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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
Frequency domain allocation
The granularity of Frequency allocation in sidelink is the subchannel. For the purpose of backward compatibility with legacy, the SL PRS should fit the subchannel allocation. 
For a PRS in a shared resource pool the SL PRS can be configured within the subchannel framework, including a configurable minimum bandwidth (subchannel size) and maximum bandwidth (maximum number of subchannels). The subchannel size and maximum number of subchannels should be inherited from the pool where the SL PRS resides, as should be the starting and ending point of the available bandwidth in the pool. 
The FDRA for legacy sidelink is provided via SCI/DCI, via the frequency resource assignement field, coded as a FRIV. In a shared resource pool, the legacy procedure should be followed to allow for resource sensing. 
During the study item phase, when PRS is in a dedicated pool, the PRS bandwidth was discussed and two alternatives were captured in the TR:
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In a dedicated resource pool, we should thus discuss the following options:
· Follow alt 1, frequency allocation uses FRIV is provided in SCI, as in legacy
· Follow alt 1, with FRIV provided in assistance data via higher layers, e.g. as for DL PRS
· Follow alt 2 and FRIV is provided by resource configuration, i.e. the bandwidth and starting RB are fixed for a resource

[bookmark: _Toc127532899]The resolution of frequency domain allocation for the SL PRS is 1 subchannel.
[bookmark: _Toc127532900]For shared pools, the frequency domain allocation is included in the SCI.  
[bookmark: _Toc127532901]For dedicated pool downselect between the following:
a. [bookmark: _Toc127532902]The bandwidth of SL-PRS is fixed to the dedicated resource pool bandwidth
b. [bookmark: _Toc127532903]The bandwidth of SL-PRS can be smaller than the resource pool
i. [bookmark: _Toc127532904]FFS: The starting subchannel and number of subchannel occupied by the SL PRS resource is either provided in the SL PRS resource configuration or allocated when the resource is in use (via e.g. SCI or higher layer signalling).

[bookmark: _Toc127532905]The following SL PRS parameters are configured in the pool containing the SL PRS (dedicated or shared)
c. [bookmark: _Toc127532906]Starting PRB for the FDRA (lowest RB index of the subchannel with the lowest index)
d. [bookmark: _Toc127532907]Subchannel size (at least for shared resource pool) 
e. [bookmark: _Toc127532908]Maximum bandwidth
Sequence initialization

Sequence initialization for DL PRS is set based on a combination of slot/symbol offsets and PRS  ID:
[image: ]

In sidelink, the DMRS for PSSCH is initialised using slot and symbol offsets and a NID quantity based on the CRC value for PSCCH :
[image: ]


For the SL PRS, sequence initialization should use a seed configured by higher layers (i.e. via SLPP when out of coverage, or via the SL PRS configuration from the gNB in mode 1).  This will allow to protect the UE sending PRS from being listened to by unintended UEs and thus provide privacy protection.  The seed should be possible to generate when out of coverage and also be unique among the transmitting UEs. Therefore, we conclude that the SL PRS ID should be provided by higher layer. 

[bookmark: _Toc127532909]For SL PRS sequence initialization, reuse the DL PRS sequence initialization formula, replacing with the sidelink slot number, and with the sidelink PRS sequence ID given by the higher layers
 
Number of symbols in PRS resource Comb size for SL PRS
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. Such partially staggered patterns would allow very fast PRS measurements, providing space for the UE to measure or transmit multiple PRSs in a slot, which is critical for SL multi-RTT. 
In Table 1, we provide the range for different comb sizes and number of symbols,
[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



[bookmark: _Toc127532653]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. 

For relatively short ranges, the comb size can be kept large, and the use of partial staggered comb size enables short transmission time. Power boosting, from unused Res in the comb increase the hearability per symbol and in turns enables shorter transmission time. We have seen already in previous releases that short ranges such as the ones in indoor cases can be realized with 1-symbol transmissions.  Therefore, 1 symbol transmission should be considered for SL PRS.  For the largest number of transmitted symbols, DL-PRS supports up to 12 symbols, for comb 12 transmission. Such long transmission may not be needed for SL PRS, where distances between devices will not be as large as for e.g. macro cells, therefore we propose to support partial staggering, where the comb size can exceed the number of symbols. 
The DL PRS supports only fully staggered patterns, with the {M, N},(number of symbols / comb size) combinations of {2, 2},{4, 2}, {6, 2}, {12, 2}, {4, 4}, {12, 4}, {6, 6}, {12, 6} and {12, 12}; we propose to introduce 1-symbol transmission, as well as support for partial staggered as shown in table 2:
	 
	Nrof symbols:
(supported by DL-PRS in bold)

