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1	Introduction
[bookmark: _Hlk525462591]At RAN#98, a new work item “Expanded and improved NR positioning” (NR_pos_enh2) was approved; the WID was most recently revised at RAN#100 [1]. The relevant WID objective is copied here for convenience:
		Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
[bookmark: _Hlk126671760]o	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. 
o	Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
o	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: 
o	Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
o	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.
o	Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
o	Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
o	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. 
o	Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
o	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 outline key design aspects of the SL positioning reference signal (SL-PRS).
2	Discussion
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]2.1	SL PRS design 
In the following, SL PRS design aspects such as sequence design, comb-offset, number of symbols, SL PRS patterns, gap symbols, bandwidth, slot structure and multiplexing are discussed.
2.1.1	SL PRS sequence design
Following the DL PRS design, the SL PRS sequence is agreed to be generated based on Gold sequence:

where c(i) is a pseudo-random sequence as defined in Clause 5.2.1 of TS 38.211. Here, pseudo-random sequence generator is initialised with slot number, symbol number, and a parameter .
But how the sequence initialization parameter is set is still open. In this regard, the following working assumption (WA) is made in RAN1#113:
	Working assumption
	For SL PRS sequence generation, the parameter [image: ][image: ] is defined as below:
o	[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
[bookmark: _Hlk141951183]o	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


 
Note that ‘ is provided by higher layers to a Tx UE’ option, referred as Option 1, allows encrypted exchange of the initialization parameter value, and hence protects privacy of SL PRS transmitting UEs. In addition, it allows UEs to flexibly select different sequence initialization in order to manage the interference better. However, this option necessitates explicit indication of the parameter value to the Rx UE. On the other hand, ‘ is based on 12 LSB bits CRC of PSCCH associated with the SL PRS’ option, referred as Option 2, is straightforward and requires no explicit indication of the parameter value to Rx UE. One concern, however, that has been expressed is privacy, since any UE which receives the PSCCH can determine the SL-PRS sequence. Also, security concern for Option 2 has been raised where an attacker can disrupt the measurements in next reserved period by sending a tailored SL PRS sequence.
The current WA offers flexibility in choosing the SL PRS sequence generation options. That is, the WA allows for selection of Option 1 or Option 2 e.g., depending on the privacy sensitivity of the SL PRS Tx UE. Therefore, the working assumption can be confirmed. Furthermore, the discussion on which Option is chosen for a Tx UE can be left to other WGs.   
[bookmark: Proposal69394][bookmark: Proposal52231][bookmark: Proposal41503][bookmark: Proposal2588][bookmark: Proposal72043][bookmark: Proposal77664][bookmark: Proposal67652][bookmark: Proposal33118][bookmark: Proposal82666]Proposal 1: Confirm working assumption on the SL PRS sequence initialization parameter .
2.1.2	Comb size and symbols for SL PRS
The following agreements were made in the previous RAN1 meetings:
	Agreement (RAN1#110bis)
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:
o	At least the following values are considered as potential candidate values: N = {1,2,4,6,8,12}
o	FFS: the values considered as potential candidate values for M
o	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
o	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

Agreement (RAN1#112)
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
o	FFS: comb size 6 in shared resource pool
	Comb size 1 is supported at least in shared resource pool
o	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 (RAN1#112bis)
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 (RAN1#113)
For SL PRS in a shared resource pool, the symbols of a SL-PRS resource within a slot are consecutive symbols.



Different SL PRS comb-sizes were discussed in RAN1#113. Below is an FL proposal [2] for which an agreement is yet to be reached:
	[High] FL1 Proposal 2.3.1-1
	[Working assumption] For SL PRS in a dedicated resource pool, in addition to the already-agreed comb sizes (N) of 2, 4, 6, the comb size N = 1 is supported.
o	FFS: N = 8, 12.


SL positioning will be employed for diverse use cases with very different requirements. Hence different comb sizes (Comb-N) and different number of symbols (M) of SL-PRS should be supported and be flexibly configured and used to adapt to different scenarios. For a scenario where IBE interference due to near-far effect can’t be easily controlled, it’s not suitable to multiplex PRSs from too many different UEs (e.g., N=12) in frequency domain by employing comb-based multiplexing. Thus, we don’t support N=12. On the contrary, supporting N=1 in dedicated resource pool can enable multiplexing of more SL PRSs from different UEs (TDM-based multiplexing) in a slot.  
	[bookmark: Proposal52232][bookmark: Proposal41504][bookmark: Proposal2589][bookmark: Proposal72044][bookmark: Proposal33119][bookmark: Proposal82667]Proposal 2: In addition to the already SL PRS agreed comb-sizes (N),
	support N = 1, 8 in dedicated resource pool,
	support N = 6, 8 in shared resource pools,
	do not support N = 12 in both dedicated and shared resource pools.


