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[bookmark: _Ref506539118]Introduction
[bookmark: _Hlk104074592]At the RAN1#113 meeting, the following agreements were made regarding SL positioning reference signal (SL PRS) design [1].
Agreement
In a dedicated resource pool, a SL PRS resource is immediately preceded by an AGC symbol unless RAN1 explicitly agrees that an AGC symbol is not included for specific cases (if any).
Agreement
· In a dedicated resource pool, a SL PRS resource is immediately followed by a gap symbol at least:
· if the gap symbol corresponds to the last SL symbol of a slot.
· Note: the gap can be used at least for Tx/Rx switching
· FFS: when TDM of multiple SL PRS resources within a slot is enabled in the dedicated resource pool
· FFS: Other cases.
· FFS: for SL PRS resource in a shared resource pool.
Agreement
For a dedicated resource pool, at least the case where SL PRS bandwidth is same as resource pool bandwidth is supported.
Agreement
For a shared resource pool, SL PRS bandwidth is same as the bandwidth indicated for PSSCH.
Agreement
For a shared resource pool
· A SL PRS resource refers to a time-frequency resource within a slot that is used for SL PRS transmission.
· Characteristics associated with a SL PRS resource in a slot of a shared resource pool include at least: 
· SL PRS resource ID, 
· SL PRS comb offset and associated SL PRS comb size (N), 
· SL PRS starting symbol and number of SL PRS symbols (M),
· SL PRS frequency domain allocation
· SL PRS freq domain allocation is not used to identify a unique SL PRS resource ID
· A SL PRS resource is identified by a combination of SL PRS resource ID and a SL PRS frequency domain allocation. This combination is unique within a slot of a shared resource pool.
NOTE 1: The above does not imply need for signalling/(pre-)configuration of all these parameters
Conclusion
For a dedicated or shared resource pool, at least the following characteristics are NOT included as part of characteristics of a SL PRS resource:
· Periodicity, number of instances/repetitions of SL PRS
Agreement
Comb-based multiplexing of SL PRS resources from different UEs in a slot is NOT supported for shared resource pools.
Conclusion
TDM-ed SL PRS resources within a slot from a single UE in a dedicated/shared resource pool is not supported in Rel-18.
Agreement
Multiple (M,N) pairs within a slot in a dedicated resource pool is supported  only when the different (M, N) pairs are always multiplexed via TDM to different sets of symbols in a slot. Only a single (M,N) value can be mapped within one TDM duration (i.e. one set of symbols).
Working assumption
· For SL PRS sequence generation, the parameter [image: ][image: ] is defined as below:
· [image: ][image: ] is provided by higher layers to a Tx UE 
· Details on higher layers, including consideration of Tx UE’s own higher layer, are up to RAN2
· The higher layer parameter is provided to an Rx UE via LPP/SLPP.
· FFS: If (pre-)configured for a resource pool and use of SL PRS for sensing is supported, [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS
· Otherwise (i.e., if not provided by higher layers), [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS
Agreement
For a shared resource pool, SL PRS transmit power is same as that for PSSCH.
Agreement
For SL PRS in a shared resource pool, the symbols of a SL PRS resource within a slot are consecutive symbols.
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 pattern 
At the RAN1#112b-e meeting, several values on the number of symbols (M) and comb size (N) for SL PRS transmission were agreed [4]. It should be noted that both fully and partially staggered pattern are supported for SL PRS in dedicated or shared resource pools. 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 1 illustrates examples of fully and partially staggered pattern for SL PRS.
[image: ]
[bookmark: _Ref125363381]Figure 1. Fully and partially staggered pattern for SL PRS
For a 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 {8, 12} can be supported. 
As agreed in the RAN1#112b-e meeting, for a dedicated resource pool for SL positioning, only a single stage SCI is used. In addition, PSCCH and associated SL PRS are TDM’ed in the same slot [4]. Further, it was agreed at the RAN1#113 meeting that 1st symbol available for SL transmissions in a slot is for PSCCH AGC similar to legacy and first PSCCH symbol is mapped to the 2nd symbol available for SL transmissions in a slot [1]. 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. 
