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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 resource allocation for SL PRS.

Resource pool for SL positioning
Both shared resource pool with Rel-16/17/18 sidelink communication and dedicated resource pool for SL PRS are included in R18 SL positioning WID. In this section, we share our views on shared resource pool and dedicated resource pool for SL-PRS transmission.

Dedicated resource pool for SL-PRS 

Channels in dedicated resource pool for SL-PRS
In RAN1#110b, the following agreement on which channels can be included in the dedicated resource pool in addition to SL-PRS had been achieved [2].
	Agreement
For a dedicated resource pool for SL positioning,
· With regards to which channels can be included in the resource pool in addition to SL-PRS, consider the following options:
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]Opt. 1: No other channel can be included beyond SL-PRS
· [bookmark: OLE_LINK19][bookmark: OLE_LINK20]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
· FFS: Details
· FFS: definition of PSSCH associated with SL-PRS transmission(s)
· Note: Companies are encouraged to provide their analysis and views on the above


In resource allocation mode 2, SCI is used to indicate resource reservation. For Opt. 1, since there no other channel can be included beyond SL-PRS, the SCI used to carry PRS resource reservation instructions needs to be transmitted in other resource pools. Cross resource pool resource reservation indication will increase a lot of standardization complexity. 
Sidelink SCI includes first stage SCI and 2nd SCI. The first stage SCI is carried on the PSCCH, and the 2nd SCI is carried on the PSSCH. Therefore, whether the resource pool contains PSSCH depends on whether the SL PRS needs the 2nd SCI to provide relevant instructions. 
Therefore, in our view, at least PSCCH which carries SCI associated with SL-PRS transmission(s) should be included in the dedicated resource pool. Figure 2.1.1-1 shows the slot structure in SL-PRS resource pool. Whether PSSCH associated with SL-PRS transmission(s) should be included in the dedicated resource pool needs further study.


Figure 2.1.1-1: The slot structure in SL-PRS resource pool
Proposal 1: At least PSCCH which carries SCI associated with SL-PRS transmission(s) should be included in the dedicated resource pool.

The granularity of resource allocation for SL-PRS transmission.
In RAN1#110b, the following agreement on the granularity of time-domain resource allocation for SL-PRS transmission had been achieved [2].
	Agreement
Study further the granularity of time-domain resource allocation for SL-PRS transmission.


Current SL resources are defined within the SL BWP. The SL BWP is divided into multiple resource pools, and each resource pool can be further divided into a number of sub-channels. The sub-channel is the minimum unit of resource allocation in the existing resource allocation scheme. 
In sidelink positioning, UE performs parameters estimation by receiving SL-PRS, such as TOA estimation, whereas the estimation accuracy is directly related to the bandwidth of SL-PRS. Therefore, the transmission of PRS will occupy a relatively large bandwidth, and even occupy the bandwidth of the entire dedicated resource pool for SL-PRS. Taking sub-channel as the minimum resource allocation granularity is not suitable for SL-PRS resource allocation in the dedicated resource pool. 
[bookmark: _GoBack]In our view, one SL-PRS resource or one SL-PRS resource set should be used as the granularity of resource allocation for SL-PRS transmission. For a resource pool, multiple SL-PRS resource sets or SL-PRS resources can be pre-configured. When the UE performs resource sensing and reservation, it determines which SL-PRS resource sets or SL-PRS resources are not occupied through SCI decoding and RSRP measurement. The UE may report the candidate SL-PRS resource sets or PRS resources to the higher layer according to the resource sensing result. Then, the higher layer would select SL-PRS resources in the reported candidate SL-PRS resources. The definition of DL PRS resources or resource sets in existing specification can be reused for SL-PRS resource allocation.
Proposal 2: In dedicated resource pool, one SL-PRS resource or one SL-PRS resource set should be used as the granularity of resource allocation for SL-PRS transmission.