Regarding number of SL PRS symbols, below is an FL proposal from RAN1#113 [2]: 
	[High] FL1 Proposal 2.3.3-1
	[Working assumption] 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}. 
o	FFS: For SL PRS in a dedicated resource pool, values of ‘M’ other than {1, 2, 3, …, 9}.
o	FFS: For SL PRS in a shared resource pool, values of ‘M’ other than {1, 2, 4}.


Furthermore, with fully staggered SL-PRS pattern, the number of symbols (M) of SL-PRS can be 1, 2, 4, 6, 8. With partial staggered SL-PRS pattern, other number of symbols (M: 1~8) such as 3 can be also supported if needed to provide flexibility to multiplex SL-PRS transmissions from multiple UEs in dedicated SL-PRS resource (e.g., SL-PRS slot) or multiplex SL-PRS transmissions with other sidelink channels. Since the impact of near-far effect is more severe for long range positioning, it’s not suitable to multiplex too many PRSs from different UEs in frequency domain. For dedicated PRS resource pool, frame structure of a PRS slot needs to be configured: how a slot is divided into PSCCH symbols and multiple mini-slots, numbers (M values) of symbols of PRSs in mini-slots. As noted above, the sum of numbers of symbols of PRSs cannot exceed 14. For shared resource pool, M is determined based on which legacy channels (e.g., PSFCH, PSSCH) is PRS configured to be multiplexed with in frequency domain.
	[bookmark: Proposal52233][bookmark: Proposal41505][bookmark: Proposal2590][bookmark: Proposal72045][bookmark: Proposal33120][bookmark: Proposal82668]Proposal 3: Support number of SL PRS symbols M = {1, 2, 4, 6, 8}. Other values of M (1~8), e.g. M = 3, can also be considered depending on resource allocation and SL-PRS multiplexing to be agreed. 


[bookmark: Proposal39492][bookmark: Proposal8068][bookmark: Proposal80728][bookmark: Proposal7239][bookmark: Proposal62279][bookmark: Proposal19218][bookmark: Proposal85178][bookmark: Proposal98265][bookmark: Proposal38122][bookmark: Proposal76197][bookmark: Proposal1838][bookmark: Proposal56632][bookmark: Proposal77668][bookmark: Proposal67654]
2.1.3	SL PRS patterns 
RAN1 has been discussing SL PRS pattern and the following is agreed in previous RAN1 meetings:
	Agreement (RAN1#112)
For SL PRS in shared and dedicated resource pools, 
	SL PRS patterns with full staggering are supported.
o	FFS: whether (M,N)=(6,6) is supported
	SL PRS patterns with partial staggering are supported at least for the following (M,N) pairs:
o	(M, 2) with M = {1} 
o	(M, 4) with M = {2} 
o	FFS: constraints on maximum effective comb size
o	FFS: support of partial staggering for other comb sizes
FFS: Support of SL PRS patterns with M > N at least with full staggering.
Agreement (RAN1#112bis-e)
(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.

Conclusion (RAN1#112bis-e)
For a partially staggered SL PRS pattern (M, N), repetition of a partially staggered SL PRS pattern (M, N) in a slot is not supported.


Also, the following is an FL proposal from RAN1#113 [2]:
	[High] FL1 Proposal 2.3.4-1
	[Working assumption] For SL PRS in a dedicated or shared resource pool, support partially staggered SL PRS patterns (M, N) with ceil(N/6) ≤ M < N.