Further, it was agreed at the RAN1#112b-e meeting that (M, N) patterns with M > N with full staggering are supported, where the SL PRS symbols are repeated with same order of comb offsets as in the first N symbols in the last (M-N) symbol [4]. This is similar to the DL PRS, where the repeated pattern is supported for fully staggered pattern, which is desirable to facilitate Doppler spread estimation and compensation so as to improve positioning performance. It should be noted that for a dedicated resource pool, the values of M for SL PRS transmission may depend on the exact number of symbols allocated for PSCCH, AGC and guard symbols. However, to minimize the implementation and testing effort, it may be more appropriate to support a subset of values for M, e.g., {1, 2, 4, 6} for SL PRS transmission in a dedicated resource pool. 
Proposal 1
· For dedicated resource pool
· Comb sizes N = {8, 12} are additionally supported. 
· M = {1, 2, 4, 6} are supported for SL PRS transmission. 

In case of shared resource pool, it was agreed that comb or TDM-based multiplexing between different SL PRS transmission in the same PSSCH region is not supported. Further, it was agreed at the RAN1#113 meeting that SL PRS is multiplexed in a TDM manner with PSCCH or PSSCH in a shared resource pool [1]. In this case, large number of symbols for SL PRS transmission may not be expected, which is similar to CSI-RS transmission in SL communication. Toward this direction, a limited set of (M, N) pairs can be considered for SL PRS in shared resource pool. Based on the agreement, the maximum number of symbols for SL PRS transmission may be limited to 4. Further, (M, N) pairs with (1, 1), (1, 2), (2, 4), (2, 2) and (4,4) can be supported for SL PRS in a shared resource pool. 
Proposal 2
· For shared resource pool
· (M, N) pairs with (1, 1), (1, 2), (2, 4), (2, 2) and (4,4) are supported.

Multiplexing of SL PRS resources in a resource pool
Considering multiplexing of multiple SL PRS within a dedicated resource pool and the need to be able to determine SL PRS resource IDs accordingly, it would be necessary to provide the information on the supported (M, N) pair(s) on a resource pool basis. 
At the RAN#113 meeting, it was agreed that multiple (M, N) pairs within a slot in a dedicated resource pool is supported only when the different (M, N) pairs are always multiplexed via TDM to different sets of symbols in a slot. Only a single (M, N) value can be mapped within one TDM duration (i.e. one set of symbols) [1]. 
The main motivation to support multiple (M, N) pairs in case of TDM-based multiplexing is to accommodate various use cases and scenarios for positioning, where Tx UE may select an appropriate combination of (M, N) for SL PRS transmission based on targeted requirement for positioning measurement. Figure 2 illustrates one example of two (M, N) pairs for TDM-based multiplexing for SL PRS from different UEs in a slot for a dedicated resource pool. 
[image: ]
[bookmark: _Ref129595640]Figure 2. Two (M, N) pairs for TDM-based multiplexing for SL PRS for a dedicated resource pool

It should be noted that for different dedicated resource pools, TDM-based multiplexing for SL PRS resources may be separately enabled or disabled, which may depend on specific use case or targeted scenarios. At the RAN1#113 meeting, it was concluded 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]. In case TDM’ed SL PRS resources in a dedicated resource pool is not configured, a large number of symbols may be allocated for a single SL PRS transmission, which may help improve the coverage for sidelink positioning. 
Further, in case of TDM-based multiplexing of SL PRS resources in a slot in a dedicated resource pool, the starting symbols for SL PRS transmissions need to be aligned across UEs, which is essential to avoid potential interference for SL PRS transmission. In this regard, the starting symbols of SL PRS resources in case of TDM-based multiplexing can be configured per dedicated resource pool. 
Proposal 3
· Supported (M, N) pair(s) in a dedicated resource pool are (pre-)configured per resource pool basis.
· Starting symbols for TDM’ed SL PRS resources in a slot are aligned across UEs and (pre-)configured per resource pool basis. 
· Whether TDM-based multiplexing is enabled or disabled is (pre-)configured per resource pool basis.

SL PRS resource ID determination
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]. Further, 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 general, two options can be considered to determine SL PRS resource ID in a shared or dedicated resource pool:
· Option 1: a rule can be defined to index SL PRS resource ID.
· Option 2: SL PRS resource ID can be explicitly associated with an SL PRS resource, e.g., as part of the resource pool (pre-)configuration. 
