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1 Introduction
In this contribution, we discuss about missing or incorrectly captured agreements for resource allocation of SL positioning reference signal (SL PRS) in Rel-18 expanded and improved NR positioning and provide our view with text proposals.
2 Discussion
2.1 Issue #1
Reason for change
In RAN#113 and RAN#114, the following agreements were made as:
	Agreement
In dynamic grant type resource allocation in scheme 1,
· For shared resource pool, DCI format 3_0 is being used as a starting point, down-select between the two alternatives below:
· Alt. 1: Indication SL-PRS specific information is explicitly included in DCI
· FFS: Which SL-PRS specific information
· Alt. 2: Indication SL-PRS specific information is not explicitly included in DCI
· FFS: Dedicated resource pool
Agreement
In resource allocation in scheme 1, for a dedicated resource pool 
· in the DCI, introduce at least the following fields: 
· Resource pool index – number of bits same to SL communications
· Time gap - 3 bits
· SCI format 1-B fields:
· Time resource assignment for SL-PRS future reservation(s) 
· SL-PRS resource ID (s) for the future 1 or 2 reservations 
· SL-PRS resource ID for the first SL-PRS transmission
· Configuration index – number of bits same to SL communications
· Padding bits, if required
· For configured grant type 1 resource allocation,
· RRC is used for indicating at least the following:
· Info-1: the periodicity, 
· Info-2: the slot offset relative to a logical slot defined by Info-3,
· Info-3: SFN used for determination of the slot offset,
· Info-4: Resource pool index
· Info-5: Time resource assignment for SL-PRS future reservation(s)
· Info-6: SL-PRS resource ID (s) for the future 1 or 2 reservations
· Info-7: SL-PRS resource ID for the first SL-PRS transmission 
· For configured grant type 2 resource allocation, 
· RRC is used for indicating at least the following:
· Info 1: the periodicity 
· DCI is used for the activation/release of the configured grant resources


Based on the agreement above, new DCI format will be used for Scheme 1 resource allocation in a dedicated resource pool. However, there was no agreement or conclusion for DCI format in Scheme 1 resource allocation for a shared resource pool. In the shared resource pool, SL PRS specific information would not be necessary since SL PRS resource allocation will be decided by PSSCH resource allocation. In this regards, we propose
Proposal 1: In resource allocation in scheme 1, for shared resource pool, DCI format 3_0 is reused as is.
If the Proposal 1 is agreed or concluded, this should be captured in the specification. 
Summary of change
Clarify in TS 38.212 that DCI format 3_0 is used for SL PRS scheduling in a shared resource pool while DCI format 3_2 is used for SL PRS scheduling in a dedicated resource pool.
Consequence if not approved
It is missed in specification how to schedule NR SL PRS in resource allocation in Scheme 1, for a shared resource pool.  
Text proposal 1
We provide the Text Proposal for section 7.3.1.4 of TS 38.212 [1] as below.
	---------------------------- Start of Text Proposal for TS 38.212 -----------------------------
[bookmark: _Toc29326621][bookmark: _Toc29327771][bookmark: _Toc36045961][bookmark: _Toc36046221][bookmark: _Toc36046367][bookmark: _Toc45209284][bookmark: _Toc51852458][bookmark: _Toc129874542]7.3.1.4	DCI formats for scheduling of sidelink
7.3.1.4.1	Format 3_0
DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH, in addition, NR SL PRS for a shared resource pool in one cell. 
< Unchanged parts are omitted >
[bookmark: _Toc29326622][bookmark: _Toc29327772][bookmark: _Toc36045962][bookmark: _Toc36046222][bookmark: _Toc36046368][bookmark: _Toc45209285][bookmark: _Toc51852459][bookmark: _Toc129874543]7.3.1.4.3	Format 3_2
DCI format 3_2 is used for scheduling of NR SL PRS for a dedicated resource pool in one cell. 
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------


2.2 Issue #2
Reason for change
In RAN#112bis, the following agreement was made as:
	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


