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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, sequence design, time and frequency domain aspects of SL PRS are discussed.
Sequence design
Earlier agreements
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, the pseudo-random sequence c(i) initialization equation is defined as a function of at least: slot number, symbol number, and a parameter .
· The pseudo-random sequence c(i) initialization equation is based on initialization equation as for DL PRS



	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.



	Agreement 
Range of the parameter  is:  .



Discussion
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. The benefits of Option 1 are that the value of the initialization parameter can be exchanged encrypted, addressing the privacy concerns with some of the other options. Moreover, it gives the involved UEs complete flexibility in selecting a suitable value.
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.
Option 3 is more complex and does not seem to offer benefits to offset this complexity.
Option 5 can be problematic if multiple transmitter UE independently select resources for transmitting to the same destination, since they will all select the same sequence. Moreover, the privacy concern is the same as for Option 1.
Option 6 does not support the full value range agreed previously ({0,1,…,4095}). Moreover, the privacy concern is the same as for Option 1.
Option 7 works only if a two-stage SCI design is used; it is still open whether this will be the case for dedicated resource pools. Moreover, the privacy concern is the same as for Option 1.

[bookmark: Proposal77664][bookmark: Proposal67652]Proposal 1: The SL PRS sequence initialization parameter  is a parameter provided by higher layer (Option 1).

Time domain and frequency domain aspects 
Earlier agreements
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#110bis)
Study further the granularity of time-domain resource allocation for SL-PRS transmission.

Agreement (RAN1#110bis)
With regards to the SL Positioning resource allocation, for SL Positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication (if supported), backward compatibility with legacy Rel-16/17 UEs should be ensured.



	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#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.


Discussion
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 structures (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 different UEs in frequency domain. Supporting N=1 in dedicated resource pool can enable multiplexing of more SL PRSs from different UEs (TDM-based multiplexing) in a slot. The sum of numbers of symbols of PRSs in mini-slots, number of PSCCH symbols, numbers of AGC and GP symbols around mini-slots/PSCCH needs to be equal to 14. Thus there is no need to support N=12. With fully staggered SL-PRS pattern, the number of symbols (M) of SL-PRS is: 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.
Depending on 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. 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. The sum of numbers of symbols of PRSs in mini-slots, number of PSCCH symbols, numbers of AGC and GP symbols around mini-slots/PSCCH needs to be equal to 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: Proposal62276][bookmark: Proposal19215][bookmark: Proposal85175][bookmark: Proposal88509][bookmark: Proposal39489][bookmark: Proposal8065][bookmark: Proposal80725][bookmark: Proposal7236][bookmark: Proposal38120][bookmark: Proposal1836][bookmark: Proposal56630][bookmark: Proposal77666][bookmark: Proposal67653]Proposal 2: Support the following parameters of SL-PRS structures: 
· Comb size (N) 1 in dedicated resource pool
· Comb size (N) 2, 4, 6, 8 for flexibility.
· Don’t support N = 12. 
· The number of symbols (M) of SL-PRS: 1, 2, 4, 6, 8. Other values of M (1~8) 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]Proposal 3: Consider that a subset of N and M from the whole set specified is (pre-)configured by network for each resource pool.  
The transmission of the SL-PRS within the defined SL slot format-like structure will allow for coexistence of SL-PRS with other non-positioning related SL transmissions within the same resource pool. In addition, it is noted that a SL-PRS transmission may be accompanied with positioning meta-data (e.g., along with SL-PRS transmission, an anchor UE may provide its known UE position, Rx-Tx time for SL RTT). Such combination of the SL-PRS and the positioning meta-data can reduce the need for additional signalling exchanges between a target UE and an anchor UE, especially if both pieces of information can be sent up front. In this regard, considering the current SL slot format, some symbols e.g., which currently carries PSSCH, DMRS and/or PSFCH, can be used for SL-PRS transmissions and the remaining PSSCH symbols can be used for transmitting positioning meta-data, with different options as illustrated in Figure 1.
 [image: ]
[bookmark: _Ref127184405]Figure 1 - Slot design options for transmitting SL PRS
	[bookmark: Proposal8069][bookmark: Proposal80729][bookmark: Proposal7240][bookmark: Proposal62280][bookmark: Proposal19219][bookmark: Proposal39493][bookmark: Proposal85179][bookmark: Proposal38123][bookmark: Proposal1839][bookmark: Proposal56633][bookmark: Proposal77669][bookmark: Proposal67655]Proposal 4: To enable backward compatibility in terms of slot design for a shared resource pool, SL PRS can be transmitted via one or more of the following:
· In PSSCH, e.g., if accompanying positioning meta-data will be sent in the same slot
· In PSFCH symbol, using remaining resources from legacy SL transmissions, depending on the size of SL PRS
· In a new “mini-slot” occupying the last symbols of a legacy slot, which contains dedicated symbol(s) for SL PRS, accompanied with AGC and guard symbols.


