing configuration for PSCCH as defined for SL communication can be reused for a shared resource pool [1]. Given the various values for the number of PRBs for PSCCH, as well as the variations in comb sizes and support of TDM-based multiplexing for SL PRS, it would be very challenging to always guarantee same number of PSCCH candidates and number of SL PRS resources within the same slot in the dedicated resource pool.
In case the number of SL PRS resources exceeds the number of subchannels utilized for PSCCH transmission, a combination of explicit signaling of the SL PRS resource group index and implicit mapping between PSCCH resource and associated SL PRS can be supported, which can help achieve a good balance between signaling overhead and configuration flexibility. In this regard, the restriction on the same number of PSCCH resources and SL PRS resources in the dedicated resource pool is not needed. 
Based on the latest agreement on PSCCH frequency resources, the PSCCH size in PRBs according to the RRC parameter sl-FreqResourcePSCCH-r16 is used, which takes a value from the set {10, 12, 15, 20, 25}. Table 2 summarizes the maximum number of PSCCH frequency positions per SL bandwidth. Based on the agreements for SL PRS, it is possible to have multiple SL PRS time resource and comb configurations in the same slot. From the results in Table 2, in many cases it is not possible to indicate SL PRS resource via implicit one-to-one signaling of the PSCCH position. 
[bookmark: _Ref140756576] Table 2. Maximum number of PSCCH frequency positions in a dedicated SL PRS resource pool. 
	SCS (kHz)
	5 MHz
	10 MHz
	15 MHz
	20 MHz
	25 MHz
	30 MHz
	40 MHz
	50 MHz
	60 MHz
	70 MHz
	80 MHz
	90 MHz
	100 MHz

	15
	2
	5
	7
	10
	13
	16
	21
	27
	
	
	
	
	

	30
	1
	2
	3
	5
	6
	7
	10
	13
	16
	18
	21
	24
	27

	60
	
	1
	1
	2
	3
	3
	5
	6
	7
	9
	10
	12
	13


It is important to note that to support the combination of implicit and explicit signaling of the SL PRS resources, it needs to be defined in the resource pool which part of the SL PRS resource configuration is signaled implicitly, and which one is signaled explicitly. 
To enable a (pre)-configured split between implicit and explicit signaling, if the number of PSCCH resources is less than the number of SL PRS resource, mapping PSCCH resources to groups of SL PRS resources IDs can be considered. Depending on the exact number of SL PRS resources and PSCCH resources, number of SL PRS resource in different SL PRS resource groups may be different. Note that this needs to take into account all potential PSCCH resource and SL PRS resources in order to avoid wasting valuable resources. 

Proposal 8: 
For Scheme 2 SL PRS resource allocation in a dedicated resource pool,
SL PRS time resource assignment/reservation for subsequent slots and SL PRS resource assignment/reservation for subsequent slots are included in the SCI format 1-B.
Support a mapping relationship between a PSCCH resource and one or more associated SL PRS resource(s) and explicit signaling of SL PRS resource (Alt. 3.3).
When the number of PSCCH resources is less than the number of SL PRS resources, PSCCH resource is mapped to a SL PRS resource group, while one field in the SCI is used to indicate a SL PRS resource within the SL PRS resource group. 

In our view, one of the motivations to consider dedicated SL PRS resource pools is to multiplex multiple SL PRS transmissions spanning the full available bandwidth in a slot. This means that, depending on the relative numbers of UEs multiplexed via FDM for SCI transmission and those multiplexed via FDM (e.g., using different comb offsets) vs those multiplexed in time (different symbols), the half-duplex problem may be significant and might have a larger impact on the resource sensing, e.g., for scenarios when a limited number of UEs is multiplexed using different comb offsets due to IBE considerations. In essence, the half-duplex problem becomes exacerbated if the number of UEs that are multiplexed in frequency subchannels for SCI transmission (when they may not be able to receive other UEs’ SCI) and the number of UEs that are multiplexed in time/frequency for the SL PRS transmissions are not balanced well. This is shown with a simplified illustration in Figure 6.
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Figure 4. A simplified example to illustrate the half-duplex issue when two UEs are multiplexed in frequency for SCI transmissions but in time for SL PRS transmissions. Although the UEs’ SL PRS transmissions are multiplexed to allow mutual reception of both SL PRS, the associated SCIs may not be received due to half-duplex constraint. Although not shown in this example, this can also lead to cases when the SL PRS transmissions may collide.

