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[bookmark: _Hlk104074592]At the RAN1#112 meeting, the following agreements were made regarding SL positioning reference signal (SL PRS) design [1].
Agreement
SL PRS sequence is generated based on Gold sequence:

where c(i) is a pseudo-random sequence as defined in Clause 5.2.1 of TS 38.211.
Agreement 
· For SL PRS sequence generation, the pseudo-random sequence c(i) initialization equation is defined as a function of at least: slot number, symbol number, and a parameter .
· The pseudo-random sequence c(i) initialization equation is based on initialization equation as for DL PRS
Agreement 
For SL PRS sequence generation, consider at least the following options to define the parameter , and select one option:
· Option 1:  is a higher layer configured parameter
· Option 2:  is based on 12 bits CRC of PSCCH associated with the SL PRS transmission
· Option 3: based on a combination of higher layer configured parameter from a configured ID list and 12 bits of CRC of PSCCH associated with the SL PRS transmission
· Option 5:  is based on 12bits LSB of destination ID
· Option 6:  is based on 8 bits of source ID + 4 zero bits
· Option 7:  is based on the CRC field of the 2nd SCI associated with SL PRS transmission, if there is a 2nd SCI defined.
Agreement 
Range of the parameter  is:  
Agreement
A SL PFL is not defined. SL positioning RS are defined directly with respect to and contained within a single SL BWP and carrier.
Agreement 
Support SCS values for SL PRS include:
· 15 kHz, 30 kHz, 60 kHz for FR1, and 60 kHz, 120 kHz for FR2
· Which SCS values are required, and which ones are optional follow Rel-16 UE capabilities.
Agreement 
For RE-offset sequence for SL PRS, the RE-offset sequences specified for DL PRS are considered as a starting point.
· FFS: Exact RE-offset sequences 
Agreement 
· Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· For comb-based multiplexing of SL PRS from different UEs, support at least the case wherein a single (M,N) value is possible . 
· FFS: Whether to support comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values.
· FFS: additional restrictions (if any) due to e.g. the impact of synchronization and IBE interference between UEs
Agreement 
For SL PRS in shared or dedicated resource pools, 
· at least comb sizes (N) 2, 4 are supported.
· Comb size 6 is supported at least in dedicated resource pool
· FFS: comb size 6 in shared resource pool
· Comb size 1 is supported at least in shared resource pool
· FFS: comb size 1 in dedicated resource pool
· comb sizes (N) > 12 are not supported.
· FFS: support of comb sizes (N) of 8, 12.
Agreement 
For SL PRS in shared and dedicated resource pools, 
· SL PRS patterns with full staggering are supported.
· FFS: whether (M,N)=(6,6) is supported
· SL PRS patterns with partial staggering are supported at least for the following (M,N) pairs:
· (M, 2) with M = {1} 
· (M, 4) with M = {2} 
· FFS: constraints on maximum effective comb size
· FFS: support of partial staggering for other comb sizes
· FFS: Support of SL PRS patterns with M > N at least with full staggering.
Agreement 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: TDM-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· FFS: Details, including resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources, additional AGC symbols.
· FFS: restrictions for the configuration of TDM-based multiplexing of SL PRS from different UEs in a slot, if any
· FFS: which resource allocation schemes are applicable
· FFS: whether or not this is a separate UE capability
Agreement
The OLPC framework defined for PSSCH/PSCCH is considered as a starting point for OLPC for SL PRS.
In this contribution, we present our views on SL PRS physical structure and transmit power control for SL PRS. Our views on measurements and reporting for SL positioning and resource allocation for SL PRS are described in our companion contributions [2] and [3], respectively. 
1 Discussions on SL PRS physical structure
1.1 SL PRS sequence design
At the RAN1#112 meeting, it was agreed that pseudo-random sequence c(i) initialization equation for SL PRS is based on initialization equation as for DL PRS, which is defined as a function of at least: slot number, symbol number, and a parameter . Further, various options were identified for the determination of sequence ID  [1]. Note that this is mainly motivated to simplify the UE receiver implementation as the algorithm for positioning measurement with DL-PRS can be maximally reused. 
Among these options, using one of source ID (Option 6) or destination ID (Option 5) may not uniquely identify the sequence ID for the SL PRS sequence generation. Further, as discussed in our companion contribution, a single SCI for scheduling SL PRS transmission is preferred for dedicated SL PRS resource pool to simplify the design and multiplexing [3]. Towards this direction, Option 7 may not be feasible at least for dedicated resource pool.  
For SL positioning, one of the concerns is the security of SL PRS measurement, wherein Rx UEs may overhear the SL PRS transmission from other UEs and can measure the relative distance between Tx and Rx UEs. To address this issue, Option 1 with high layer configured parameter for sequence ID can be supported. In particular, sequence ID for SL PRS sequence generation can be (pre-)configured as part of SL PRS resource configuration. When the Tx UE indicates the SL PRS resource for SL PRS transmission via SCI, Rx UE may determine the sequence ID for corresponding SL PRS sequence generation based on the indicated SL PRS resource index. Note that SL PRS resource configuration including sequence ID may be communicated between anchor and target UEs with higher layer signaling prior to the SL PRS transmission so as to ensure security of SL PRS measurement. 
For SL PRS sequence generation, it is unclear the benefit of Option 3 with configuration of a set of sequence IDs. Given the distributed nature of SL PRS transmission, dynamic selection of sequence ID from a set of configured sequence IDs may not be necessary in term of interference management. 
Based on the discussions above, it is more desirable to support Option 1 for SL PRS sequence generation, wherein sequence ID can be (pre-)configured as part of SL PRS resource configuration. It can be for further study whether Option 2 can be additionally supported for SL PRS sequence generation. 
Proposal 1
· For SL PRS sequence generation, at least Option 1 is supported: 
· Sequence ID can be (pre-)configured per UE as part of SL PRS resource configuration. 
· FFS: Option 2. 

