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[bookmark: _Ref513464071]Introduction
In RAN #98 meeting, the WI for R18 NR Positioning is approved, which has the following objectives for SL-PRS design and power control for SL-PRS [1]:
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 


[bookmark: _Hlk127413224]In RAN1#113 meeting, the following agreements were made for sidelink positioning [2].
	 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 discuss SL-PRS generation, design framework in dedicated and shared resource pools, and power control procedure.
SL PRS design
Sequence Generation for SL PRS Transmission
The following assumption regarding SL PRS sequence generation was made in RAN1#113 [2].
	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


We think the parameter  can be provided to a Tx UE via LPP/SLPP when the Tx UE is in-coverage. In an out-of-coverage scenario, (pre)configuration of the parameter can be considered for a resource pool. 
Proposal 1: Confirm WA for SL PRS sequence generation, i.e., the parameter  is provided by higher layers to a Tx UE.
Dedicated resource pool
In sidelink communication, one GAP symbol at the end of each slot is used for Tx/Rx switching. It is agreed in RAN1 #113 meeting that one GAP symbol is present after a SL PRS resource at least if the gap symbol is the last SL symbol of a slot.  
	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.


When TDM of multiple SL PRS resources within a slot is enabled in a dedicated resource pool, as indicated in the RAN1 #113 agreement below, different SL PRS resource, i.e., (M,N) pairs are mapped to different TDM duration (i.e. one set of symbols). We think for certain SL positioning method, it is beneficial to allow a UE to receive SL PRS in a TDM duration and subsequently transmit SL PRS in the following TDM duration in the same slot. One example is the forward and backward SL PRS transmission of a single-sided RTT method. In this case, one gap symbol for RX/TX switching between consecutive TDM durations in one slot should be applied.
	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).


On the other hand, for positioning methods based on DL-like TDoA, a Target UE can receive and measure SL PRS from different Anchor UEs in consecutive TDM durations in one slot. Since no Rx/Tx switching is performed, a UE can apply no gap symbol between TDM durations to improve resource utilization. Thus, we think it is beneficial to introduce a configurability of gap symbol use. For example, when a UE is to perform a Tx/Rx switching in one slot as required for a SL positioning method, a (pre)configured slot format with a gap symbol between consecutive TDM durations in one slot can be selected. 
[bookmark: _Hlk131503654]Proposal 2: A gap symbol between consecutive TDM durations in one slot is configurable in a dedicated resource pool.
	Agreement
For a dedicated resource pool for SL positioning, SL-PRS cannot be transmitted in a slot without associated PSCCH.
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
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



It is agreed in RAN1 #113 meeting as indicated above that a SL-PRS transmission in a dedicated resource pool includes always a PSCCH and the associated SL-PRS. In addition, it is agreed PSCCH is at the beginning of a slot. We think it is desirable to introduce an association between a PSCCH resource and its associated SL-PRS resource so when a UE detects a PSCCH in the beginning of a slot, the UE can determine the resource of the associated SL PRS without explicit indication in the PSCCH. This will significantly reduce the bits required in PSCCH and save signaling overhead. 
Comb-based multiplexing of SL PRS resources from different UEs in a slot is being discussed for dedicated resource pools. If it is supported, a SL PRS resource in a slot can be identified by a comb pattern (M,N), a starting symbol, an RE offset and a SL PRS bandwidth. We prefer to support a one-to-one mapping between a PSCCH resource and a SL PRS resource in the same slot. 
Proposal 3: In a dedicated resource pool, each PSCCH resource is associated with a (pre)configured SL-PRS resource in a one-to-one mapping, i.e. Alt. 3.1.
According to the agreement above, the SCI for SL PRS in a dedicated resource pool at least indicates Source ID, Destination ID, Resource reservation period, SL-PRS Priority and Cast type. As discussed above, we prefer to not include explicit signaling of SL PRS resource in the SCI. However, we think the indication of SL PRS request and number of resource reservation periods are desirable in SCI for SL PRS. 
	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


