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1 Introduction
In this contribution, we discuss about resource allocation for SL positioning reference signal (SL PRS) for Rel-18 work on expanded and improved NR positioning and provide our view. 
2 Discussion
In the WID [1], the following objective is included regarding the resource allocation for SL PRS and related to the support of unicast/groupcast/broadcast of SL PRS transmissions as:
	· 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 signalling and associated UE behavior for support of unicast, groupcast (not including many to one) and broadcast of SL PRS transmissions [RAN1, RAN2].


In the following subsections, we discuss about resource allocation Scheme 1 and Scheme 2 for SL positioning. Also, indication and reservation methods for allocated SL PRS resource(s) will be discussed in order.
2.1 Resource allocation Scheme 1
In RAN1#110bis-e meeting, the following agreement was made for Scheme 1 as: 
	Agreement
Regarding Scheme 1 SL-PRS resource allocation, a transmitting UE receives a SL-PRS resource allocation signaling from the network. Consider one or more of the following options:
· Opt. 1: through higher layers from the LMF
· Opt. 2: through Dynamic grant, or through configured grant type 1/type 2 from gNB
· Up to further discussion which one or more of these shall be applicable


For Scheme 1, gNB and/or LMF can make a decision for SL PRS resource allocation according to the agreement above. However, further RAN2 decision is necessary about the role of LMF for SL positioning resource allocation. Also, it is better to decide in RAN2 which entity (e.g. gNB, LMF, gNB & LMF) allocates resources for SL PRS considering the SL positioning architecture and signalling overhead/latency aspects. In Scheme 1, if the SL PRS resource is allocated by gNB and/or LMF, its information should be indicated to UE by DCI. Considering the parameters of SL PRS, e.g. periodicities and frequency sizes, might be different with data, it also needs to study if current DCI format 3-0 can support SL PRS transmission or if new DCI format needs to be introduced.
Proposal 1: In Scheme 1 (network centric SL-PRS resource allocation), gNB and/or LMF makes a decision for SL PRS resource allocation and the corresponding information is indicated to UE by DCI.
· It is up to RAN2 whether Scheme 1 is performed at gNB and/or LMF.
· Further study if new/existing DCI formats can be used to indicate scheduling information for SL positioning.
2.2 Resource allocation Scheme 2
In RAN1#111 meeting, the following agreement was made for Scheme 2 as: 
	Agreement
For Scheme 2, with regards to Resource allocation mechanism for SL-PRS, pick one or both of the following options:
· Option 1: A sensing based resource allocation should be introduced 
· Option 2: A random resource selection should be introduced
· In either option 1 or 2, the legacy designs for UE autonomous resource allocation should be used as a starting point. Study if/what enhancements may be needed. 


