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In RAN#98-e the new WID on Expanded and Improved NR Positioning in RP-223549 was approved [1]. The first objective of the WID is the support of positioning for sidelink:
· “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 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].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].”

In this contribution, we focus on the solutions for SL positioning reference signal including procedures related to transmit power control. 
SL Positioning Reference Signal (SL-PRS)
During the SI, it was agreed and later captured in the TR 38.859 [2] that the new SL reference signal for SL positioning and ranging will use a pseudorandom-based sequence. For this the DL-PRS defined in TS38.214 [3] will be used as a starting point.
In [3] the DL PRS resource set is defined as a collection of DL PRS resources, where a DL PRS resource, which is used for PRS measurements, is defined by:
· Resource ID
· Sequence ID
· Comb Size (N)
· Resource Slot Offset
· Resource Symbol Offset
· QCL information 
· Resource Priority Subset for the purpose of DL AoD reporting
[bookmark: _Hlk127427317]One of the SL positioning scenarios considered in the SI is the highway scenario, in which the RSUs located on the highway sides will transmit and receive SL-PRS transmissions for positioning. To reduce SL-PRS interference and achieve a better gain, the SL PRS resource may be associated with a beam as in the case of DL PRS, which has a QCL relationship with S-SSB or SL CSI-RS signals. A comb frequency distribution, as specified in the WID, will require specifying the comb size and the resource symbol offset between consecutive symbol transmissions. As for the DL PRS case, using a SL PRS resource set allows to transmit periodic SL-PRS signals, where each SL-PRS transmission is associate with a resource of the resource set.  Different resources of the resource set may be associated with different spatial filters (directions). Therefore, it is preferable if the SL PRS resource and the resource set are defined for SL PRS using the corresponding definitions for DL PRS as a starting point.
Proposal 1: For SL positioning define SL PRS resource and SL PRS resource set using DL PRS resource and DL PRS resource set definitions as a starting point.
In RAN1#110 it was agreed that for the SL-PRS frequency domain pattern the partial and fully staggered solutions will be used:
Agreement
With regards to the frequency domain pattern for multi-symbol SL-PRS, prioritize partially and fully staggered SL-PRS. 
· Note: this does not preclude comb N=1
· FFS: single symbol SL-PRS, if supported

Then, in RAN1#110b-e, companies agreed on the general characteristics of SL-PRS resource patterns:
Agreement
With regards to the frequency and time domain pattern of a SL-PRS resource within a slot has the following characteristics:
· With regards to the value N (comb size) and the number M of SL-PRS symbols within a slot excluding the symbol(s) used for AGC training / RxTx Turnaround:
· At least the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
· FFS: the values considered as potential candidate values for M
· FFS1: Whether to consider N>12 as a potential candidate value(s)
· The symbols of a SL-PRS resource within a slot are consecutive symbols
· FFS: consecutive and/or non-consecutive symbols for shared resource pool (if supported)
· FFS: RE-Offset sequence within a SL-PRS resource, including whether to have in the end of the SL-PRS pattern a symbol with the same RE-offset as the first symbol, for phase-tracking purpose

Sidelink devices, especially those having lower end capabilities, are expected to be affected more by phase noise (PN). To achieve a better phase-tracking at the receiver, a SL-PRS RE-offset should be the same as the RE-offset of the first symbol, which results in an overlap in frequency between SL-PRS symbols that allows a UE to measure the phase shift.
[bookmark: _Hlk127427690]Such overlap is more beneficially to estimate larger phase variations when the RE-offset of the first symbol is the same with the RE-offset of the last symbol of SL-PRS consecutive symbols transmissions. Thus, the frequency overlap captures a larger variation of the phase and therefore provides support for a better tracking of the phase.
Table 7.4.1.7.3-1 in TS 38.211 [5] defines the RE-offset values with respect to first symbol for consecutive DL-PRS transmissions.
Table 7.4.1.7.3-1: The frequency offset  as a function of .
	
