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In RAN1#114 meeting, a lot of agreements were achieved related to SL positioning reference signal as follows [1].
	
Agreement
For TPC for PSCCH associated with SL PRS in dedicated resource pools down-select during RAN1 #114 from the following options:
· Option A: Same symbol-level Tx power between PSCCH and SL PRS. 
· FFS: Additional limit on max PSCCH symbol power.
· Option B: Same Tx PSD between PSCCH and SL PRS
· FFS: Additional offset (≥ 0) to PSCCH Tx PSD.

Agreement
In a shared resource pool:
· Opt. B: SL PRS is mapped to contiguous symbols either before, between (as a working assumption), or after PSSCH DMRS symbols

Agreement
For a dedicated SL PRS resource pool, SL PRS is used as the pathloss reference for OLPC for SL PRS (Option 1 from RAN1 #112bis-e and RAN1 #113 meetings).

Agreement
Adopt the following update to the editor CR to TS 38.211, Section 8.4.1.6.1: 
	-	 is the sidelink PRS sequence ID, which, if not provided by higher layers, , where is obtained from the decimal representation of the CRC for the sidelink control information mapped to the PSCCH associated with the SL PRS according to   with  and  given by clause 7.3.2 in [4, TS 38.212].



Conclusion
For a dedicated resource pool, only the case where SL PRS bandwidth is the same as resource pool bandwidth is supported in Rel-18.

Agreement
For SL PRS in a dedicated resource pool, the following values of ‘M’ (number of SL PRS symbols) are supported: {1, 2, 3, …, 9}. 
· In a dedicated resource pool, ‘M’ from {3, …, 9} are supported for cases with M > N with full staggering.

Agreement
For a dedicated resource pool, the maximum number of TDM groups for TDM-based multiplexing of SL PRS within a slot is 4.
· Maximum number 4 only applies to the case of comb-2

Agreement
For TPC for PSCCH associated with SL PRS in dedicated resource pools: same symbol-level Tx power between PSCCH and SL PRS.

Agreement
When an AGC symbol is transmitted immediately preceding a SL PRS resource, for generation of the AGC symbol:
· The RE offset in the AGC symbol is the same as that in the last symbol of the SL-PRS resource. The RS sequence is generated based on the symbol index of the AGC symbol within the slot.

Agreement
For a slot, a single priority value is provided by higher layers to the physical layer and is used at least to determine the PSSCH and/or SL-PRS transmission power via the value of .
· For dedicated resource pool, this corresponds to the priority level of SL PRS. 
· Send an LS to RAN2 requesting them to take the above into consideration when defining priority levels for SL PRS and PSSCH that are multiplexed in the same slot of a shared resource pool.

Agreement
Endorse the draft LS in R1-2308558 with the following modification:
RAN1 also made the following conclusion related to priority and congestion control, and RAN1 expects the same handling of priorities for shared resource pool as the above agreement.

ACTION: RAN1 respectfully asks RAN WG2 to take the above agreement and conclusion into account when defining priority levels for SL PRS and PSSCH that are multiplexed in the same slot of a shared resource pool. 

Agreement
For a dedicated resource pool, explicit (pre-)configuration of SL PRS resources in a slot includes:
· SL PRS Resource ID, (M, N) pattern, starting symbol, comb offset.
· FFS: constraints to the (pre-)configuration to address potential AGC issues

Agreement
Update the following agreement as:
· In a shared resource pool:
· Opt. B: SL PRS is mapped to contiguous symbols either before, between (as a working assumption), or after PSSCH DMRS symbols
· SL PRS is not mapped before the first PSSCH DMRS symbol

Agreement
For SL PRS in a dedicated or shared resource pool, for a given valid comb size ‘N’, partially staggered SL PRS patterns (M, N) are supported for all integer values of ‘M’ such that (M, N) = (1, 2) or (2, 4).

Conclusion
For a shared resource pool, no additional AGC or gap symbols are defined beyond those defined as part of Rel-16 SL communications, i.e., the only AGC symbol is the AGC symbol before the first symbol of the PSCCH and a gap symbol is present at the last SL symbol of the slot and/or a gap symbol is present in between PSSCH and PSFCH symbol when PSFCH is present in the slot. 

Agreement
For a dedicated resource pool, no gap symbol for Tx-Rx switching is inserted in between two TDM-ed SL PRS resources within a slot when TDM of multiple SL PRS resources within a slot is enabled for the resource pool.