The bandwidth of SL PRS in dedicated resource pool
In RAN1#110b, the following agreement on the bandwidth of SL PRS had been achieved [2].
	Agreement
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]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 NR, the parameter structure of PRS is a three-tier structure of positioning frequency layer, PRS resource set and PRS resource, that is, one layer can contain multiple resource sets and one resource set can contain multiple resources. In Uu positioning, the configuration of the bandwidth of PRS is per positioning frequency layer. Similarly, the bandwidth of PRS can be configured at the resource pool level or can be fixed to the bandwidth of dedicated resource pool for SL-PRS.
Proposal 3: The bandwidth of PRS can be configured at the resource pool level or can be fixed to the bandwidth of dedicated resource pool.

Frequency domain range of PSCCH in dedicated resource pool
One of the purposes of introducing the dedicated resource pool for SL-PRS is to improve positioning accuracy, that is, to increase the transmission bandwidth of the SL-PRS. Therefore, the bandwidth of the dedicated resource pool is larger than that of the existing resource pool. 
In the existing resource allocation scheme, considering the flexibility of PSSCH transmission frequency domain resource allocation, the UE needs to perform blind detection of SCI in the frequency domain range of the entire resource pool. 
In the dedicated resource pool for SL-PRS, if the UE still performs blind SCI detection in the frequency domain range of the entire resource pool, it will bring great complexity to blind SCI detection. In addition, as mentioned above, the bandwidth of SL-PRS transmission is relatively large, and even occupies the bandwidth of the entire dedicated resource pool for SL-PRS, and SL-PRS frequency domain resource allocation does not need to be as flexible as data transmission. Therefore, we can limit the frequency domain range of SCI blind detection in the dedicated resource pool to reduce the blind detection complexity of UE, as shown in the Figure 2.1.4-1.
[image: ]
Figure 2.1.4-1: Example of the frequency domain range of SCI blind detection.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 4: The frequency domain range of SCI blind detection needs to be limited in dedicated resource pool.

The resource pool for SCI transmission
In RAN1#110b, regarding on the SCI indicating to the receiving UE the SL-PRS allocation, the following Options had been discussed.
· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]Option 1: an SCI received in the same resource pool as SL PRS
· Option 2: an SCI received in the same resource pool or some other resource pool 
In resource allocation mode 2, SCI is used to indicate resource reservation. For Option 1, the SCI receiving in the same resource pool can decrease the scheduling complexity. For Option 2, since the SCI used to carry PRS resource reservation instructions is not in the same resource pool as the SL PRS resource, an association between SCI and corresponding SL-PRS resource in different resource pools need to be introduced. It may bring a lot of standardization work. In our view, the SCI indicating to the receiving UE the SL-PRS allocation in the same resource pool as SL PRS resource at least should be supported. 
Proposal 5: The SCI indicating to the receiving UE the SL-PRS allocation in the same resource pool as SL PRS resource at least should be supported.

SL-PRS multiplexing
[bookmark: OLE_LINK2]As mentioned above, in order to ensure the requirement of positioning accuracy, SL-PRS transmission needs to occupy more frequency domain resources. In the existing resource allocation scheme, the smallest granularity of time domain resource allocation is time slot. That is, if a given slot is sensed available, it will only be allocated to one UE according to the current communication resource allocation scheme. Since SL-PRS transmission needs to occupy a large bandwidth, and even occupy the bandwidth of the entire resource pool, if a time slot can only be allocated to one UE, it will limit the PRS resource capacity. Therefore, multiple UEs occupying different PRS resources in the same time slot should be supported. As show in Figure 2.1.6, there are 4 PRS resources (i.e., PRS1, PRS2, PRS3, PRS4) in a time slot, and different UEs can occupy different PRS resources in the same time slot.
[image: ]
Figure 2.1.6: Example of SL-PRS resource allocation.
Proposal 6: Multiple UEs occupying different PRS resources in the same time slot should be supported for SL-PRS resource allocation.

Shared resource pool with sidelink communication

SL-PRS and legacy data multiplexing
For shared resource pool with sidelink communication, there are three options for multiplexing SL-PRS with other physical channels.
Option 1: TDM between SL-PRS and other PHY channels (PSCCH, PSSCH, PSFCH), as shown in Figure 2.2.1-1.


