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In RAN#98-e the new WID on Expanded and Improved NR Positioning in RP-223549 was approved [1]. The first objective of the WID is the support of positioning for sidelink:
· “Specify solutions for support of sidelink positioning (including ranging) in NR systems, including the following [RAN1, RAN2, RAN3, RAN4]:
· Specify SL PRS for support of sidelink positioning such that the SL PRS uses a comb-based (full RE mapping pattern is not precluded) frequency domain structure and a pseudorandom-based sequence where the existing sequence of DL-PRS is used as a starting point [RAN1].
· Specify support for SL PRS bandwidths of up to 100 MHz in FR1 spectrum.
· NOTE: SL PRS transmission in FR2 is not precluded but no FR2 specific aspects will be specified. 
· Specify measurements to support RTT-type solutions using SL, SL-AoA, and SL-TDOA [RAN1, RAN2].
· Specify support of resource allocation for SL PRS:
· Including resource allocation Scheme 1 and Scheme 2, where Scheme 1 corresponds to a network-centric SL PRS resource allocation and Scheme 2 corresponds to UE autonomous SL PRS resource allocation [RAN1].
· For resource allocation mechanism for SL PRS in Scheme 2: 
· Study and specify support of sensing-based resource allocation, and/or a random resource selection [RAN1].
· Study and specify solutions for congestion control for SL PRS and/or inter-UE coordination for SL-PRS [RAN1].
· Support resource allocation for shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS [RAN1].
· NOTE: For SL positioning resource (pre-)configuration in a shared resource pool with Rel-16/17/18 sidelink communication, backward compatibility with legacy Rel-16/17 UEs should be ensured.
· Specify procedures for transmit power control for SL PRS transmissions at least based on open loop power control (OLPC) [RAN1]. 
· Specify signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].
· Specify reporting signalling and procedures to facilitate support of SL positioning in all coverage scenarios and for PC5-only and joint PC5-Uu scenarios [RAN2, RAN3]: 
· Specify the protocol and procedures for SL positioning between UEs (Protocol for Sidelink positioning procedures (SLPP)).
· Specify the protocol and procedures for SL positioning between UEs and LMF. 
· Specify signalling to NG-RAN for sidelink positioning and ranging service authorizations as needed. [RAN3, RAN2] 
· Specify corresponding new core requirements, as well as identifying and specify the impact on the existing RAN4 specification, including RRM measurements and procedures [RAN4].”
In this contribution, we focus on the solutions for SL positioning reference signal including procedures related to transmit power control. 
Agreements from RAN1#112bis-e
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
TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pool.
Agreement
SL PRS resource sets are not defined in Rel-18. 
Agreement
(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.
Agreement
An AGC symbol preceding a SL PRS resource is not considered as part of the SL PRS resource itself.
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
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
· 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
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.
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.
Agreement
For shared resource pools, a UE does not map SL-PRS and PSSCH DMRS in the same OFDM symbol(s).
Agreement
For SL pathloss-based OLPC for SL PRS in unicast, filtered RSRP is reported by a receiving UE.
Conclusion
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.

Sequence Generation
[bookmark: _Hlk131012778]In RAN1 #112, it was decided that for the 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 . Companies agreed that . For the definition of  seven options were considered. 
In RAN1#112bis, three options were considered for further discussions of  provisioning. In the first option, this parameter is provided by the upper layers, and it is specific to the UE. Note that the same provisioning is in DL PRS legacy devices.
In Option 2,  is based on a 12 bit CRC of PSCCH associated with the SL PRS.
Supporters of Option 1 argued that Option 1 provides better interference management, privacy, and security than Option 2 while supporters of Option 2 argued that Option 2 provides a better robustness and possibility to measure SL PRS RSRP for resource selection purposes, while the interference is already taken care by the resource selection mechanism, and the security is implemented at higher layers.
We note that the SL-PRS sequence measurements are reported to the upper layers (LMF, UE). Thus, if any duplication of  occurs, it can be detected at higher layers.  Regarding the latency issue argument from supporters of Option 2, we note that the entire positioning procedure is triggered and configured by upper layers, therefore SL-PRS transmission and measuring latency is already included in the SLPP.
For these reasons, we slightly prefer Option 1, which is the same as the DL PRS solution and requires fewer changes to the RAN1 specifications.
Proposal 1: Support Option 1 for , i.e., it is a higher layer parameter.
One FFS point for Option 1 is regarding how this upper layer parameter is obtained. Because all the positioning procedures are under the control of LMF/UE, a SL UE does not need to be pre-configured with .
