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Introduction
The work item objectives related to SL positioning/ranging in RP-223549 [1] includes:
	· Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].



In this contribution we discuss on SL positioning operation in scheme2 and resource allocation for dedicated and shared resource pools. 


Dedicated resource pools

	Agreement
For a dedicated resource pool for SL positioning, only a single stage SCI is used. PSCCH and associated SL-PRS are TDMed in the same slot.
· FFS: whether SL-PRS can be transmitted in a slot without associated PSCCH

Agreement
For a dedicated resource pool for positioning:
· No additional slots are needed to be supported




Within a SL-BWP one or several resource pools can be defined. Each resource pool is split in sub-channels. The bandwidth of a sub-channel and the number of symbols used per slot are configurable. The bandwidth of a sub-channels is 10 to 100 PRB = 120 to 1200 subcarrier. The resulting bandwidth per subchannel is 3.6MHz to 36MHz for SCS = 30kHz. 

For the dedicated resource pool the area (number of symbols and number of PRB) required for PSCCH can be selected according to the amount of data required for the configuration. Optional the size of the PSCCH may be also configurable in the resource pool configuration. 
The number of OFDM symbols used for PSCCH shall be kept to minimum in order to increase the number of OFDM symbols including a SL-PRS. The resulting slot structure is depicted in Figure 1. Furthermore, an AGC symbol with the same bandwidth as the PSCCH shall be inserted. 

For the sharing of the slot by several UEs the same principle as depicted in Figure 3 for the shared resource pool can be applied to the dedicated resource pool (with or without PSSCH field), characterized by 
· Different sub-channels are allocated to each UE
· The SL-PRS part are FDMed (comb structure) or TDMed or a combination of it.
· Further sharing or mitigation of critical interference can be supported by using different initialization sequences of the Gold code or different cyclic shifts.
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[bookmark: _Ref131604331]Figure 1: Dedicated slot structure


Proposal 1: 	For the dedicated resource pool the number of symbols assigned to PSCCH shall be kept to minimum in order to provide more capacity for the SL-PRS. 

Proposal 2: 	For the OFDM symbols including the PSCCH are allocated in a single subchannel, whereas for the SL-PRS several subchannels can be allocated. 


Shared resource pools 

	
Agreement
With regards to the SCI signaling in a shared resource pool, in addition to SL PRS transmission, the UE transmits
· Opt. 1: SCI1-A & a 2nd stage SCI format are used for SL-PRS indication
· FFS: Details including a new or existing 2nd stage SCI


Agreement
In a shared resource pool: 
· SL-PRS, associated PSCCH and PSSCH scheduled by the PSCCH are included in the same slot
· With regards to PSSCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. A.1: Only TDMing is supported
· Alt. A.2: Only FDMing of PSSCH and SL-PRS is supported
· FFS: Rate-matched around SL-PRS REs and/or PRB/sub-channel-level FDMing are supported potentially for different cases 
· Note: Rate-matched around SL-PRS REs is not applicable to comb-1 SL-PRS
· Alt. A.3: Both Alt. A.1 and A.2 are supported in the specification
· With regards to PSCCH and SL-PRS multiplexing, downselect one of the following alternatives in RAN1#113 meeting:
· Alt. B.1: Only TDMing is supported
· Alt. B.2: TDMing or PRB/sub-channel-based FDMing is supported
· The PSSCH is used for (downselect one of the following alternatives in RAN1#113 meeting):
· Alt. C.1: 2nd SCI only
· Alt. C.2: 2nd SCI and SL-SCH
· Alt. C.3: “2nd SCI only” or “2nd SCI and SL-SCH”
· FFS: Handling of PT-RS and SL-PRS



Rel. 16 allows to configure the number of OFDM symbols used per slot (see IE sl-BWP-Generic-r16 in TS38.331). This may allow to shorten the area used for the PSCCH and PSSCH. The remaining part can be used for SL-PRS and guard symbols. The principle is depicted in Figure 2. An example of a sharing a slot by 4 UEs is depicted in Figure 3. The structure can hence be similar as for the proposed dedicated resource pool with the following potential differences:
· The size (number of subchannels) of the PSSCH field is selected according to the TB size. The PSCCH and PSSCH may occupy several (adjacent) sub-channels
· The PSCCH and PSSCH is backward compatible. The channel (or position in the slot) of the SCI related to the SL-PRS configuration.
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[bookmark: _Ref131608125]Figure 2: Backward compatible extension of Rel-16/17 SL slot. 


