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Introduction
A SID defining objectives for a study on expanded and improved NR positioning was agreed in RAN #94 [1],  with the following justification for sidelink positioning: 

· There is a need for 3GPP to study and develop sidelink positioning solutions that can support the use cases, scenarios and requirements identified for V2X, public safety, commercial and IIOT use cases.

and the following objective:

· Study of sidelink reference signals for positioning purposes from physical layer perspective, including signal design, resource allocation, measurements, associated procedures, etc., reusing existing reference signals, procedures, etc. from sidelink communication and from positioning as much as possible [RAN1]

The conclusions to the SID were captured in a Technical Report [2]. Based on these conclusions, a Work Item description with the following objective was made [3]:

· 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 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]. 
[bookmark: _Hlk58595024]In this contribution, we address the design of sidelink reference signals needed for SL positioning and the procedures needed for OLPC.


Discussion
Design of sidelink reference signals for positioning
In the following, we discuss the elements of a SL-PRS that need to be specified with the associated agreements from the SI phase.
Overview
The design of the sidelink reference signals for positioning should specify the following: numerology, supportable bandwidth, sequence design, frequency domain aspects, and time domain aspects. 

Sequence design for SL PRS

SL-PRS Sequence: In RAN1 #112, the configuration of the SL-PRS parameter was discussed with the following agreements made [8]: 
	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 SL PRS transmission, if there is a 2nd SCI defined.



In RAN1 #112-bis-e, the following agreement was made [9]:
	Agreement
For SL PRS sequence generation, one of the following options is down-selected to define the parameter  :
· Option 1:  is a higher layer parameter.
· FFS: How the higher layer parameter is obtained, e.g., (pre-)configuration or via LPP/SLPP, etc.
· Option 2:  is based on 12 LSB bits CRC of PSCCH associated with the SL PRS. 
· Option 3: based on a combination of higher layer parameter from a configured ID list and 12 LSB bits of CRC of PSCCH associated with the SL PRS. 
· FFS: How the higher layer parameter/ID list is determined/obtained, e.g., (pre-)configuration or via LPP/SLPP, etc.




In RAN1 #113, the following agreement was made [10]
	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





For SL PRS sequence generation  is a higher layer parameter set via LPP/SLPP. The working assumption from RAN1 #113 should be adopted. On the use of SL PRS for sensing, we think that sensing should be based on the PSCCH as in legacy. 

Proposal 1: The following working assumption should be agreed:
Proposal 1-1: 
· 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.
· 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
Proposal 1-2:
· Use of SL PRS for sensing is not supported


Mapping SL PRS to physical resources
In RAN1 #112, the following agreements were made [8]:
	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.




In RAN1 #112-bis-e, the following agreements were made:
	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.

Agreement
An AGC symbol preceding a SL PRS resource is not considered as part of the SL PRS resource itself.

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




In RAN1 #113, the following agreements were made [10]:
	Agreement
In a shared resource pool, SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot:
· With regards to PSSCH and SL-PRS multiplexing, only TDMing is supported for the already agreed comb sizes 1, 2, 4





Comb Sizes: Based on the agreements made in RAN1 #112, RAN1 112-bis-e and RAN1 #113, the following comb sizes should be considered:
· For shared resource pools, given the limited # of slots with transmission of other channels, comb sizes 6, 8 and 12 should not be supported.
· For a dedicated resource pools, comb size 1 can be supported.
· For a dedicated resource pool Comb size N = 8 and 12 can be supported. 


Number of PRS symbols: For SL PRS in a dedicated resource pool, at least the following values of ‘M’ (number of SL PRS symbols) is supported: {1, 2, 3, …, 9}. For SL PRS in a shared resource pool, values of ‘M’ are {1, 2, 4}.

Resource mapping of sidelink PRS: The sidelink PRS sequence rl(m) should be mapped in sequence starting from rl(0) to resource elements (k,l) in a slot on a new antenna port p (say, 6000), which is different from PSCCH antenna port. Note that there is a need to define the reference point for k=0.

Proposal 2: Based on the agreements made in RAN1 #112, the following comb sizes should be considered:
· For shared resource pools, given the limited # of slots with transmission of other channels, comb sizes 6, 8 and 12 should not be supported.
· For a dedicated resource pools, comb size 1 can be supported.
· For a dedicated resource pool Comb size N = 8 and 12 can be supported. 