Proposal 2:  is obtained via LPP/SLPP.
FDM and comb-based multiplexing
In RAN1#112bis-e SL-PRS FDM was discussed. Companies noticed that shared resource pools and dedicated resource pools may have different constraints. More precisely, the design principle for SL-PRS in shared resource pools is to maintain backward compatibility with the legacy transmission procedures. Thus, using the legacy SL approach that allows reservation of resources in different sub-channels, multiple SL UEs can FDM their SL-PRS. 
Observation 1: In shared resource pools, FDM SL-PRS transmissions from different UEs in the same slot can be implemented with the legacy SL resource procedures.
For dedicated resource pools, maximizing the BW for SL-PRS is desirable for high accuracy positioning. Therefore, FDM in the same slot between different UEs transmission is not desirable.
Proposal 3: In dedicated resource pools do not support FDM SL-PRS transmissions from different UEs in the same slot. 
In RAN1#112 was agreed that comb-based multiplexing of SL-PRS from different UEs will be supported, with at least the configuration where all UEs have same (M, N), where N represents the comb-size, and M represents the number of SL-PRS symbols in a slot. However, the exact details of multiplexing and slot structure are not yet defined.  
It expected that the SL-PRS transmission in shared resource pools differs from the transmission in dedicated resource pools. The main difference is that in the shared resource pools the SL-PRS transmissions should not impact the existing traffic from legacy Rel-16 and Rel-17 SL devices. 
For dedicated resource pools, RAN1 narrowed down to two options on which channels can be included. 
· Opt. 2: PSCCH which carries SCI associated with SL-PRS transmission(s) is included.
· Opt. 3: PSCCH which carries SCI associated with SL-PRS transmission(s) and PSSCH associated with SL-PRS transmission(s) are included.
We note that both options support PSCCH associated with SL-PRS transmission, where PSCCH should contain the information necessary to identify and decode SL-PRS. 
If the multiplexing of SL PRS from different UEs in a slot is supported, at least for dedicated resource pools, a solution to multiplex in the same slot the associated PSCCH is necessary.
Because each legacy PSCCH can occupy just contiguous sub-channels, multiple PSCCH in the same slot should occupy different sub-channels, where each first symbol of PSCCH field is duplicated in the first symbol of the slot for AGC purposes. In addition to PSCCH, each transmission should contain a DMRS. 
A second AGC symbol, which consists of a duplicated multiplexed SL-PRS might be necessary if the SL-PRS transmission power differs from the PSCCH transmission power. 
We note that the current specs allow both FDM and TDM multiplexing of SRS signals. A similar approach may be considered for SL-PRS multiplexing among different UEs.
The SL-PRS in different symbols may be affected by a phase shift due to mobility (Doppler) or due to oscillator frequency shifts. To estimate the phase shift between symbols and compensate for it is preferable that the RE-offset of the first symbol SL-PRS and the RE-offset of the last SL-PRS symbol are the same from the same UE. The RE-offset indicates the subcarrier offset between two consecutive SL-PRS symbols and may be provided by the upper layers or in the absence of upper layer configuration may have a default value.  
The orthogonality of the SL-PRS coming from different UEs may be related to the associated PSCCH orthogonality. For this purpose, the location of PSCCH may implicitly determine the parameters (such RE-offset, cyclic shift) of the associated SL-PRS, which can guarantee the orthogonality of the SL-PRS transmission.
Proposal 4: Support an implicit one-to-one mapping between the location of PSCCH and the comb parameters of the SL-PRS multiplexed in the same slot.
If the 2nd stage SCI associated with SL-PRS is supported, additional slot formats should be considered that includes the DMRS associated with PSSCH. 

TDM Multiplexing
TDM SL-PRS will be supported in the same slot at least in the dedicated resource pools. As in the FDM case, multiple PSCCH should be multiplexed in the same slot. Because SL-PRS received from different UEs have different powers, each set of consecutive SL-PRS symbols from the same UE must be preceded by an AGC symbol.  
Proposal 5: For TDM each sequence of SL-PRS symbols from the same UE is preceded by an AGC symbol.
In RAN1#112bis-e, companies discussed whether a gap symbol is necessary immediately after each SL-PRS transmission. Such gap symbol would be used for Tx/Rx switch. In the legacy SL, the gap symbol is placed at the end of the slot and prior to the PSFCH occasion.