For a dedicated resource pool, as described in our companion contribution, it is more desirable to 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 for scheme 2 SL PRS resource allocation [3]. Given the contention based and distributed nature of SL PRS transmissions, a relatively large number of SL PRS resources may be (pre-)configured in a dedicated resource pool so as to reduce the collision rate of SL PRS transmission from different UEs. In this regard, it is more appropriate to apply Option 1, i.e., to define a rule to index SL PRS resource ID implicitly based on the (pre-)configuration of SL PRS in the dedicated resource pool, which can help reduce the signalling overhead compared to Option 2. 
More specifically, an SL PRS resource ID may be ordered based on the (pre-)configured comb size and number of TDM’ed SL PRS resources in the dedicated resource pool. One straightforward solution is to index the SL PRS resource ID, first in an ascending order of comb offset, and second in an ascending order of starting symbol of SL PRS resource. For the example illustrated in the Figure 2, a total of 6 SL PRS resources are included in the dedicated resource pool based on the (pre-)configuration. Further, the SL PRS resource ID can be determined as 
· SL PRS resource #0: comb offset #0 with starting symbol #1.
· SL PRS resource #1: comb offset #1 with starting symbol #1.
· SL PRS resource #2: comb offset #0 with starting symbol #4.
· SL PRS resource #3: comb offset #1 with starting symbol #4.
· SL PRS resource #4: comb offset #2 with starting symbol #4.
· SL PRS resource #5: comb offset #3 with starting symbol #4.
Note that the above assumes that the information on the possible (M, N) pairs in a slot for the resource pool ((2, 2) and (4, 4) in the above example) is known to all Tx and Rx UEs. 
For a shared resource pool, it was agreed that comb-based and TDM-based multiplexing of SL PRS resources from different UEs are not supported. Given that SL PRS is confined within the sub-channel(s) for PSSCH, large number of SL PRS resources may not be expected for the shared resource pool, especially if a single (M, N) value is pre-determined by a Tx UE. In this case, it may not incur a significant signalling overhead to support Option 2 to determine SL PRS resource ID, i.e., to provide the explicit mapping from candidate SL PRS resources to SL PRS resource IDs as part of SL PRS resource configuration that can be provided by a Tx UE to potential Rx UE(s) via higher layers (e.g., SLPP) for a given shared resource pool.
Since it has been agreed that the combination of SL PRS resource ID and frequency domain resource allocation uniquely determines a SL PRS resource, it would be necessary to be able to identify SL PRS resources with proper IDs (for a given frequency domain allocation). Then, following the above approach, a Tx UE would need to provide the SL PRS resource ID information to potential Rx UEs via higher layers (e.g., SLPP).
Next, we note that if a Tx UE may determine the (M, N) pair to use in a shared resource pool dynamically, then it would be necessary to provide the candidate (M, N) pairs via higher layer signaling to potential Rx UEs. Further, the implicit mapping rule per Option 1 would need to consider different (M, N) pairs as well. That is, given candidate (M, N) pairs, SL PRS resource ID is indexed in first in an ascending order of indicated (M, N) pairs, and second in an ascending order of comb offset, and third in an ascending order of starting symbol of SL PRS resource, if applicable.
Note that, a Tx UE would need to provide similar information to potential Rx UE(s) for a given shared resource pool even for Option 1, e.g., to include information on the (M, N) pair(s) and starting symbol candidates.  
Proposal 4
· For dedicated resource pool,
· (M, N) pair(s) and their respective starting symbols are provided as part of (pre-)configuration of dedicated resource pool.
· SL PRS resource ID is indexed in first in an ascending order of comb offset, and second in an ascending order of starting symbol of SL PRS resource, if applicable. 
· For shared resource pool, adopt one of the following options:
· Option 1A (if a single (M, N) pair is provided via higher layers by Tx UE): 
· Information on (M, N) pair and the starting symbols for candidate SL PRS resources are provided by Tx UE as part of SL PRS resource configuration for the shared resource pool.
· For a given frequency domain allocation, SL PRS resource ID is indexed in first in an ascending order of comb offset, and second in an ascending order of starting symbol of SL PRS resource.
· Option 1B (if multiple (M, N) pairs are provided via higher layers by Tx UE): 
· Information on (M, N) pairs and the starting symbols for candidate SL PRS resources for each (M, N) pair are provided by Tx UE as part of SL PRS resource configuration for the shared resource pool.