Since there is a SL PRS pattern where every frequency RE is occupied (i.e. comb size N=1) with M symbol(s) and also there is SL PTRS pattern where every symbol is occupied (i.e. time density =1), two reference signals can be overlapped each other. In order to handle this issue, we can consider following alternatives as: 
· Alt. 1: SL PRS is not mapped on symbols occupied by SL PTRS.
· Alt. 2: SL PTRS is not mapped on symbols occupied by SL PRS.
· Alt. 3: SL PTRS is shifted next to SL PRS symbol.
· Alt. 4: SL PRS is not mapped on REs occupied by SL PTRS if there is PSSCH after SL PRS symbol.
· Alt. 5: SL PTRS is not mapped on REs occupied by SL PRS.
· Alt. 6: Two reference signals are not overlapped by proper configuration of SL PTRS and SL PRS patterns.
In case of Alt. 1, it has a drawback that SL PRS transmission can be limited. For example, SL PRS cannot be transmitted when SL PTRS time density=1. Also, contiguous SL PRS transmission in time domain may not be guaranteed if SL PRS is not mapped in a certain symbol where SL PTRS RE is transmitted. For Alt. 2, there can be an issue for phase tracking performance. Since RS sequences of SL PTRS and SL PRS is not the same, SL PRS may not be used for phase tracking. For Alt. 3, it has the same problem of Alt. 2. In Fig. 1(a) and Fig. 1(b), examples of Alt. 4 is described. Specifically, Fig. 1(a) depicts one example where SL PRS pattern (M, N)=(4, 1) and SL PTRS time density =2 with RE offset =3. With Alt. 4, SL PRS shall not be mapped to REs containing SL PTRS by puncturing SL PRS as shown in Fig. 1(a). Fig. 1(b) depicts another example where SL PRS pattern (M, N)=(1, 1) and SL PTRS time density =2 with RE offset =3. Unlike Fig. 1(a), there is no PSSCH after SL PRS symbol in Fig. 1(b) since SL PRS symbol(s) would be mapped to the last consecutive M symbol(s) in the slot. In Fig. 1(b), SL PTRS does not need to be transmitted in SL PRS symbol and SL PRS still can be mapped on REs originally occupied for SL PTRS. In other word, in Alt 4, SL PRS is not be mapped on REs occupied by SL PTRS if there is PSSCH REs after SL PRS symbol(s). For Alt. 5, it has the same problem of Alt. 2. From Alt. 1 to Alt. 5, we assume that SL PTRS and SL PRS can be overlapped by high layer configuration. However, in Alt. 6, two reference signal is not overlapped by proper high layer configuration. Specifically, SL PRS pattern (time and frequency location) can be configured properly to avoid a collision. Specifically, Fig. 1(c) depicts one example where SL PRS pattern (M, N)=(2, 4) with comb offset=2 and SL PTRS time density =2 with RE offset =3. As shown in Fig. 1(c), depending on the configuration of SL PTRS RE offset  and SL PRS comb offset values, we can avoid the collision of two reference signals. However, in Fig. 1(c), SL PTRS does not need to be transmitted in symbol #13 since PSSCH will not be transmitted in symbols #12 and #13. Notice that comb size N=1 may not be used in Alt. 6. The comb size N=1 can provide the most robust positioning performance. In this regard, the best solution can to apply Alt. 4 if Alt. 6 cannot be applied for handling SL PTRS and SL PRS collision. Therefore, we propose:
Proposal 2: In a shared resource pool, SL PRS is not mapped on resource elements occupied by SL PTRS when there is PSSCH resource elements after SL PRS symbol(s) and high layer configuration cannot avoid SL PRS and SL PTRs overlapping. 
Unlike SL PTRS and SL PRS, proper high layer configuration always can avoid the overlapping between SL CSI-RS and SL PRS without any restriction of SL PRS pattern. Therefore, above Alt. 6 can be applied for SL CSI-RS and SL PRS.
Proposal 3: SL PRS and SL CSI-RS are not overlapped by high layer configuration. 
If the Proposal 2 and Proposal 3 are agreed, these should be captured in the specification. 
	[image: ]
(a)
	[image: ]
(b)
	[image: ]
(c)


Figure 1: Examples for handling SL PTRS and SL PRS.

Summary of change
Clarify in TS 38.211 how to map SL PRS resources when there is a collision of SL PTRS and SL PRS and a collision of SL CSI-RS and SL PRS.  
Consequence if not approved
The backward compatibility with legacy Rel-16/17 UEs is not ensured when SL PRS is transmitted in a shared resource pool. Specifically, SL PRS can be overlapped with the existing reference signals of SL PTRS and SL CSI-RS.
Text proposal 2
We provide the Text Proposal for section 8.4.1.6.3 of TS 38.211 [2] as below.
	---------------------------- Start of Text Proposal for TS 38.211 -----------------------------
8.4.1.6.3	Mapping to physical resources
The sequence shall be multiplied with the amplitude scaling factor  and mapped to resources elements  according to 