Agreement
For SL PRS, the comb offsets are defined as function of symbol index within a SL PRS resource as below.
	Comb
	Symbol number within the SL PRS resource 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	1
	0
	1
	0
	1
	0
	1
	0

	4
	0
	2
	1
	3
	0
	2
	1
	3
	0

	6
	0
	3
	1
	4
	2
	5
	0
	3
	1



Agreement
In a slot of shared resource pool, SL PRS is mapped after the last symbol with second stage SCI.

Working assumption
For a shared resource pool,
· Explicit (pre-)configuration of SL PRS resources in a slot, applicable for an indicated frequency domain allocation, includes:
· SL PRS Resource ID, (M, N) pattern, comb offset.
· For a given value of ‘M’, SL PRS resource is mapped to the last consecutive ‘M’ SL symbols in the slot that can be used for SL PRS, i.e., taking into consideration multiplexing with PSSCH DMRS, PT-RS, CSI-RS, PSFCH, gap symbols, AGC symbols, PSCCH in the slot
· The maximum number of SL PRS resources in a slot of a shared resource pool that can be (pre-)configured is FFS.



This contribution discusses the maintenance issues on sidelink positioning reference signal. Section 2 discusses the maintenance issues on sequence design of SL-PRS. Section 3 discusses the maintenance issues on pattern design of SL-PRS. Section 4 discusses the maintenance issues on slot structure of SL-PRS. Section 5 summarizes the proposals with conclusions.

Sequence design of SL-PRS
The following working assumption was achieved in RAN1#113 related to sequence design of SL-PRS [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




Regarding the FFS of “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” in the above working assumption, since there is no consensus to support to (pre-)configured SL-PRS to derive L1 SL-RSRP for resource exclusion, we prefer to remove the FFS and confirm the working assumption.
Proposal 1: Confirm the working assumption in RAN1#113 as follows (remove the FFS):
· 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.
· 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.

Pattern design of SL-PRS
The following agreements were achieved in RAN1#114 related to pattern design of SL-PRS [1]:
	Agreement
For SL PRS in a dedicated resource pool, the following values of ‘M’ (number of SL PRS symbols) are supported: {1, 2, 3, …, 9}. 
· In a dedicated resource pool, ‘M’ from {3, …, 9} are supported for cases with M > N with full staggering.

Agreement
For SL PRS in a dedicated or shared resource pool, for a given valid comb size ‘N’, partially staggered SL PRS patterns (M, N) are supported for all integer values of ‘M’ such that (M, N) = (1, 2) or (2, 4).

Agreement
For SL PRS, the comb offsets are defined as function of symbol index within a SL PRS resource as below.
	Comb
	Symbol number within the SL PRS resource 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	1
	0
	1
	0
	1
	0
	1
	0

	4
	0
	2
	1
	3
	0
	2
	1
	3
	0

	6
	0
	3
	1
	4
	2
	5
	0
	3
	1






It had been agreed that at least the values N = {2,4} are supported for SL-PRS in shared or dedicated resource pools, comb size 6 is supported at least in dedicated resource pool and comb size 1 is supported at least in shared resource pool in RAN1#112. We prefer to keep the same design on comb size in shared or dedicated resource pools, then for SL-PRS in shared resource pools, comb size 6 should be supported, and for SL-PRS in dedicated resource pools, comb size 1 should be supported. According to the above discussion, for SL-PRS in shared or dedicated resource pools, comb sizes N={1, 2, 4, 6} should be supported. 
Proposal 2: For SL-PRS in shared resource pools, comb size 6 should be supported.
Proposal 3: For SL-PRS in dedicated resource pools, comb size 1 should be supported.

In RAN1#112bis-e, it had been agreed that at least for dedicated SL-PRS resource pools, in addition to already-agreed (M, N) = (2, 2), (4, 4), fully staggered pattern with (M, N) = (6, 6) is supported. And RAN1 can further study other values of (M, N) for fully staggered pattern and its applicability to shared resource pools.
In our view, for SL-PRS in shared resource pools, SL-PRS pattern with full staggering of (M, N)=(6, 6) should be also supported, in order to improve the flexibility of SL-PRS configuration in shared resource pool. There is no need to support other values of (M, N) for fully staggered pattern.
Proposal 4: For SL-PRS in shared resource pools, SL-PRS pattern with full staggering of (M, N)=(6, 6) should be supported.