SL positioning is expected to cater diverse positioning use cases and scenarios, and hence flexibility in SL PRS design is desired. In this regard, depending on e.g., application scenario, network can adaptively configure a subset of N and M from the whole set specified. For example, for short range positioning such as positioning in a factory, small values of M and large values of N can be selected for usage. On the contrary, for long range positioning such as positioning for V2X, large values of M and small values of N can be selected to accumulate more energy resulting in SNR large enough for PRS detection and positioning-related estimation based on PRS.
RAN1 have been discussing this issue across multiple meetings. The previous FL proposal could be a good way forward to address this issue, but still the feasible value of M and N should be agreed. If we support all possible combinations of M and N, there may be some unnecessary cases. It might be better to first agree a set of configurable comb-size, and then RAN1 can try to agree the set of feasible M for a specific comb-size.
[bookmark: Proposal52234][bookmark: Proposal41506][bookmark: Proposal2591][bookmark: Proposal72046][bookmark: Proposal33121][bookmark: Proposal69397][bookmark: Proposal82669]Proposal 4: Consider that a subset of comb size N and number of symbols M from the whole set specified is (pre-)configured for each resource pool. 

2.1.4	Gap symbols
For SL-PRS gap symbol the following is agreed at RAN1#113:
	Agreement
	In a dedicated resource pool, a SL PRS resource is immediately followed by a gap symbol at least:
o	if the gap symbol corresponds to the last SL symbol of a slot.
o	Note: the gap can be used at least for Tx/Rx switching
o	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.



While it is useful to have gap symbol (e.g., for RTT) in some cases when SL PRS resources are TDM-ed in a slot, in other cases e.g. where Tx and Rx UEs remain in Tx and Rx state, respectively, it may be a wasted overhead. If small sub-slots (also referred as mini-slots) are introduced (e.g., 2 symbols) then this overhead becomes quite large and is resource inefficient. It has previously been proposed to make the gap symbol (pre)-configurable by the network but this is not very flexible and if a gap symbol is always configured as absent then this does not allow some UEs to do fast Rx-Tx switching which is not desirable (e.g., in case of SL-RTT). Hence, there is a need for dynamic configuration of gap symbol, and presence of such dynamic gap symbol may be indicated by the transmission UE (e.g., via SCI). For example, an anchor UE which is going to transmit a SL PRS to target UE(s) will indicate via SCI if a given SL PRS resource is followed by a gap symbol or not. UEs which decode the SCI are then able to determine if a given SL PRS resource will be followed by a gap symbol or not.
[bookmark: Proposal69398][bookmark: Proposal52235][bookmark: Proposal41507][bookmark: Proposal2592][bookmark: Proposal72047][bookmark: Proposal33122][bookmark: Proposal82670]Proposal 5: Support dynamic indication of presence of gap symbol after a SL PRS resource in dedicated pool by SL PRS transmitting UE.

2.1.5	AGC symbols
As for AGC symbol, the following agreement was made in RAN1#113: 
	Agreement (RAN1#113)
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).


AGC symbols are necessary for SL communication and have also been deemed necessary for SL positioning. So far it has only been agreed that a SL PRS in a dedicated RP will be preceded by an AGC symbol but what the Tx UE should send in that symbol is an open problem. In the FL summary, a proposal wirth multiple alternatives was discussed. 
		When an AGC symbol is transmitted immediately preceding a SL PRS resource, consider the following options for generation of the AGC symbol:
o	Alt 1: The first symbol of SL PRS is repeated to realize an AGC symbol
o	Alt 2: Copy of last symbol of a SL PRS resource is used to realize an AGC symbol
o	Alt 3: AGC symbol is a duplication of the expected symbol next to the final symbol of fully/partially staggered SL PRS
o	Alt 4: When the first symbol is used for AGC handling, the duplication mechanism of first symbol is left to UE implementation
o	Alt 5: Other alternative(s).


The issue with Alt 1 which was pointed out by some companies is that the first symbol being repeated may cause some peak ambiguity when a Rx UE is making timing measurements. This is due to the fact that the UE will use a cross correlation function in time domain to make timing measurements and having a repeated symbol will create a second peak during the measurement procedure. In addition, since 1 symbol SL PRS has been agreed the last symbol of the SL PRS resource is also the first symbol of the SL PRS. Therefore Alt 2 above is also problematic for the same reason as Alt 1. Alt 3 is problematic as it duplicated something after the SL PRS, but the SL PRS can be the last thing transmitted in a slot, and therefore we can’t rely on there being something to copy. Alt 4 is also problematic as it breaks with SL principles and the UE may do something that causes harm to the SL positioning measurements. 
Therefore, we still need a solution to solve the problem of what the Tx UE should send in the AGC symbol prior to a SL PRS resource. One simple solution would be to introduce a reserved SL PRS sequence ID used by Tx UEs to generate 1-symbol sequence for the SL PRS AGC symbol.
[bookmark: Proposal82671]Proposal 6: In consideration of pros and cons of the listed option for AGC symbol, RAN1 needs further discussion with other alternatives.
In case of TDMing SL PRS, if a TDM duration occupies small number of symbols (i.e., M is small) (e.g., M=1), it’s not resource efficient to configure an AGC symbol before the TDM duration. We should allow not configuring an AGC symbol before a TDM duration. Instead, a UE to transmit PRS in the TDM duration can transmit signal for AGC purpose in the AGC symbol immediately preceding a TDM duration which is before and closest to its TDM duration. As an example illustrated in Figure 1, while UE 1 transmits PRS in TDM duration 1, UE 2 transmits PRS in TDM duration 2. Both UE 1 and UE 2 transmit in the AGC symbol before TDM duration 1. There is no AGC symbol configured before TDM duration 2.   