As indicated in the RAN1 #113 agreement above regarding using SCI for low layer triggering signaling of SL PRS transmission, an explicit SL PRS request included in SCI can be applied to enable the triggering. This SCI indication can be present when the SCI triggering of SL PRS transmission is enabled in a resource pool (pre)configuration. Also, we think the number of resource reservation periods can be helpful in sensing to determine when a reserved resource will become available. Therefore, we think SCI for SL-PRS should also indicate a SL PRS request and number of resource reservation periods. 
[bookmark: _Hlk131503850]Proposal 4: SCI for SL-PRS in a dedicated resource pool indicates a SL PRS request and number of resource reservation periods. 
Shared resource pool 
In RAN1 #113 meeting, a new SCI-2 format is agreed for a shared resource pool. 
	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.


In sidelink communication, a 2-bit SCI-2 format indication is carried in PSCCH to indicate a SCI-2 format transmitted in the same slot. Three codepoints, 00, 01 and 10 of this indication are used to indicate SCI format 2-A, SCI format 2-B and SCI format 2-C, respectively. SCI format 2-A is used for unicast, groupcast (Option 2 HARQ) and broadcast SL transmissions. SCI format 2-B is used for groupcast (Option 1 HARQ). SCI format 2-C is introduced to support IUC in R17 to include preferred/non-prefer resource information.  
We think the reserved codepoint 11 in the existing SCI-2 format indication can be used to indicate the new SCI-2 format. Since the new codepoint is not specified in R17 SL, a R17 UE will stop further decoding of SCI-2 format upon the decoding of the new codepoint and backward compatibility can be maintained. Thus, we prefer to use the existing SCI-2 format indication to indicate the new SCI-2 format in a shared resource pool.   
[bookmark: _Hlk131503916]Proposal 5: In a shared resource pool, use the reserved code point of the existing SCI-2 format indication to indicate the new SCI-2 format.
The new SCI-2 format can be used to indicate SL PRS information only or both SL PRS and PSSCH information. According to the RAN1 #113 agreement below, characteristics associated with a SL PRS resource in a slot of a shared resource pool can at least include a SL PRS resource ID, SL PRS comb pattern, starting symbol, RE offset and frequency domain allocation. 
	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


Since it is agreed in RAN1 #113 meeting that “For a shared resource pool, SL PRS bandwidth is same as the bandwidth indicated for PSSCH.”, we think the SL PRS BW can be indicated by FRIV in PSCCH. The remaining information however can be considered in the new SCI-2 format. Also, cast type, UE destination and/or source ID associated with SL PRS can be included. 
If the new SCI-2 format indicates both SL PRS and SL SCH information, it may need to include the aforementioned SL PRS information and SL SCH information specified in SCI-2A, SCI-2B and SCI-2C formats, because the new SCI-2 format should support combinations of multiplexed transmissions including SL PRS + unicast SL SCH, SL PRS + groupcast (Option 2) SL SCH, SL PRS + groupcast (Option 1) SL SCH and SL PRS + broadcast SL SCH. We think further study is required to evaluate how the new SCI-2 format can be applied to convey information for SL PRS multiplexed with different types of SL SCH. For example, an indication in the new SCI-2 format can be used to indicate of which aforementioned combination the information is included. 
Proposal 6: Study mechanism to indicate information of SL PRS and different types of SL SCH in the new SCI-2 format.
Power control for SL PRS
In RAN1 #112Bis meeting, following agreement was made related to power control for SL PRS:
	Agreement
For the SL PRS open-loop power control, a UE can be configured to use DL pathloss (between TX UE and gNB) only, SL pathloss (between TX UE and RX UE) only, or both DL pathloss and SL pathloss.
· The same principle as for PSSCH power control is applied for deciding which (i.e., SL, DL, or SL and DL) pathloss to use.
· FFS: SL pathloss reference for open-loop power control for SL PRS.

Agreement
For a dedicated SL PRS resource pool, options for SL pathloss reference for OLPC for SL PRS are (to be down-selected from):  
· Option 1: SL PRS as pathloss reference
· Option 2: PSCCH DMRS as pathloss reference
· Option 3: Both Options 1 and 2
· FFS: Selection between Option 1 and Option 2, including (pre-)configuration.