Proposal 3: For SL PRS in a dedicated resource pool, at least the following values of ‘M’ (number of SL PRS symbols) is supported: {1, 2, 3, …, 9}. For SL PRS in a shared resource pool, values of ‘M’ are {1, 2, 4}.


Proposal 4:  The sidelink PRS sequence rl(m) should be mapped in sequence starting from rl(0) to resource elements (k,l) in a slot on a new antenna port p (say, 6000), which is different from PSCCH antenna port. Note that there is a need to define the reference point for k=0.


Frequency domain characteristics of SL PRS
In RAN1 #113, the following agreements were made [10]:
	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.





Supportable Bandwidth: In the SID, the objective calls for a supportable bandwidth of 100 MHz for FR1. Configuration similar to Rel-16 DL-PRS with support for up to 276 PRBs should serve as the starting point. In addition, support for up to 400 MHz (264 PRBs) for FR2 should be specified. It may be necessary to lower the minimum number of PRBs from 24 (as specified for DL-PRS) to enable support for UEs with smaller bandwidths.

Proposal 5: For supportable bandwidths,  lower the minimum number of PRBs from 24 (as specified for DL-PRS) to enable support for UEs with smaller bandwidths. 


 AGC and gap symbols 
In RAN1 #112-bis-e, the following agreement was made [9]:
	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.



Agreement
For a shared resource pool, SL PRS transmit power is same as that for PSSCH.

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

Conclusion
TDM-ed SL PRS resources within a slot from a single UE in a dedicated/shared resource pool is not supported in Rel-18.





For a dedicated resource pool, a SL PRS resource is preceded by an AGC symbol as agreed in RAN1 #113. The AGC symbol can be identical to the first symbol of the SL PRS. 

[image: Chart, bar chart

Description automatically generated]
[bookmark: _Ref134806244]Figure 1: Slot Structure for dedicated RP
For a shared resource pool, SL PRS transmit power is same as that for PSSCH as agreed in RAN1 #113. Also, both comb-based and TDM based multiplexing from multiple UEs are not needed. As such,  an AGC symbol between the SL-PRS and SL-PSSCH is not needed.

For a shared resource pool, a SL PRS resource is followed by a gap symbol when the SL PRS resource is followed by a PSFCH. 

Proposal 6: For a shared resource pool, an AGC symbol between the SL-PRS and SL-PSSCH is not needed as based on agreements in RAN1 #113, the SL-PRS and SL-PSSCH have the same power and multiple-UE multiplexing is not supported.

Proposal 7: For a dedicated resource pool, a SL PRS resource is followed by a gap symbol at least when the SL PRS resource is not followed by another SL PRS resource within the same slot

Proposal 8: For a shared resource pool, a SL PRS resource is followed by a gap symbol when the SL PRS resource is followed by a PSFCH. 


PRS Power Control
In RAN1 #109-e, the following agreement was reached [4]:
	Email discussion on potential solutions for SL positioning by May 20
· Check points: May 16, May 20
Decision: As per email decision posted on May 16th,
Agreement
Study power control mechanisms for SL-PRS transmission, including whether it is necessary.




In RAN #111, OLPC was recommended for normative work [7]: 
	Agreement
Update the agreed TP into the conclusion section of the TR 38.859 as follows:
· A new sidelink reference signal (SL-PRS) is recommended for normative work. 
· With regards to the power control for SL-PRS at least Open Loop PC is recommended for normative work.



In RAN1 #112-bis, the following agreements were made [9]:
	
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 dedicated resource pool for SL positioning, only a single stage SCI is used. PSCCH and associated SL-PRS are TDMed in the same slot.
· FFS: whether SL-PRS can be transmitted in a slot without associated PSCCH





 
SL PRS power control is necessary especially in in-coverage scenarios to prevent unnecessary co-channel interference in the network. For sidelink transmit power control, the same power is used over all symbols during a slot with equal power used for each antenna port for 2 antenna port PSSCH transmission. The OLPC formula is applied to each transmission with downlink path loss used for sidelink power control in sidelink unicast, groupcast and broadcast transmission.  Sidelink pathloss, on the other hand, is used for sidelink power control for sidelink unicast transmission.  Whether DL pathloss, SL pathloss or both are used for sidelink power control is by configuration and if both DL pathloss and SL pathloss are used, the minimum of the power levels is taken.

