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Introduction
In this contribution, we present our views on the design for the SL-PRS. Additional information is present in our contribution on resource allocation [1]. 
Discussion
[bookmark: _Ref111129351]Positioning Reference Signal design
Sequence design
Options for sequence generation and the SL PRS sequence ID were further refined during RAN1#113-e. There is one FFS left to resolve regarding the use of 12 LSB CRC of PSCCH when the SL PRS is configured as RS for sensing:
  
	
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





The working assumption allows for the sequence ID to be provided via higher layers, or if the network does not provide the sequence ID by configuration, via the 12LSBs of the PSCCH CRC. This provides control to the network to ensure that the SL PRS can be used securely when needed. 
If the SL PRS ID is decodable via the CRC for any UE, PRS sensing reception and positioning is open to even unauthorized UEs. It is preferable to have the ID only available to authorized UEs for privacy/security reason. If the ID is provided either as part of the configuration by the network or the transmitting UE, the concern for privacy and security is resolved. 

When the SL PRS sequence ID is provided by higher layers, there was a concern that UEs using the SL PRS for sensing would not be able to reliably detect the PRS presence. Therefore, an FFS was left to discuss that case and whether to use a CRC based sequence ID for that case.  However, the PRS sequence ID is not required to do a simple PRS detection based on received power in a given symbol. 

[bookmark: _Toc142685293](for conclusion) When the SL PRS is configured as the reference signal for sensing, the sensing of the PRS resources is based on the SL PRS power and does not require the SL PRS sequence ID. 
Mapping of SL PRS to physical resources
Comb size for SL PRS 
During RAN1#112b-e, the following issue were discussed regarding the SL PRS comb size but did not converge:
	
	[High] FL4 Proposal 2.3.1-1
· [Working assumption] For SL PRS in dedicated resource pools, in addition to the already-agreed comb sizes (N) of 2, 4, 6, the following values are also supported:
· N = 1, 8
· FFS: N = 12
· FFS: Whether they N =8 and N=12 (if supported) are limited to partially staggered patterns only.
[High] FL1 Proposal 2.3.1-2
· For SL PRS in shared resource pools, in addition to the already-agreed comb sizes (N) of 1, 2, 4, larger values of N are NOT introduced.



In RAN1#113, the following was proposed:

	[High] FL1 Proposal 2.3.1-1
· [Working assumption] For SL PRS in a dedicated resource pool, in addition to the already-agreed comb sizes (N) of 2, 4, 6, the comb size N = 1 is supported.
· FFS: N = 8, 12.

FL observations and recommendation: 
· Main concerns regarding supporting large comb sizes in a shared resource pool are: 
· (1)  Potential challenges for Tx UE implementation of large power boosting values, e.g., relative to a symbol with PSSCH. Current PUSCH DMRS specifications expect a power boosting amount of 4.77 dB. For N = 6 and above, the power boosting amount may in-crease to 7.78 dB and beyond. In such a case, additional transient time may also be necessary for a Tx UE – this may require further inputs and confirmation from RAN4.
· To address this, OPPO proposes to support the larger comb sizes with separate UE capabilities.
· (2) A large number of UEs may not be multiplexed via large comb sizes due to considerations of impact from inter-UE IBE interference due to near-far effects.
· This depends on how SL PRS is multiplexed with PSSCH. If it is multiplexed similar to CSI-RS, then the larger comb size helps in reducing OH to PSSCH as against SL PRS multiplexing capacity itself.
· Due to large dependency on details of multiplexing between SL PRS and other SL channels as part of AI 9.5.1.3, this issue will be revisited once further progress is made in AI 9.5.1.3.




Sidelink positioning differs from downlink positioning in that the distances between the devices involved (RSU, UEs) can be very large in principle, but are typically very short compared to the coverage required for DL PRS, due to the UE output power limitation. Therefore, partially staggered combs, using a subset of the staggered comb patterns, are a possibility. 
In Table 1, we provide the range for different comb sizes and number of symbols. A full OFDM symbol at 15KHz offers a range of up to 20km (66us *3E8). The range is divided by the effective comb size when a full stagger pattern is not used.
[bookmark: _Ref20937805]Table 1: The TOA measurement range in microseconds and meters for a partially staggered Comb-12 signal of varying length for different numerologies.