Figure 2.2.1-1: TDM between SL-PRS and other PHY channels (PSCCH, PSSCH, PSFCH)

Option 2: FDM between SL-PRS and other PHY channels (PSCCH, PSSCH, PSFCH), as shown in Figure 2.2.1-2.



Figure 2.2.1-2: FDM between SL-PRS and other PHY channels (PSCCH, PSSCH, PSFCH)
Option 3: Similar to SL CSI-RS in NR V2X, SL-PRS is multiplexed with legacy channel, as shown in Figure 2.2.1-3.


Figure 2.2.1-3: SL-PRS is multiplexed with legacy channel

In Option 1, SL-PRS and legacy data transmission (PSCCH, PSSCH, PSFCH) are multiplexed by FDM. In this case, the transmission bandwidth of SL-PRS can be greater than that of PSSCH, which can meet the needs of high-precision positioning. In addition, UE does not need to receive PRS and data at the same time, avoiding the increase of terminal complexity
In Option 2, SL-PRS and traditional data transmission (PSCCH, PSSCH, PSFCH) are multiplexed by FDM. In this case, the transmission bandwidth of SL-PRS can be greater than that of PSSCH. In Uu positioning, the UE uses the measurement gap to receive the PRS sent by the TRP, that is, the UE cannot receive the PRS and data at the same time. For sidelink positioning, considering UE complexity, UE to receive SL-PRS and data at the same time should be deprioritized.
In Option 3, similar to SL CSI-RS in NR V2X, SL-PRS can be multiplexed with legacy data transmission (PSCCH, PSSCH, PSFCH). In this case, the transmission bandwidth of SL-PRS is limited by the transmission bandwidth of PSCCH, which is difficult to meet the requirements of high-precision positioning. In addition, this method will cause serious backward compatibility problems.
Therefore, in our view, TDM between SL-PRS and other PHY channels (PSCCH, PSSCH, PSFCH) is baseline in shared resource pool with sidelink communication. 
Proposal 7: For multiplexing of SL-PRS with other PHY channels (PSCCH, PSSCH, PSFCH), the TDM method is baseline.

Backward compatibility with legacy Rel-16/17 UEs
When using legacy resource pool for SL-PRS transmission, backward compatibility must be supported. For different schemes of SL-PRS and legacy data multiplexing, the schemes supporting backward compatibility are also different. For TDM based multiplexing, Tx UE needs to indicate SL-PRS transmission parameters (such as time-frequency resources) through SCI, and Rx UE determines whether SL-PRS transmission exists through receiving SCI. A direct way is to introduce a new Second-order SCI, which is used to indicate SL-PRS transmission. Only R18 UE needs to decode the new Second-order SCI. Legacy UE does not need to decode the new second-order SCI. Backward compatibility can be guaranteed in this way.
Proposal 8: A new Second-order SCI can be introduced for R18 UE for SL-PRS transmission.

SL Positioning Resource Allocation Modes
In RAN1#110e, the following agreement on the SL-PRS resource allocation had been achieved [3].
	Agreement
Regarding SL-PRS resource allocation, both Scheme 1 and Scheme 2 should be introduced for supporting SL positioning/ranging:
· Scheme 1: Network-centric operation SL-PRS resource allocation (e.g. similar to a legacy Mode 1 solution)
· The network (e.g. gNB, LMF, gNB & LMF) allocates resources for SL-PRS. 
· Scheme 2: UE autonomous SL-PRS resource allocation (e.g. similar to legacy Mode 2 solution)
· At least one of the UE(s) participating in the sidelink positioning operation allocates resources for SL-PRS


In this section, we share our views on network-centric operation SL-PRS resource allocation and UE autonomous SL-PRS resource allocation.