1.2 SL PRS transmission bandwidth 
At the RAN1#111 meeting, it was agreed that SL positioning RS are defined directly with respect to and contained within a single SL BWP and carrier [1]. Further, at the RAN1#110b-e meeting, two alternatives were agreed regarding the bandwidth of SL PRS transmission within a dedicated resource pool [4]: 
· Alt. 1: The bandwidth of SL PRS can be same or smaller than that of the resource pool
· Alt. 2: The bandwidth of SL PRS shall be the same as that of the resource pool
It is evident that Alt. 1 can allow flexible resource allocation for SL PRS transmission within a dedicated resource pool. However, when allocating limited bandwidth for SL PRS transmission, this would clearly degrade the SL positioning performance. If the bandwidth of SL PRS is smaller than that of the dedicated resource pool, remaining resources in frequency domain may be wasted, especially when considering that only SCI and SL PRS transmission are multiplexed in the dedicated resource pool. 
Further, multiple dedicated resource pools with potential different bandwidths may be (pre-)configured for SL PRS transmission, which may accommodate various use cases and scenario targeting different positioning accuracy requirements. In this regard, it would be more desirable to support same SL PRS transmission bandwidth as that of the dedicated resource pool to reduce signalling overhead.  
As discussed in our companion contribution [3], given the fact that backward compatibility with legacy Rel-16/17 UEs should be ensured for shared resource pool for SL communication and SL PRS, SL PRS transmission can be associated with PSSCH and occupies same BW as the PSSCH. Figure 1 illustrates one example of multiplexing of PSSCH and SL PRS in a shared resource pool. 
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[bookmark: _Ref125405003]Figure 1. Multiplexing of PSSCH and SL PRS in a shared resource pool
Proposal 2
· For dedicated resource pool, the bandwidth of SL PRS is the same as that of the resource pool. 
· For shared resource pool, SL PRS transmission is associated with PSSCH and occupies same BW as the PSSCH. 