	 
	Effective comb
	15kHz
	30kHz
	60kHz
	120kHz

	One symbol comb 12
	12
	5.6 / 1666m
	2.8 / 833m 
	1.4 / 416m
	0.7  / 208m

	Two symbol comb 12
	6
	11.1 / 3333m
	5.6 / 1666m
	2.8/ 833m
	1.4 / 416m

	Four symbol comb 12
	3
	22.2 / 6666m
	11.1 / 3333m
	5.6 / 1666m
	2.8/ 833m

	Twelve symbol comb 12 (full staggered pattern)
	1
	66.7 / 20000m
	33.3 / 10000m
	16.7 / 5000m
	8.3 / 2500m



Based on the content of Table 1, we observe the following:
[bookmark: _Toc142685322]Partially staggered comb patterns have a TOA range of at least 200m for comb 12, up to 1.5km for comb 2 with the largest SCS, which is well in range for the use cases in sidelink positioning. 
From the range perspective, it is thus possible to use partially staggered SL PRS and larger comb sizes such as comb 12. During the RAN1#112b-e discussion, comb-8 was also proposed. One issue raised was that comb-8 may generate uneven patterns, with some resource blocks with more occupied REs than others. While we think that it would be simpler to only support comb 12, we propose as a compromise to also support comb 8, at the condition that the number of SL PRS REs per symbol is kept the same. In our understanding, the condition is that the resource allocation is done in multiple of 2 PRBs. 

There were some concerns regarding the power boosting used for large comb sizes in SL-PRS. However, such boosting level already exist for UL SRS. 

[bookmark: _Toc142685294]For SL PRS in dedicated resource pools, in addition to the already-agreed comb sizes (N) of 2, 4, 6, the following values are also supported:
a. [bookmark: _Toc142685295]N = 1, 8,12
b. [bookmark: _Toc142685296]For N=8, resource allocation of the SL PRS must be in multiple of 2 PRBs. 
 
For the shared resource pool, there is no comb multiplexing. Thus the only benefit from comb-based transmission in the shared resource pool is to maximize the power output of the SL PRS for a considered target range, with use of power boosting. However, high level of boosting could lead to large power variations between PSSCH and PRS at the RE level, which would require further transient time between PSSCH and PRS. Therefore, we support limiting the comb sizes to the agreed comb sizes in the shared resource pool. 

[bookmark: _Toc142685297]For SL PRS in shared resource pools, do not support further comb sizes beyond the agreed comb sizes 1,2,4. 
Bandwidth of SL PRS 
In RAN1#113, the following was proposed:
	[bookmark: _Hlk128172394][High] FL1 Proposal 2.3.2-1
· For dedicated resource pools, RAN1 to down-select between:
· Alt 1: SL PRS bandwidth is same as resource pool bandwidth.
· Alt 2: SL PRS bandwidth can be same as or smaller than resource pool bandwidth.
· 



Firstly, the resolution of the SL PRS bandwidth in the dedicated pool should be clarified. We think that it is natural to re-use the sub-channel concept from SL.
[bookmark: _Toc142685298]For dedicated and shared resource pools the SL bandwidth is expressed in number of subchannels, and the subchannel size in PRBs is part of the pool configuration. 
Regarding the configuration in the dedicated pool, there is a discussion regarding the flexibility of the SL PRS bandwidth, i.e., being smaller or the same as the resource pool bandwidth. In previous discussions, there was a concern that a flexible bandwidth may cause comb-multiplexed UEs to use different bandwidth. We recognize that this would be an issue when there is no centralised decision as to which bandwidth to use for PRS transmission. However, the bandwidth of SL PRSs resource can be controlled by the network in scheme 1.
In scheme 2, there is no possibility to coordinate the transmission bandwidth between UEs. Hence we propose to support the flexibility of the SL PRS bandwidth in the dedicated pool, but limit it to Scheme 1.  
[bookmark: _Toc142685299]For dedicated resource pools configured for scheme 1, SL PRS bandwidth can be same as or smaller than resource pool bandwidth, and is expressed as an integer number of subchannels.
[bookmark: _Toc142685300]For dedicated resource pools, comb multiplexing in pools configured with SL PRSs with flexible bandwidth and for scheme 2 is not supported.  

PSSCH mapping for SL-PRS in shared pools  
During RAN1#113, it was agreed that the SL PRS resource definition would include the starting symbol in the slot and the number of symbols for SL PRS. It was also agreed that only TDM was supported between PSSCH and SL-PRS. It should be clarified which of the following options apply for TDM: 

	· Option1: PSSCH always preceeds SL PRS.  
	
