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1 Introduction
In this contribution, we discuss about SL positioning reference signal (SL PRS) for Rel-18 work on expanded and improved NR positioning and provide our view. 
2 Discussion
In the WID [1], the following objective is included regarding the SL PRS design and SL PRS power control as:
	· 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].


In the following subsections, we discuss about SL PRS sequence, mapping, multiplexing, and power control in order.
2.1 Sequence design for SL PRS
In RAN1#113 meeting, the following working assumption was made for SL PRS sequence generation as: 
	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


In the above working assumption, there is one FFS. In our understanding, FFS part is to use the second option (i.e. [image: ][image: ] is based on 12 LSB bits CRC of PSCCH associated with the SL PRS) more frequently. However, this can be achieved by no [image: ] configuration by higher layer. Therefore, we propose
Proposal 1: Confirm the following working assumption on [image: ] without FFS part
· [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
2.2 Mapping for SL PRS to physical resource
From RAN1#112 meeting, the following agreements were made for SL PRS comb-based multiplexing as: 
	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
(M, N) patterns with M > N with full staggering are supported. 
· In the last (M-N) symbols, the SL PRS symbols are repeated with same order of comb offsets as in the first N symbols.
Agreement
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. 
· FFS: Other values of (M, N).
· FFS: Applicability to shared resource pools.
Conclusion
For a partially staggered SL PRS pattern (M, N), repetition of a partially staggered SL PRS pattern (M, N) in a slot is not supported.
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).


During the last two meetings, we did a rather prolonged discussion for supporting additional comb size for SL PRS patterns. However, there was no consensus. In shared pools, the comb size (N) of 8, 12 with full staggering cannot be supported since SL PRS should be TDMed over PSSCH considering contiguous symbol mapping and without mapping in PSSCH DMRS symbols. In dedicated pools, the comb size of 8, 12 with full staggering can be supported. However, already-agreed (M, N) = (2, 2), (4, 4), (6, 6) patterns can be repeated over M(>N) symbols based on the agreement. This means that system works well with already-agreed SL PRS patterns. If there is no consensus for supporting additional comb size, it would be better to focus on other urgent issues.
Observation 1: For SL PRS pattern, additional M and N values are not necessary. 
· This issue should be deprioritized in order to discuss other urgent issues.
Also, the following agreement was made in RAN1#112 meeting for RE-offset sequence for SL PRS as: 
	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


As agreed in the above, SL PRS comb offset can be staggered across symbols. In Table 1, RE-offset values for staggered pattern across symbols are provided for SL PRS comb size {1,2,4,6,8,12}. The RE-offset values for SL PRS comb size {8,12} can be applied if supported. 
Proposal 2: Support Table 1 for SL PRS RE-offset sequences across symbols.
Table 1 RE-offset values for staggered SL PRS pattern across symbols.
	Comb
	Symbol index of SL positioning reference signal

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	4
	0
	2
	1
	3
	0
	2
	1
	3
	0
	2
	1
	3
	0
	2

	6
	0
	3
	1
	4
	2
	5
	0
	3
	1
	4
	2
	5
	0
	3

	8
	0
	4
	2
	6
	1
	5
	3
	7
	0
	4
	2
	6
	0
	4

	12
	0
	6
	3
	9
	1
	7
	4
	10
	2
	8
	5
	11
	0
	6



In RAN1#112bis-e and RAN1#113 meetings, the following agreements were made for SL PRS bandwidth as: 
	Agreement
· A SL PRS resource refers to a time-frequency resource within a slot of a dedicated SL PRS resource pool that is used for SL PRS transmission.
· FFS: for a shared resource pool
· Characteristics associated with a SL PRS resource 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,
· Note: Additional parameters can be included as/when identified.
· FFS: other time domain aspects, if any
· A SL PRS resource is identified by a SL PRS resource ID that is unique within a slot of a dedicated SL PRS resource pool.
NOTE 1: The above does not imply need for signalling/(pre-)configuration of all these parameters
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


Based on the agreement (especially by the sentence marked in yellow) and the discussion during the RAN1#113 meeting, now it is clear that only the case where SL PRS bandwidth is same as resource pool bandwidth is supported for the dedicated resource pool. Therefore, it would be better to make clear with the following proposal. 
Proposal 3: For a dedicated resource pool, only the case where SL PRS bandwidth is same as resource pool bandwidth is supported.
2.3 Multiplexing of a SL PRS resource with other SL channel/signal
In RAN1#112bis and RAN1#113 meetings, the following agreements were made as: 
	Agreement
An AGC symbol preceding a SL PRS resource is not considered as part of the SL PRS resource itself.
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.