In a dedicated resource pool, the SL PRS bandwidth is conceivably wider than that of PSCCH. The RSRP measurement can be averaged over multiple SL PRS REs spanning over the SL PRS bandwidth and can provide better pathloss estimate accuracy. Thus, we prefer to use SL PRS for pathloss reference. 
[bookmark: _Hlk131504011]Proposal 7: For OLPC based upon SL pathloss in a dedicated resource pool, SL PRS is used as pathloss reference for unicast.
For a shared resource pools, it is agreed in RAN1 #113 meeting (below) that SL PRS and SL SCH are always transmitted in the same slot. This applies to the scenario where the UE may not have data available for transmission. Also, the bandwidth and power of the PSSCH and SL PRS in the same slot are the same. 
	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 a shared resource pool, SL PRS bandwidth is same as the bandwidth indicated for PSSCH.

Agreement
For a shared resource pool, SL PRS transmit power is same as that for PSSCH.


Since the power and bandwidth of PSSCH and SL PRS are the same, we prefer to set the power according to SL PRS OLPC for a multiplexed SL SCH and SL PRS transmission, especially considering a UE may transmit dummy data in a PSSCH when there is no SL data available. To apply SL PRS OLPC, it would be beneficial to use SL PRS as the pathloss reference. In one example, SL PRS can be (pre)configured as SL pathloss reference for OLPC in a resource pool. 
Proposal 8: For a unicast SL-PRS transmission in a shared resource pool, SL PRS can be (pre-)configured as a SL pathloss reference for OLPC.
A groupcast SL PRS transmission can be applied to a SL positioning method, e.g., a SL PRS transmission from a Target UE based on UL-like TDoA method. In SL communication, groupcast transmission power control is based on DL pathloss only and the sidelink pathloss is not supported due to signalling overhead caused by the SL RSRP measurements from all group member UEs. SL groupcast transmission can rely on Option 1 and Option 2 HARQ mechanisms to ensure all group member UEs receive a TB correctly.
However, for SL PRS transmission, SL feedback is not agreed ([2]). If SL PRS groupcast transmission is not successfully received by one group member UE, e.g., an Anchor UE in a UL-like TDoA method, the SL PRS measurements made on the successful SL PRS reception by other group member UEs (i.e. Anchor UEs) in the same group may not be useful anymore. We think it is therefore important to study mechanisms achieving high reliability for groupcast SL PRS transmissions. One option is to study details for SL PRS groupcast OLPC based on SL pathloss. 
[bookmark: _Hlk131503990]Proposal 9: For SL PRS groupcast transmission, study mechanisms to enable OLPC based on SL pathloss.
Conclusions
In this contribution, the following proposals are made for SL-PRS design and power control procedure for SL-PRS:
Proposal 1: Confirm WA for SL PRS sequence generation, i.e., the parameter  is provided by higher layers to a Tx UE.
Proposal 2: A gap symbol between consecutive TDM durations in one slot is configurable in a dedicated resource pool.
Proposal 3: In a dedicated resource pool, each PSCCH resource is associated with a (pre)configured SL-PRS resource in a one-to-one mapping, i.e., Alt. 3.1.
Proposal 4: SCI for SL-PRS in a dedicated resource pool indicates a SL PRS request and number of resource reservation periods. 
Proposal 5: In a shared resource pool, use the reserved code point of the existing SCI-2 format indication to indicate the new SCI-2 format.
Proposal 6: Study mechanism to indicate information of SL PRS and different types of SL SCH in the new SCI-2 format.
Proposal 7: For OLPC based upon SL pathloss in a dedicated resource pool, SL PRS is used as pathloss reference for unicast.
Proposal 8: For a unicast SL-PRS transmission in a shared resource pool, SL PRS can be (pre-)configured as a SL pathloss reference for OLPC.
Proposal 9: For SL PRS groupcast transmission, study mechanisms to enable OLPC based on SL pathloss.
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