[image: ]


	· Option 2: PSSCH always follows SL PRS
	
[image: ]


	· 
· Option 3: SL PRS can be anywhere in the slot, with SL PRS symbols TDMed with PSSCH symbols
	
[image: ]





Option 2 is not practical, because it would require signaling the starting point for the 2nd stage SCI. Option 1 is the most straightforward method, for which specification work is only to make the SL-PRS symbols not available to PSSCH. Option 3 may give flexibility to place the PRS, but this is not needed as whole slots are reserved in shared resource pools. 

[bookmark: _Toc142685301]SL PRS is always placed after PSSCH. 

Patterns for SL-PRS  
Partial staggering
During RAN1#112b-e, the RE offset sequence for SL PRS was discussed with the following agreement and proposal:
	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.

FL3 Proposal 2.3.4-3
(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.
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.





RAN1#113 included the following proposals:
	Summary of observations based on submitted contributions:
· On support of fully staggered patterns (already-agreed (M, N) = (1,1) (only for shared), (2, 2), (4, 4), (6,6) (only for dedicated))
· Support of (M, N) = (6, 6) for shared resource pools
· Yes: Spreadtrum, CATT, ZTE, LGE, Samsung, Ericsson , CEWiT 
· No: MTK
· Support of (M, N) = (8, 8)
· Yes: Nokia, China Telecom, LGE, ZTE, Samsung, OPPO (for dedicated and shared res. pool), Ericsson 
· Support of (M, N) = (10, 10)
· Yes: LGE
· Support of (M, N) = (12, 12)
· OPPO (dedicated resource pool only), Samsung
· Although some companies have proposed this option, it may be better to revisit this once further clarity is achieved on multiplexing of SL PRS with other signals/channels in a slot.
· FL recommendation: May be revisited once further progress is made on supported values of ‘N’ and ‘M’ as well as details on multiplexing of SL PRS with other SL channels/signals. 

· Support of partial staggering and effective comb sizes
· Multiple companies have expressed their preferences on particular choices of (M, N) pairs for partially staggered patterns. 
· (M, N) = (1, 2) and (2, 4) only
· Supported by: CATT
·  (M, N) = (4, 12)
· Supported by: Huawei
· (M, N) = (1, 2), (1, 4), (2, 4), (1, 6), (2, 6), (1, 8), (2, 8), (4, 8), (1, 12), (2, 12), (4, 12) 
· Supported by: ZTE
· Any (M, N) with even values of M < N 
· LGE
· Companies’ views on max effective comb size for partially staggered patterns are summarized below.
· Max effective comb size = 3
· Supported by: Huawei
· Max effective comb size = 6
· Supported by: CMCC
· No explicit limit
· Supported by: LGE, Ericsson, ZTE
· FL observations and recommendation: While a value of maximum effective size is not intended to be specified, the inputs on this from companies have been helpful towards assessment of potential restrictions to partially staggered patterns. 
· Basic calculations (e.g., from CMCC) for the maximum unambiguous range indicate that max effective comb sizes of up to 6 can support distances as large as 800m assuming 60 kHz SCS. For smaller SCS values in FR1, the unambiguous range would be even larger.
· However, margin to account for multipath effects, synchronization errors (likely up to CP) and the non-ideal nature (in terms of sidelobes of the ambiguity function) of the SL PRS sequence should also be considered. On the other hand, target ranges for SL positioning may typically be much smaller than 800m. 
· Accordingly, considering a further margin, it is recommended to support partially staggered patterns (M, N) with ceil(N/6) ≤ M < N as a working assumption.

· On support of SL PRS repetitions 
· A very few (< 3) companies consider support of SL PRS repetitions. The limited support in favor of introducing SL PRS repetitions is due to lack of need for larger coverage for SL positioning.
· Further, with the agreement on support of (M, N) patterns based on full staggering with M>N, such that the RE offset sequence in the (M-N) symbols repeats from the first N symbols, it SL PRS resources within a slot can be flexibly utilized. 
· FL recommendation: It is recommended to conclude that repetition of SL PRS (beyond existing agreement on M>N for fully-staggered patterns) is not supported in Rel-18 (also see related discussion on multiplexing of multiple SL PRS from single UE in Section 2.4).