Observation 1: 
Depending on the number of available SL PRS resources in a dedicated resource pool the half-duplex problem for measurements as well as sensing can occur more frequently. 

Sensing based operation can be well-suited to protect periodic SL PRS transmissions. In contrast to aperiodic transmissions these can be predicted based on past observations. For aperiodic transmissions, there is a high likelihood that transmission form different devices collide, especially if the dedicated resource pool resources are limited. This is also the case for SL communication, but for a dedicated SL PRS resource pool the number of collisions can increase given the multiplexing restrictions and the limited number of resources available. This is especially relevant for positioning methods that require multiple transmissions as they should occur in short succession due to mobility and/or clock drift.

Observation 2: 
For sensing-based operation, when compared to periodic transmissions, more collisions and half-duplex problems can be expected for aperiodic transmissions.

For the resource allocation procedure, the Rel-16 resource (re)-selection procedure is the starting point of the design. In our understanding a large portion of the design can be reused. A simplified flow chart for the Rel-16 resource (re)-selection procedure is illustrated in Figure 5. We also expect that the same functional split between the resource (re)-selection procedure and the resource selection at the MAC layer is preserved. This means that the output of the resource (re)-selection is a candidate resource set, from this the MAC layer selects resource. 


[bookmark: _Ref127543864]Figure 5. A simplified flow chart of the Rel-16 resource (re)-selection procedure.
Some aspects of the Rel-16 resource (re)-selection procedure need to be adapted or rediscussed for scheme 2 operation in dedicated SL PRS resource pools as follows:
· Resource exclusion based on SL PRS resources: Rel-16 resource exclusion considers the amount of allocated sub-channels. In our understanding the main benefit of dedicated resource pools is to have more wideband SL PRS transmissions. Thus, a different resource granularity might be defined. This implies that the resource exclusion should consider SL PRS transmission resource and not the SL communication sub-channels. 
· RSRP based on PSCCH DMRS: The PSSCH or PSCCH DMRS RSRP are used for resource exclusion for Rel-16 SL communication. In our understanding for dedicated resource pools only PSCCH DMRS RSRP can be used for this purpose as SL PRS cannot always be received by all devices due to privacy concerns. 
· Resource selection window: In our understanding the introduction of an SL PRS delay budget similar to the PDB for sidelink communication has the benefit that all legacy parametrization related to it can still be used. In addition to higher layers configured resource selection window (RSW), the legacy approach offers the flexibility of having devices with a shorter processing time including additional resource at the start of the RSW. Further, the end time of a RSW defined by higher layers is equivalent to the delay deadline. 
· Definition of candidate resources: The candidate resources are defined as all SL PRS transmissions opportunities. If multiple transmissions of SL PRS are TDM’ed within a slot all TDM’ed resource are candidate resources. The same holds true for comb multiplexed resources. Note that the RE distance for comb multiplexing can be configurable. 
· Reservation Interval: Similar to legacy definition the resource interval is provided to the resource re-selection procedure by higher layers. The value range is (pre)-configured per resource pool. Note that system profiling needs to ensure that the dedicated resource pool has sufficient resource to cover all potential reservation intervals. During RAN1#113 it was agreed to use legacy SL periodicity and DL-PRS periodicity as a starting point. The SL periodicity takes values in the range of 1 to 99 ms and 100, …, 1000 ms. For DL-PRS the periodicity can be much longer in the set of  in slots for 15 kHz SCS and scaled according to the SCS time scaling. Note that the DL-PRS periodicity is about 10 times longer compared to the SL periodicity in the maximum. However, as the sensing window does need to align with the largest periodicity this would require significant additional sensing requirements if periodicity beyond 1 s are standardized. Thus, as a trade-off we think it is sufficient to utilize only the legacy SL periodicity for SL PRS. 
· Sensing window length: We do not see a strong motivation to change the sensing window definition for SL PRS transmission. In this case the legacy definition should be kept. 
· Initial S-RSRP threshold: There is no strong motivation to change the definition of the initial S-RSRP threshold as well as the target resource ratio. Thus, it is sufficient to reuse the legacy definition. 
· Resource exclusion of TDM resources: Resource exclusion contains the step for excluding resource for which potential transmissions could not be sensed. In the case of TDM’ed resource within a slot this means in contrast to legacy transmission all transmissions in this slot need to be excluded. 
· Resource exclusion if comb multiplexing is configured: Comb-based multiplexing in the resource exclusion can be treated in the same way as different frequency resources are treated in legacy definition of sidelink communication. Given that it is preferred that SL PRS resources of different UEs are not FDM’ed in the same resource pool, resource exclusion only needs to consider comb multiplexing. 