For the PSFCH, OLPC is based on pathloss between PSFCH Tx UE and gNB (if in-coverage) with separately configured parameters (nominal power, alpha) from those for PSCCH/PSSCH power control. 

OLPC for SL-PRS transmission in a dedicated resource pool can be designed based on the similar principles with the following:

· the OLPC parameters are SL-PRS specific and the Same Tx PSD is used between PSCCH and SL PRS (an AGC symbol may be needed between PSCCH and SL PRS if BW are different)
· the  SL pathloss reference for OLPC for SL PRS can be the SL PRS or the PSCCH DMRS similar to sidelink power control for SL communications. 


It has been agreed that for SL pathloss-based OLPC for SL PRS in unicast, filtered RSRP is reported by a receiving UE. Given that currently, the filtered RSRP is typically reported by RRC messaging and there is no PSSCH to transmit the PC5-RRC message, RAN1 should discuss a way for the filtered RSRP message to be delivered. One option is for a dedicated resource pool to be linked to a default shared resource pool and with the message delivered in the linked shared resource pool. Alternatively, it can be delivered using the SLPP.

Proposal 9: For OLPC for SL-PRS transmission in a dedicated resource pool: 
· the OLPC parameters are SL-PRS specific and the same Tx PSD is used between PSCCH and SL PRS (an AGC symbol may be needed between PSCCH and SL PRS if BW are different)
· the  SL pathloss reference for OLPC for SL PRS can be the SL PRS or the PSCCH DMRS similar to sidelink power control for SL communications. 
· A mechanism to deliver the filtered RSRP for SL Positioning OLPC is needed given that there is no support for a SL-PSSCH in the dedicated resource pool.

Conclusion
In this contribution, the following observations and proposals were made:

Proposal 1: The following working assumption should be agreed:
Proposal 1-1: 
· 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.
· 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
Proposal 1-2:
· Use of SL PRS for sensing is not supported


Proposal 2: Based on the agreements made in RAN1 #112, the following comb sizes should be considered:
· For shared resource pools, given the limited # of slots with transmission of other channels, comb sizes 6, 8 and 12 should not be supported.
· For a dedicated resource pools, comb size 1 can be supported.
· For a dedicated resource pool Comb size N = 8 and 12 can be supported. 


Proposal 3: For SL PRS in a dedicated resource pool, at least the following values of ‘M’ (number of SL PRS symbols) is supported: {1, 2, 3, …, 9}. For SL PRS in a shared resource pool, values of ‘M’ are {1, 2, 4}.

Proposal 4:  The sidelink PRS sequence rl(m) should be mapped in sequence starting from rl(0) to resource elements (k,l) in a slot on a new antenna port p (say, 6000), which is different from PSCCH antenna port. Note that there is a need to define the reference point for k=0.

Proposal 5: For supportable bandwidths,  lower the minimum number of PRBs from 24 (as specified for DL-PRS) to enable support for UEs with smaller bandwidths. 

Proposal 6: For a shared resource pool, an AGC symbol between the SL-PRS and SL-PSSCH is not needed as based on agreements in RAN1 #113, the SL-PRS and SL-PSSCH have the same power and multiple-UE multiplexing is not supported.

Proposal 7: For a dedicated resource pool, a SL PRS resource is followed by a gap symbol at least when the SL PRS resource is not followed by another SL PRS resource within the same slot

Proposal 8: For a shared resource pool, a SL PRS resource is followed by a gap symbol when the SL PRS resource is followed by a PSFCH. 

Proposal 9: For OLPC for SL-PRS transmission in a dedicated resource pool: 
· the OLPC parameters are SL-PRS specific and the Same Tx PSD is used between PSCCH and SL PRS (an AGC symbol may be needed between PSCCH and SL PRS if BW are different)
· the  SL pathloss reference for OLPC for SL PRS can be the SL PRS or the PSCCH DMRS similar to sidelink power control for SL communications. 
· A mechanism to deliver the filtered RSRP for SL Positioning OLPC is needed given that there is no support for a SL-PSSCH in the dedicated resource pool.
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