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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#99 [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]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 outline key design aspects of the SL positioning reference signal (SL-PRS).
Discussion
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]SL PRS design 
In the following, SL PRS design aspects such as resource, sequence design, comb-offset, number of symbols, SL PRS patterns, gap symbols, bandwidth, slot structure and multiplexing are discussed.
SL PRS resources 
The following is agreed in RAN1#112bis-e.
	Agreement
· A SL PRS resource refers to a time-frequency resource within a slot of a dedicated SL PRS resource pool that is used for SL PRS transmission.
· FFS: for a shared resource pool
· Characteristics associated with a SL PRS resource include at least: 
· SL PRS resource ID, 
· SL PRS comb offset and associated SL PRS comb size (N), 
· SL PRS starting symbol and number of SL PRS symbols (M),
· SL PRS frequency domain allocation,
· Note: Additional parameters can be included as/when identified.
· FFS: other time domain aspects, if any
· A SL PRS resource is identified by a SL PRS resource ID that is unique within a slot of a dedicated SL PRS resource pool.
NOTE 1: The above does not imply need for signalling/(pre-)configuration of all these parameters


 
Key concerns expressed for adopting the aforementioned SL PRS resource definition for shared resource pool are SL PRS resource ID and SL PRS frequency domain allocation aspects. Even though resource ID is not used to refer to sidelink resources in legacy sidelink, the SL PRS resource ID is said to uniquely identify resource for single occurrence of SL transmission opportunity and is introduced to be future-proof e.g. for FR2 support. Moreover, as per the NOTE1 in the above agreement, not all the parameters listed need to be signalled and hence it does not cause backward compatibility issue. In addition, measurement report contents are being discussed in AI 9.5.1.2, where there may be a need to report measured SL PRS resources to e.g. LMF even in case of shared SL PRS resource pool. Regarding ‘SL PRS frequency domain allocation’ in shared resource pool, it may be of interest to LMF to know the frequency domain aspect of the measured resource considering different SL PRS BW sizes if supported.

[bookmark: Proposal52230][bookmark: Proposal41502][bookmark: Proposal2587][bookmark: Proposal72042][bookmark: Proposal33117]Proposal 1: Similar to the case of dedicated pool, a SL PRS resource refers to a time-frequency resource within a slot of a shared SL PRS resource pool that is used for SL PRS transmission

SL PRS sequence design
The following agreements were made in the previous RAN1 meetings:
	Agreement
SL PRS sequence is generated based on Gold sequence:

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, no additional parameters other than the following input parameters are used: slot number, symbol number, and the parameter .

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.



The main open point is the sequence initialization parameter . 
The sequence initialization specified for the DL PRS depends on a higher layer parameter dl-PRS-SequenceID. Similarly, for SL PRS the sequence initialization could depend on a higher layer parameter (Option 1). One potential concern with Option 1 is how to ensure that TX UE and RX UE are both aware of the parameter value; however, if we assume that any transmission of SL-PRS is accompanied by some higher layer (SLPP) signaling then it is clear that the value of the higher layer parameter can be determined during the SLPP procedure. Also, a UE may be provided with SL PRS sequence initialization parameter by server UE (apart from peer UE) via SLPP or LMF via LPP. Note that a UE may also choose the parameter autonomously. However, the parameters are not pre-configured per pool due to interference concerns. The benefits of Option 1 are that the value of the initialization parameter can be exchanged encrypted, addressing the privacy concerns with the other options. Moreover, it gives the involved UEs complete flexibility in selecting a suitable value which allows UEs to select different sequence initialization and hence manage the interference better. 
Option 2 is straightforward; one concern, however, that has been expressed is privacy, since any UE which receives the PSCCH can determine the SL-PRS sequence. Note that zone information in legacy sidelink provides coarse location of the UE and hence may not be as sensitive as anchor location privacy concerns. In addition, 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.   
Option 3 is more complex and does not seem to offer benefits to offset this complexity.
[bookmark: Proposal52231][bookmark: Proposal41503][bookmark: Proposal2588][bookmark: Proposal72043][bookmark: Proposal33118][bookmark: Proposal77664][bookmark: Proposal67652]Proposal 2: The SL PRS sequence initialization parameter  is a parameter provided by higher layer (Option 1).
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:
· 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

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
· 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 (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.