According to the agreement above, we need to discuss the following issues further as:
· Issue #1: other exceptions for an AGC symbol, if any 
· Issue #2: How to create an AGC symbol?
· Issue #3: About gap symbol for TDMed SL PRS resources 
For Issue #1, if AGC symbol is not included for specific cases, resource efficiency can be increased. In dedicated resource pools, if associated PSCCH and SL PRS have same Tx power, only PSCCH resource need to be immediately preceded by an AGC symbol. However, bandwidth of PSCCH and SL PRS can be different as shown in Figure 1, an AGC symbol is necessary to accommodate Tx PSD variations. Therefore, every PSCCH resource and SL PRS resource need to be immediately preceded by an AGC symbol.
For Issue #2, we prefer to reuse the principle applied for an AGC symbol of PSCCH resource. In other word, an AGC symbol for SL PRS resource is a copy of the next following SL PRS symbol.
For Issue #3, if we introduce additional gap symbol, it would degrade the resource efficiency significantly. A UE may need a gap symbol for switching between transmitting and receiving SL-PRS in the same slot. At first, we think further justification is necessary whether this switching within same slot should be supported or not. For example, if PSCCHs associated with TDMed SL PRSs are multiplexed on the same symbols with FDM-based manner, once UE transmit one PSCCH and associated SL PRS, it cannot receive other PSCCHs FDMed in the same slot hence can hardly measure the other SL PRSs, which makes the switching gap meaningless. Moreover, enough study/verification was not carried out about this gap symbol. For example, a UE may perform Tx/Rx switching and AGC within one symbol. 
In addition, the following issues need to be discussed and decided further in this meeting as:
· Issue #4: supported PSCCH symbol length
· Issue #5: supported symbol length and location for SL PRS transmission in dedicated resource pools 
· Issue #6: The maximum number of TDMed SL PRS resource(s) in a slot and its’s location.
For Issue #4, we prefer the number of PSCCH symbol(s) is (pre-)configured to 2 or 3 symbols (i.e. the same as the existing SL resource pool) unless strong necessity of 1-symbol PSCCH is identified. For 2 or 3 PSCCH symbols, Figure 1 depicts a PHY structure for dedicated resource pool(s) for SL PRS considering AGC/gap symbols and Issue #5 above. Specifically, The symbol length of SL PRS transmission in a slot can be (pre-)configured as one of {6, 7, 8,…, 14}. In Figure 1, the start symbol was assumed as 0. However, in general, the start symbol of SL PRS transmission in a slot can be (pre-)configured as one of {0, 1, 2,…, 8}. Lastly, Issue #6 needs to be discussed. We think more than 2 TDMed SL PRS resources seems not necessary. In this case, we can assume that the symbol length of the first SL PRS resource is greater than or equal to the second SL PRS resource without additional signaling.
Proposal 4: For dedicated resource pool(s) for SL PRS, support the following for PHY structure as:
· PSCCH symbol length can be (pre-)configured as one of {2,3}.
· The symbol length of SL PRS transmission(s) in a slot can be (pre-)configured as one of {6, 7, 8,…, 14}.
· The start symbol of SL PRS transmission(s) in a slot can be (pre-)configured as one of {0, 1, 2,…, 8}.
· An AGC symbol for SL PRS resource is a copy of the next following SL PRS symbol.
· The maximum number of TDMed SL PRS resource(s) in a slot is two.
· When TDM of multiple SL PRS resources within a slot is enabled, it is assumed that the symbol length of the first SL PRS resource is 1-symbol greater than or equal to the second SL PRS resource.
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	PSCCH duration: 2 symbols
	PSCCH duration 3 symbols
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Figure 1: Examples of PHY structure for SL PRS in a dedicated resource pool.
2.4 SL PRS power control
In RAN1#112bis and RAN1#113 meetings, the following agreement was made for SL PRS power control as: 
	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.
Agreement
For SL pathloss-based OLPC for SL PRS in unicast, filtered RSRP is reported by a receiving UE.
Agreement
For a shared resource pool, SL PRS transmit power is same as that for PSSCH.


