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1 Introduction:
In Rel 18 study phase, a study on expanded and improved NR positioning is concluded and a TR 38.859 has endorsed in RAN#98. Study was focussing on improving the accuracy of the positioning methods and extending the positioning to different verticals including sidelink to guarantee more accurate localization for many critical sidelink applications like V2X, IIoT public safety and commercial sidelink (D2D) in in-coverage, partial coverage, and out-of-coverage NR positioning use cases as emphasized in TR 38.845. 
Considering the study outcome, normative phase objectives were agreed for work item phase of expanded and improved NR positioning in [1]. The objectives for sidelink positioning from RAN 1 perspective are:

· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· 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 pseudo-random-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 measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: 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.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].


The normative work has started in the RAN1 #112, and initial agreements were made. In the present contribution provides further details on the side-link positioning reference signal (SL-PRS) design and power control aspects based on agreements happened in RAN1#112. 
2 SL-PRS Designing:

During the study it is recommended that the new positioning reference signal will be designed for sidelink positioning and ranging purpose. It also recommended that the SL-PRS design will be using PRS and SRS for positioning framework as a starting point or baseline. In the last meeting the high-level agreements in SL-PRS sequence design are drawn but some further details about the SL-PRS sequence design are still open and need to be finalized. Below section provides further consideration towards them.
   
I. SL-PRS sequence 

In last meeting, it is decided that the SL-PRS sequence will be generated using Gold sequence as given below,

Agreement
SL PRS sequence is generated based on Gold sequence:
[image: ]
where c(i) is a pseudo-random sequence as defined in Clause 5.2.1 of TS 38.211.

Agreement 
• For SL PRS sequence generation, the pseudo-random sequence c(i) initialization equation is defined as a function of at least: slot number, symbol number, and a parameter .
• The pseudo-random sequence c(i) initialization equation is based on initialization equation as for DL PRS

The c(i) initialization equation is defined for DL-PRS is provided in section 7.4.1.7.2 of TS 38.211 as following,
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Where the  is equal to the parameter agreed for SL-PRS sequence and is used for initialization of the  along with other parameters. The different option for the  are discussion in the last meeting. They are as follows,

Agreement
For SL PRS sequence generation, consider at least the following options to define the parameter. 
 and select one option:
· Option 1:  is a higher layer configured parameter.
· Option 2:  is based on 12 bits CRC of PSCCH associated with the SL PRS transmission.
· Option 3: based on a combination of higher layer configured parameter from a configured ID list and 12 bits of CRC of PSCCH associated with the SL PRS transmission.
· Option 5: is based on 12bits LSB of destination ID.
· Option 6:  is based on 8 bits of source ID + 4 zero bits.
· Option 7: is based on the CRC field of the 2nd SCI associated with SLPRS transmission, if there is a 2nd SCI defined.

In SL communication for CSI-RS transmission the initialization of the sequence is performed using CRC of the PSCCH carrying the SL-CSI RS information. The same principle can be used to initialize the SL-PRS sequence generation. To bring more randomness higher layer configured parameter can be used along with it. Therefore for initialization 12-bit CRC of the PSCCH associated with SL PRS should be used with or without additional higher layer parameter configured. So we propose to finalize the option 2 and option 3 from the  last meeting agreements.

Proposal 1: For  initialization one of the following options can be supported:
· Option 1: is based on 12 bits CRC of PSCCH associated with the SL PRS transmission.
· Option 2: is based on a combination of higher layer configured parameter from a configured.


II. Comb size and number of symbols for SL-PRS 

In last meeting the following agreements are agreed for SLPRS comb size and number of SL PRS symbols in: 

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 

Agreement 
•  Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
        o	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 . 
          o	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.

It is agreed to support full staggered, and partial staggered patterns. Comb sizes with 2 and 4 are agreed whereas comb size 1, 6, 8 and 12 being discussed in last meeting with no agreement on them. In sidelink scenarios e.g V2X or IIoT use cases, there can be a case where distance between two UEs is short, but channel is changing faster due to Doppler. In this case with high speed V2X UE the effect of Doppler fading is high. In such cases, lower comb SL-PRS is useful (e.g., Comb1, Comb2). In the contrary, the comb size can be kept large, to perform Power boosting which will increase the hearability of PRS symbol by improving link budge (as per RE power will increases). By considering Doppler fading and hearability, we can consider that Comb 1 and comb 6 should be supported for SL PRS in both shared and dedicated resource pool. 