1.3 SL PRS pattern in time and frequency domain
At the RAN1#112 meeting, several values on the number of symbols (M) and comb size (N) for SL PRS transmission were agreed. Further, both fully and partially staggered pattern are supported for SL PRS in dedicated or shared resource pools [1]. For fully staggered pattern, positioning estimation accuracy can be achieved by aggregating estimated channels in frequency. For partially staggered pattern, larger number of SL PRS transmissions can be multiplexed in the same time instance, which can help achieve higher multiplexing capacity while delivering good positioning performance. Further, in many cases, partially staggered patterns may be helpful in handling interference due to in-band emissions (IBE). Figure 2 illustrates examples of fully and partially staggered pattern for SL PRS.
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[bookmark: _Ref125363381]Figure 2. Fully and partially staggered pattern for SL PRS
For dedicated resource pool, given that comb-based multiplexing of SL PRS transmissions from different UEs in a slot is supported, a relatively large number of (M, N) pairs can be considered so as to cater for various use cases and scenarios for SL positioning. Further, to provide a higher multiplexing capacity, a relatively large value of N can be considered, e.g., 12. This may be more critical for SL positioning performance when considering the potential in band emission (IBE) issue for sidelink transmission. In our view, for dedicated resource pool, comb size N with {2, 4, 6, 8, 12} can be supported. 
As discussed in our companion contribution, PSCCH and SL PRS can be multiplexed in a TDM manner in a dedicated resource pool [3]. In this regard, relatively large number of symbols allocated for SL PRS transmission within a slot may not be feasible. For instance, assuming 1 symbol for AGC and guard time for Tx-Rx turnaround, respectively, and 1 AGC symbol between PSCCH and SL PRS, and 2 symbols for PSCCH transmission, maximum number of symbols allocated for SL PRS transmission in a dedicated resource pool spanning a slot may be limited to 9. Note that values of M for a dedicated resource pool may be decided after exact physical structure of multiplexing of SL PRS and other SL channels is determined. 
Further, regarding partially staggered pattern in a dedicated resource pool, it may be more appropriate to consider the constraints on the maximum effective comb size. In particular, in order to maintain good SL positioning performance, the maximum effective comb size may be limited to 2. 
Similar to the DL PRS, repeated pattern may be supported for SL PRS with fully staggered pattern, which may be desirable to facilitate Doppler spread estimation and compensation so as to improve positioning performance. In particular, the number of symbols for SL PRS transmission can be an integer number of comb size, i.e., M = N, where  is a positive integer. 
In case of shared resource pool, similar to CSI-RS transmission in SL communication., large number of symbols for SL PRS transmission may not be expected given the fact that comb or TDM based multiplexing between different SL PRS transmission in the same PSSCH region is not needed. Toward this direction, a limited set of (M, N) pairs can be considered for SL PRS in shared resource pool, e.g., maximum number of symbols for SL PRS transmission may be limited to 2. In our view, (M, N) pairs with (1, 1), (1, 2), (2, 4), (2, 2) can be supported for SL PRS in a shared resource pool. 
Proposal 3
· For dedicated resource pool
· Comb size N with {2, 4, 6, 8, 12} is supported. 
· M > N is supported for SL PRS with fully staggered pattern, where M = N and  is a positive integer. 
· Maximum effective comb size is 2 for SL PRS with partially staggered pattern. 
· For shared resource pool
· (M, N) pairs with (1, 1), (1, 2), (2, 4), (2, 2) are supported.
· FFS: maximum value of M as 4. 

At the RAN1#110b-e meeting, it was discussed whether non-consecutive symbols can be allocated for SL PRS transmission within a shared resource pool [4]. As mentioned above, a limited number of symbols allocated for SL PRS transmission in a shared resource pool can be expected. Assuming maximum number of symbols allocated for SL PRS transmissions is 2, collision between SL PRS and other SL signals including PSSCH DMRS can be easily avoided. In this case, consecutive symbols for a SL PRS transmission in a shared resource pool can be supported. 
At the RAN1#112 meeting, it was agreed that TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools [1]. As mentioned in the following sub-section, when SL PRS transmissions from different UEs are multiplexed in a TDM manner in a dedicated resource pool, different (M, N) pairs may be (pre-)configured so as to accommodate various use cases and scenarios for positioning. In this case, the basic granularity of time-domain resource allocation for SL PRS transmission should be based on a SL PRS resource. 
Proposal 4
· Granularity of time-domain resource allocation for SL PRS transmission is based on SL PRS resource.
· Only consecutive symbols for a SL PRS transmission are supported for both dedicated and shared resource pools. 

Multiplexing of SL PRS resources in a resource pool
At the RAN1#112 meeting, it was agreed that at least for dedicated resource pool, comb- and TDM based multiplexing of SL PRS from different UEs in a slot are supported [1]. Further, for comb based multiplexing of SL PRS from different UEs, at least a single combination of (M, N) value is supported. 
As discussed in our companion contribution, SL PRS is associated with PSSCH and occupies same bandwidth as the PSSCH transmission in a shared resource pool [3]. The main design concept is similar to CSI-RS transmission for SL communication, which can ensure the backward compatibility for SL PRS transmission in a shared resource pool. Given that SL PRS transmission from different UEs is confined within one or more sub-channel allocated for PSSCH transmission, comb- and TDM based multiplexing of different SL PRS from different UEs in the shared resource pool are not expected.  
Proposal 5
· For shared resource pool
· Comb and TDM based multiplexing of SL PRS transmission from different UEs in a slot are not supported.