Proposal 9: 
The following aspects should be considered for the scheme 2 resource (re)-selection procedure:
For a dedicated resource pool, resource exclusion is based on SL PRS resources.
PSCCH DMRS RSRP is used for resource exclusion (Option 2).
A SL PRS delay budget is introduced to define the RSW (Option 1)
Candidate SL PRS resources are all potentially TDM’ed or comb-multiplexed. The minimum RE distance for comb multiplexing is (pre)-configured.
The reservation interval is (pre)-configured pre resource pool and provided to the resource re-selection procedure by higher layers. The legacy value range for SL communication are reused. 
The configuration options of the sensing window are (pre)-configured in the same way as for legacy communication (100 ms or 1100 ms) (Option 1).
The legacy definition for the initial S-RSRP threshold and target resource ratio are reused.
Pre-emption and re-evaluation procedures reused the defined paradigms defined for Rel-16 SL communication. 
For resource exclusion, TDM’ed resource that could not be sensed are both excluded.
For resource exclusion, comb multiplexing is treated in the same way as single sub-channel transmissions in the legacy resource (re)-selection procedure. 

During RAN1#113 [1] the discussion about how to implement distributed congestion control (DCC) in a dedicated resource pool started. In our understanding there are three topics that needs to be discussed to adapt the for Rel-16 SL communication defined procedure to dedicated resource pools:
· Definition of SL CBR measure for dedicated resource pools
· Definition of SL CR measure for dedicated resource pools
· How and which SL PRS transmission parameters can be restricted by the DCC
Based on this consideration in our understanding the general operation principles of DCC can be kept and the related measures and procedures need to adapt to SL PRS transmissions instead of PSCCH/PSSCH transmissions.

Proposal 10: 
The general procedures for distributed congestion control for SL PRS are the same as for SL communication. All configuration parameters related to the unchanged parts are reused. The following aspects are adapted to account for the structure of a dedicated resource pool:
Definition of SL PRS CBR
Definition of SL PRS CR
SL PRS transmission parameter adaptation

The current definition of SL CBR relative to the SL RSSI measured per sub-channel. As the SL PRS transmissions will not be sub-channel based this definition cannot be reused. Therefore, in our understanding it is only possible to measure SL RSSI measurements for all potential SL PRS resources in the resource pool. In particular, the SL PRS CBR is defined as the portion of time instances with SL PRS resource in which the SL RSSI across all SL PRS resources exceed a (pre-)configured threshold. 

Proposal 11: 
Define the SL PRS CBR in a dedicated resource pool as the portion of time instances with SL PRS resource in which the SL RSSI across all SL PRS resources exceed a (pre-)configured threshold.
The SL RSSI is calculated across all frequency resource of the dedicated resource pool.
The SL PRS CBR time window size is (pre-)configured in the same way as the legacy system. 