For SL positioning, an SL UE device does not necessarily need to transmit and receive SL-PRS. For instance, an SL target device mainly receives SL-PRS while an anchor device mainly transmits SL-PRS. A particular case is the RTT (multi-RTT) procedure where an SL UE may need to transmit and receive SL-PRS. In this case, it can be argued that to reduce latency, it may be desirable if the Tx and Rx SL-PRS takes place in the same slot, thus the necessity of gap symbols. Because a gap symbol is not always necessary, it would be wasteful to include such symbol after each SL-PRS transmission, unless is decided that RTT Tx/Rx SL PRS may take place in the same slot.
Proposal 6: At least in a dedicated resource pool, a SL PRS resource may be followed by a gap symbol to accommodate a Tx to Rx switching if necessary (for instance for multi-RTT procedure).
Like in the FDM approach, a direct mapping between the PSCCH location and SL-PRS starting symbol may be considered.
Proposal 7: Support implicit one-to-one mapping between the frequency location of PSCCH and the symbol location of the SL-PRS TDM multiplexed in the same slot.
Further discussion on multiplexing
When multiplexing SL-PRS from multiple UEs in the same slot, interference between SL-PRS may occur. Inter-symbol interference may be caused due to differences in synchronization and propagation time. If such differences are shorter than the OFDM symbol cyclic prefix, the impact is negligible. For larger time differences with respect to the OFDM symbol duration, which may be the case for higher SCS, additional restrictions on resource reservation and selection should be considered. For instance, leaving one symbol unoccupied between consecutive transmissions from different UEs. 
Similarly, for FDM, frequency differences between SL-PRS from different UEs can be caused by the carrier frequency offsets (CFOs), and by the Doppler spread due to channel time-variation may lead to ICI. To avoid ICI between SL-PRS transmissions (in adjacent frequency sub-channels) an additional frequency offset may be introduced. 
Finally, we note that for short distances between UEs and operation at low frequencies, it is expected that the ISI and ICI are relatively small due to the short propagation time with respect to the OFDM symbol duration. 
Power Control
The WID specifies that the open loop power control (OLPC) for SL-PRS will be supported, which requires an estimate of the pathloss between transmitter and receiver.
In RAN1#112bis-e it was agreed that for OLPC a UE can be configured to use DL pathloss, SL pathloss or both. For dedicated resource pools SL pathloss reference three options were identified (SL PRS, PSCCH, or both).
We observe that the pathloss value should not depend on the selected pathloss reference. Therefore, having both SL PRS and PSCCH used as pathloss reference may be redundant if both are available.  
We also note that the transmit power for PSCCH associated with SL PRS in dedicated resource pools is still under discussion. At this time, it was not decided whether PSCCH and SL PRS have the same Tx power or same PSD. 
SL-PRS received power may be necessary for resource reservation and congestion control in the dedicated resource pools.  The SL-PRS reference signal received power (SL PRS-RSRP) was defined in RAN1#112, AI 9.5.1.2, as the linear average over the power contributions (in W) of the resource elements that carry SL PRS reference signals. Thus, the SL-PRS received power may be used for the estimation of the reference pathloss provided that the transmission power is known to the receiver.
Proposal 8: Support Option 1: for a dedicated SL PRS resource pool use SL PRS as pathloss reference. 
The transmit power value may be provided to the SL UE receiver in various ways. This may be accomplished via the SCI associated with SL-PRS, or via the triggering command for the SL-PRS transmission, which may come from the receiver of SL-PRS. In the absence of such information a (pre-)configured value for SL-PRS transmission may be assumed.
We note that if the PSCCH associated with SL-PRS is transmitted with a different power, additional AGC symbols are necessary prior to the SL-PRS. 

Conclusions

Proposal 1: Support Option 1 for , i.e., it is a higher layer parameter.
Proposal 2:  is obtained via LPP/SLPP.
Observation 1: In shared resource pools, FDM SL-PRS transmissions from different UEs in the same slot can be implemented with the legacy SL resource procedures.
Proposal 3: In dedicated resource pools do not support FDM SL-PRS transmissions from different UEs in the same slot. 
Proposal 4: Support an implicit one-to-one mapping between the location of PSCCH and the comb parameters of the SL-PRS multiplexed in the same slot.
Proposal 5: For TDM each sequence of SL-PRS symbols from the same UE is preceded by an AGC symbol.
Proposal 6: At least in a dedicated resource pool, a SL PRS resource may be followed by a gap symbol to accommodate a Tx to Rx switching if necessary (for instance for multi-RTT procedure).
Proposal 7: Support implicit one-to-one mapping between the frequency location of PSCCH and the symbol location of the SL-PRS TDM multiplexed in the same slot.
Proposal 8: Support Option 1: for a dedicated SL PRS resource pool use SL PRS as pathloss reference. 
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