For dedicated resource pool, as mentioned above, the bandwidth of SL PRS is the same as that of the resource pool, which may help reduce the signalling overhead. In this regard, FDM based multiplexing of SL PRS transmission from different UEs in a slot is not supported for dedicated resource pool. 
For comb-based multiplexing of SL PRS from different UEs in a dedicated resource pool, it was agreed at the RAN1#112 meeting that at least a combination of (M, N) for SL PRS transmission is supported [1]. In case of comb-based multiplexing, collision rate of SL PRS transmission from different UEs would increase if more than one combination of (M, N) values is configured. Even in case nested structure is considered, e.g., when comb sizes of 2 and 4 are (pre-)configured in the same symbol for a dedicated resource pool, collision probability of SL PRS with RE offset corresponding to comb size of 2 is expected to be higher than that of SL PRS transmission corresponding to comb size of 4, which may not be desirable of interference management and congestion control. In this regard, it is more appropriate to only support a single (M, N) pair for comb-based multiplexing of SL PRS transmission for dedicated resource pool. 
Note that in order to alleviate the impact of synchronization error and IBE interference from different UEs, further restriction on the potential RE offsets for SL PRS transmission for a given comb offset may be considered. In particular, only a subset of RE offsets may be allowed and (pre-)configured for a dedicated resource pool. 
When SL PRS transmissions from different UEs are multiplexed in a TDM manner in a dedicated resource pool, different (M, N) pairs may be (pre-)configured so as to accommodate various use cases and scenarios for positioning. In this case, Tx UE may select an appropriate combination of (M, N) for SL PRS transmission based on targeted requirement for positioning measurement. Figure 3 illustrates more than one (M, N) pairs for TDM based multiplexing for SL PRS from different UEs in a slot for dedicated resource pool. 
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[bookmark: _Ref129595640]Figure 3. More than one (M, N) pairs for TDM based multiplexing for SL PRS for dedicated resource pool

Proposal 6
· For dedicated resource pool
· FDM based multiplexing of SL PRS transmission from different UEs in a slot is not supported. 
· In case of comb-based multiplexing, only a single (M, N) pair is supported.
· In case of TDM based multiplexing, more than one (M, N) pair can be supported.

1.4 AGC and guard symbols for SL PRS
Similar to SL communication, when a SL PRS is transmitted in a dedicated SL PRS resource pool, AGC and guard symbols need to be inserted before and after SL PRS transmission to allow proper operation at the UE side, respectively. In addition, one symbol can be used for AGC and Tx-Rx turnaround time for SL PRS transmission. Following the same design principle for SL communication, the first symbol of SL PRS transmission is repeated to generate AGC symbol. 
At the RAN1#112 meeting, it was agreed that TDM based multiplexing of SL PRS from different UEs in a slot is supported for dedicated resource pool [1]. This is mainly motivated to allow a higher multiplexing capacity for SL PRS transmissions. In case when multiple SL PRS are transmitted from different UEs, additional AGC and Tx-Rx switching time may need to be included. Figure 4 illustrates one example of AGC and guard symbols for SL PRS transmission in a dedicated resource pool. In the example, two symbols are allocated for AGC and Tx-Rx turnaround time, respectively. 
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[bookmark: _Ref110425593]Figure 4. AGC and Tx-Rx turnaround symbols for SL PRS transmissions
Proposal 7
· Support AGC and guard symbol for Tx-Rx turnaround time for a SL PRS transmission in a dedicated SL PRS resource pool.
· The first symbol of SL PRS transmission is repeated to generate AGC symbol
· In case of TDM based multiplexing of SL PRS transmission from different UEs, AGC and guard symbols are inserted between SL PRS transmissions. 

Discussions on SL PRS power control 
SL PRS power control for a dedicated resource pool
At the RAN1#112 meeting, it was agreed that The OLPC framework defined for PSSCH/PSCCH is considered as a starting point for OLPC for SL PRS [1]. As either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL PRS transmission, SL PRS power control mechanism may depend on the exact physical structure of multiplexing of SL PRS and other SL channels in either dedicated or shared resource pool. 
As described in our companion contribution [3], PSCCH and SL PRS transmission can be multiplexed in a TDM manner in a dedicated SL PRS resource pool. Figure 5 illustrates one example of multiplexing of PSCCH and SL PRS in a dedicated SL PRS resource pool. 	
[image: ]
[bookmark: _Ref125401012]Figure 5. Multiplexing of PSCCH and SL PRS in a dedicated SL PRS resource pool

