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Introduction
This contribution discusses SL PRS for support of sidelink positioning. With using existing sequence DL-PRS as a starting point, this paper covers a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence.


Discussion
As required by the WID, the DL-PRS is used as a starting point. For DL PRS, a UE is configured with DL PRS positioning frequency layer configuration, DL PRS resource sets, DL PRS resource(s) and then PRS sequence from top to bottom.
The main relevant higher layer parameters for DL-PRS are: 
· NR-DL-PRS-PositioningFrequencyLayer (for different SCS, CP and Point A), 
· NR-DL-PRS-ResourceSet (for ResourceSetID, periodicity, slot offset, reputation factor, time gap, muting time locations, SFN0 offset, comb size, bandwidth, start PRB, number of symbols) and,
· NR-DL-PRS-Resource (for ResourceID, SequenceID, RE offset, slot offset, symbol offset, QCL info, subset for AoD prioritization)
For SL-PRS design and configuration, as the SL SCS/CP/PointA would be configured by other SL higher layer parameter, we think the attributes under Positioning Frequency Layer are not required to be separately configured for SL as SL-PRS is co-existing with other SL usage and not intended for SL-PRS specific frequency. The SL-PRS could be similarly configure with ResourceSet, Resource and Sequence.
[bookmark: _Toc127442737]Proposal 1: The UE supporting SL-PRS is configured with SL-PRS ResourceSet, SL-PRS Resource and SL-PRS Sequence.

PRS operation scenarios
Since the SL-PRS has two schemes, namely Scheme 1 (network centric) and Scheme 2 (UE autonomous) to be applied with or without network coverage, depending on how PRS related parameters are obtained and periodic/aperiodic transmission of PRS, we think the operation scenarios can be categorized as the following table. Whether all cases need to be supported or not may need some discussion. 
Table 1. Different PRS Operation scenarios
	Case
	PRS related parameters
	Transmission of PRS

	Case 1
	Fully (Pre-)configured
	Periodic transmission

	Case 2
	Fully (Pre-)configured
	Aperiodic PRS transmission

	Case 3
	Scheme 1) obtained from gNB
	Periodic transmission

	Case 4
	Scheme 1) obtained from gNB
	Aperiodic PRS transmission

	Case 5
	Scheme 2) obtained from other UE
	Periodic transmission

	Case 6
	Scheme 2) obtained from other UE
	Aperiodic PRS transmission



[bookmark: _Toc127442738]Proposal 2: The operation scenarios can be categorized depending on "how PRS related parameters are obtained" and "periodic/aperiodic PRS transmission".

The WID requires to specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum. We think a singular design regarding to the 100MHz is enough. For spectrum/BWP less than 100MHz, a truncated PRS resource set configuration would be sufficient.
[bookmark: _Toc127442739]Proposal 3: The design for SL-PRS should be unified and a truncated configuration would be used for spectrum less than 100MHz.


PRS Sequence 
As stated in the WID, a pseudorandom-based sequence will be used for SL-PRS and the existing sequence of DL-PRS is used as a starting point. 
	[bookmark: _Toc29230405][bookmark: _Toc36026664][bookmark: _Toc45107503][bookmark: _Toc51774172][bookmark: _Toc106014863]TS38.211 – 7.4.1.7.2 Sequence generation
The UE shall assume the reference-signal sequence  is defined by

where the pseudo-random sequence  is defined in clause 5.2.1. The pseudo-random sequence generator shall be initialised with

where  is the slot number, the downlink PRS sequence ID  is given by the higher-layer parameter dl-PRS-SequenceID, and  is the OFDM symbol within the slot to which the sequence is mapped.



In order to have a simple design, both the reference signal sequence and the initialization formula could be re-used, while the SL-PRS sequence ID needs to be re-designed. The SL-PRS sequence ID should be different for SL UEs with Scheme 1 and Scheme 2. The IDs for Scheme 1 is assigned by gNB, while the IDs for Scheme 2 can be either self-derived or assigned by Scheme 1 SL UEs. For instance, for Scheme 1 the ID could be assigned by gNB, while for Scheme 2 a UE can self-derive similar to DMRS SL nID.
[bookmark: _Toc127442740]Proposal 4: Both the reference signal sequence and the initialization formula could be re-used, while the SL-PRS sequence ID needs to be separately designed for SL UEs with Scheme 1 and Scheme 2


Other PRS Parameters
Starting from referencing the DL-PRS, we think most of the parameters could re-use the legacy SL/DL designs. The following are some of the parameters may need to be further discussed for SL-PRS because of difference Scheme 1 and Scheme 2.