	Comb 2
	1,2,4,6,12

	Comb 4
	1,2,4,12

	Comb 6
	1,2,6,12

	Comb 12
	1,2,4,8,12




[bookmark: _Toc127532654]Large comb sizes with partial staggering are compatible with the use cases for sidelink PRS.
We note that introducing smaller combs (e.g. comb-1) is not motivated by the use cases of sidelink. Similarly, the repetition of the combed pattern that is supported by the DL-PRS (up to 6x repetition with comb 2), is not motivated by the distances between UEs involved in SL positioning. Therefore, it may be possible to only select a subset of the available comb size and number of symbols combinations from the DL PRS. 
[bookmark: _Toc127532780][bookmark: _Toc127532814][bookmark: _Toc127532846][bookmark: _Toc127532878][bookmark: _Toc127532910]The existing comb sizes (e.g. 2,4,6,12) for DL PRS are supported for SL PRS.
[bookmark: _Toc127532782][bookmark: _Toc127532816][bookmark: _Toc127532848][bookmark: _Toc127532880][bookmark: _Toc127532783][bookmark: _Toc127532817][bookmark: _Toc127532849][bookmark: _Toc127532881][bookmark: _Toc127532911]Supports partial staggering in SL-PRS with the following combinations (M,N) of M-symbols for comb N {1,2}, {1,4}, {1,6}, {1,12}, {2,2}, {2,4}, {2,6}, {2,12}, {4,4}, {4,12}, {6,6}, {6,12},  {12,12},
Below we additionally propose new patterns for comb 6 and comb 12, to optimize the use of the SL PRS symbols transmitted. 




Patterns for SL-PRS
Patterns for DL PRS have been built 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, 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. 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: ]
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	· 1 symbol: 6 
· 2 symbols:3
· 3 symbols:3
· 4 symbols:2
· 6 symbols:1

	12
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	· 1 symbol: 12 
· 2 symbols:6
· 3 symbols:3
· 4 symbols:3
· 8 symbols: 2
· 12 symbols: 1



[bookmark: _Toc127532912]For SL PRS patterns, reuse the SL 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



Slot formats for SL PRS 
Symbols available for SL PRS configuration
As discussed previously, SL PRS could be a fairly short reference signal in time duration, when coverage is not an issue, and sparse in the frequency domain, when range is not an issue. This leaves a lot of potential flexibility in terms of how to place the PRS in the slot.  
Considering the need of AGC-settling symbols, symbols for PSCCH and a minimum duration of SL PRS of 1 symbol, the starting SL PRS symbol could be placed in multiple locations in the slot as illustrated in figure 1.  For support of intra-slot RTT, a guard period to allow the UE from transitioning from transmitting the SL PRS to measuring another SL PRS should be agreed.  
Based on these observations, it should be possible to configure a SL PRS resource to start anywhere in the slot between symbol 1 and 13. Symbol 0 can be left reserved for AGC settling, and symbol 13 would be the guard symbol. 
[bookmark: _Toc127532786][bookmark: _Toc127532820][bookmark: _Toc127532852][bookmark: _Toc127532884][bookmark: _Toc127532913]The SL PRS can be configured with a starting symbol between symbol 1 and 13 in a slot
[image: Chart

Description automatically generated]
Figure 1 Slot layout for SL PRS

PSCCH in the dedicated pool
The configurations for PSCCH signalling the SL PRS in the shared pool should follow legacy, i.e. PSCCH candidates can be located in symbols 1+2 or 1+2+3, and candidates are located in each subchannels in a block of PRBs up to the configuration.  For the dedicated pool, a potential optimization is to introduce a 1-symbol PSCCH, in order to maximize the TDM possibilities for the SL PRS. 
[bookmark: _Toc127532914]In a shared resource pool, the PSCCH configuration associated with SL PRS transmission follows legacy
[bookmark: _Toc127532915]In a dedicated resource pool, the PSCCH configuration supports 1,2 or 3 symbols for PSCCH. 

Coexistence of SL PRS and PSCCH  
In our view, PRS and other channel should not coexist in the same symbol, i.e., if a UE finds an SCI in a given PSCCH symbol, it does not expect to have PRS configured in the same symbol. This will ensure the SL-PRS range and hearability is maintained.
[bookmark: _Toc127532916]SL PRS is not expected to be configured or received in the same symbols as PSCCH/SCI 

AGC training symbols in SL PRS slots for dedicated pools
With the possibility of short SL PRS, the UE may be configured to transmit and receive SL PRSs in the same slot at different positions. AGC training symbols for each SL PRS should be placed ahead of the SL PRSs. AGC symbols in SL for communication are created by of duplicating the first symbol of the transmission they precede (PSSCH+PSCCH or PSFCH).  For SL PRS, we have proposed that the SL PRS and the PSCCH are not sharing the same symbol. Therefore, we propose to build the AGC training symbol for SL PRS reception by duplicating the SL PRS, without considering the PSCCH.  The AGC symbol should be placed in the first symbol available prior to the SL PRS symbol it duplicates. For the first SL PRS in the slot, PSCCH is present in symbol 1,2 or 3, the AGC symbol is placed in the first symbol I the slot.