[bookmark: _Ref127184405][bookmark: _Ref142654324]              Figure 1: Configuration of AGC symbol immediately before TDM duration 
	[bookmark: Proposal69399][bookmark: Proposal82672]Proposal 7: In a dedicated resource pool, consider allowing not configuring an AGC symbol immediately before a TDM duration for resource efficiency. 
	In a slot, a UE to transmit PRS in a TDM duration without an immediately preceding AGC symbol can transmit signal for AGC purpose in the preceding AGC symbol of a TDM duration which is before/closest to its TDM duration.



2.1.6	Bandwidth of SL PRS
The bandwidth of SL PRS is being discussed in RAN1. In RAN1#113 meeting, the following is agreed: 
	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.



For a dedicated resource pool, whether the SL PRS bandwidth can be smaller than the resource pool bandwidth is still open.
Accuracy of positioning methods, especially the time-based ones, depend highly on the bandwidth of the transmitted reference signals. Given that different positioning requests may have different QoS requirements in terms of accuracy, the bandwidth of SL-PRS should be (pre-)configurable based on the accuracy requirements, irrespective of whether the resource pool for positioning is dedicated or shared. This means, the SL-PRS bandwidth is not necessarily equal to the size of the resource pool utilized. Furthermore, SL positioning methods such as DL-TDOA-like SL TDOA, may require anchor UEs to transmit SL PRS (almost-)simultaneously. Hence, there may be a need to fit multiple SL PRSs on different frequency resources within a slot or set of symbols. This can be achieved by comb-based multiplexing; however, if a resource pool supports SL PRS transmissions whose bandwidth is less than the resource pool bandwidth then PRB-based FDM becomes possible in addition to comb-based multiplexing.
For both shared resource pool and dedicated resource pool, if SL PRS bandwidth smaller than resource pool bandwidth is supported for the latter, SL PRS bandwidth bounds (i.e., min and/or max bandwidth) may be (pre-)configured by higher layer signaling i.e., LPP from LMF or SLPP from another UE, e.g., server UE, and UE’s own higher layer, e.g., MAC layer may determine a suitable SL PRS bandwidth within the configured bounds. 

Concerning indication of SL PRS bandwidth to another UE (e.g., Rx UE), even though higher layer signaling can be useful to exchange information about requested/supported SL-PRS bandwidth(s) among UEs, it may not be required to indicate the actually used bandwidth: e.g., if only one SL PRS bandwidth value is (pre-)configured in a resource pool then there should be no need for such signaling. Also, even if multiple bandwidth values are allowed, the SCI anyway needs to indicate the bandwidth of a SL PRS transmission to allow sensing-based resource selection to work. And for shared pool, the bandwidth of SL-PRS needs to be same as the bandwidth indicated for PSSCH to abide by the legacy sensing procedure. 