· Repetition of first symbol of SL PRS as the last symbol of a SL PRS resource
· Supported by: Apple
· May be realized by M>N patterns per (pre-)configuration: OPPO 
· Not supported by: Ericsson (“Doppler or tracking is handled with multiple SL PRS resource instances”)
· FL recommendation: Based on the received feedback, it is recommended not to pursue this proposal at this point, primarily since the objective can be fulfilled with proper configuration of (M, N). In any case, it may be revisited at a later point if established as essential.

[High] FL1 Proposal 2.3.4-1
· [Working assumption] For SL PRS in a dedicated or shared resource pool, support partially staggered SL PRS patterns (M, N) with ceil(N/6) ≤ M < N.




Regarding the use of additional values for M,N with full staggering, we think that if comb-8 is supported, (M,N)=(8,8) could be also supported. Regarding comb-12, we think only partial staggering need to be supported, considering the slot constraints.  
[bookmark: _Toc142685302]For dedicated SL PRS resource pools, support comb-12 with partial staggering, and comb 8 with full and partial staggering.    

Regarding the maximum effective comb size, we have previously discussed the use of comb-based multiplexing and the range offered by effective combs larger than 1. During RAN1#113, it was proposed to limit the effective comb size with partial staggering to a maximum of comb 6.  We note that 1 symbol DL-PRS is agreed for comb 12 in downlink (i.e. effective comb of 12), which covers application with significantly larger ranges than SL PRS. Clearly there are use cases where higher effective comb value should not be precluded. Therefore, we prefer not to preclude any effective comb to be supported.  

[bookmark: _Toc142685303]For partially staggered patterns, the effective comb can be up to the comb size, i.e., no explicit limit is set in specification for partial staggering. 

Support of SL PRS inter-slot repetitions
During RAN1#113, a few companies proposed to support repetitions of the SL PRS.  In SL, a UE cannot be guaranteed to receive consecutive slots with SL PRS that could be coherently combined. Additionally, SL positioning is not supporting any beamforming framework yet. Therefore, we cannot motivate the use of inter-slot repetition. For intra-slot repetition, we think the already agreed M>N support for SL PRS resource is sufficient. 
[bookmark: _Toc142685304](for conclusion) inter-slot repetition of SL PRS is not supported in Rel-18

SL PRS pattern table
DL PRS already supports comb 2 ,4, 6 and 12, and therefore, the specification already includes patterns for these comb sizes and only comb 8 needs to be introduced, if agreed. Note that a regular pattern must use multiples of 2 PRBs for comb 8. 
The patterns for DL PRS could be re-used and optimized for partial staggering with SL PRS. Patterns for DL PRS have been constructed so that for a given comb size, each symbol provides increased range. For example, reception of the first symbol of comb 4 provides a range of Ts/4 (where Ts is the OFDM symbol duration). After 2 symbols, the pattern effectively becomes a comb 2 and after 4 symbols comb 1.  In the table below, we summarize the effective comb of the DL PRS after different number of symbols.
Table 2 effective comb of DL PRS for a given comb-size and number of symbols. Shaded cells indicated supported combinations for DL PRS in Rel-17.
	Comb size / nrof symbols
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12

	2
	2
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1

	4
	4
	2
	2
	1
	1
	1
	1
	1
	1
	1
	1
	1

	6
	6
	3
	3
	3
	2
	1
	1
	1
	1
	1
	1
	1

	12
	12
	6
	6
	3
	3
	3
	3
	3
	3
	2
	2
	1

	
	
	
	
	
	
	
	
	
	
	
	
	



The patterns of DL PRS could be optimized to allow the number of symbols of SL PRS to be kept short while also keeping the effective comb size to a minimum. Comb-2 and comb-4 DL PRS are already optimized, but comb-6 and (if agreed) comb-12 patterns could be made more effective. In the table below, the patterns for DL have been shifted to optimize the effective comb size:

	Comb size  
	Current pattern for DL PRS
	Proposed pattern for SL PRS
	 Effective Comb size after a number of symbols for the new proposed pattern

	6
	[image: A screenshot of a game

Description automatically generated with medium confidence]
	[image: A screenshot of a game

Description automatically generated with medium confidence]
	· 1 symbol: 6 
· 2 symbols:3
· 3 symbols:3
· 4 symbols:2
· 6 symbols:1