In order to capture our above proposals in this section, the following TP #1 for section 8.4.1.6.3 of TS 38.211[3] is proposed.
Proposal 5: Modify the description of current specification regarding the comb sizes and full staggering patterns for SL-PRS and adopt TP #1.

· TP #1
	Reason for change:
	Corrections on SL positioning reference signal

	
	

	Summary of change:
	In clause 8.4.1.6.3, correct the comb sizes and full staggering patterns for SL-PRS.

	
	

	Consequences if not approved:
	Comb size 1 is not supported for SL-PRS in dedicated resource pools, and comb size 6 and full staggering of (M, N)=(6, 6) are not supported for SL-PRS in shared resource pools.



----------------------------------------- Start of text proposal to TS 38.211 v18.0.0-------------------------------------------
8.4.1.6.3	Mapping to physical resources
The sequence shall be multiplied with the amplitude scaling factor  and mapped to resources elements  according to 

when the following conditions are fulfilled:
[bookmark: _GoBack]-	the resource element  is within the common resource blocks occupied by the SL PRS resource
and where
-	the comb size  is provided by the higher layers
-	the resource-element offset  
-	the frequency offset  is given by Table 8.4.1.6.3-1
-	the starting symbol  is provided by higher layers for the dedicated resource pool, or is determined such that the symbols {} are mapped to the last consecutive  symbols in the slot that can be used for SL PRS for shared resource pool as described in clause 8.2.4.1.1 in [6, TS38.214]
-	the number of symbols  is provided by higher layers and limited to combinations  fulfilling 
-	in a dedicated resource pool: {1,1}, {1, 2}, {2, 2}, {2, 4}, {4, 4}, {6, 6}, and combinations with  and  where  
-	in a shared resource pool:{1, 1}, {1, 2}, {2, 1}, {2, 2}, {2, 4}, {4, 1}, {4, 2}, {4, 4}, {6, 6}
 -	the antenna port 
The reference point for  is subcarrier 0 in common resource block 0.
For transmission of an SL PRS in a dedicated resource pool, the content of the OFDM symbol immediately preceding the SL PRS resource shall be generated and mapped to resource elements with
-	the time-domain index  
-	the set of frequency-domain indices  shall be identical to those of the last OFDM symbol in the SL PRS resource 
Table 8.4.1.6.3-1: The frequency offset  as a function of .
	
	Symbol number within the sidelink PRS resource 

	
	0
	1
	2
	3
	4
	5
	6
	7
	8

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	1
	0
	1
	0
	1
	0
	1
	0

	4
	0
	2
	1
	3
	0
	2
	1
	3
	0

	6
	0
	3
	1
	4
	2
	5
	0
	3
	1



----------------------------------------- End of Text proposal to TS 38.211 v18.0.0------------------------------------------
Slot structure of SL-PRS
Dedicated resource pool
The following agreements were achieved in RAN1#114 related to slot structure of SL-PRS [1]:
	Conclusion
For a dedicated resource pool, only the case where SL PRS bandwidth is the same as resource pool bandwidth is supported in Rel-18.

Agreement
For a dedicated resource pool, the maximum number of TDM groups for TDM-based multiplexing of SL PRS within a slot is 4.
· Maximum number 4 only applies to the case of comb-2

Agreement
When an AGC symbol is transmitted immediately preceding a SL PRS resource, for generation of the AGC symbol:
· The RE offset in the AGC symbol is the same as that in the last symbol of the SL-PRS resource. The RS sequence is generated based on the symbol index of the AGC symbol within the slot.

Agreement
For a dedicated resource pool, explicit (pre-)configuration of SL PRS resources in a slot includes:
· SL PRS Resource ID, (M, N) pattern, starting symbol, comb offset.
· FFS: constraints to the (pre-)configuration to address potential AGC issues

Agreement
For a dedicated resource pool, no gap symbol for Tx-Rx switching is inserted in between two TDM-ed SL PRS resources within a slot when TDM of multiple SL PRS resources within a slot is enabled for the resource pool.



The potential AGC issues which are resource pool level issues as discussed in last meeting, so some constraints need to be made to address potential AGC issues. Based on the agreements had been made, the slot structure of dedicated resource pool is totally different from that of shared resource pool. To address the different time-domain position of AGC handling in the dedicated and shared resource pool, only TDMed multiplexing between dedicated resource pool and shared resource pool can be supported.
However, the slot structure of different dedicated resource pool may be different. If the FDM-based multiplexing between different dedicated resource pool is supported, the (pre-)configuration should make sure that these different dedicated resource pool will have the same slot structure with same AGC symbols position. Otherwise, there will be a potential AGC issues as shown in following Figure 1.
Proposal 6: To address potential AGC issues:
· Only TDMed multiplexing between dedicated resource pool and shared resource pool can be supported.
· If the FDM-based multiplexing between different dedicated resource pools is supported, the (pre-)configuration should make sure that these different dedicated resource pool will have the same slot structure with same AGC symbols position.