For SL-PRS the required SINR is much lower than for the PSCCH and PSSCH. According to the reference pathloss models defined by TR37.885 and the limited transmit power of a UE the feasible bandwidth for the PSCCH and PSSCH depends on the distance. Examples for a usage scenario “street canyon” as defined by TR37.885 are given in the annex. The application scenario described in the annex shows the resulting S(I)NR for different bandwidth configurations. Accordingly, the bandwidth of the PSCCH and PSSCH may be selected inline with the expected distance to the target UE. Given the low SINR detectability requirement of the SL-PRS a higher bandwidth for the SL-PRS can be selected. The SL-PRS bandwidth may be the same as the resource pool bandwidth or configurable in steps of occupied sub-channels. 

Proposal 3:	For the shared resource pool the bandwidth of the SL-PRS shall be independent from the bandwidth selected for the PSCCH and PSSCH. 
· Option 1: The SL-PRS bandwidth is identical to the resource pool bandwidth and the PSCCH/PSSCH is selected according to the TB (transport block) size
· Option 2: The SL-PRS bandwidth configurable independent from the bandwidth selected for PSCCH/PSSCH


Proposal 4:	In a shared resource pool: 
· For the PSCCH and PSSCH part FDMing is supported only (different UEs use different sub-channels) 
· For the SL-PRS itself TDMing (position in the slots number of symbols used for SL-PRS) and FDMing (COMB structure and/or PRB based subband or subchannel structure) shall be supported 
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[bookmark: _Ref131114392][bookmark: _Ref131113781]Figure 3: Wideband SL-PRS using several sub-channels and last symbols of a slot

Resource pool configuration in scheme 2
	
Agreement
Sensing based or random selection in Scheme 2 is allowed by (pre-)configured per resource pool (similar to Rel-17 NR sidelink communication). 
· Working assumption: Sensing-based and random selection can be allowed in the same resource pool 
· FFS: whether any enhancements are needed for coexistence of random selection and sensing-based resource selection in a resource pool
· FFS: Details on the sensing-based resource selection and random selection, whether it will be similar to NR Rel-16 or NR Rel-17.

Agreement
With regards to random resource selection, reuse existing Rel-17 random selection mechanism from sidelink communications. 
· Study if any changes are needed

Agreement
In Scheme 2, with regards to the triggering of SL-PRS, support one or both of the following options: 
· Option 1: Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers.
· Note: this also includes higher layer triggering from another UE
· Option 2: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· FFS: Whether lower-layer signaling is SCI or SL MAC-CE




The sensing-based resource allocation supports the reservation of resources for future transmissions. 
For RTT like ranging methods, wherein a first UE (UE-A) expects a response from a one or several UEs (“UE-B”) the UE-A may already reserve resources for the responding UEs. This may allow, for example, that UE-B uses a simplified sensing procedure and may allow a constant response time of the UE-B. But UE-B may sense different allocations, e.g., may be able to detect also reservations not detected by UE-A. Accordingly this could lead to interference and resource occupation issues. However, if the reservation is considered as “pre-reservation” and is applicable only under certain conditions under which UE-B can utilize the (pre-)reserved resources without conflicting with the sensing mechanism in scheme 2.

For example, UE-B may be allowed to use the (pre-)reserved resources only when the resource occupation level is below a certain threshold or when there is no other allocation is detected on the reserved resources. UE-B would need to perform additional sensing and monitoring of the reserved resources to ensure that they can be safely used without causing interference or conflict with the sensing mechanism. Since UE-A is coordinating UE-B SL-PRS transmission, the reply for RTT is much more efficient w.r.t UE-A. Meanwhile, UE-B can confirm whether the reserved resources are usable based on its own sensing and monitoring of the resource occupation and interference levels. 