According to above agreement, we need to one pick one or both of Option 1 and Option 2. We think both options needs to be supported. In the most of the cases, Option 1 should be used. However, there would be an exceptional case where Option 1 is not available. In this case, Option 2 can be used. 
Proposal 2: For Scheme 2, with regards to Resource allocation mechanism for SL-PRS, both of the following options are supported as:
· Option 1: A sensing based resource allocation should be introduced 
· Option 2: A random resource selection should be introduced
In addition, it was agreed that the legacy designs for UE autonomous resource allocation (i.e. Mode 2 procedure) should be used as a starting point. In the legacy Mode 2 procedure, LI SL RSRP is used which is measured on PSSCH DMRS or PSCCH DMRS. However, in Scheme 2 resource allocation for SL PRS, LI SL RSRP should be measured on SL PRS. Since we did not decide PHY structure for SL PRS, we cannot sure there will be PSSCH in the dedicated resource pool for SL PRS. Assuming that PSCCH is transmitted both for shared and dedicated resource pool for SL PRS, PSCCH DMRS can be used for L1 SL RSRP. However, PSCCH DMRS has limited resources and this can result in performance degradation for SL positioning.
Proposal 3: For Scheme 2, L1 SL-RSRP is measured on SL PRS.
For L1 priority of SL PRS, we can apply the legacy design for Mode 2 procedure. In other words, the SL PRS priority can be decided by higher layer of UE and provided into physical layer like L1 priority of PSSCH resource. Also, it can be indicated by 1st SCI for Scheme 2 SL PRS resource allocation. However, in the shared resource pool with SL communication, the priority of SL PRS and PSSCH resource can be different each other. This issue will be discussed in our companion contribution [2] in the section for SL PRS congestion control.
Proposal 4: For Scheme 2, L1 priority of SL-PRS is provided by the higher layer of UE and it is indicated by 1st SCI.
In our companion contribution [3], enhance single-sided RTT methods are proposed as shown in Fig. 1. It was explained in [3] that the enhanced single-sided RTT method can provide the same advantage of the double-sided RTT (i.e., reducing ToF estimation error by clock timing difference between UEs). However, the enhanced single-sided RTT methods can reduce ToF estimation time over the double-sided RTT. The reduced time for RTT procedure would be beneficial for SL positioning. Moreover, it can minimize the specification impact to change needed for the double-sided RTT. As described in Fig. 1, the enhance single-sided RTT is just required for UE to select two resources for SL PRS transmission (UE-A for method 1 and UE-B for method 2) while the single-sided RTT is required to select only one resource. Therefore, we propose:
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(a) Enhanced single-sided RTT method 1
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(b) Enhanced single-sided RTT method 2


Figure 1: Enhanced single-sided RTT methods.
Proposal 5: Enhanced single-sided RTT method 1 and/or method 2 (See Fig. 1) is supported and UE selects two resources for Scheme 2 resource allocation of enhanced single-sided RTT and it is indicated/reserved by 1st SCI.
Next, the following agreement was made in RAN1#110bis-e meeting for the granularity of time-domain resource allocation for SL PRS as:
	Agreement
Study further the granularity of time-domain resource allocation for SL-PRS transmission.


In RAN1#110bis-e meeting, the granularity of slot based, SL PRS resource based, and shorter than a slot was discussed for time domain SL PRS resource allocation. According to the time domain pattern of the SL PRS resource, the number M of SL PRS symbols is still FFS but we think that M can be smaller than slot. Therefore, the granularity of SL PRS resource based also can be shorter than slot. When we say granularity is less than one slot, this can mean that there could be more than group of M SL PRS symbols within a slot. We do not see a strong motivation to support this feature. Therefore, we prefer slot based granularity of time domain resource allocation for SL PRS i.e., only one group of M SL PRS symbols within a slot. This M value can be configured separately over slot length. 
Proposal 6: Support slot based granularity of time domain resource allocation for SL PRS transmission, with a single SL-PRS instance per slot
· The number M of SL PRS symbols within a slot is configured separately.
2.3 Indication/reservation of SL PRS resource(s)
In RAN1#110bis-e meeting, the following agreement was made for SL PRS resource(s) indication/reservation as:
	Agreement
With regards to SL signaling of the reservation/indication of SL-PRS resource(s) for dedicated resource pool and shared resource pool (if supported) for positioning:
· Option A.1: SCI can be used for reserving/indicating one or more SL-PRS resource(s)
· Note: This does NOT mean that only SCI is being used. There can still be higher layer signaling for the purpose of indicating a part of SL-PRS configuration.
· FFS: Whether SCI is single stage SCI or two stage SCI
· FFS: SL-MAC-CE or other higher-layer signaling reservation/indication


Based on above agreement, SCI can be used for reserving/indicating one or more SL-PRS resource(s). We think that the principle of two stage SCI for SL communication needs to be applied also for SL positioning where 1st SCI is to provide resource allocation information and 2nd SCI is to provide application-specific information. The existing SCI format 1-A can be a starting point and at least the following information can be included in 1st SCI for SL positioning as:
· Priority of SL-PRS
· Frequency resource assignment for SL PRS
· Time resource assignment for SL PRS 
· Resource reservation period, periodicity of SL PRS. 
· 2nd stage SCI format. 
· Reserved bits