when the following conditions are fulfilled:
-	the resource element  is within the resource blocks occupied by the SL PRS resource
and where
-	the comb size  is provided by the higher layers
-	the resource-element offset  
-	the frequency offset  is given by Table 8.4.1.6.3-1
-	the starting symbol  is provided by higher layers for the dedicated resource pool, or is determined such that the symbols {} are mapped to the last consecutive  symbols in the slot that can be used for SL PRS for shared resource pool as described in clause 8.2.4.1.1 in [6, TS38.214]
-	the number of symbols  is provided by higher layers and limited to combinations  fulfilling 
-	in a dedicated resource pool: {1, 2}, {2, 2}, {2, 4}, {4, 4}, {6, 6}, and combinations with  and  where  
-	in a shared resource pool:{1, 1}, {1, 2}, {2, 1}, {2, 2}, {2, 4}, {4, 1}, {4, 2}, {4, 4}
 -	the antenna port 
The reference point for  is subcarrier 0 in common resource block 0.
For transmission of an SL PRS in a dedicated resource pool, the content of the OFDM symbol immediately preceding the SL PRS resource shall be generated and mapped to resource elements with
-	the time-domain index  
-	the set of frequency-domain indices  shall be identical to those of the last OFDM symbol in the SL PRS resource 
In a shared resource pool, if PSSCH is occupied after SL PRS resource within a slot, SL PRS shall not be mapped to resource elements containing PSSCH PT-RS by puncturing SL PRS. Otherwise, a UE is not expected to receive PSSCH PT-RS and SL PRS on the same resource elements.
A UE is not expected to receive sidelink CSI-RS and SL PRS on the same resource elements.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------


2.3 Issue #3
Reason for change
In RAN#114, the following agreements were made for SL PRS CR and CBR as:
	Agreement
In Scheme 2, 
· For a dedicated resource pool for positioning, 
· congestion control can restrict at least the following range of parameters for SL PRS configuration per resource pool by CBR and priority:
· Maximum SL PRS transmission power
· Maximum Number of SL PRS (re-)transmissions
· Discuss further the following four SL PRS transmission parameters: 
· Minimum Periodicity of SL PRS
· Maximum Number of SL PRS resources in a slot
· Maximum comb-size of a SL PRS resource in a slot
· Maximum Number of OFDM symbols of a SL PRS resource in a slot
· For congestion control similar to legacy, the CR limits are (pre)-configured per priority in a resource pool
· Note: Similar to SL communication how to achieve the CR limit is left to UE implementation. 
· For a shared resource pool for positioning, the SL PRS can share the same restriction of PSSCH without specific enhancement in addition to what is already specified.
Agreement
In Scheme 2, with regards to the congestion control for SL PRS: 
· SL-PRS congestion processing time: based on both SCS and UE capability, similar to legacy
· The maximum number of CBR ranges for SL positioning is 8
· Number of CBR levels is 16
· CBR measurement for SL PRS can be reported to gNB 
FFS: Whether it is needed to be reported to LMF or another UE
Conclusion
For Scheme 2 SL-PRS resource allocation, with regards to the congestion control for a shared RP, CBR and CR mechanisms from Rel.16 NR SL are reused.
· Add this agreement in the LS related to the priority handling
Agreement
Endorse the draft LS in R1-2308558 with the following modification:
RAN1 also made the following conclusion related to priority and congestion control, and RAN1 expects the same handling of priorities for shared resource pool as the above agreement.
ACTION: RAN1 respectfully asks RAN WG2 to take the above agreement and conclusion into account when defining priority levels for SL PRS and PSSCH that are multiplexed in the same slot of a shared resource pool. 
RAN1 respectfully asks RAN WG2 to take the above conclusion into account for their work.
Final LS in R1-2308559.


