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Introduction
The WID on sidelink positioning is approved in [1]. 
	The specific objectives of this work item are:
· 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 share our views on SL positioning reference signal for sidelink positioning.

SL-PRS Frequency and time-domain Pattern
In RAN1#112, the follow agreements on SL-PRS frequency and time-domain pattern had been achieved [2].
	Agreement 
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 
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.



For SL PRS in shared or dedicated resource pools, it was agreed that at least comb sizes (N) 2, 4 are supported and Comb size 6 is supported at least in dedicated resource pool.  In our view, for shared resource pools, one slot can only be used to transmit SL PRS, so Comb size 6 can also be applied to shared resource pools. In last meeting, it was also agreed that Comb size 1 is supported at least in shared resource pool. In our view, Comb size 1 can also be supported in dedicated resource pool.
Proposal 1: Comb size 6 should be supported in shared resource pool.
Proposal 2: Comb size 1 should be supported in dedicated resource pool.
For SL PRS patterns with full staggering, whether (M,N)=(6,6) is supported had been discussed in last meeting. We support that Comb size 6 should be supported in both shared resource pool and dedicated resource pool. For shared resource pools, one slot can only be used to transmit SL PRS, it is feasible for an SL PRS resource to occupy 6 symbols in one slot. Therefore, in our view, (M,N)=(6,6) should be supported in both shared resource pool and dedicated resource pool.
Proposal 3: (M,N)=(6,6) should be supported in both shared resource pool and dedicated resource pool.

Multiplexing of SL PRS from different UEs in a slot
In RAN1#112, the following agreements on multiplexing of SL PRS from different UEs in a slot had been achieved [2].
	Agreement 
· 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

Agreement 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
· FFS: TDM-based multiplexing of SL PRS from different UEs in a slot for shared resource pools.
· FFS: Details, including resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources, additional AGC symbols.
· FFS: restrictions for the configuration of TDM-based multiplexing of SL PRS from different UEs in a slot, if any
· FFS: which resource allocation schemes are applicable
· FFS: whether or not this is a separate UE capability


Comb-based multiplexing of SL PRS from different UEs in a slot and TDM-based multiplexing of SL PRS from different UEs in a slot are supported at least for dedicated resource pools had been agreed in RAN1#112b. In last meeting, the following agreement had been achieved [3].
	Agreement
TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pool.


Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools is FFS. In existing resource sensing and selection mechanisms, the granularity of time-domain resources is one time slot, which means that a time slot can only be occupied by one UE. In a shared resource pool, a slot can only be occupied by one UE. Therefore, Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools is not feasible. 
Proposal 4: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools cannot be supported.

For dedicated resource pool, it was agreed that the case wherein a single (M, N) value is possible for comb-based multiplexing of SL PRS from different UEs. In our view, comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values in dedicated resource pool is also possible.
Proposal 5: Comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values in dedicated resource pool can be considered.

For multiple UEs occupying different PRS resources in the same time slot, resource granularity and relationship to SCI/PSCCH associated with the SL PRS resources and additional AGC symbols are FFS. For the relationship to SCI/PSCCH associated with the SL PRS resources, one way is to divide multiple non-overlapping PSCCH frequency domain monitoring ranges in the frequency domain, and each PSCCH frequency domain monitoring range is associated with one or more SL PRS resources. The number of frequency domain monitoring ranges of PSCCH in a slot can be determined according to the number of PRS resources in a slot. As shown in Figure 1, one slot is pre-configured with four SL PRS resources, and each PSCCH frequency domain monitoring range is associated with one SL PRS resource. The UE can monitor the PSCCH in the frequency domain monitoring range of the PSCCH corresponding to each SL PRS resource to sense and reserve the SL PRS resource. This method can reduce the complexity of UE resource sensing and avoid collisions between PSCCH transmissions of different UEs.
[image: ]
Figure 1: Mapping between PSCCH frequency domain monitoring ranges and SL PRS in a slot.
Proposal 6: The association between PSCCH frequency domain monitoring ranges and SL PRS in a slot should be supported for SL PRS resource selection.

Time domain characteristics of SL PRS
For shared resource pools, the following time domain characteristics of SL PRS had been discussed.
· Alt 1: SL PRS may be mapped to contiguous-in-time symbols only.
· Alt 2: SL PRS may be mapped to non-contiguous-in-time symbols.
We think that in a shared resource pool, SL PRS transmission and data transmission can only be  multiplexed in the same time slot through TDM in the time domain. In this case, there is no need to consider SL PRS mapping to non-contiguous-in-time symbols. In addition, SL PRS mapping to non-contiguous-in-time symbols will increase receiver complexity and the number of SL-PRS patterns that the receiver should be able to handle.
Proposal 7: In shared resource pool, SL PRS is mapped to contiguous-in-time symbols in one slot.

Power control 
In RAN1#112b, the following agreement on power control had been achieved [3].
	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.