The current definition of SL CR also needs to be changed. In this case the SL PRS CR is defined as the total number of SL PRS resources used for its transmissions in a slot range divided by the total number of configured SL PRS resources in the dedicated resource pool given a range of slots. Note that both TDM and comb multiplexing of SL PRS resources need to be considered. 

Proposal 12: 
Define the SL PRS CR in a dedicated resource pool as the total number of SL PRS resources used for its transmissions in a slot range divided by the total number of configured SL PRS resources given a different range of slots.
The slot ranges from the legacy SL CR definition are reused.

During RAN1#113 [1] different options to restrict the SL PRS transmission parameters were discussed. In our understanding for SL PRS a sensible option is to limit the transmission power and the number of transmissions. The number of transmissions can be limited by introducing a per priority CR limit as for shared resource pool. The power can be limited in a similar way as defined for SL communication. 

Proposal 13: 
For SL PRS transmission in a dedicated resource pool, the congestion control limits the following SL PRS transmission parameters:
Number of SL PRS transmission over a period. Configured per priority via a (pre)-configured CR limit. Note that as in SL communication how to achieve the CR limit is left to UE implementation. 
Transmission power (pre)-configured per CBR range. 
Number of SL PRS (re)-transmissions (Option 8). 

Aspects common to shared and dedicated resource pools
During RAN1#113 [1] it was discussed how in scheme 2 the reception SCI and potentially the SL PRS can trigger SL PRS transmission. Based on the latest agreements it is not possible to transmit SL PRS without SCI. Therefore, in our understanding that is no longer a necessity to distinguish the cases of reception of SL PRS and SCI for triggering SL PRS transmission. In our understanding for RTT based exchanges it is desired that the reception of an SCI that is associated with an SL PRS transmission should trigger the resource selection. In our understanding to be enable SCI with associated SL PRS transmission to trigger SL PRS transmission a prior information exchange is necessary. In our understanding a solution that enables/disables this procedure should not be the only configuration parameters. 