	12
	[image: A screenshot of a game

Description automatically generated with medium confidence]
	[image: A screenshot of a game

Description automatically generated with medium confidence]
	· 1 symbol: 12 
· 2 symbols:6
· 3 symbols:3
· 4 symbols:3
· 8 symbols: 2
· 12 symbols: 1



For comb 8, we propose the following pattern. The pattern takes into account the need for a regular comb and thus has a different comb position in odd and even PRBs:

[image: A picture containing text, screenshot, square, rectangle

Description automatically generated]

Table 3: starting comb offset for comb 8:
	
	Symbol number within the downlink PRS resource 

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

	8 (odd starting PRBs)
	0
	4
	2
	6
	3
	7
	5
	1
	0
	4
	2
	6

	8 (even starting PRBs)
	4
	0
	6
	2
	7
	3
	1
	5
	4
	0
	6
	2




[bookmark: _Toc131686620][bookmark: _Toc142685305]For SL PRS patterns, reuse the DL PRS mapping equation, with the offset table updated as follow:
	
	Symbol number within the downlink PRS resource 

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

	2
	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

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

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

	8 (odd starting PRBs)
	0
	4
	2
	6
	3
	7
	5
	1
	0
	4
	2
	6

	8 (even starting PRBs)
	4
	0
	6
	2
	7
	3
	1
	5
	4
	0
	6
	2





Comb based multiplexing
For comb based multiplexing the following agreement has been made:
	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
Comb-based multiplexing of SL PRS resources from different UEs in a slot is NOT supported for shared resource pools.



An additional implication that needs to be addressed, specifically since comb-based multiplexing is not supported for the shared pool, is the choice of RE offset for the SL PRS. If a single RE offset is always used, or predominantly used, the inter SL PRS interference will be high on that specific frequency comb. This will lead to a degradation of the measurement performance on that comb. Additionally, there is no way for UEs to be comb or time multiplexed in the shared pool. Hence, it is beneficial not to have the comb offset attached to resources in the shared pool, and the UE should select the comb RE offset in a randomized way, leading interference to be spread out on all combs.
[bookmark: _Toc142685323]If all SL PRS transmissions use the same RE offset, the generated interference gets concentrated on a single comb which may limit measurement performance.
[bookmark: _Toc142685306]Comb offset is not part of PRS resource definition in shared pools.
[bookmark: _Toc142685307]The comb offset value for a PRS transmission should be randomly chosen by the transmitting UE, and conveyed in SCI2.

Slot formats for SL PRS 
AGC symbol for SL-PRS
The following was agreed in RAN1#112 and RAN1#112b-e:

	Agreement 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: TDM-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· FFS: Details, including resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources, additional AGC symbols.
· FFS: restrictions for the configuration of TDM-based multiplexing of SL PRS from different UEs in a slot, if any
· FFS: which resource allocation schemes are applicable
· FFS: whether or not this is a separate UE capability

Agreement 
TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pools.




It was also agreed to have one AGC symbol per SL PRS in the dedicated pool in RAN1#113:

	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).




TDM of multiple SL PRS from different UEs has consequences in SCI decoding and choice of AGC symbols. In this section we discussed the choice of reference for the AGC symbol. SCI decoding is discussed in section 2.2.4.
Regarding AGC symbols, TDM of SL PRS from multiple UEs generally implies multiple AGC symbols, and it was agreed that each PRS should be associated with a separate AGC symbol. What remains to be decided is the exact content of the AGC symbol, as highlighted in the following FL proposal from RAN1#113:

	[High] FL1 Proposal 2.3.5-3
· [bookmark: _Hlk142305864]When an AGC symbol is transmitted immediately preceding a SL PRS resource, consider the following options for generation of the AGC symbol:
· [bookmark: _Hlk142305892]Alt 1: The first symbol of SL PRS is repeated to realize an AGC symbol
· Alt 2: Copy of last symbol of a SL PRS resource is used to realize an AGC symbol
· Alt 3: AGC symbol is a duplication of the expected symbol next to the final symbol of fully/partially staggered SL PRS
· Alt 4: When the first symbol is used for AGC handling, the duplication mechanism of first symbol is left to UE implementation
· Alt 5: Other alternative(s).