Network-centric operation SL-PRS resource allocation
In legacy mode 1 solution, there are two ways to allocate resources.
· Dynamic grant
· Configured grant Type 1/Type 2
For legacy dynamic grant, the gNB can schedule transmission resources of PSCCH and PSSCH through DCI 3-0. Furthermore, a dynamic grant can provides resources for one or multiple sidelink transmission of a single TB. Similarly, the gNB can schedule transmission resources of SL-PRS through DCI 3-0 and a dynamic grant can provides resources for one or multiple SL-PRS transmission. For configured grant Type 1, the network configures the UE with periodic sidelink transmission resources through high-layer signaling. For configured grant Type 2, the network configures the UE with periodic sidelink transmission resources through high-layer signaling and activates it through a DCI format 3_0. Similarly, the network configures the UE with periodic sidelink transmission resources for SL-PRS through high-layer signaling. In our view, dynamic grant and configured grant Type 1/Type 2 should be supported for network-centric operation SL-PRS resource allocation.
Proposal 9: Dynamic grant and configured grant Type 1/Type 2 should be supported for network-centric operation SL-PRS resource allocation.

UE autonomous SL-PRS resource allocation
In RAN1#110e, the following agreement on UE autonomous SL-PRS resource allocation had been achieved [3].
	Agreement
Regarding Scheme 2 SL-PRS resource allocation, study at least the following aspects:
· Resource selection mechanism for SL-PRS
· Inter-UE coordination
· Aspects for congestion control mechanisms for SL-PRS


In this section, we share our views on UE autonomous SL-PRS resource allocation.
Resource selection mechanism for SL-PRS
In Rel-16/17 NR V2X, both sensing-based resource allocation and random resource selection are supported. For sensing based SL-PRS resource allocation, the basic resource selection process is as follows.
· SCI decoding: The resource selection UE-A detects and decodes UE-B’s SCI to obtain the SL-PRS resource reservation information.
· RSRP measurement: The UE-A determine the UE-B’s RSRP according to reference resources.
· UE-A compares the UE-B’s RSRP to the RSRP threshold.
· Resource exclusion: UE-1 does SL-PRS resource exclusion from the SL-PRS resource selection window.
Sensing based SL-PRS resource allocation can effectively avoid resource collision between SL-PRS transmission between different UEs and improve the reliability of SL-PRS transmission.
For random SL-PRS resource selection, UE can randomly select SL-PRS resources in some specific SL-PRS resource pools for SL-PRS transmission. In this case, there will be a serious resource collision problem. Because UE does not need to perform the resource awareness process, random resource selection can reduce the power consumption of the terminal to a certain extent. In our view, both sensing-based resource allocation and random resource selection should be supported for SL-PRS transmission.
Proposal 10: Both sensing-based resource allocation and random resource selection should be supported for SL-PRS transmission.

PSCCH collision avoidance
For multiple UEs occupying different PRS resources in the same time slot, how to realize resource awareness and reservation is a problem need to be solved. 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 3.1.2.2, 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 3.1.2.2: Mapping between PSCCH frequency domain monitoring ranges and SL PRS in a slot.
Proposal 11: The association between PSCCH frequency domain monitoring ranges and SL PRS in a slot should be supported for SL PRS resource selection.

Inter-UE coordination
In R17, the SL UE can support inter-UE coordination (IUC) in Mode 2, whereby a UE-A sends information about resources to UE-B, which UE-B then uses for resource (re)selection. The following schemes of inter-UE coordination are supported:
-	IUC scheme 1, where the coordination information sent from a UE-A to a UE-B is the preferred and/or non-preferred resources for UE-B's transmission, and
-	IUC scheme 2, where the coordination information sent from a UE-A to a UE-B is the presence of expected/potential resource conflict on the resources indicated by UE-B's SCI.
In scheme 1, IUC can be triggered by an explicit request from UE-B, or by a condition at UE-A. UE-A determines the set of resources reserved by other UEs or slots where UE-A, when it is the intended receiver of UE-B, does not expect to perform SL reception from UE-B due to half-duplex operation. UE-A uses these resources as the set of non-preferred resources, or excludes these resources to determine a set of preferred resources and sends the preferred/non-preferred resources to UE-B.
In scheme 2, UE-A determines the expected/potential resource conflict within the resources indicated by UE-B's SCI as either resources reserved by other UEs and identified by UE-A as fully/partially overlapping with the resources indicated by UE-B's SCI, or as slots where UE-A is the intended receiver of UE-B and does not expect to perform SL reception on those slots due to half-duplex operation. UE-B uses the conflicting resources to determine the resources to be reselected and exclude the conflicting resources from the reselected resources. 
In order to solve the issue of SL-PRS resource confliction, the inter-UE coordination mechanism for SL-PRS in the dedicated resource pool should be supported.
 Proposal 12: Inter-UE coordination (IUC) in Mode 2 should be supported for SL-PRS resource allocation.
In sidelink positioning, dedicated resource pool for SL-PRS and shared resource pool with sidelink communication can be for SL positioning resource (pre-)configuration. The UE may need to determine the PRS transmission resources through the resource sensing and selection process in dedicated resource pool. Considering UE power consumption, if UE A can select PRS resources in dedicated resource pool for UE B, it can avoid UE B to perform resource sensing and selection process in the dedicated resource pool. For example, in RTT based positioning, both UE A and UE B need to send PRS to complete positioning. In this case, UE A (e.g., initiator UE) can selects PRS resources for UE B through the resource sensing and selection process in dedicated resource pool. The UE A indicates the SL-PRS resource information of the UE B to the UE B. UE B sends SL-PRS based on the SL-PRS resource indicated by UE A.
Proposal 13: UE A can select PRS resources in dedicated resource pool for UE B should be supported.