Also, FL proposed the following in RAN1#112bis-e [6].
	High] FL4 Proposal 2.3.1-1
· [Working assumption] For SL PRS in dedicated resource pools, in addition to the already-agreed comb sizes (N) of 2, 4, 6, the following values are also supported:
· N = 1, 8
· FFS: N = 12
· FFS: Whether they N =8 and N=12 (if supported) are limited to partially staggered patterns only.
[High] FL4 Proposal 2.3.1-2
· [Working assumption] For SL PRS in shared resource pools, in addition to the already-agreed comb sizes (N) of 1, 2, 4, the following are supported: N = 6, N = 8.
· NOTE: Working assumption to be revisited if only TDM-based multiplexing is agreed to multiplex PSSCH and SL PRS in a slot.
· Send an LS to RAN4 requesting feedback on potential impact to UE implementation for comb sizes N = 6 or 8 for shared resource pool if a transmitting UE is expected to maintain same Tx power in a symbol with PSSCH and SL PRS with same overall bandwidth by power boosting of the SL PRS REs when the SL PRS and PSSCH are multiplexed via TDM on different symbols within a slot. 


SL positioning will be employed for diverse use cases with very different requirements. Hence different number of symbols (M) of SL-PRS and different comb sizes (Comb-N) 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]Proposal 3: Support the following values of SL-PRS comb size: 
· Comb size (N) 1 in dedicated resource pool
· Comb size (N) 2, 4, 6, 8 for flexibility in both dedicated and shared resource pools.
· Don’t support N = 12 in both dedicated and shared resource pools.



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]Proposal 4: 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]
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.
· 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.
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, FL proposed the following in RAN1#112bis-e [6].
	[Medium] FL5 Proposal 2.3.4-4
For a partially staggered SL PRS pattern (M, N), the following options are considered further for down-selection: 
· Option 1: Repetition of a partially staggered SL PRS pattern (M, N) is 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.
· Option 2: Repetition of a partially staggered SL PRS pattern (M, N) is not supported.



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.
[bookmark: Proposal52234][bookmark: Proposal41506][bookmark: Proposal2591][bookmark: Proposal72046][bookmark: Proposal33121]Proposal 5: 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.

Gap symbols
Gap symbol aspect is discussed in RAN1#112bis-e meeting, and the following captures a related FL proposal [6].
	[High] FL4 Proposal 2.3.5-3
· At least in a dedicated resource pool, a SL PRS resource is followed by a gap symbol to accommodate a Tx to Rx switching at least when the SL PRS resource is not followed by another SL PRS resource within the same slot.
· FFS: Cases involving TDM-ed SL PRS resources within a slot
· FFS: Other Exceptions, if any
· 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 off 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: Proposal52235][bookmark: Proposal41507][bookmark: Proposal2592][bookmark: Proposal72047][bookmark: Proposal33122]Proposal 6: Support dynamic configuration of gap symbol in dedicated pool by SL PRS transmitting UE.

Bandwidth of SL PRS
The bandwidth of SL PRS is being discussed in RAN1. In RAN1#110bis meeting, the following is agreed: 
	Agreement (RAN1#110bis)
At least for a dedicated resource pool for positioning,
· With regards to the bandwidth of SL-PRS transmission, downselect from the following alternatives: 
· Alt. 1: The bandwidth of SL-PRS can be same or smaller than that of the resource pool
· Alt. 2: The bandwidth of SL-PRS shall be the same as that of the resource pool 
· Note: Companies are encouraged to provide their analysis and views on the above alternatives
· FFS: Bandwidth of SL-PRS transmission for shared resource pool (if supported)


In addition, SL PRS bandwidth aspect was discussed in RAN1#112bis-e. The following captures a FL proposal [6].
	[High] FL5 Proposal 2.3.2-1
[Working assumption] For dedicated resource pools, SL PRS bandwidth can be same as or smaller than resource pool bandwidth where the SL PRS bandwidth is provided by higher layers.
· FFS: Details of higher layer signalling, including the option of selection by Tx UE.
· FFS: Whether Rx UE is provided SL PRS bandwidth via higher layers.
· NOTE: Information on SL PRS bandwidth is expected to be indicated at least via SCI associated with SL PRS.
· [One or more] allowed SL PRS bandwidth value(s) can be (pre-)configured on a per resource pool basis.