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For a dedicated SL PRS resource pool, one slot only contains PSCCH and SL PRS.  If only PSCCH DMRS is used as pathloss reference, considering the limited number of DMRS resources, pathloss estimation may be inaccurate. Therefore, both SL PRS and PSCCH DMRS can be use as pathloss reference in dedicated resource pool.
Proposal 8: Both SL PRS and PSCCH DMRS can be use as pathloss reference in dedicated resource pool.
For a shared resource pool, there are following two case.
· Case 1: One slot only has SL PRS transmission, no data transmission.
· Case 2: There is both SL PRS transmission and data transmission in one slot.
For case 1, considering that the bandwidth of SL PRS and PSSCH is consistent and in the same slot, SL PRS transmit power is the same as that for PSSCH and PSSCH DMRS is used as pathloss reference.
For case 2, one slot only contains PSCCH, PSSCH for 2-stage SCI and SL PRS.  If only DMRS is used as pathloss reference, considering the limited number of DMRS resources, pathloss estimation may be inaccurate. In this case, SL PRS can be used as pathloss reference.
Proposal 9: Both SL PRS and PSCCH DMRS can be use as pathloss reference in shared resource pool.

AGC & Tx-Rx turnaround time considerations for SL-PRS
In RAN1#112b, the follow agreement on frequency and time domain pattern of a SL-PRS resource within a slot.
	Agreement
An AGC symbol preceding a SL PRS resource is not considered as part of the SL PRS resource itself.


In dedicated resource pool, for Comb-based multiplexing of SL PRS from different UEs in a slot, multiple SL PRS resources may occupy the same symbol. In this case, multiple SL PRS resources need to correspond to the same AGC symbol, as shown in Figure 1. In addition, we think that UE can only receive or send SL PRS in the same slot, and cannot perform both SL PRS reception and SL PRS transmission in the same slot. Therefore, setting one symbol per time slot for TX-RX or RX-TX turnaround is sufficient.


Figure 2: Comb-based multiplexing of SL PRS from different UEs in a slot
For TDM-based multiplexing of SL PRS from different UEs in a slot, different SL PRS resources occupy different symbols. In this case, different SL PRS resources occupy can correspond to different AGC symbol or the same AGC symbol, as shown in Figure 3 and Figure 4.


Figure 3: TDM-based multiplexing of SL PRS from different UEs in a slot


Figure 4: TDM-based multiplexing of SL PRS from different UEs in a slot
Proposal 10: For Comb-based multiplexing of SL PRS from different UEs in a slot, multiple SL PRS resources need to correspond to the same AGC symbol.
Proposal 11: For TDM-based multiplexing of SL PRS from different UEs in a slot, different SL PRS resources occupy can correspond to different AGC symbol or the same AGC symbol.

Feedback for PRS transmission
Sidelink HARQ feedback uses PSFCH and can be operated in one of two options. In one option, which can be configured for unicast and groupcast, PSFCH transmits either ACK or NACK using a resource dedicated to a single PSFCH transmitting UE. In another option, which can be configured for groupcast, PSFCH transmits NACK, or no PSFCH signal is transmitted, on a resource that can be shared by multiple PSFCH transmitting UEs.
In Uu positioning, PRS transmission is scheduled by LMF and gNB. In sidelink positioning, SL PRS resources are selected by UE based on sensing and there are many factors affect SL-PRS reception and transmission, such as the prioritization in the Rx UE side, SL positioning QoS requirement. Furthermore, TS22.261 points out that the 5G system shall support energy efficient UE ranging operation. If the Tx UE keeps sending PRS blindly, it will cause serious power consumption. A way to reduce the energy consumption of SL-PRS transmission is that the Rx UE instructs the Tx UE to continue or stop the transmission of PRS through a feedback mechanism. For example, UE A may instruct UE B to stop sending PRS through the feedback resource, if UE A does not need to perform SL PRS measurement.
Proposal 12: Considering energy efficient of SL-PRS transmission, feedback mechanisms should be considered.

Conclusion
In this contribution, we provided initial views on SL positioning reference signal. In summary, we have following proposals and observations:
Proposal 1: Comb size 6 should be supported in shared resource pool.
Proposal 2: Comb size 1 should be supported in dedicated resource pool.
Proposal 3: (M,N)=(6,6) should be supported in both shared resource pool and dedicated resource pool.
Proposal 4: Comb-based multiplexing of SL PRS from different UEs in a slot for shared resource pools cannot be supported.
Proposal 5: Comb-based multiplexing of SL PRS from different UEs in a slot using multiple (M,N) values can be considered.
Proposal 6: The association between PSCCH frequency domain monitoring ranges and SL PRS in a slot should be supported for SL PRS resource selection.
Proposal 7: In shared resource pool, SL PRS is mapped to non-contiguous-in-time symbols in one slot.
Proposal 8: Both SL PRS and PSCCH DMRS can be use as pathloss reference in dedicated resource pool.
Proposal 9: Both SL PRS and PSCCH DMRS can be use as pathloss reference in shared resource pool.
Proposal 10: For Comb-based multiplexing of SL PRS from different UEs in a slot, multiple SL PRS resources need to correspond to the same AGC symbol.
Proposal 11: For TDM-based multiplexing of SL PRS from different UEs in a slot, different SL PRS resources occupy can correspond to different AGC symbol or the same AGC symbol.
Proposal 12: Considering energy efficient of SL-PRS transmission, feedback mechanisms should be considered.
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