According to the agreement above, one important remaining issue is about SL pathloss reference for OLPC for SL PRS. In our understanding, the SL pathloss reference should be SL PRS. In general, the number of REs for SL PRS (time and frequency resources) would be larger than that of PSCCH and then SL PRS can provide better performance than PSCCH as the SL pathloss reference. In addition, for PSCCH power, it can be associated with SL PRS power. We can simply reuse the existing power control equation of PSCCH associated with PSCCH. In this regard, we propose:
Proposal 5: For a dedicated resource pool, support the following for SL PRS open-loop power control as:
· SL PRS is used as pathloss reference.
· PSCCH power is associated with SL PRS power (follow same rule as PSCCH associated with PSSCH).
Also, according to 38.213 CR [2], the priority level is TBD when  is determined, for shared and dedicated pools, respectively, as:
	16.2.3A	SL PRS
A UE determines a power  for a SL PRS transmission on a resource pool in SL PRS transmission occasion  on active SL BWP  of carrier  as:

where,
·  is the maximum output power of the UE [8-1, TS 38.101-1]
·  is determined by a value of sl-MaxTxPower based on a priority level and a CBR range for a CBR measured in slot , where  is the congestion control processing time [6, TS 38.214] ]; if sl-MaxTxPower is not provided, then ;
· if the resource pool is common for PSSCH and SL PRS transmissions, the priority level is for TBD; else, the priority level is for TBD


For the dedicated pool for SL PRS, it would be clear that the priority level is for SL PRS since there is no PSSCH. For the shared resource pool, there are two priority levels for SL PRS and PSSCH. In this case, it would be straightforward to follow the higher priority level between PSSCH and SL PRS. Thus, we propose 
Proposal 6: For , if the resource pool is common for PSSCH and SL PRS transmissions, the priority level is the higher priority between PSSCH and SL PRS; else, the priority level is for SL PRS.
3 Conclusions
This contribution discusses about SL PRS. Based on the discussion, the following proposals are provided:
Proposal 1: Confirm the following working assumption on [image: ] without FFS part
· [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
Observation 1: For SL PRS pattern, additional M and N values are not necessary. 
· This issue should be deprioritized in order to discuss other urgent issues.
Proposal 2: Support Table 1 for SL PRS RE-offset sequences across symbols.
Table 1 RE-offset values for staggered SL PRS pattern across symbols.
	Comb
	Symbol index of SL positioning reference signal

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1
	0
	1

	4
	0
	2
	1
	3
	0
	2
	1
	3
	0
	2
	1
	3
	0
	2

	6
	0
	3
	1
	4
	2
	5
	0
	3
	1
	4
	2
	5
	0
	3

	8
	0
	4
	2
	6
	1
	5
	3
	7
	0
	4
	2
	6
	0
	4

	12
	0
	6
	3
	9
	1
	7
	4
	10
	2
	8
	5
	11
	0
	6


Proposal 3: For a dedicated resource pool, only the case where SL PRS bandwidth is same as resource pool bandwidth is supported.
Proposal 4: For dedicated resource pool(s) for SL PRS, support the following for PHY structure as:
· PSCCH symbol length can be (pre-)configured as one of {2,3}.
· The symbol length of SL PRS transmission(s) in a slot can be (pre-)configured as one of {6, 7, 8,…, 14}.
· The start symbol of SL PRS transmission(s) in a slot can be (pre-)configured as one of {0, 1, 2,…, 8}.
· An AGC symbol for SL PRS resource is a copy of the next following SL PRS symbol.
· The maximum number of TDMed SL PRS resource(s) in a slot is two.
· When TDM of multiple SL PRS resources within a slot is enabled, it is assumed that the symbol length of the first SL PRS resource is 1-symbol greater than or equal to the second SL PRS resource.
Proposal 5: For a dedicated resource pool, support the following for SL PRS open-loop power control as:
· SL PRS is used as pathloss reference.
· PSCCH power is associated with SL PRS power (follow same rule as PSCCH associated with PSSCH).
[bookmark: _GoBack]Proposal 6: For , if the resource pool is common for PSSCH and SL PRS transmissions, the priority level is the higher priority between PSSCH and SL PRS; else, the priority level is for SL PRS.
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