Figure 1: FDM-based multiplexing between different dedicated resource pool

Shared resource pool
The following agreements were achieved in RAN1#114 related to slot structure of SL-PRS [1]:
	Conclusion
For a shared resource pool, no additional AGC or gap symbols are defined beyond those defined as part of Rel-16 SL communications, i.e., the only AGC symbol is the AGC symbol before the first symbol of the PSCCH and a gap symbol is present at the last SL symbol of the slot and/or a gap symbol is present in between PSSCH and PSFCH symbol when PSFCH is present in the slot. 

Agreement
In a slot of shared resource pool, SL PRS is mapped after the last symbol with second stage SCI.

Working assumption
For a shared resource pool,
· Explicit (pre-)configuration of SL PRS resources in a slot, applicable for an indicated frequency domain allocation, includes:
· SL PRS Resource ID, (M, N) pattern, comb offset.
· For a given value of ‘M’, SL PRS resource is mapped to the last consecutive ‘M’ SL symbols in the slot that can be used for SL PRS, i.e., taking into consideration multiplexing with PSSCH DMRS, PT-RS, CSI-RS, PSFCH, gap symbols, AGC symbols, PSCCH in the slot
· The maximum number of SL PRS resources in a slot of a shared resource pool that can be (pre-)configured is FFS.



For a shared resource pool, an agreement about the definition of a SL-PRS resource had been made in RAN1#113 as following:
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]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


If the explicit (pre-)configuration of SL PRS resources in a slot, applicable for an indicated frequency domain allocation, only includes: SL PRS Resource ID, (M, N) pattern, comb offset. A SL-PRS resource can’t be uniquely identified by a combination of SL-PRS resource ID and a SL-PRS frequency domain allocation. It is possible that different SL-PRS resources with different starting symbols could share a same SL-PRS resource ID in a shared resource pool. 
As shown in Figure 2, a shared resource pool is (pre-)configured with three kinds of DMRS pattern: (3,10), (1,6,11), (1,4,7,10). The explicit (pre-)configuration of SL-PRS resources in a slot includes:
· SL-PRS Resource ID=1, (M=1, N=1) pattern, comb offset=0
· SL-PRS Resource ID=2, (M=1, N=2) pattern, comb offset=0
· SL-PRS Resource ID=3, (M=1, N=2) pattern, comb offset=1
· SL-PRS Resource ID=4, (M=2, N=1) pattern, comb offset=1
· …


Figure 2: SL-PRS resources in a shared resource pool
In conclusion, if explicit (pre-)configuration of SL-PRS resources in a shared resource pool only includes: SL-PRS Resource ID, (M, N) pattern, comb offset, a UE-specific SL-PRS resource is uniquely identified by a combination of the SL-PRS resource ID, a SL-PRS frequency domain allocation and taking into consideration multiplexing with PSSCH DMRS, PT-RS, CSI-RS, PSFCH, gap symbols, AGC symbols, PSCCH in the slot.
For the maximum number of SL PRS resources in a slot of a shared resource pool, if the combinations  fulfilling in a shared resource pool are as follows:{1, 1}, {1, 2}, {2, 1}, {2, 2}, {2, 4}, {4, 1}, {4, 2}, {4, 4}, the maximum number of SL PRS resources is equal to: 1+2+1+2+4+1+2+4=17. If the {6, 6} pattern is supported additionally, the maximum number of SL PRS resources will be equal to: 1+2+1+2+4+1+2+4+6=23.
Comparing with the explicit (pre-)configuration including: SL-PRS Resource ID, (M, N) pattern, starting symbol, comb offset, the way of working assumption will be much simpler. So the working assumption should be confirmed.