Proposal 14: 
The reception of SCI with associated SL PRS can trigger the resource selection of SL PRS in scheme 2 when the following conditions are satisfied.
This operation is (pre)-configured for the resource pool.
During an information exchange before the reception the UEs agree that this procedure is used. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we discussed resource allocation for SL PRS. Further, we summarize the proposals as follows:
Proposal 1: 
For dedicated resource pool:
2 or 3 symbols can be (pre-)configured for PSCCH (Alt. 1: same as legacy). 
PSCCH candidates are mapped continuously in the frequency domain starting from the lowest PRB index.
Proposal 2: 
For PT-RS time allocation, OFDM symbols with SL PRS are treated in the same way as OFDM symbols with PSSCH DMRS. 
Proposal 3: 
For shared resource pool, SL PRS overhead needs to be included for TBS determination of PSSCH. 
Number of symbols for determination of SL PRS overhead can be provided for a shared resource pool by Tx UE. 
For 2nd stage SCI resource determination, SL PRS overhead is excluded based on the provided value of assumed number of symbols for SL PRS. 
Proposal 4: 
For Scheme 1 SL PRS resource allocation in a shared resource pool, one bit field is included in the DCI format 3_0 to indicate the presence of SL PRS transmission.
Proposal 5: 
For Scheme 2 SL PRS resource allocation in a shared resource pool, 
Codepoint “11” in the field of 2nd-stage SCI format in SCI format 1-A is used to indicate SCI format 2-D.
SL PRS resource indication field is included in the SCI format 2-D for scheduling SL PRS transmission. 
The Source ID, Destination ID, and cast type in SCI format 2-D are the same for SL PRS and SL-SCH. 
The following fields are also present in SCI format 2-D.
HARQ process number
New data indicator
Redundancy version
HARQ feedback enabled/disabled indicator
Cast type indicator
CSI request
Proposal 6: 
For shared resource pools, existing congestion control mechanism is reused. 
Proposal 7: 
For Scheme 1 SL PRS resource allocation in a dedicated resource pool, a new DCI format is defined for SL PRS resource allocation. The following fields are included.
Resource pool index
Time gap between PDCCH and the slot of first SL PRS transmission
SL PRS resource indication for the initial transmission
SL PRS time resource assignment/reservation for subsequent slots 
SL PRS resource assignment/reservation for subsequent slots 
Proposal 8: 
For Scheme 2 SL PRS resource allocation in a dedicated resource pool,
SL PRS time resource assignment/reservation for subsequent slots and SL PRS resource assignment/reservation for subsequent slots are included in the SCI format 1-B.
Support a mapping relationship between a PSCCH resource and one or more associated SL PRS resource(s) and explicit signaling of SL PRS resource (Alt. 3.3).
When the number of PSCCH resources is less than the number of SL PRS resources, PSCCH resource is mapped to a SL PRS resource group, while one field in the SCI is used to indicate a SL PRS resource within the SL PRS resource group. 
Proposal 9: 
The following aspects should be considered for the scheme 2 resource (re)-selection procedure:
For a dedicated resource pool, resource exclusion is based on SL PRS resources.
PSCCH DMRS RSRP is used for resource exclusion (Option 2).
A SL PRS delay budget is introduced to define the RSW (Option 1)
Candidate SL PRS resources are all potentially TDM’ed or comb-multiplexed. The minimum RE distance for comb multiplexing is (pre)-configured.
The reservation interval is (pre)-configured pre resource pool and provided to the resource re-selection procedure by higher layers. The legacy value range for SL communication are reused. 
The configuration options of the sensing window are (pre)-configured in the same way as for legacy communication (100 ms or 1100 ms) (Option 1).
The legacy definition for the initial S-RSRP threshold and target resource ratio are reused.
Pre-emption and re-evaluation procedures reused the defined paradigms defined for Rel-16 SL communication. 
For resource exclusion, TDM’ed resource that could not be sensed are both excluded.
For resource exclusion, comb multiplexing is treated in the same way as single sub-channel transmissions in the legacy resource (re)-selection procedure. 
Proposal 10: 
The general procedures for distributed congestion control for SL PRS are the same as for SL communication. All configuration parameters related to the unchanged parts are reused. The following aspects are adapted to account for the structure of a dedicated resource pool:
Definition of SL PRS CBR
Definition of SL PRS CR
SL PRS transmission parameter adaptation
Proposal 11: 
Define the SL PRS CBR in a dedicated resource pool as the portion of time instances with SL PRS resource in which the SL RSSI across all SL PRS resources exceed a (pre-)configured threshold.
The SL RSSI is calculated across all frequency resource of the dedicated resource pool.
The SL PRS CBR time window size is (pre-)configured in the same way as the legacy system. 
Proposal 12: 
Define the SL PRS CR in a dedicated resource pool as the total number of SL PRS resources used for its transmissions in a slot range divided by the total number of configured SL PRS resources given a different range of slots.
The slot ranges from the legacy SL CR definition are reused.
Proposal 13: 
For SL PRS transmission in a dedicated resource pool, the congestion control limits the following SL PRS transmission parameters:
Number of SL PRS transmission over a period. Configured per priority via a (pre)-configured CR limit. Note that as in SL communication how to achieve the CR limit is left to UE implementation. 
Transmission power (pre)-configured per CBR range. 
Number of SL PRS (re)-transmissions (Option 8). 
Proposal 14: 
The reception of SCI with associated SL PRS can trigger the resource selection of SL PRS in scheme 2 when the following conditions are satisfied.
This operation is (pre)-configured for the resource pool.
During an information exchange before the reception the UEs agree that this procedure is used. 
Observation 1: 
Depending on the number of available SL PRS resources in a dedicated resource pool the half-duplex problem for measurements as well as sensing can occur more frequently. 
Observation 2: 
For sensing-based operation, when compared to periodic transmissions, more collisions and half-duplex problems can be expected for aperiodic transmissions.
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