Also, the following was recommended by FL for email endorsement.
	[High] FL4 Proposal 2.3.2-2
· [bookmark: _Hlk134612205]For shared resource pools, SL PRS bandwidth can be smaller than resource pool bandwidth and is same as the bandwidth indicated for PSSCH if/when PSSCH is transmitted in the same slot with SL PRS from the same transmitter UE.
Note to Mr. Chairman: In general, most companies indicated acceptance of the proposal. Based on recent offline discussions on AI 9.5.1.3, the above should be acceptable to all.



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. 
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]Proposal 7: For both dedicated and shared resource pools for SL positioning, the bandwidth of SL-PRS can be same or smaller than that of the resource pool.
[bookmark: Proposal33124][bookmark: Proposal52237][bookmark: Proposal41509][bookmark: Proposal2594][bookmark: Proposal72049][bookmark: _Hlk134612325]Proposal 8: For shared resource pools, the SL-PRS bandwidth is same as the bandwidth indicated for PSSCH.
[bookmark: Proposal33125][bookmark: Proposal52238][bookmark: Proposal41510][bookmark: Proposal2595][bookmark: Proposal72050]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: Proposal33126][bookmark: Proposal52239][bookmark: Proposal41511][bookmark: Proposal2596][bookmark: Proposal72051]Proposal 10: Bandwidth of SL PRS can be autonomously determined by UE’s own higher layer.


Multiplexing of different SL PRS
Comb-based multiplexing was discussed in previous RAN1 meetings.
	Agreement (RAN1#112)
· Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· 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 . 
· 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



In addition to comb-based multiplexing, in order to efficiently utilize SL resources and reduce channel congestion, SL PRS transmitted by multiple SL positioning UEs in vicinity can be also multiplexed using same time frequency resources, however occupying sufficiently orthogonal sequences in code domain. That is, upon monitoring a SL PRS resource reservation by another UE (e.g. another anchor UE), a UE (e.g. anchor UE) may use same time frequency resources but with sufficiently orthogonal sequences (for intended receiver UEs e.g. target UEs) to improve resource utilization. But, given that SL PRS sequences may not be completely orthogonal, whether or not the intended receiver UEs (e.g. target UEs) of both transmitting UEs (e.g. anchor UEs) can successfully receive their respective SL PRS may not be known at the transmitting UE. Therefore, to determine whether multiplexing of SL PRS sequence is acceptable at the receiving UE (e.g. target UE), additional mechanisms may be necessary. In this regard, the UE may seek feedback from receiving UEs on multiplexing of SL PRS sequence as described in our companion tdoc [5].

[bookmark: Proposal52240][bookmark: Proposal41512][bookmark: Proposal2597][bookmark: Proposal72052][bookmark: Proposal33127][bookmark: Proposal77674][bookmark: Proposal67660]Proposal 11: Support code-domain multiplexing of SL PRS transmissions.

1.1.1 Multiplexing of SL PRS with other SL transmissions
In the case of congested SL resource pools, it may not be possible for the UEs to find SL resources that are sufficiently wide enough in frequency domain so as to transmit a SL PRS occupying a large bandwidth. Under such cases, UEs can transmit a SL PRS that is segmented over different time resources, with (partial) overlap in frequency domain or connected with a contiguous set of resources in time domain that would enable successful reconstruction of the reference signal, as indicated in Figure 1.

[image: ]

[bookmark: _Ref131804295][bookmark: _Ref131804255]Figure 1 - Transmission of SL PRS across segmented parts

Further, for a resource pool with only Rel-18 UEs, gNB can (pre-)configure different frequency offsets to PSFCH resources in PSFCH slots in a period (e.g., two or three PSFCH slots in a period) such that PSFCH resources in the slots occupy different frequency locations. The unused frequency resources are available for SL PRS and the SL PRS resources in the PSFCH slots can be stitched together to occupy the whole bandwidth of sidelink resource pool.


	[bookmark: _Hlk134522196][bookmark: Proposal84094][bookmark: Proposal71434][bookmark: Proposal52241][bookmark: Proposal41513][bookmark: Proposal2598][bookmark: Proposal72053][bookmark: Proposal33128]Proposal 12: SL PRS can be transmitted in multiple segments whereby different SL PRS segments
· may be transmitted in different time resources 
· partially overlap in frequency domain
· jointly cover wider bandwidth 



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?