[bookmark: Proposal52236][bookmark: Proposal41508][bookmark: Proposal2593][bookmark: Proposal72048][bookmark: Proposal33123][bookmark: Proposal69400][bookmark: Proposal82673]Proposal 8: For dedicated resource pools for SL positioning, the bandwidth of SL-PRS can be same or smaller than that of the resource pool.
[bookmark: Proposal69401][bookmark: Proposal52238][bookmark: Proposal41510][bookmark: Proposal2595][bookmark: Proposal72050][bookmark: Proposal33125][bookmark: Proposal82674]Proposal 9: SL PRS bandwidth bounds (min and/or max bandwidth) can be (pre-)configured to a UE by higher layer signaling from LMF or from another UE, e.g., server UE, within which SL PRS bandwidth is to be chosen by the UE.
[bookmark: Proposal52239][bookmark: Proposal41511][bookmark: Proposal2596][bookmark: Proposal72051][bookmark: Proposal33126][bookmark: Proposal69402][bookmark: Proposal82675]Proposal 10: Bandwidth of SL PRS can be autonomously determined by UE’s own higher layer.
2.1.7	Multiplexing of SL PRS from different UEs
The following agreement related to slot structure in a dedicated resource pool was made in RAN1#113:  
	Agreement (RAN1#113)
Multiple (M,N) pairs within a slot in a dedicated resource pool is supported  only when the different (M, N) pairs are always multiplexed via TDM to different sets of symbols in a slot. Only a single (M,N) value can be mapped within one TDM duration (i.e. one set of symbols).



The slot structure is rather static after (pre-)configuration, e.g., fixed (M, N) (M: number of symbols, N: comb size) for a TDM duration (a set of consecutive PRS symbols) in a slot, which may not be suitable for various scenarios of positioning. For SL PRS transmissions multiplexed in a TDM duration (comb-based multiplexing), a UE can transmit in part of a SL PRS resource (either only in the first several symbols or with a comb size multiple of configured comb size) to reduce interference (e.g., IBE interference) to other UEs. In details, in a TDM duration, a UE transmits PRS only in the first several symbols (e.g., K symbols with K<M) of a PRS resource. Similarly, in a TDM duration, a UE transmits PRS with a comb size multiple of configured comb size (N) (i.e., N’=pN), which can extend SL PRS transmission range. K and/or p is selected to satisfy the UE’s positioning performance first and can be dynamically indicated to the Rx UE in SCI conveyed in the PSCCH at the beginning of the slot.
[bookmark: Proposal69403][bookmark: Proposal82676]Proposal 11: In a dedicated resource pool, consider allowing a UE to transmit in part of a SL PRS resource (either only in the first several symbols or with a comb size multiple of configured comb size) to reduce interference especially IBE interference and to extend SL PRS transmission range.

2.2	SL-PRS TX Power Control
In Rel-16 sidelink the following mechanisms for transmit power control were defined:
1.	For all channels, RAN4-defined  to take into account e.g. UE power class, regulatory limits and (pre-)configured power limits
2.	For all channels, power control based on downlink pathloss in the case of shared carrier (carrier shared between sidelink and Uu)
3.	For PSSCH and PSCCH, power control for congestion control
4.	For PSSCH and PSCCH for unicast transmissions, power control based on sidelink pathloss
For SL-PRS the following questions should be addressed
	Which of the existing power control mechanisms apply?
	Should any new power control mechanisms be defined?
2.2.1	Open-loop power control for SL PRS transmission
The following agreement was reached in the last RAN1 meetings:
	Agreement
The OLPC framework defined for PSSCH/PSCCH is considered as a starting point for OLPC for SL PRS.

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
o	FFS: Selection between Option 1 and Option 2, including (pre-)configuration.

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




RAN1#113 discussed options for SL pathloss reference for OLPC for SL PRS in dedicated SL PRS resource pool. Below is an FL proposal on the same from RAN1#113 [2] foe which is an agreement is yet to be reached:
	[High] FL1 Proposal 3.1-1
	For a dedicated SL PRS resource pool, SL PRS is used as the pathloss reference for OLPC for SL PRS (Option 1 from RAN1 #112bis-e meeting).