 
Alt 4 from the proposal was removed by the FL during the exchange of comments on the proposal. 
From the proposed alternatives, Alt1 (The first symbol of SL PRS is repeated to realize an AGC symbol) is the most straightforward. However, there is clearly a benefit in Alt2 when the UE is able to produce a stable AGC symbol quickly enough so that it can be compared to the last symbol of the SL PRS for the purpose of sync/Doppler estimation. Moreover, since the SL-PRS AGC symbol is a new component specific to sidelink positioning in dedicated pool, there is no need to strictly rely on the legacy design.
[bookmark: _Toc142685308]When an AGC symbol is transmitted immediately preceding a SL PRS resource, the last symbol of SL PRS is repeated to realize the AGC symbol. 

Use of a common AGC symbol to SL PRS and PSCCH in dedicated pools
The agreement for the use of a dedicated AGC symbol for SL-PRS also mention that there may be exceptions for specific cases. For the case of a single SL-PRS in the slot, e.g., with no comb multiplexing or TDM, the slot consists of a single PRS transmitted by a single UE. In that case, the PSCCH and SL-PRS may share the AGC symbol, if the transmit power is the same for the PSCCH and the SL PRS.  However, this is only possible if TDM and comb based multiplexing are disabled / not available in the dedicated pool.    

[bookmark: _Toc142685309]A common AGC between PSCCH and SL-PRS can be configured if a dedicated pool does not use TDM or comb-based multiplexing between the pool resources.
c. [bookmark: _Toc142685310]The AGC symbol and the SL PRS are assumed to have the same Tx power
d. [bookmark: _Toc142685311]FFS: The applicable transient time between AGC symbol and SL PRS 

Use of separate AGC symbol for PSCCH
When the SL PRS is TDMed in a slot, the position of the PSCCH/SCI associated with the SL PRS for the case of TDM SL-PRS should be discussed. For SCI decoding, it is desirable to have a single occasion in each slot where the UE will do blind decodes for SCI. Therefore, TDMed and comb multiplexed SL PRSs should have a common location for PSCCH. However, this would make the PSCCH region power dependent of all the transmitted PRSs, and thus potentially requiring its own AGC symbol.  
For the choice of PSCCH AGC symbol, we see the following solutions:
Solution 1: The first symbol of the PSCCH region is used as an AGC symbol for PSCCH, as depicted in Figure 3, and separate from the AGC symbols used for SL PRS resources. 

 [image: ]
[bookmark: _Ref131627588]Figure 1: Solution 1 for TDM of SL PRS in dedicated pool
 

Solution 2: No specific AGC symbol is set for PSCCH, and the AGC symbol is shared between one of the TDM occasions for SL PRS and PSCCH as illustrated in Figure 5. In that case the UE is vulnerable to near-far effects, since only one of the TDM occasions for SL PRS would contribute to the AGC symbol power. Moreover, it was agree that the AGC symbol should immediately precede the SL-PRS. 
 [image: ]
[bookmark: _Ref131627641]Figure 2: Solution 2 for TDM of SL PRS in dedicated pool

Based on this analysis, we believe a separate AGC symbol for PSCCH is necessary at least when the SL PRSs are TDMed in the slot. 
[bookmark: _Toc142685312]In the dedicated pool, support a separate AGC symbol for SL PSCCH, immediately preceeding the PSCCH, at least when for the case of TDM SL PRS or/and comb-multiplexed SL PRS.
e. [bookmark: _Toc142685313]The first symbol of SL PSCCH is repeated to form the AGC symbol

PSCCH Configuration in the dedicated resource pool
We have previously observed that, in order not to increase the PSCCH decoding, and keep a high number of available SL symbols for SL PRS, all PSCCHs for TDMed or comb-multiplexed SL PRS are in the same PSCCH symbols. In legacy NR sidelink, however, the lowest sub-channel for sidelink transmission is the sub-channel on which the lowest PRB of the associated PSCCH is transmitted. In order to multiplex in the comb domain, this restriction must be relaxed, and a solution is needed to provide the UE with:
· The location of the PSCCH in the frequency domain
· The starting (lowest) subchannel for the SL PRS 

[bookmark: _Toc142685314]For slots in the SL dedicated pools, there is only one PSCCH region in the SL slot, even when SL PRSs are multiplexed in the slot with comb-based or TDM based multiplexing 
f. [bookmark: _Toc142685315]Multiple SCIs, each corresponding to a SL PRS in the slot, can be received in the PSCCH region. 

An example of the slot with comb-based multiplexing is shown in figure 1 below.  