Proposal 7: Confirm the working assumption in RAN1#114 as follows:
For a shared resource pool,
· Explicit (pre-)configuration of SL PRS resources in a slot, applicable for an indicated frequency domain allocation, includes:
· SL PRS Resource ID, (M, N) pattern, comb offset.
· For a given value of ‘M’, SL PRS resource is mapped to the last consecutive ‘M’ SL symbols in the slot that can be used for SL PRS, i.e., taking into consideration multiplexing with PSSCH DMRS, PT-RS, CSI-RS, PSFCH, gap symbols, AGC symbols, PSCCH in the slot.
· The maximum number of SL PRS resources in a slot of a shared resource pool that can be (pre-)configured is 17. If the {6, 6} pattern is supported additionally, the maximum number will be 23.

In order to capture our above proposals in this section, the following TP #2 for section 8.2.4 of TS 38.214[4] is proposed.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 8: Modify the description of current specification regarding the description of each SL PRS resource and adopt TP #2.

· TP #2
	Reason for change:
	Corrections on description of each SL PRS resource

	
	

	Summary of change:
	In clause 8.2.4 of TS 38.214, correct the parameters which are associated with each SL PRS resource.

	
	

	Consequences if not approved:
	Based on the current version, a SL PRS resource can’t be uniquely identified.



----------------------------------------- Start of text proposal to TS 38.214 v18.0.0-------------------------------------------
[bookmark: _Toc29673247][bookmark: _Toc29673388][bookmark: _Toc29674381][bookmark: _Toc36645612][bookmark: _Toc45810662][bookmark: _Toc130409873]8.2.4	SL PRS transmission procedure
The following parameters for SL PRS transmission are associated with each SL PRS resource:
-	 [SL PRS resource ID] indicates an identity of a SL PRS resource. The SL PRS resource is identified by the SL PRS resource ID that is unique within a slot of a dedicated SL PRS resource pool. For a shared resource pool, a UE-specific SL PRS resource is uniquely identified by a combination of the SL PRS resource ID, and a SL PRS frequency domain allocation and taking into consideration multiplexing with PSSCH DMRS, PT-RS, CSI-RS, PSFCH, gap symbols, AGC symbols, PSCCH in the slot within a slot..
-	 [SL PRS comb offset and comb size] indicates a comb offset and a comb size of the SL PRS resource.
-	 [Starting symbol and the number of SL PRS symbols] indicates the starting symbol index within a slot and the number of symbols of the SL PRS resource in a dedicated SL PRS resource pool. [number of SL PRS symbols] indicates the number of symbols of the SL PRS resource in a shared SL PRS resource pool.
-	 [SL PRS frequency domain allocation] indicates the frequency location [and the number of resource blocks for SL PRS transmission in a shared resource pool.]
…
----------------------------------------- End of Text proposal to TS 38.214 v18.0.0------------------------------------------

[bookmark: _Ref47295954][bookmark: _Ref60564645]Conclusions
In this contribution, we discuss the design of SL positioning reference signal, and give the following proposals:
Proposal 1: Confirm the working assumption in RAN1#113 as follows (remove the FFS):
· 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.
· 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.
Proposal 2: For SL-PRS in shared resource pools, comb size 6 should be supported.
Proposal 3: For SL-PRS in dedicated resource pools, comb size 1 should be supported.
Proposal 4: For SL-PRS in shared resource pools, SL-PRS pattern with full staggering of (M, N)=(6, 6) should be supported.
Proposal 5: Modify the description of current specification regarding the comb sizes and full staggering patterns for SL-PRS and adopt TP #1.
Proposal 6: To address potential AGC issues:
· Only TDMed multiplexing between dedicated resource pool and shared resource pool can be supported.
· If the FDM-based multiplexing between different dedicated resource pools is supported, the (pre-)configuration should make sure that these different dedicated resource pool will have the same slot structure with same AGC symbols position.
Proposal 7: Confirm the working assumption in RAN1#114 as follows:
For a shared resource pool,
· Explicit (pre-)configuration of SL PRS resources in a slot, applicable for an indicated frequency domain allocation, includes:
· SL PRS Resource ID, (M, N) pattern, comb offset.
· For a given value of ‘M’, SL PRS resource is mapped to the last consecutive ‘M’ SL symbols in the slot that can be used for SL PRS, i.e., taking into consideration multiplexing with PSSCH DMRS, PT-RS, CSI-RS, PSFCH, gap symbols, AGC symbols, PSCCH in the slot.
· The maximum number of SL PRS resources in a slot of a shared resource pool that can be (pre-)configured is 17. If the {6, 6} pattern is supported additionally, the maximum number will be 23.
Proposal 8: Modify the description of current specification regarding the description of each SL PRS resource and adopt TP #2.
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