Note that, in Uu positioning, power control was introduced for SRS and included the pathloss reference signal (PL RS) configuration. The PL RS can be configured to be SSB or DL PRS. However, the PL RS is configured at the SRS resource set level and not per SRS resource. For SL PRS there should also be a pathloss reference signal configuration to enable Open Loop PC. We think at least SL PRS should be introduced for OLPC for SL positioning for a dedicated resource pool. But we acknowledge that Option 3 which includes both SL PRS as well as PSCCH DMRS as pathloss reference may offer flexibility in choosing the most suitable pathloss reference for a given scenario. For the case of in-coverage or partial coverage DL PRS can also be considered. 
[bookmark: Proposal52242][bookmark: Proposal41514][bookmark: Proposal2599][bookmark: Proposal72054][bookmark: Proposal33129][bookmark: Proposal69404][bookmark: Proposal82677]Proposal 12: For SL pathloss reference for OLPC in a dedicated resource pool, support Option 3: both Option 1 (SL PRS as pathloss reference) and 2 (PSCCH DMRS as pathloss reference).
[bookmark: Proposal52243][bookmark: Proposal41515][bookmark: Proposal2600][bookmark: Proposal72055][bookmark: Proposal33130][bookmark: Proposal69405][bookmark: Proposal82678]Proposal 13: Discuss if DL PRS can be used as DL pathloss reference for OLPC for SL PRS in in-coverage or partial coverage scenarios. 
In SL based positioning the SL PRS may be groupcast to multiple UEs which are performing positioning. In such a case there can be a near-far problem for Comb-based multiplexing within one group or by two (or more) UEs which are receiving a SL PRS in broadcast, as the Tx UE cannot optimize the transmission power for a specific UE. Figure 2 shows an example of when a transmitting UE (the dark UE in the figure) is sending SL PRS to multiple UEs. In this Figure the orange “other TX UE” is also transmitting SL PRS. And the problem is that at RX UE-2 the power level of the SL PRS from the orange UE and the black TX UE could be very different. The TX UE may be able to configure multiple SL PRS resources for groupcast, and it allocates different power as they are not targeting a single UE. However, in doing so the Tx UE may cause some problems at Rx UE-2 if for example SL PRS intended for Rx UE-1 (from black car) is transmitted at same time as SL PRS from the orange car. So that is why we propose that black car indicates the power difference between the SL PRS resources to the Rx UEs.
[bookmark: Proposal82679]Proposal 14: For OLPC, support transmitting UE indicating the power difference of SL PRS transmissions across SL PRS resources for groupcast transmission.

[image: ]
[bookmark: _Ref142655396]Figure 2: A depiction of the SL PRS transmission and reception for SL RTT
[bookmark: Proposal56639][bookmark: Proposal77676][bookmark: Proposal67662][bookmark: Proposal52246][bookmark: Proposal41518][bookmark: Proposal2603][bookmark: Proposal72058]One of the philosophies of SL power control is to ensure there is no negative impact on the uplink communication in Uu-link. For the unicast transmission, the SL UE in the network coverage measures both DL path-loss reference RS and SL path-loss RS, and calculates two transmission power to compensate for the path-loss to a target UE. In consideration of the interference problem, the UE should select the smaller of the two.
For SL multi-RTT, a target UE may need to transmit and receive SL PRSs with at least three anchor UEs. In Figure 3, we only describe a single anchor UE and a target UE for simplicity without loss of the generality, and either UE#1 (white) or UE#2 (black) could be the anchor UE or the target UE.
[image: ]
[bookmark: _Ref142655454]Figure 3: A depiction of the SL PRS transmission and reception for SL RTT
UE#1 would be able to receive the SL PRS from UE#2, as UE#2 may transmit SL PRS with a proper transmission power as it may not affect the UL interference. However, UE#1 may transmit its SL PRS with a low power based on a determined transmission power based on DL path-loss, and hence it affects measurement accuracy at UE#2 for SL PRS#1 transmitted at the occasions. It does not affect the Rx-Tx time difference measurement of UE#1 as the Tx timing of SL-PRS #1 is not related to the transmission power from UE#1, but UE#2 receives SL PRS#1 with lower power than expected. It should be noted that UE#2 may not be aware that UE#1 reduced the transmission power of SL PRS#1. In case UE#1 transmits SL PRSs to multiple UEs, UE#1 behavior may affect measurements at multiple UEs. RAN1 needs to consider this issue to effectively support SL-RTT positioning.
One of the possible solutions may be to introduce a criterion for UE to determine a Tx power considering estimated SL path-loss, estimated DL path-loss, some threshold values to allow a specific power level from the UE and enforce the UE to use zero power if transmission of SL PRS doesn’t contribute the measurement accuracy. For example, if the estimated SL path-loss and the estimated DL path-loss are significantly different, it may be better for a Tx UE to not transmit SL PRS. That is, if the UE has to allocate more power to compensate for the SL path-loss than the DL path-loss, it can cause the interference issue to the uplink, and the current sidelink already prohibited this case to avoid the interference issue. Then Rx UEs may discard or preclude a specific Rx-Tx time difference measurement sample corresponding to the SL PRS occasion when the SL PRS has not been transmitted. This also prevents the Tx UE from consuming Tx power unnecessarily. 
[bookmark: Obs25178]Observation 1: The direct reuse of the current OLPC framework may affect SL UE Rx-Tx time difference measurement accuracy for periodic SL PRS reservation/transmission.
2.2.2	Other aspects of power control for SL PRS transmission
The congestion control aspects were discussed as part of resource allocation for SL PRS agenda in RAN1#113, and the following is agreed:
	Agreement
In Scheme 2, congestion control can restrict the range of parameters for SL PRS configuration per resource pool by CBR and priority. Consider further the following parameter(s): 
	Option 1: SL PRS transmission power
	Option 2: Periodicity of SL PRS
	Option 3: Number of occupied subchannels of SL-PRS (for shared resource pool)
	Option 4: Number of SL PRS resources in a slot
	Option 5: comb-size of a SL PRS resource in a slot
	Option 7: Number of OFDM symbols of a SL PRS resource in a slot
	Option 8: Number of SL PRS (re-)transmissions
	FFS: Other options are not precluded