Figure 2. SL control information for SL PRS. (a) same slot. (b) cross slot
Also, other SL positioning specific information can be included in the 2nd SCI. We need to discuss further about detailed SCI contents for SL positioning.
Proposal 7: Two stage SCI is supported for SL PRS resource(s) indication/reservation
· FFS: details contents 
When transmitting SCI for SL PRS, this can be included in the same slot (similar to transmission of PSCCH/PSSCH in the same slot SL communication) as illustrated in Fig. 2(a). Alternatively, SCI can be transmitted in a different slot with SL PRS. A single SCI can indicate SL PRS transmission across multiple slots as illustrated in Fig. 2(b), this can reduce signalling overhead and allow more resources to be allocated for SL PRS.
Proposal 8: For indication/reservation of SL-PRS resource(s), consider the following options for SL control information 
· Option 1: Same-slot SL control information signalling 
· Option 2: Cross-slot SL control information signalling 
Finally, the following agreement was made in RAN1#110bis-e meeting for the shared resource pool for SL PRS with SL communication as:
	Agreement
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.


In order to ensure backward compatibility with legacy Rel-16/17 UEs in the shared resource pool for SL PRS with SL communication and for the co-existence between SL communication and SL PRS, TX UE need to indicate whether SL PRS is transmitted in the shared pool or not. The presence of SL PRS is indicated in the SCI. If this information is not indicated, RX UE may result in PSSCH and/or SL PRS decoding failure. We think that reserved bits in the first SCI can be used to indicate the presence of SL PRS. 
Proposal 9: In a shared resource pool for SL PRS and SL communication, TX UE indicates whether SL PRS is transmitted or not for co-existence with SL communication.
· The presence of SL-PRS is indicated in the 1st SCI by using the reserved bits.
3 Conclusions
This contribution discusses about resource allocation for SL PRS. Based on the discussion, the following proposals are provided:
Proposal 1: In Scheme 1 (network centric SL-PRS resource allocation), gNB and/or LMF makes a decision for SL PRS resource allocation and the corresponding information is indicated to UE by DCI.
· It is up to RAN2 whether Scheme 1 is performed at gNB and/or LMF.
· Further study if new/existing DCI formats can be used to indicate scheduling information for SL positioning.
Proposal 2: For Scheme 2, with regards to Resource allocation mechanism for SL-PRS, both of the following options are supported as:
· Option 1: A sensing based resource allocation should be introduced 
· Option 2: A random resource selection should be introduced
Proposal 3: For Scheme 2, L1 SL-RSRP is measured on SL PRS.
Proposal 4: For Scheme 2, L1 priority of SL-PRS is provided by the higher layer of UE and it is indicated by 1st SCI.
Proposal 5: Enhanced single-sided RTT method 1 and/or method 2 (See Fig. 1) is supported and UE selects two resources for Scheme 2 resource allocation of enhanced single-sided RTT and it is indicated/reserved by 1st SCI.
Proposal 6: Support slot based granularity of time domain resource allocation for SL PRS transmission, with a single SL-PRS instance per slot
· The number M of SL PRS symbols within a slot is configured separately.
Proposal 7: Two stage SCI is supported for SL PRS resource(s) indication/reservation
· FFS: details contents 
Proposal 8: For indication/reservation of SL-PRS resource(s), consider the following options for SL control information 
· Option 1: Same-slot SL control information signalling 
· Option 2: Cross-slot SL control information signalling 
Proposal 9: In a shared resource pool for SL PRS and SL communication, TX UE indicates whether SL PRS is transmitted or not for co-existence with SL communication.
· [bookmark: _GoBack]The presence of SL-PRS is indicated in the 1st SCI by using the reserved bits.
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