	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
	4
	2
	5
	0
	3
	1
	4
	2
	5

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



As the table indicates, for comb sizes {2,4} the offset repeats every 2,4 symbols, which allows a good estimation of the phase change. However, for comb sizes {6 and 12} the last symbol may not have the same RE-offset if the number of consecutive symbols is less than 6 and respectively 12. In this case the RE-offset of the last transmission SL-PRS symbol may be mandated to have the same RE-offset as the first SL-PRS symbol.
Proposal 2: Support repetition of the RE-offset of the first SL-PRS symbol in the last SL-PRS symbol for larger comb sizes. For instance, for comb size >4.
As the WID specifies, both dedicated and shared pools for SL-PRS transmission will be supported. For shared pool transmission the SL-PRS should be backward compatible with existing sidelink formats defined in Rel-16, 17 and 18. These formats are slot-based formats where the first 3 or 4 symbols are occupied by the AGC and PSCCH symbols and the last symbol is used as guard symbol.
The number of DL PRS symbols per resource in a slot is defined in TS 38.331 as:
numSymbols-r17               ENUMERATED {n2, n4, n6, n12, spare4, spare3, spare2, spare1},
We could reuse the same numbers for the SL-PRS, however we observe that these values do not properly match the maximum number of available symbols (14- 4/5=10/9) in a sidelink SL-PRS transmission.  To achieve a match, the set of values should be extended by adding the value of 8 symbols and possibly 10.
[bookmark: _Hlk127428050]As we noted, in DL PRS a transmission of 12 PRS symbols was allowed.  A higher number of SL PRS symbols offers an increased accuracy. If such a solution were adopted for SL PRS, there several issues to solved. Firstly, for the Scheme 2 the SL PRS receiver should identify the transmitter ID of that slot to use the measurements correctly either for reporting or for positioning calculation. The ID of the transmitter is embedded in the SL PRS random sequence, as defined in TS 38.211. Another way to identify the transmitter is based on the previous received configurations for the SL-PRS transmissions. Secondly, the transmission of 12 SL-PRS symbols should start in the second symbol of the slot and have first symbol used for AGC purposes, therefore be a duplicate of the second symbol. 
Proposal 3: The number M of SL-PRS symbols in a slot takes a value in {n2, n4, n6, n8, n10, n12} set. 
In RAN1#111 it was agreed that both dedicated and shared pools will be used for SL-PRS resource allocation:
Agreement
With regards to the SL Positioning resource allocation, support
· Alt. 2: either dedicated resource pool(s) and/or a shared resource pool(s) with sidelink communication can be (pre-)configured for SL-PRS.
· Note: this does not imply that the design is the same for both types of resources pools
· Note: shared resources pool(s) should be supported with backward compatibility
We note that in a shared resource pool a transmission of 12 SL-PRS symbols can still work with some drawbacks. Due to the presence of SL-PRS REs in the PSCCH, the legacy devices are unlikely able to decode the slot and based on the implementation the outcome is not completely defined. For instance, if such transmission take place during the sensing window, it is not clear how this slot will be counted for Channel Occupancy Ratio (CR) and Channel Busy Ratio (CBR) measurements. Therefore, a simple solution is to avoid such situation in a shared resource pool.
Proposal 4: For shared resource pools slot size of 12 symbols should not be supported for SL-PRS transmissions.
Power Control
As WID specifies, open loop power control will be supported for SL-PRS transmissions. In cellular positioning, UEs, when transmitting SRS for positioning, implement open loop power control. Open loop is based on an estimation of the pathloss between transmitter and receiver. If the UE is not provided pathlossReferenceRS or SRS-PathlossReferenceRS-Id, or before the UE is provided dedicated higher layer parameters, the UE calculates using a RS resource obtained from an SS/PBCH block with same SS/PBCH block index as the one the UE uses to obtain MIB. 
For SL-PRS transmissions a similar approach should be considered. That is the pathloss is either provided by the upper layers or estimated based on RS measurements. 
For in coverage scenarios (Scheme 1), to avoid UL interference at gNB, the SL-PRS power transmission should be based on the estimated DL pathloss between gNB and SL UE, for instance based on the SSB received power. Moreover, if combined cellular Uu and sidelink PC5 measurements are used for positioning, the SL-PRS transmit power may be calculated based on combination of the DL pathloss and SL pathloss.
For out-of-coverage scenarios (Scheme 2), the pathloss between SL UEs needs to be estimated. If there is an available measurement of the S-SSB received power from the intended receiver, this measurement can be used to estimate the pathloss. For some positioning methods, like RTT based methods, the SL-PRS received power may be used for the pathloss estimation. Note that the SL-PRS received power might also be necessary for resource reservation and congestion control in the dedicated resource pools. Another measurement to estimate the pathloss may be the PSCCH DMRS received power if such measurements are available.
Proposal 5: Define the received power measurements SL-PRS RSRP for the estimation of the UE-to-UE pathloss. 
For instance, such measurements may be defined as the linear average over the power contributions (in [W]) of the resource elements that carry SL-PRS reference signals configured for RSRP measurements within the considered measurement frequency bandwidth. As in DL-PRS, the measurement of SL-PRS RSRP may be defined per subset of SL-PRS resource set, and multiple measurements may be associated with the same beam index, where each measurement has its own timestamp. For Scheme 2, when the SL UE is in the gNB’s coverage, the pathloss to the serving cell and pathloss to other SL UE(s) should be considered, for instance, taking the reference pathloss the minimum of these two.  The pathloss reference to determine the SL PRS transmit power may be calculated as in PSCCH transmission, which covers the pathloss calculation when the active SL BWP is on a serving cell, and respectively the pathloss for the sidelink. For SL-PRS power formula, the PSSCH transmission power definition [TS 38.213, Clause 16.2.1] may be used as a starting point.
Proposal 6: Define SL-PRS open loop power control using PSSCH power calculation as a starting point.

Conclusions
Proposal 1: For SL positioning define SL PRS resource and SL PRS resource set using DL PRS resource and DL PRS resource set definitions as a starting point.
Proposal 2: Support repetition of the RE-offset of the first SL-PRS symbol in the last SL-PRS symbol for larger comb size. For instance, for comb size >4.
Proposal 3: The number M of SL-PRS symbols in a slot takes a value in {n2, n4, n6, n8, n10, n12} set. 
Proposal 4: For shared resource pools slot size of 12 symbols should not be supported for SL-PRS transmissions.
Proposal 5: Define the received power measurements SL-PRS RSRP for the estimation of the UE-to-UE pathloss. 
Proposal 6: Define SL-PRS open loop power control using PSSCH power calculation as a starting point.
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