[image: Chart, bar chart
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Figure 3 PRS allocation with multiple SCIs in the SL PSCCH region

Guard symbols after SL PRS transmission
In RAN1#113. We agreed to support a gap symbol at least for the last symbol in the slot. The case of TDM is left FFS:
	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.



If TDM is configured in the resource pool, a guard symbol is required after a SL PRS symbol if
· the two transmissions are meant for the same UE, or
· the slot is used for SL RTT, with a UE doing SL PRS reception followed by SL PRS transmission in the same slot.

In case the TDMed SL PRSs are meant for different UEs, no gap symbol is needed beyond the one already agreed at the end of the slot. The problem is that the transmitting UEs are not aware of each other, and therefore we cannot in advance know whether additional gap symbols are needed. Hence additional gap symbols have to be configured in the slot when TDM is supported in a dedicated resource pool.
[bookmark: _Toc142685324]Additional gap symbols are needed when multiple SL PRS are transmitted to the same UE in the same slot. 
[bookmark: _Toc142685325]It is not possible for one transmitting UE to know if a SL PRS is also scheduled to be transmitted by another tx UE in the same slot
[bookmark: _Toc142685316]In a dedicated resource pool, a SL PRS resource is immediately followed by a gap symbol, with or without TDM of multiple SL PRS resources within a slot enabled.   

For the case of SL PRS resources in shared resource pools, we note that TDM is not supported, and PSSCH and SL PRS have the same bandwidth. Thus no additional gap from the already existing gap symbol at the end of the slot need to be introduced. 
[bookmark: _Toc142685317](for conclusion) for SL PRS resources in shared resource pools, no additional gap symbols are introduced in the slot. 
g. [bookmark: _Toc142685318]Note: the shared resource pool already has a gap symbol in the last symbol position in the slot from legacy. 

Guard symbols have been discussed during the study items to allow for retuning time between Rx and Tx in, e.g., an RTT slot. From the RAN1 perspective, we think it is enough to discuss whether to support intra-slot and inter-slot RTT, and ask RAN4 what would be the suitable time between the end of SL PRS transmission and the beginning of reception, but we do not think a guard symbol should be configured to the UE. 
[bookmark: _Toc142685319]Send an LS to RAN4 asking to study suitable guard time values to enable SL RTT within and across SL slots.

TDM configuration in dedicated pool
	[Medium] FL1 Proposal 2.4-6
· For TDM-based multiplexing of SL PRS resources in a slot in a dedicated resource pool, 
· TDM-based multiplexing of SL PRS resources in a slot is (pre-)configured on a per resource pool basis.
· the granularity of time domain resource allocation for SL PRS is based on the number of symbols of SL PRS resource, and
· starting symbols for SL PRS resources that may be TDM-ed within a slot are aligned across UEs at the resource pool-level





When comb multiplexing and/or TDM is supported by a receiving UE, additionall degrees of granularity to the SL PRS scheduling are added and will be taken into account in the sensing procedure. Thus we do not want to restrict the transmitting UE to select from shorter or longer SL PRS resources which may or may not be TDMed. It is however important that sensing allows the UE to detect the duration and starting position of the PRS resource. It was agreed in RAN1#113 to includes the start symbol and duration of the SL PRS in the resource characteristic. If the PRS resource identity is carried in SCI, the sensing UE will be aware of the available resources. Additionally, network implementation can restrict TDM to a subset of resource pools.  Thus we do not think further action is needed in the spec regarding pre-configuration of TDM in dedicated resource pools. 
[bookmark: _Toc142685320]TDM-based multiplexing of SL PRS resources in a slot is left to network implementation, i.e., TDM is not explicitly enabled in the resource pool. 


SL pathloss reference for open-loop power control for SL PRS.
The following agreements were captured during RAN1#112b-e:
	FL3 Proposal 3.1-1
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.




RAN1#113 had the following proposal:
	[High] FL1 Proposal 3.1-1
· 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 meeting).




For the sidelink pathloss, the SL PRS is the most suitable reference in the dedicated pool. In the previous meeting it was also proposed to consider the PSCCH DMRS, but in our view the SL PRS will provide a better measurement, being typically wideband and spanning multiple symbols in the slot. 
[bookmark: _Toc142685321]For a dedicated resource pool SL PRS is selected as pathloss reference for OLPC.