Overall, this allowing resource coordination in scheme2 provides a balance between the need for resource allocation and interference avoidance.
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Proposal 5: 	For scheme 2, support that UE-A can reserve a SL-PRS resource for the transmission UE-B. 

Note: UE-B can only use the reserved resources under conditions that do not conflict with the sensing mechanism.

Similarly related to FFS in the RAN1#112b agreement, 

	
Agreement
In Scheme 2, with regards to the triggering of SL-PRS,
· Support SL-PRS transmission triggering at the physical layer by the UE’s own higher layers
· Working assumption: Support UE-A to request UE-B to transmit SL-PRS via lower layer signaling sent by UE-A. 
· Up to UE-B’s own higher layers to transmit SL-PRS in response to the lower layer request from UE-A
· FFS: Lower layer signaling corresponds to SCI, MAC-CE, or SL-PRS





	
Agreement
For Scheme 2, in a dedicated resource pool, using Rel-16 resource (re)-selection procedure as the starting point, consider at least the following potential modifications:
· Modification 1: For the RS used to derive L1 SL-RSRP for resource exclusion:
· Option 1: SL-PRS
· Option 2: PSCCH DMRS
· Option 3: PSSCH DMRS (if PSSCH is included in the dedicated resource pool)
· Modification 2: For the resource selection window: 
· Option 1: for the derivation of the window, using the legacy approach as a starting point, substitute the Packet Delay Budget (PDB) with a new delay budget
· Option 2: the selection window is provided by higher layers 
· Modification 3: For the SL-PRS priority:
· Option 1: A single L1 SL-PRS priority is allowed in a resource pool
· Option 2: Multiple L1 SL-PRS priority are allowed  in a resource pool
· Modification 4: For the definition of a candidate resource within the resource selection window:
· Options TBD 
· Modification 5: For the reservation interval of SL-PRS: 
· Option 1: Provided by UE’s higher layers with values TBD. The set of values is (pre-)configured.
· Modification 6: For the sensing window length (): 
· Option 1: Use the legacy (pre-)configuration with values (100 msec, 1100 msec)
· Option 2: Equal to or larger than the largest reservation interval
· Option 3: Provided by higher layers with values TBD
· Modification 7: For the initial S-RSRP threshold & stepsize, target resource ratio X(%):
· Options TBD
· Modification 8: For the pre-emption of the reserved resources:
· Options TBD 
· Note 1: Other potential modifications and/or other options within each modification are not precluded
· Note 2: Multiple options for each potential modification may be supported




UE-A triggering UE-B to transmit a SL-PRS signal based on the reception of the SL-PRS signal of UE-A can help to improve efficiency of RTT-based positioning.

Proposal 6: 	For scheme 2, Support UE-A triggering UE-B to transmit a SL-PRS signal based on the reception of the SL-PRS signal of UE-A

The allocation strategy may take the resulting effective interference into account. It may be worthwhile to provide assistance data (AD) to the UEs supporting the selection of resources causing minimum level of interference. An area identifier is an example, according to the area identifier a UE may exclude or may prefer certain suggested resources.  

Proposal 7: 	Support the exchange of assistance data (AD) for the selection of preferred resources or the exclusion of resources.




Conclusion
We made the following proposals in this contribution: 

Proposal 1: 	For the dedicated resource pool the number of symbols assigned to PSCCH shall be kept to minimum in order to provide more capacity for the SL-PRS. 

Proposal 2: 	For the OFDM symbols including the PSCCH are allocated in a single subchannel, whereas for the SL-PRS several subchannels can be allocated. 