When SL PRS and PSCCH are multiplexed in a TDM manner, power control for SL PRS transmission can follow the same open loop power control mechanism as defined for PSSCH for SL communication. As defined for transmit power control for PSSCH, DL pathloss and/or SL pathloss can be employed, which would be beneficial for interference mitigation at the network and UE sides. Following the same design principle, DL pathloss or SL pathloss can be used to determine the SL PRS transmit power, which would also depend on configuration and coverage status, i.e., in or out of coverage. Further, for SL pathloss, higher layer filtered RSRP can be obtained based on SL PRS or PSCCH DMRS. 
For dedicated resource pool, transmit power of PSCCH can be further determined based on that of SL PRS. One straightforward approach is to consider same transmit power for SL PRS transmission. This option, however, may lead to different PSD for the transmission of PSCCH and SL PRS. As an alternative, transmit power of PSCCH can be scaled down based on the transmit power of SL PRS and transmission bandwidth difference between PSCCH and SL PRS, which can help maintain same PSD across PSCCH and SL PRS transmission. In our view, further discussion is needed to determine the transmit power of PSCCH in a dedicated resource pool for SL PRS transmission. 
Proposal 8
· For SL PRS transmissions in a dedicated resource pool, transmit power control mechanism follows the same open loop power control mechanism as defined for PSSCH.
· For SL pathloss, higher layer filtered RSRP can be obtained based on SL PRS or PSCCH DMRS.

SL PRS power control for a shared resource pool
As described in our companion contribution [3], for SL PRS transmission in a shared resource pool, SL PRS is associated with PSSCH and occupies same bandwidth as the PSSCH transmission. Further, SL PRS and PSSCH/PSCCH are multiplexed in a TDM manner. In order to avoid transient period due to power change within a shared resource pool, the power and PSD of the OFDM symbols with SL PRS and the one with only PSSCH need to be the same. Similar to the transmit power control mechanism as defined for CSI-RS, SL PRS transmit power can be determined based on that for PSSCH. 
Proposal 9
· For SL PRS transmissions in a shared resource pool, SL PRS transmit power is determined based on that for PSSCH. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on SL PRS physical structure and transmit power control for SL PRS. Further, we summarize the proposals as follows:
Proposal 1
· For SL PRS sequence generation, at least Option 1 is supported: 
· Sequence ID can be (pre-)configured per UE as part of SL PRS resource configuration. 
· FFS: Option 2. 
Proposal 2
· For dedicated resource pool, the bandwidth of SL PRS is the same as that of the resource pool. 
· For shared resource pool, SL PRS transmission is associated with PSSCH and occupies same BW as the PSSCH. 
Proposal 3
· For dedicated resource pool
· Comb size N with {2, 4, 6, 8, 12} is supported. 
· M > N is supported for SL PRS with fully staggered pattern, where M = N and  is a positive integer. 
· Maximum effective comb size is 2 for SL PRS with partially staggered pattern. 
· For shared resource pool
· (M, N) pairs with (1, 1), (1, 2), (2, 4), (2, 2) are supported.
· FFS: maximum value of M as 4. 
Proposal 4
· Granularity of time-domain resource allocation for SL PRS transmission is based on SL PRS resource.
· Only consecutive symbols for a SL PRS transmission are supported for both dedicated and shared resource pools. 
Proposal 5
· For shared resource pool
· Comb and TDM based multiplexing of SL PRS transmission from different UEs in a slot are not supported.
Proposal 6
· For dedicated resource pool
· FDM based multiplexing of SL PRS transmission from different UEs in a slot is not supported. 
· In case of comb-based multiplexing, only a single (M, N) pair is supported.
· In case of TDM based multiplexing, more than one (M, N) pair can be supported.
Proposal 7
· Support AGC and guard symbol for Tx-Rx turnaround time for a SL PRS transmission in a dedicated SL PRS resource pool.
· The first symbol of SL PRS transmission is repeated to generate AGC symbol
· In case of TDM based multiplexing of SL PRS transmission from different UEs, AGC and guard symbols are inserted between SL PRS transmissions. 
Proposal 8
· For SL PRS transmissions in a dedicated resource pool, transmit power control mechanism follows the same open loop power control mechanism as defined for PSSCH.
· For SL pathloss, higher layer filtered RSRP can be obtained based on SL PRS or PSCCH DMRS.
Proposal 9
· For SL PRS transmissions in a shared resource pool, SL PRS transmit power is determined based on that for PSSCH. 
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