SL-PRS Configuration/Triggering/Activation
In RAN1#110, the following agreement on the configuration/activation/deactivation/triggering of SL-PRS had been achieved [3].
	Agreement
· With regards to the configuration/activation/deactivation/triggering of SL-PRS, Option 3 from the previous corresponding RAN1 #109 agreement will not be considered further.
· With regards to reservation of SL-PRS, it can be considered based on the Option 1 or Option 2 from the previous corresponding RAN1 #109 agreement.


High-layer-only signaling involvement in the configuration/activation/deactivation/triggering of SL-PRS (i.e., Option 1) may cause resource waste and resource collision especially for sidelink resource selection mode 2. Considering the flexibility of resource configuration and L1 signaling overhead, combining high-layer and lower-layer signaling to achieve the configuration/activation/deactivation/triggering of SL-PRS (i.e., Option 2) should be supported. For example, comb size, number of symbol, the bandwidth of SL PRS, SCS, etc., can be configured by high-layer signaling (e.g., SL RRC). Start symbol within the slots, offsets, start RB or subchannel, etc., can be configured by low layer signaling (e.g., SL-MAC-CE, or SCI, or DCI).
Proposal 14: Combining high-layer and lower-layer signaling to achieve the configuration/activation/ deactivation/triggering of SL-PRS should be supported.

Conclusion
In this contribution, we provided initial views on resource allocation for SL positioning reference signal. In summary, we have following proposals and observations:
Proposal 1: At least PSCCH which carries SCI associated with SL-PRS transmission(s) should be included in the dedicated resource pool.
Proposal 2: In dedicated resource pool, one SL-PRS resource or one SL-PRS resource set should be used as the granularity of resource allocation for SL-PRS transmission.
Proposal 3: The bandwidth of PRS can be configured at the resource pool level or can be fixed to the bandwidth of dedicated resource pool.
Proposal 4: The frequency domain range of SCI blind detection needs to be limited in dedicated resource pool.
Proposal 5: The SCI indicating to the receiving UE the SL-PRS allocation in the same resource pool as SL PRS resource at least should be supported.
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: For multiplexing of SL-PRS with other PHY channels (PSCCH, PSSCH, PSFCH), the TDM method is baseline.
Proposal 8: A new Second-order SCI can be introduced for SL-PRS transmission in shared resource pool.
Proposal 9: Dynamic grant and configured grant Type 1/Type 2 should be considered for network-centric operation SL-PRS resource allocation.
Proposal 10: Both sensing-based resource allocation and random resource selection should be supported for SL-PRS transmission.
Proposal 11: Multiple UEs occupying different PRS resources in the same time slot should be supported.
Proposal 12: Inter-UE coordination (IUC) in Mode 2 should be supported for SL-PRS resource allocation.
Proposal 13: UE A can select PRS resources in dedicated resource pool for UE B should be supported.
Proposal 14: Combining high-layer and lower-layer signaling to achieve the configuration/activation/ deactivation/triggering of SL-PRS should be supported.
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