As noted above, legacy sidelink supported power control for the purpose of congestion control in PSSCH and PSCCH. Similarly, congestion control could be applicable to SL-PRS: E.g. if a dedicated SL-PRS pool becomes overloaded it might be beneficial to reduce the TX power of SL-PRS.
[bookmark: Proposal69407][bookmark: Proposal33132][bookmark: Proposal82680]Proposal 15: Support at least SL PRS transmission power control for the purpose of congestion control.

3	Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we have made the following observations and proposals related to the design of SL-PRS for SL positioning:

Proposal 1: Confirm working assumption on the SL PRS sequence initialization parameter .

	Proposal 2: In addition to the already SL PRS agreed comb-sizes (N),
	support N = 1, 8 in dedicated resource pool,
	support N = 6, 8 in shared resource pools,
	do not support N = 12 in both dedicated and shared resource pools.




	Proposal 3: Support number of SL PRS symbols M = {1, 2, 4, 6, 8}. Other values of M (1~8), e.g. M = 3, can also be considered depending on resource allocation and SL-PRS multiplexing to be agreed. 



Proposal 4: Consider that a subset of comb size N and number of symbols M from the whole set specified is (pre-)configured for each resource pool. 
Proposal 5: Support dynamic indication of presence of gap symbol after a SL PRS resource in dedicated pool by SL PRS transmitting UE.
Proposal 6: In consideration of pros and cons of the listed option for AGC symbol, RAN1 needs further discussion with other alternatives.

	Proposal 7: In a dedicated resource pool, consider allowing not configuring an AGC symbol immediately before a TDM duration for resource efficiency. 
	In a slot, a UE to transmit PRS in a TDM duration without an immediately preceding AGC symbol can transmit signal for AGC purpose in the preceding AGC symbol of a TDM duration which is before/closest to its TDM duration.



Proposal 8: For dedicated resource pools for SL positioning, the bandwidth of SL-PRS can be same or smaller than that of the resource pool.
Proposal 9: SL PRS bandwidth bounds (min and/or max bandwidth) can be (pre-)configured to a UE by higher layer signaling from LMF or from another UE, e.g., server UE, within which SL PRS bandwidth is to be chosen by the UE.
Proposal 10: Bandwidth of SL PRS can be autonomously determined by UE’s own higher layer.
Proposal 11: In a dedicated resource pool, consider allowing a UE to transmit in part of a SL PRS resource (either only in the first several symbols or with a comb size multiple of configured comb size) to reduce interference especially IBE interference and to extend SL PRS transmission range.
Proposal 12: For SL pathloss reference for OLPC in a dedicated resource pool, support Option 3: both Option 1 (SL PRS as pathloss reference) and 2 (PSCCH DMRS as pathloss reference).
Proposal 13: Discuss if DL PRS can be used as DL pathloss reference for OLPC for SL PRS in in-coverage or partial coverage scenarios. 
Proposal 14: For OLPC, support transmitting UE indicating the power difference of SL PRS transmissions across SL PRS resources for groupcast transmission.
Observation 1: The direct reuse of the current OLPC framework may affect SL UE Rx-Tx time difference measurement accuracy for periodic SL PRS reservation/transmission.
Proposal 15: Support at least SL PRS transmission power control for the purpose of congestion control.
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