Page 1
3GPP TSG RAN WG1 #114bis          													                 R1-2309195
Xiamen, China, October 9th – October 13th, 2023

Source: 	Intel Corporation
Title:	Remaining issues on SL Positioning Reference Signals
Agenda item:	8.3.1.1
Document for:	Discussion and Decision
[bookmark: _Ref506539118]Introduction
[bookmark: _Hlk104074592]At the RAN1#114 meeting, the following agreements and working assumptions were made regarding SL positioning reference signal (SL PRS) design [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. 
RAN1 respectfully asks RAN WG2 to take the above conclusion into account for their work.

Final LS in R1-2308559.
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.
In this contribution, we present our views on remaining issues on SL PRS physical structure. Our views on remaining issues for measurements and reporting for SL positioning and resource allocation for SL PRS are described in our companion contributions [2] and [3], respectively. 
1 Remaining issues on SL PRS physical structure
Remaining issues on SL PRS resources
At the RAN1#114 meeting, the following working assumption was made regarding the (pre-)configuration of SL PRS resource in a shared resource pool [1]. 
	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.


It should be noted that for a shared resource pool, SL PRS bandwidth is same as the bandwidth indicated for PSSCH. Further, a SL PRS resource is identified by a combination of SL PRS resource ID and a SL PRS frequency domain allocation. In this case, frequency domain resource allocation for SL PRS in a shared resource pool would not be considered as additional parameter for SL PRS transmission. To address this issue, the following TP is proposed for the parameters for SL PRS transmission in a shared resource pool [4]. 

	[bookmark: _Toc29673247][bookmark: _Toc29673388][bookmark: _Toc29674381][bookmark: _Toc36645612][bookmark: _Toc45810662][bookmark: _Toc130409873]------------------------------   TP#1: TS 38.214 -----------------------------------
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 SL PRS resource is uniquely identified by a combination of the SL PRS resource ID and a SL PRS frequency domain allocation within a slot indicated by “frequency resource assignment” field in the associated SCI.
-	 [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.
-	 [SL PRS frequency domain allocation] indicates the frequency location [and the number of resource blocks for SL PRS transmission in a shared resource pool.]
< Unchanged text omitted >



Proposal 1
· Agree on TP#1 for the parameters for SL PRS transmission in a shared resource pool.

With the agreements on SL PRS resource definitions in a slot for dedicated and shared resource pools, the maximum number of SL PRS resource candidates in a slot of a dedicated or shared resource pool can be determined. This would be necessary to be clarified to enable appropriate dimensioning of the related higher layer signalling for SL PRS (pre-)configuration in a resource pool.
For a dedicated resource pool, the maximum number of SL PRS resource candidates can be determined to correspond to the following configuration assuming a maximum of 10 SL symbols available for SL PRS in a slot of a dedicated resource pool (including AGC symbols associated with each SL PRS):
· For 3 TDM-ed durations with M = 2 (and N = 4), maximum number of SL PRS resource candidates = 12
· For 2 TDM-ed durations with M = 2 (and N = 4) and 2 TDM duration with M = 1 (and N =2), maximum number of SL PRS resource candidates = 12
For a shared resource pool, the maximum number of SL PRS resource candidates can be determined for the case when all valid combinations of (M, N) (viz. {1, 1}, {1, 2}, {2, 1}, {2, 2}, {2, 4}, {4, 1}, {4, 2}, {4, 4}) are (pre-)configured as:
· For M = 1 (corresponding to (1, 1) and (1, 2)): max of 3 candidates
· For M = 2 (corresponding to (2, 1), (2, 2), and (2, 4)): max of 7 candidates
· For M = 4 (corresponding to (4, 1), (4, 2), and (4, 4)): max of 7 candidates
· Total = 17 candidates

Observation 1
· The maximum number of SL PRS resource candidates in a slot of a dedicated resource pool is 12.
· The maximum number of SL PRS resource candidates in a slot of a shared resource pool is 17.