· For a given frequency domain allocation, SL PRS resource ID is indexed in first in an ascending order of indicated (M, N) pairs, and second in an ascending order of comb offset, and third in an ascending order of starting symbol of SL PRS resource.
· Option 2: 
· The explicit mapping from candidate SL PRS resources to SL PRS resource IDs as part of SL PRS resource configuration is provided by a Tx UE to potential Rx UE(s) via higher layers (e.g., SLPP) for the shared resource pool.


1.2 AGC and guard symbols for SL PRS
At the RAN1#113 meeting, it was agreed that in a dedicated resource pool, a SL PRS resource is immediately preceded by an AGC symbol unless RAN1 explicitly agrees that an AGC symbol is not included for specific cases. Further, it was agreed that a SL PRS resource is immediately followed by a gap symbol at least if the gap symbol corresponds to the last SL symbol of a slot [1]. The design principle is similar to SL communication, where AGC and guard symbols need to be inserted before and after SL PRS transmission to allow proper operation at the UE side, respectively. 
For the generation of AGC symbol for SL PRS transmission in a dedicated resource pool, similar mechanism as defined for SL communication can be reused. In particular, the first symbol of SL PRS transmission is repeated to generate the AGC symbol. 
At the RAN1#113 meeting, it was agreed that the first PSCCH symbol is mapped to the 2nd symbol available for SL transmissions in a slot [1]. Following this design principle, simultaneous transmission and reception of SL PRS in different time instances within a slot for a given UE may not be expected, i.e., UE would only transmit one SL PRS or receive multiple SL PRS in a slot in a dedicated resource pool. In this regard, in case of TDM-based multiplexing of SL PRS resources, a gap symbol may not be inserted between TDM’ed SL PRS transmissions as Tx Rx turnaround time is not needed in a dedicated resource pool. Figure 3 illustrates one example of AGC and gap symbols for SL PRS transmissions in a dedicated resource pool. 
[image: ]
[bookmark: _Ref110425593]Figure 3. AGC and gap symbols for SL PRS transmissions in a dedicated resource pool
In case of shared resource pool, it was agreed at the RAN1#113 meeting that SL PRS transmit power is same as that for PSSCH [1]. This indicates that AGC and gap symbols are not needed between PSSCH and SL PRS transmission. 
Proposal 5
· In a dedicated resource pool
· The first symbol of SL PRS transmission is repeated to generate the AGC symbol.
· In case of TDM-based multiplexing of SL PRS resources in a slot, no gap symbol is needed between TDM’ed SL PRS transmissions. 
· In a shared resource pool
· AGC and gap symbols between PSSCH and SL PRS transmission are not needed. 

Discussions on SL PRS power control 
At the RAN1#113 meeting, basic physical structure for multiplexing of PSCCH and SL PRS in a dedicated resource pool including AGC and guard symbols was agreed [1]. In particular, the first PSCCH symbol is mapped to the 2nd symbol available for SL transmissions in a slot. Figure 4 illustrates one example of multiplexing of PSCCH and SL PRS in a dedicated SL PRS resource pool when TDM’ed multiplexing of SL PRS resources is disabled. 	 
[image: ]
[bookmark: _Ref137048689]Figure 4. 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. Further, transmit power of PSCCH can be further determined based on that of SL PRS. One straightforward approach is to use the same transmit power for SL PRS transmission and PSCCH transmission. This option, however, may lead to different PSD for the transmission of PSCCH and SL PRS. 
In the case of same symbol-level transmit power, power transient time may need to be considered between PSCCH and SL PRS in the dedicated resource pool. As indicated in the RAN4 LS during Rel-16 V2X SI/WI phase, a transient period is needed for different RB configuration of PSCCH and PSSCH (Option 1B) [5]. Hence, in our view, it would be more appropriate to send an LS to RAN4 informing them of the RAN1 decision and requesting RAN4 to specify any power transient time between PSCCH and SL PRS with different transmission bandwidths in a dedicated resource pool as appropriate. For the FR1 SCS values, the transient time may be realized from the AGC symbol preceding the SL PRS transmission.  
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.  However, this alternative leads to potential different coverages for PSCCH and SL PRS which would be undesirable. 