[bookmark: _Toc127532917]For dedicated pool, one AGC symbol is associated with each SL PRS transmission in the slot.
[bookmark: _Toc127532918]The AGC symbol is placed in the first available symbol not occupied by PSCCH, before the SL PRS, and is a duplicate of the SL PRS first symbol. 

Guard symbols after SL PRS transmission
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 agree on supporting 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: _Toc127532919]Send an LS to RAN4 asking to study suitable guard time values to enable SL RTT within and across SL slots

Example of PRS slot configuration
In the following figure, a UE receives PRS from 2 UEs and sends one SL PRS, performing the RTT procedure. PSCCH is sent in symbol 1.  The SL PRS is transmitted between symbol 2 and 5 with the associated AGC symbol in symbol 0.   The received PRS are received over 2 combs and in symbol 8,9. Symbol 7 is the AGC symbol for the received PRSs. The symbol 6 and the last symbol in the slot is used as a guard symbol 



[image: Chart, bar chart

Description automatically generated]
Figure   1 transmitted SL PRS and 2 received SL PRS in a SL slot

SL PRS slot configuration for shared pool
For transmissions in a shared pool, the symbols carrying SL PRS need to be placed in such a way the there is no impact on legacy operations, e.g., collisions with SCI should be avoided. Apart from that, the SL PRS resource design should be harmonized between shared and dedicated pool. Further discussion on operation in shared pool is found in our companion contribution on resource allocation [1].
[bookmark: _Toc127532920][bookmark: _Toc127532798][bookmark: _Toc127532831][bookmark: _Toc127532863][bookmark: _Toc127532895][bookmark: _Toc127532799][bookmark: _Toc127532832][bookmark: _Toc127532864][bookmark: _Toc127532896] SL PRS resource design should be harmonized between shared and dedicated pool  



 

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	Large comb sizes with partial staggering are compatible with the use cases for sidelink PRS.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The resolution of frequency domain allocation for the SL PRS is 1 subchannel.
Proposal 2	For shared pools, the frequency domain allocation is included in the SCI.
Proposal 3	For dedicated pool downselect between the following:
a.	The bandwidth of SL-PRS is fixed to the dedicated resource pool bandwidth
b.	The bandwidth of SL-PRS can be smaller than the resource pool
i.	FFS: The starting subchannel and number of subchannel occupied by the SL PRS resource is either provided in the SL PRS resource configuration or allocated when the resource is in use (via e.g. SCI or higher layer signalling).
Proposal 4	The following SL PRS parameters are configured in the pool containing the SL PRS (dedicated or shared)
a.	Starting PRB for the FDRA (lowest RB index of the subchannel with the lowest index)
b.	Subchannel size (at least for shared resource pool)
c.	Maximum bandwidth
Proposal 5	For SL PRS sequence initialization, reuse the DL PRS sequence initialization formula, replacing   with the sidelink slot number, and with the sidelink PRS sequence ID given by the higher layers
Proposal 6	The existing comb sizes (e.g. 2,4,6,12) for DL PRS are supported for SL PRS.
Proposal 7	Supports partial staggering in SL-PRS with the following combinations (M,N) of M-symbols for comb N {1,2}, {1,4}, {1,6}, {1,12}, {2,2}, {2,4}, {2,6}, {2,12}, {4,4}, {4,12}, {6,6}, {6,12},  {12,12},
Proposal 8	For SL PRS patterns, reuse the SL PRS mapping equation, with the offset table updated as follow:
Proposal 9	The SL PRS can be configured with a starting symbol between symbol 1 and 13 in a slot
Proposal 10	In a shared resource pool, the PSCCH configuration associated with SL PRS transmission follows legacy
Proposal 11	In a dedicated resource pool, the PSCCH configuration supports 1,2 or 3 symbols for PSCCH.
Proposal 12	SL PRS is not expected to be configured or received in the same symbols as PSCCH/SCI
Proposal 13	For dedicated pool, one AGC symbol is associated with each SL PRS transmission in the slot.
Proposal 14	The AGC symbol is placed in the first available symbol not occupied by PSCCH, before the SL PRS, and is a duplicate of the SL PRS first symbol.
Proposal 15	send an LS to RAN4 asking to study suitable guard time values to enable SL RTT within and across SL slots
Proposal 16	SL PRS resource design should be harmonized between shared and dedicated pool 

[bookmark: _In-sequence_SDU_delivery]References
 R1-2301680, Resource allocation for SL positioning reference signal, Ericsson, RAN1#112
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At least for a dedicated resource pool for SL positioning, the following alternatives are studied for subsequent down-
selection:

- Alt. 1: The bandwidth of SL-PRS can be same or smaller than that of the resource pool.
- Alt. 2: The bandwidth of SL-PRS shall be the same as that of the resource pool.
- Bandwidth of SL-PRS transmission for a shared resource pool can be considered further during normative work.

For SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication,
backward compatibility with legacy Rel-16/17 UEs should be ensured.
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