1.1 Remaining issues on SL PRS patterns 
In the editor CR in TS38.211, a list of (M, N) pairs for SL PRS transmissions in a dedicated and shared resource pool were specified as captured below [5]:
	-	the number of symbols  is provided by higher layers and limited to combinations  fulfilling 
-	in a dedicated resource pool: {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}


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, at the RAN1#114 meeting, the following agreement was made regarding the location of SL PRS transmission in the shared resource pool [1]. Given the fact that SL PRS is multiplexed in a TDM manner with PSCCH or PSSCH and additionally needs to avoid the PSSCH DMRS and PSFCH in a shared resource pool, it is unlikely that a large number of symbols for SL PRS transmission can be fit into the shared resource pool. 
	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.



Toward this direction, the maximum number of symbols for SL PRS transmission can be limited to 4. Further, the list of (M, N) pairs for SL PRS transmission in a shared resource pool as specified in the editor CR in TS38.211 [5], i.e., (M, N) =  (1, 1), (1, 2), (2, 1), (2, 2), (2, 4), (4, 1), (4, 2), (4, 4) would already cover various use cases and scenarios. Hence, in our view, additional (M, N) pairs for SL PRS transmission in a shared resource pool beyond what was already specified in the editor CR is not needed.
Proposal 2
· For SL PRS transmission in a shared resource pool, no additional (M, N) pair is supported beyond what was already specified in the editor CR in TS 38.211 [5]. 

Multiplexing of SL PRS resources in a resource pool
At the RAN1#113 meeting, the following agreement was made regarding the TDM based multiplexing of SL PRS resources in a dedicated resource pool [6]. 
	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).



However, the above agreement was not captured in the editor CR in TS38.214 [4]. To address this issue, the following TP is proposed for the TDM based multiplexing of SL PRS resources in a dedicated resource pool. 

	------------------------------   TP#2: TS 38.214 -----------------------------------
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 SL PRS resource is uniquely identified by a combination of the SL PRS resource ID and a SL PRS frequency domain allocation 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.
-	 [SL PRS frequency domain allocation] indicates the frequency location [and the number of resource blocks for SL PRS transmission in a shared resource pool.]
For a dedicated resource pool, a single combination  can be mapped in a TDM duration in a slot. Different combinations  can be mapped to different TDM durations in a slot. 
Each SL PRS transmission is associated with an PSCCH transmission in the same slot.
In the case of dedicated pool for SL positioning, that PSCCH carries the SCI format 1-B associated with the SL PRS transmission.
The UE may report the association information of the already transmitted SL PRS resources with UE Tx ARP ID.
< Unchanged text omitted >



Proposal 3
· Agree on TP#2 for TDM based multiplexing of SL PRS resources in a dedicated resource pool.

For a dedicated resource pool, SL PRS pattern {1, 2} is supported. This allows for use of a single-symbol SL PRS in dedicated resource pool, albeit with inferior performance compared to comb size of 1 for the same duration of SL PRS. Comb size of 1 is currently only limited to shared resource pool. 
From the perspective of overall SL PRS design, support of comb size 1 in dedicated resource pool does not increase any further efforts, but allows for use of a single-symbol SL PRS with better performance than only the partially staggered pattern {1, 2}. Thus, we suggest to consider adding support of comb size 1 for dedicated resource pool along with repetition-based extended patterns with .

	------------------------------   TP#3: TS 38.211 -----------------------------------
8.4.1.6.3	Mapping to physical resources
< Unchanged text omitted >
-	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}
< Unchanged text omitted >



Proposal 4
· Comb size  of 1 is supported in a slot of a dedicated resource pool.
· Agree on TP#3 for support of comb size  for SL PRS resources in a dedicated resource pool.

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on remaining issues on SL PRS physical structure. Further, we summarize them in the observation and proposals as follows:
Observation 1
· The maximum number of SL PRS resource candidates in a slot of a dedicated resource pool is 12.
· The maximum number of SL PRS resource candidates in a slot of a shared resource pool is 17.
Proposal 1
· Agree on TP#1 for the parameters for SL PRS transmission in a shared resource pool.
Proposal 2
· For SL PRS transmission in a shared resource pool, no additional (M, N) pair is supported beyond what was already specified in the editor CR in TS 38.211 [5]. 
Proposal 3
· Agree on TP#2 for TDM based multiplexing of SL PRS resources in a dedicated resource pool.
Proposal 4
· Comb size  of 1 is supported in a slot of a dedicated resource pool.
· Agree on TP#3 for support of comb size  for SL PRS resources in a dedicated resource pool.
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