Rel-16/17 SL communication makes use of slot and sub-channel based allocations but for SL-PRS different approaches are needed as the SL PRS should be received from multiple nodes simultaneously or as close to simultaneously as possible. It has been proposed to consider sub-slot or mini-slot based designs for SL PRS time domain allocation. In our view this is a sound proposal as the SL PRS may have as few as 1-2 symbols in some configurations. So, it is wasteful to have one SL PRS resource consume a full slot when it in-fact only needs a few symbols. 
[bookmark: Proposal76199][bookmark: Proposal1840][bookmark: Proposal56634][bookmark: Proposal77670][bookmark: Proposal67656]Proposal 5: Introduce a mini-slot time domain structure for SL PRS resources in both dedicated and shared resource pools.
[bookmark: Proposal5547][bookmark: Proposal29326]Similarly, control information associated with SL PRS (such as indicating its resource allocation or configuration parameters) can make use of existing PSFCH or PSCCH resources. In case the transmitter of SL-PRS does not have any meta-data to transmit, a (mini-)slot that only consists of a dedicated set of resources for transmitting the control information associated with SL-PRS can be introduced, so as to avoid wastage of PSSCH resources in the legacy slots. Such different options are illustrated in Figure 2.
[image: ]
[bookmark: _Ref127185615]Figure 2 – Slot design options for transmitting control information associated with SL PRS
	[bookmark: Proposal39494][bookmark: Proposal1841][bookmark: Proposal56635][bookmark: Proposal77671][bookmark: Proposal8070][bookmark: Proposal80730][bookmark: Proposal7241][bookmark: Proposal62281][bookmark: Proposal19220][bookmark: Proposal85180][bookmark: Proposal38124][bookmark: Proposal67657]Proposal 6: To enable backward compatibility in terms of slot design, control information associated with SL PRS can be transmitted via one or more of the following:
· Using SCI (PSCCH and/or PSSCH), e.g., in case SL PRS will be transmitted in associated PSSCH together with positioning meta-data in the same slot
· In PSFCH symbol, using remaining resources from legacy SL transmissions, depending on the size of the control information
· In a new “mini-slot” occupying the last symbols of a legacy slot, which contains dedicated symbol(s) for control info. associated with SL PRS, accompanied with AGC and guard symbols.


If a mini-slot structure for transmitting SL PRS is introduced it naturally leads to the question of how to indicate this information to UEs (e.g., for sensing purposes). In addition to time domain allocations there is also the question of how to indicate to other UEs that only part of the frequency domain may be used for a given transmission (i.e., comb structure of SL PRS). One way to handle these issues is to map the PSCCH candidate locations to both a time and frequency domain allocation. E.g., a given PSCCH location maps to both a mini-slot and a comb-offset for a SL PRS resource. This would allow Rel-18 UEs to determine the exact T/F REs that will be used for SL PRS transmission without necessarily decoding/having the full SL PRS configuration. In addition, it would still be backward compatible in the sense that legacy UEs would know that a given slot is still going to be occupied without knowing about the SL PRS. 
[bookmark: Proposal1842][bookmark: Proposal56636][bookmark: Proposal77672][bookmark: Proposal76201][bookmark: Proposal67658]Proposal 7: Consider mapping PSCCH locations to both mini-slot allocations and comb-offsets for the SL PRS. 
In addition, RAN1 should consider the resource efficiency in a shared resource pool with backward compatibility, and it would be beneficial to re-use of DMRS symbols as a part of SL PRS symbols. The SL PRS sequence may be generated using a PN sequence, so it might be feasible to support SL PRS resource includes DMRS symbols without a negative effect to the legacy UE, and the Rel-18 UE can obtain positioning measurement from the configured SL PRS resource which includes DMRS symbols. 