Conclusions
 In the previous sections we made the following observations: 
Observation 1	Partially staggered comb patterns have a TOA range of at least 200m for comb 12, up to 1.5km for comb 2 with the largest SCS, which is well in range for the use cases in sidelink positioning.
Observation 2	If all SL PRS transmissions use the same RE offset, the generated interference gets concentrated on a single comb which may limit measurement performance.
Observation 3	Additional gap symbols are needed when multiple SL PRS are transmitted to the same UE in the same slot.
Observation 4	It is not possible for one transmitting UE to know if a SL PRS is also scheduled to be transmitted by another tx UE in the same slot

Based on the discussion in the previous sections we propose the following:
Proposal 1	(for conclusion) When the SL PRS is configured as the reference signal for sensing, the sensing of the PRS resources is based on the SL PRS power and does not require the SL PRS sequence ID.
Proposal 2	For SL PRS in dedicated resource pools, in addition to the already-agreed comb sizes (N) of 2, 4, 6, the following values are also supported:
a.	N = 1, 8,12
b.	For N=8, resource allocation of the SL PRS must be in multiple of 2 PRBs.
Proposal 3	For SL PRS in shared resource pools, do not support further comb sizes beyond the agreed comb sizes 1,2,4.
Proposal 4	For dedicated and shared resource pools the SL bandwidth is expressed in number of subchannels, and the subchannel size in PRBs is part of the pool configuration.
Proposal 5	For dedicated resource pools configured for scheme 1, SL PRS bandwidth can be same as or smaller than resource pool bandwidth, and is expressed as an integer number of subchannels.
Proposal 6	For dedicated resource pools, comb multiplexing in pools configured with SL PRSs with flexible bandwidth and for scheme 2 is not supported.
Proposal 7	SL PRS is always placed after PSSCH.
Proposal 8	For dedicated SL PRS resource pools, support comb-12 with partial staggering, and comb 8 with full and partial staggering.
Proposal 9	For partially staggered patterns, the effective comb can be up to the comb size, i.e., no explicit limit is set in specification for partial staggering.
Proposal 10	(for conclusion) inter-slot repetition of SL PRS is not supported in Rel-18
Proposal 11	For SL PRS patterns, reuse the DL PRS mapping equation, with the offset table updated as follow:
Proposal 12	Comb offset is not part of PRS resource definition in shared pools.
Proposal 13	The comb offset value for a PRS transmission should be randomly chosen by the transmitting UE, and conveyed in SCI2.
Proposal 14	When an AGC symbol is transmitted immediately preceding a SL PRS resource, the last symbol of SL PRS is repeated to realize the AGC symbol.
Proposal 15	A common AGC between PSCCH and SL-PRS can be configured if a dedicated pool does not use TDM or comb-based multiplexing between the pool resources.
a.	The AGC symbol and the SL PRS are assumed to have the same Tx power
b.	FFS: The applicable transient time between AGC symbol and SL PRS
Proposal 16	In the dedicated pool, support a separate AGC symbol for SL PSCCH, immediately preceeding the PSCCH, at least when for the case of TDM SL PRS or/and comb-multiplexed SL PRS.
a.	The first symbol of SL PSCCH is repeated to form the AGC symbol
Proposal 17	For slots in the SL dedicated pools, there is only one PSCCH region in the SL slot, even when SL PRSs are multiplexed in the slot with comb-based or TDM based multiplexing
a.	Multiple SCIs, each corresponding to a SL PRS in the slot, can be received in the PSCCH region.
Proposal 18	In a dedicated resource pool, a SL PRS resource is immediately followed by a gap symbol, with or without TDM of multiple SL PRS resources within a slot enabled.
Proposal 19	(for conclusion) for SL PRS resources in shared resource pools, no additional gap symbols are introduced in the slot.
a.	Note: the shared resource pool already has a gap symbol in the last symbol position in the slot from legacy.
Proposal 20	Send an LS to RAN4 asking to study suitable guard time values to enable SL RTT within and across SL slots.
Proposal 21	TDM-based multiplexing of SL PRS resources in a slot is left to network implementation, i.e., TDM is not explicitly enabled in the resource pool.
Proposal 22	For a dedicated resource pool SL PRS is selected as pathloss reference for OLPC.

[bookmark: _In-sequence_SDU_delivery]References
 R1-2308168, Resource allocation for SL positioning reference signal, Ericsson, RAN1#114
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