Proposal 3:	For the shared resource pool the bandwidth of the SL-PRS shall be independent from the bandwidth selected for the PSCCH and PSSCH. 
· Option 1: The SL-PRS bandwidth is identical to the resource pool bandwidth and the PSCCH/PSSCH is selected according to the TB (transport block) size
· Option 2: The SL-PRS bandwidth configurable independent from the bandwidth selected for PSCCH/PSSCH


Proposal 4:	In a shared resource pool: 
· For the PSCCH and PSSCH part FDMing is supported only (different UEs use different sub-channels) 
· For the SL-PRS itself TDMing (position in the slots number of symbols used for SL-PRS) and FDMing (COMB structure and/or PRB based subband or subchannel structure) shall be supported 

Proposal 5: 	For scheme 2, support that UE-A can reserve a SL-PRS resource for the transmission UE-B. 

Note: UE-B can only use the reserved resources under conditions that do not conflict with the sensing mechanism.


Proposal 6: 	For scheme 2, Support UE-A triggering UE-B to transmit a SL-PRS signal based on the reception of the SL-PRS signal of UE-A


Proposal 7: 	Support the exchange of assistance data (AD) for the selection of preferred resources or the exclusion of resources.
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Annex: Evaluation scenario for bandwidth and power sensing considerations 
We consider the following application scenario derived from the evaluation scenarios according to (road grid sized 433m * 250m). The scenario considers multiple RSUs and a moving vehicle. The vehicle is driving in the street (Position 1) and turns right (Position 2):
· At position 1 the vehicle may receive 4 RSUs under LOS or NLOSv (TX and RX are in the same street, blocker is typical another vehicle). 
· At position 1 other RSUs (in the example RSU 5 and 6 may be received under NLOS conditions. 
· When the vehicle turns right at position 2 it may lose the LOS or NLOSv connection to RSU 3 and 4, but may now receive the RSU 5 and 6 under LOS condition.  
[image: Ein Bild, das Diagramm enthält.
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[bookmark: _Ref131626800]Figure 4: Urban grid scenario as defined by TR37.885 with placements of RSUs


The following table gives typical values for the distance and related pathloss values (fc = 4GHz). The values in bracket may be not relevant (scenario is not applicable or RSU not considered as relevant)
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Table 1: Examples for applicable pathloss values for the scenario given in Figure 4.
	RSU
	UE 
position
	Distance
[m]
	Pathloss 
LOS
[dB]
	Pathloss
NLOSv
case 2
[dB]
	Pathloss
NLOS
	

	1-4
	1
	209 … 223
	89
	98
	(119)
	RSU1..4 have similar distance to the UE

	5, 6
	1
	335 … 337
	(92)
	(101)
	124
	RSU5 and 6 have similar distance to Pos1

	1
	2
	21.5
	72
	81
	(88)
	

	2
	2
	10
	66.5
	75
	78
	RSU closed to car at position 2

	5
	2
	240
	89
	98
	(119)
	

	6
	2
	254
	90
	99
	(120)
	



From Table1,  we can conclude that typical pathloss values are in the range of 66dB to 124dB for the given scenario. Assuming a TX-EIRP of 23dBm the resulting receive power is in the range of  -101dBm to -43dBm resulting in the SNR range given in Table 2 . Note: The values are examples for typical cases and don’t include worst case scenarios like very low distance between neighboring UEs. 

[bookmark: _Ref131681246]Table 2: Resulting SNR according to Rx power in Table 1 and the utilized bandwidth
	Bandwidth
	Effective Noise power
	SNR

	100Mhz
	-86.9 dBm/100MHz
	-14dB to 44dB

	20Mhz
	-93.9 dBm/20MHz
	  -7dB  to  51dB

	3.6MHz
	-101.3 dBm/3.6MHz
	0.3dB  to  58dB



From the SNR values we can conclude: 
· Assuming a PSCCH/PSSCH with a bandwidth of 3.6MHz the link budget may be sufficient for all cases. 
· Depending on the SL-PRS configurations S(I)NR values of -15dB or lower are feasible. Hence, even for 100MHz bandwidth the SL-PRS from the far away RSU can be decoded
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