According to the agreement above, in a shared resource pool, it is expected to apply the same principle as SL PRS power control for the priority level handling of the congestion control. 
Summary of change
Clarify in TS 38.214 that the priority level is same for PSSCH and SL PRS when transmitting SL PRS in a shared resource pool. 
Consequence if not approved
It is missed in specification how to decide the priority level between SL PRS and PSSCH in a shared resource pool when the congestion control is performed.
Text proposal 3
We provide the Text Proposal for section 8.2.4.3 of TS 38.214 [3] as below.
	---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
[bookmark: _Toc36645608][bookmark: _Toc45810657][bookmark: _Toc137117204]8.2.4.3	Sidelink congestion control in a dedicated resource pool in sidelink resource allocation mode 2
When transmitting SL-PRS in a shared pool, the priority level is same for PSSCH and SL PRS.
When transmitting SL-PRS in a dedicated pool, the UE shall perform sidelink congestion control as specified in clause 8.1.6, with the following modification(s):
· “PSSCH” is replaced by “SL PRS”
· [ potential parameter name changes ]
· [ potential changes to processing times ]
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------


3 Conclusions
This contribution discusses about resource allocation for SL PRS for Rel-18 maintenance. Based on the discussion, the following proposals are provided:
Proposal 1: In resource allocation in scheme 1, for shared resource pool, DCI format 3_0 is reused as is.
Text proposal 1
We provide the Text Proposal for section 7.3.1.4 of TS 38.212 [1] as below.
	---------------------------- Start of Text Proposal for TS 38.212 -----------------------------
7.3.1.4	DCI formats for scheduling of sidelink
7.3.1.4.1	Format 3_0
DCI format 3_0 is used for scheduling of NR PSCCH and NR PSSCH, in addition, NR SL PRS for a shared resource pool in one cell. 
< Unchanged parts are omitted >
7.3.1.4.3	Format 3_2
DCI format 3_2 is used for scheduling of NR SL PRS for a dedicated resource pool in one cell. 
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------


Proposal 2: In a shared resource pool, SL PRS is not mapped on resource elements occupied by SL PTRS when there is PSSCH resource elements after SL PRS symbol(s) and high layer configuration cannot avoid SL PRS and SL PTRs overlapping. 
Proposal 3: SL PRS and SL CSI-RS are not overlapped by high layer configuration. 
Text proposal 2
We provide the Text Proposal for section 8.4.1.6.3 of TS 38.211 [2] as below.
	---------------------------- Start of Text Proposal for TS 38.211 -----------------------------
8.4.1.6.3	Mapping to physical resources
The sequence shall be multiplied with the amplitude scaling factor  and mapped to resources elements  according to 

when the following conditions are fulfilled:
-	the resource element  is within the resource blocks occupied by the SL PRS resource
and where
-	the comb size  is provided by the higher layers
-	the resource-element offset  
-	the frequency offset  is given by Table 8.4.1.6.3-1
-	the starting symbol  is provided by higher layers for the dedicated resource pool, or is determined such that the symbols {} are mapped to the last consecutive  symbols in the slot that can be used for SL PRS for shared resource pool as described in clause 8.2.4.1.1 in [6, TS38.214]
-	the number of symbols  is provided by higher layers and limited to combinations  fulfilling 
-	in a dedicated resource pool: {1, 2}, {2, 2}, {2, 4}, {4, 4}, {6, 6}, and combinations with  and  where  
-	in a shared resource pool:{1, 1}, {1, 2}, {2, 1}, {2, 2}, {2, 4}, {4, 1}, {4, 2}, {4, 4}
 -	the antenna port 
The reference point for  is subcarrier 0 in common resource block 0.
For transmission of an SL PRS in a dedicated resource pool, the content of the OFDM symbol immediately preceding the SL PRS resource shall be generated and mapped to resource elements with
-	the time-domain index  
-	the set of frequency-domain indices  shall be identical to those of the last OFDM symbol in the SL PRS resource 
[bookmark: _GoBack]In a shared resource pool, if PSSCH is occupied after SL PRS resource within a slot, SL PRS shall not be mapped to resource elements containing PSSCH PT-RS by puncturing SL PRS. Otherwise, a UE is not expected to receive PSSCH PT-RS and SL PRS on the same resource elements.
A UE is not expected to receive sidelink CSI-RS and SL PRS on the same resource elements.
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------


Text proposal 3
We provide the Text Proposal for section 8.2.4.3 of TS 38.214 [3] as below.
	---------------------------- Start of Text Proposal for TS 38.214 -----------------------------
8.2.4.3	Sidelink congestion control in a dedicated resource pool in sidelink resource allocation mode 2
When transmitting SL-PRS in a shared pool, the priority level is same for PSSCH and SL PRS.
When transmitting SL-PRS in a dedicated pool, the UE shall perform sidelink congestion control as specified in clause 8.1.6, with the following modification(s):
· “PSSCH” is replaced by “SL PRS”
· [ potential parameter name changes ]
· [ potential changes to processing times ]
< Unchanged parts are omitted >
--------------------------------------- End of Text Proposal ----------------------------------
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