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




RAN1#112bis-e discussed options for SL pathloss reference for OLPC for SL PRS in dedicated SL PRS resource pool. 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. 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]Proposal 13: 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: Proposal33130][bookmark: Proposal52243][bookmark: Proposal41515][bookmark: Proposal2600][bookmark: Proposal72055]Proposal 14: Discuss if DL PRS can be used as DL pathloss reference for OLPC for SL PRS in in-coverage or partial coverage scenarios. 

If a transmitting UE is using different PL RS for different SL PRS resources it is useful for other UEs to know about the power difference of those resources. For example, if an anchor UE is transmitting two different SL PRS and using one PL RS which is from a nearby UE and other PL RS from a far away UE it may have vastly different transmission power for their respective SL PRS resources. 

[bookmark: Proposal52244][bookmark: Proposal41516][bookmark: Proposal2601][bookmark: Proposal72056][bookmark: Proposal33131]Proposal 15: For OLPC, support transmitting UE indicating the power difference of SL PRS transmissions across SL PRS resources.
[bookmark: Proposal56639][bookmark: Proposal77676][bookmark: Proposal67662][bookmark: Proposal52246][bookmark: Proposal41518][bookmark: Proposal2603][bookmark: Proposal72058]The overall philosophy 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-RTT, a target UE may need to transmit and receive SL PRSs with at least three anchor UEs. In Figure 2, 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: ]
Figure 2. 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. 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. 
Other aspects of power control for SL PRS transmission
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: Proposal33132]Proposal 16: Discuss whether power control for the purpose of congestion control should be applied to SL-PRS.
Regarding TX power control based on sidelink pathloss in unicast, this is presumably addressed by the agreement reached at RAN1#111 (both the TX power control based on downlink pathloss and the TX power control based on sidelink pathloss can be considered open loop power control).
The Rel-16 TX power control based on sidelink pathloss is “open loop” in the sense that it is not based on power control commands; however, it uses feedback in the form of RSRP measurements provided by the RX UE to allow the TX UE to estimate sidelink pathloss, so could also be considered closed loop.
RAN1#111 made the following agreement.
	Agreement
With regards to the power control for SL-PRS at least Open Loop PC should be introduced.


The wording “at least” in the agreement reached at RAN1#111 suggests that closed loop power control for SL-PRS can also be considered. One could question the motivation for that, given that it is not supported for Rel-16 sidelink. However, there are some possible reasons why it could be beneficial for SL-PRS: For PSSCH transmissions, for a given TX power the TX UE can vary TX parameters such as MCS to adapt to link conditions and achieve the desired QoS; CSI reporting can assist with that. For SL-PRS on the other hand that is not possible and adapting SL-PRS TX power according to conditions at the RX UE may be beneficial.  
[bookmark: Proposal33133]Proposal 17: Study closed loop power control for SL-PRS in unicast.

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: Similar to the case of dedicated pool, a SL PRS resource refers to a time-frequency resource within a slot of a shared SL PRS resource pool that is used for SL PRS transmission
Proposal 2: The SL PRS sequence initialization parameter  is a parameter provided by higher layer (Option 1).

	Proposal 3: Support the following values of SL-PRS comb size: 
· Comb size (N) 1 in dedicated resource pool
· Comb size (N) 2, 4, 6, 8 for flexibility in both dedicated and shared resource pools.
· Don’t support N = 12 in both dedicated and shared resource pools.



	Proposal 4: 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 5: 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 6: Support dynamic configuration of gap symbol in dedicated pool by SL PRS transmitting UE.
Proposal 7: For both dedicated and shared resource pools for SL positioning, the bandwidth of SL-PRS can be same or smaller than that of the resource pool.
Proposal 8: For shared resource pools, the SL-PRS bandwidth is same as the bandwidth indicated for PSSCH.
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: Support code-domain multiplexing of SL PRS transmissions.

	Proposal 12: SL PRS can be transmitted in multiple segments whereby different SL PRS segments
· may be transmitted in different time resources 
· partially overlap in frequency domain
· jointly cover wider bandwidth 




Proposal 13: 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 14: Discuss if DL PRS can be used as DL pathloss reference for OLPC for SL PRS in in-coverage or partial coverage scenarios. 
Proposal 15: For OLPC, support transmitting UE indicating the power difference of SL PRS transmissions across SL PRS resources.
Proposal 16: Discuss whether power control for the purpose of congestion control should be applied to SL-PRS.
Proposal 17: Study closed loop power control for SL-PRS in unicast.
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