Proposal 2: In shared resource pool, SL PRS with Comb size 6 should be supported.

Proposal 3: In dedicated resource pool, SL PRS with Comb size 1 should be supported.


Further the partial stagger pattern is useful in less frequency selective channel and number of available symbols are less for SL PRS transmission mainly in shared resource pool is used for SL pRS transmission. Id dedicated resource pool is used then it will be better to go for full stagger or M>N SL-PRS pattern for better positioning accuracy. Thus, the effective comb size for the SL PRS with partial staggering should be restricted to 4. Further it will be beneficial to have repetition of full staggered pattern configuration with (M,N) = (6,6) for both shared and dedicated resource pool. 

Proposal 4: For SL PRS in shared and dedicated resource pools 
· Full staggering with (M, N) = (6,6) is supported.
· The effective comb size for the SL PRS with partial staggering should be restricted to 4.

[bookmark: _Int_yCW1gqEe]Full staggered pattern is important for accurate positioning measurements in different channel conditions and for better link gain and coverage. Further in high-speed case e.g., V2X use cases, it is important to track the motion of vehicle with large UE velocity e.g., 140 km/hr considered in study for highway case. Therefore, it is important to have phase tracking property to estimate the variation across time in the SL-PRS inherently by design. This will help to further accurately perform the positioning measurement over SL-PRS for better accuracy in high-speed case. Therefore, in shared and dedicated resource pool SL-PRS with full staggering with M>N should be supported. For M>N maximum M can be 8 while comb can be restricted to 4.

Proposal 5: For SL-PRS in shared and dedicated resource pool full staggering with M>N is supported for the following combination {2,1}, {4,1}, {4,2}, {6,1}, {6,2}, {8,2}, {8,4}.

In sidelink slot first and last symbol are restricted for AGC and guard time whereas it will have minimum two symbol PSCCH to carry the first stage SCI. Therefore, 10 symbol maximum can be available for SL-PRS transmission. So, number of consecutive symbols for SL-PRS in slot should be restricted to 8. As per DL-PRS resource mapping in TS 38.211 for different M and N values frequency offset is give by frequency offset table 7.4.1.7.3-1. For SL PRS such table can be derived considering agreed comb sizes and configurable symbol values.  We provided possible frequency offsets for SLPRS considering maximum M = 10 (from 0 to 9) and N = 8, in the table below.


Proposal 6: SL-PRS Frequency offsets are given in the following table.

	SL-PRS symbols (M)

k-comb (N)
	0
	1
	2
	3
	4
	5
	6
	7

	1
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	1
	0
	1
	0
	1
	0
	1

	4
	0
	2
	1
	3
	0
	2
	1
	3

	6
	0
	3
	1
	4
	2
	5
	0
	3


3 Conclusion: 
This contribution provides the following proposals towards SL-PRS design aspects:

Proposal 1: For  initialization one of the following options can be supported:
· Option 1: is based on 12 bits CRC of PSCCH associated with the SL PRS transmission.
· Option 2: is based on a combination of higher layer configured parameter from a configured.

Proposal 2: In shared resource pool, SL PRS with Comb size 6 should be supported.

Proposal 3: In dedicated resource pool, SL PRS with Comb size 1 should be supported.

Proposal 4: For SL PRS in shared and dedicated resource pools Full staggering with (M, N) = (6,6) is supported. The effective comb size for the SL PRS with partial staggering should be restricted to 4.

Proposal 5: For SL-PRS in shared and dedicated resource pool full staggering with M>N is supported for the following combination {2,1}, {4,1}, {4,2}, {6,1}, {6,2}, {8,2}, {8,4}.

Proposal 6: SL-PRS Frequency offsets are given in the following table.

	SL-PRS symbols (M)

k-comb (N)
	0
	1
	2
	3
	4
	5
	6
	7

	1
	0
	0
	0
	0
	0
	0
	0
	0

	2
	0
	1
	0
	1
	0
	1
	0
	1

	4
	0
	2
	1
	3
	0
	2
	1
	3

	6
	0
	3
	1
	4
	2
	5
	0
	3
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