Based on the discussions above, considering the potential specification impact and implementation effort, it may be more desirable to apply same transmit power for PSCCH and SL PRS. 
Proposal 6
· In a dedicated resource pool, same transmit power is applied for PSCCH and SL PRS. 
· Send an LS to RAN4 informing them of the RAN1 decision and requesting RAN4 to specify any required power transient time between PSCCH and SL PRS with different transmission bandwidths in a dedicated resource pool. 

At the RAN1#112b-e meeting, three options were identified for down-selection for SL pathloss reference for SL PRS in a dedicated resource pool [1]: 
· Option 1: SL PRS as pathloss reference
· Option 2: PSCCH DMRS as pathloss reference
· Option 3: Both Options 1 and 2
For SL communication, RSRP for PSSCH transmit power determination is obtained from PSSCH DMRS. To ensure accurate positioning performance, wide transmission bandwidth would be typically allocated for SL PRS transmission in a dedicated resource pool. For PSCCH transmission, however, the transmission bandwidth can be relatively small, resulting in a limited number of REs for PSCCH DMRS. In this regard, it may be more appropriate to utilize SL PRS as a pathloss reference to provide more reliable RSRP measurements. 
Proposal 7
· For SL PRS transmit power control in a dedicated resource pool, Option 1 (SL PRS as pathloss reference) is supported. 
[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 dedicated resource pool
· Comb sizes N = {8, 12} are additionally supported. 
· M = {1, 2, 4, 6} are supported for SL PRS transmission. 
Proposal 2
· For shared resource pool
· (M, N) pairs with (1, 1), (1, 2), (2, 4), (2, 2) and (4,4) are supported.
Proposal 3
· Supported (M, N) pair(s) in a dedicated resource pool are (pre-)configured per resource pool basis.
· Starting symbols for TDM’ed SL PRS resources in a slot are aligned across UEs and (pre-)configured per resource pool basis. 
· Whether TDM-based multiplexing is enabled or disabled is (pre-)configured per resource pool basis.
Proposal 4
· For dedicated resource pool,
· (M, N) pair(s) and their respective starting symbols are provided as part of (pre-)configuration of dedicated resource pool.
· SL PRS resource ID is indexed in first in an ascending order of comb offset, and second in an ascending order of starting symbol of SL PRS resource, if applicable. 
· For shared resource pool, adopt one of the following options:
· Option 1A (if a single (M, N) pair is provided via higher layers by Tx UE): 
· Information on (M, N) pair and the starting symbols for candidate SL PRS resources are provided by Tx UE as part of SL PRS resource configuration for the shared resource pool.
· For a given frequency domain allocation, SL PRS resource ID is indexed in first in an ascending order of comb offset, and second in an ascending order of starting symbol of SL PRS resource.
· Option 1B (if multiple (M, N) pairs are provided via higher layers by Tx UE): 
· Information on (M, N) pairs and the starting symbols for candidate SL PRS resources for each (M, N) pair are provided by Tx UE as part of SL PRS resource configuration for the shared resource pool.
· For a given frequency domain allocation, SL PRS resource ID is indexed in first in an ascending order of indicated (M, N) pairs, and second in an ascending order of comb offset, and third in an ascending order of starting symbol of SL PRS resource.
· Option 2: 
· The explicit mapping from candidate SL PRS resources to SL PRS resource IDs as part of SL PRS resource configuration is provided by a Tx UE to potential Rx UE(s) via higher layers (e.g., SLPP) for the shared resource pool.
Proposal 5
· In a dedicated resource pool
· The first symbol of SL PRS transmission is repeated to generate the AGC symbol.
· In case of TDM-based multiplexing of SL PRS resources in a slot, no gap symbol is needed between TDM’ed SL PRS transmissions. 
· In a shared resource pool
· AGC and gap symbols between PSSCH and SL PRS transmission are not needed. 
Proposal 6
· In a dedicated resource pool, same transmit power is applied for PSCCH and SL PRS. 
· Send an LS to RAN4 informing them of the RAN1 decision and requesting RAN4 to specify any required power transient time between PSCCH and SL PRS with different transmission bandwidths in a dedicated resource pool. 
Proposal 7
· For SL PRS transmit power control in a dedicated resource pool, Option 1 (SL PRS as pathloss reference) is supported. 
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