[bookmark: Proposal56637][bookmark: Proposal57630][bookmark: Proposal77673][bookmark: Proposal67659]Proposal 8: RAN1 to support SL PRS resource configuration can include the DMRS symbols while studying backward compatibility for legacy UEs.

Code-domain aspects
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: Proposal77674][bookmark: Proposal67660]Proposal 9: Support code-domain multiplexing of SL PRS transmissions.
SL-PRS TX Power Control
The following agreement was reached in the last RAN1 meeting:
	Agreement
The OLPC framework defined for PSSCH/PSCCH is considered as a starting point for OLPC for SL PRS.


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?
Regarding the existing power control mechanisms, the first two clearly are applicable to all channels, including SL-PRS. 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: Proposal56638][bookmark: Proposal77675][bookmark: Proposal67661]Proposal 10: 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.
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: Proposal56639][bookmark: Proposal77676][bookmark: Proposal67662]Proposal 11: Study closed loop power control for SL-PRS in unicast.
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. Similar to Uu positioning, we think at least both S-SSB and SL PRS should be introduced for OLPC for SL positioning. For the case of in-coverage or partial coverage DL PRS can also be considered. 
[bookmark: Proposal77677][bookmark: Proposal67663]Proposal 12: For OLPC introduce at least S-SSB and SL PRS as pathloss reference signal. FFS: DL PRS for in-coverage or partial coverage. 

If a transmitting UE is using different PL RS for different SL PRS resources (or different SL PRS resource sets) it is useful for other UEs to know about the power difference of those resources (or resource sets). 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: Proposal77678][bookmark: Proposal67664]Proposal 13: For OLPC, support transmitting UE indicating the power difference of SL PRS transmissions across SL PRS resource or SL PRS resource sets (if introduced).
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: The SL PRS sequence initialization parameter  is a parameter provided by higher layer (Option 1).

	Proposal 2: Support the following parameters of SL-PRS structures: 
· Comb size (N) 1 in dedicated resource pool
· Comb size (N) 2, 4, 6, 8 for flexibility.
· Don’t support N = 12. 
· The number of symbols (M) of SL-PRS: 1, 2, 4, 6, 8. Other values of M (1~8) can also be considered depending on resource allocation and SL-PRS multiplexing to be agreed. 


Proposal 3: Consider that a subset of N and M from the whole set specified is (pre-)configured by network for each resource pool.  

	Proposal 4: To enable backward compatibility in terms of slot design for a shared resource pool, SL PRS can be transmitted via one or more of the following:
· In PSSCH, e.g., if accompanying positioning meta-data will be sent in the same slot
· In PSFCH symbol, using remaining resources from legacy SL transmissions, depending on the size of SL PRS
· In a new “mini-slot” occupying the last symbols of a legacy slot, which contains dedicated symbol(s) for SL PRS, accompanied with AGC and guard symbols.


Proposal 5: Introduce a mini-slot time domain structure for SL PRS resources in both dedicated and shared resource pools.

	Proposal 6: To enable backward compatibility in terms of slot design, control information associated with SL PRS can be transmitted via one or more of the following:
· Using SCI (PSCCH and/or PSSCH), e.g., in case SL PRS will be transmitted in associated PSSCH together with positioning meta-data in the same slot
· In PSFCH symbol, using remaining resources from legacy SL transmissions, depending on the size of the control information
· In a new “mini-slot” occupying the last symbols of a legacy slot, which contains dedicated symbol(s) for control info. associated with SL PRS, accompanied with AGC and guard symbols.


Proposal 7: Consider mapping PSCCH locations to both mini-slot allocations and comb-offsets for the SL PRS. 
Proposal 8: RAN1 to support SL PRS resource configuration can include the DMRS symbols while studying backward compatibility for legacy UEs.

Proposal 9: Support code-domain multiplexing of SL PRS transmissions.

Proposal 10: Discuss whether power control for the purpose of congestion control should be applied to SL-PRS.

Proposal 11: Study closed loop power control for SL-PRS in unicast.

Proposal 12: For OLPC introduce at least S-SSB and SL PRS as pathloss reference signal. FFS: DL PRS for in-coverage or partial coverage. 

Proposal 13: For OLPC, support transmitting UE indicating the power difference of SL PRS transmissions across SL PRS resource or SL PRS resource sets (if introduced).
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