The assignment of Resource Element Offset, Resource Slot Offset, Resource Symbol Offset, etc. could be up to gNB (for scheme 1) and generated by UE itself (scheme 2) with pre-defined rules. For scheme 2, what kind of rules to be applied need to be further discussed with how the value is assigned to different UEs. 
[bookmark: _Toc127442741]Proposal 5: The assignment of Resource Element Offset, Resource Slot Offset, Resource Symbol Offset, etc. could be up to gNB for scheme 1 and or UE self-generation for scheme 2 according to pre-defined rules.

For SL PRS periodicity, the periodicity could be just same as or multiple times of S-SSB for simplicity.  For SL PRS repetition, the concept can be similar to the LTE blind re-transmission, but with more repetitions. We may either to reuse the DL fixed time-gap concept for simplicity, or to design a one-to-one or one-to-many chain reservation by using SCI (for various time gaps between different transmissions). Periodic cases (PRS Operation scenarios case 1, 3, 5) only need the initial SCI or SCI carry single same value.  Aperiodic cases (PRS Operation scenarios case 2, 4, 6) may need specific designs. 
[bookmark: _Toc127442742]Proposal 6: SL-PRS periodicity could be just same as or multiple times of S-SSB for simplicity.  
[bookmark: _Toc127442743]Proposal 7: SL-PRS repetition (if >2) may be either to reuse the DL fixed time-gap concept for simplicity, or to design a one-to-one or one-to-many chain reservation by using SCI.

For SL, if the “muting options” applied, a pre-defined hard rule or configurable (pre-)configuration is needed to restrict where the SL-PRS (either periodic/aperiodic) cannot be in certain slots or can only be certain slots. 
[bookmark: _Toc127442744]Proposal 8: If the “muting options” applied to SL-PRS, a pre-defined hard rule or (pre-)configuration is needed to specify the allowed or forbidden slots.

Sidelink needs to receive multiple UEs transmitter. Therefore, alignment for each is not required on AFC. For AGC, the sum of multiple UE's signal situation can be different for each of the transmission. Then the past setting of AGC cannot be reused even if the same Tx of PRS is intended to be received. Then QCL used for DL cannot be used. Similar to other SL channels, AGC symbol is necessary for SL-PRS.
[bookmark: _Toc127442745]Proposal 9: AGC symbol is necessary for SL-PRS.


Conclusion 
In this contribution, followings proposals are made: 
Proposal 1: The UE supporting SL-PRS is configured with SL-PRS ResourceSet, SL-PRS Resource and SL-PRS Sequence.
Proposal 2: The operation scenarios can be categorized depending on "how PRS related parameters are obtained" and "periodic/aperiodic PRS transmission".
Proposal 3: The design for SL-PRS should be unified and a truncated configuration would be used for spectrum less than 100MHz.
Proposal 4: Both the reference signal sequence and the initialization formula could be re-used, while the SL-PRS sequence ID needs to be separately designed for SL UEs with Scheme 1 and Scheme 2
Proposal 5: The assignment of Resource Element Offset, Resource Slot Offset, Resource Symbol Offset, etc. could be up to gNB for scheme 1 and or UE self-generation for scheme 2 according to pre-defined rules.
Proposal 6: SL-PRS periodicity could be just same as or multiple times of S-SSB for simplicity.
Proposal 7: SL-PRS repetition (if >2) may be either to reuse the DL fixed time-gap concept for simplicity, or to design a one-to-one or one-to-many chain reservation by using SCI.
Proposal 8: If the “muting options” applied to SL-PRS, a pre-defined hard rule or (pre-)configuration is needed to specify the allowed or forbidden slots.
Proposal 9: AGC symbol is necessary for SL-PRS.
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