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1 Introduction
In this paper, we provide our proposals related to maintenance across all the subagendas of Rel-18 Positioning.  
2 SL Positioning
2.1 Discussion on LS R1-240008
An LS was sent to RAN1 (R1-2400008) with the following information: 
	During RAN2#124, the following agreements have been achieved in RAN2 related to SL positioning.
	· Uplink transmission can be considered as prioritized when uplink cannot be transmitted together with sidelink and none of the V2X sidelink communications or NR sidelink communications or sidelink PRS transmissions are prioritized.
· The prioritization between SR triggered by UL-SCH and SL-PRS shall follow the same principle as that between UL-SCH and SL-SCH, i.e. based on configured UL/SL prioritization thresholds.
· The prioritization between SR triggered by SL-SCH and SL-PRS shall be based on direct comparison between the SL priority for SL-PRS and the SL logical channel that triggered the SR.
· Reuse the legacy threshold for SL communications for SL-PRS prioritization.
· Implement support for retransmission on dedicated resource pool.
· When there are both SL-PRS and SL-SCH data pending for transmission at resource selection, the resource selection should be within the smaller one of the SL-PRS delay budget of the pending SL-PRSs and PDB of the logical channels.



In addition, RAN2 would like to ask RAN1 the following questions:
· On the maximum number of parallel SL-PRS transmission
· What is the maximum total number of parallel SL-PRS transmission on SL-PRS shared/dedicated resource pool?
· What is the maximum number of parallel SL-PRS transmission supported on a SL-PRS shared resource pool and SL-PRS dedicated resource pool, respectively?
· When SL-PRS is transmitted on a SL-PRS shared resource pool where PSFCH is configured, if the associated PSSCH transmission is positively acknowledged, should the UE continue to perform SL-PRS retransmission?



With regards to the dedicated resource pool, we have the following related agreements: 
	Agreement
The maximum number of SL PRS resources that can be (pre)configured in a slot of a dedicated resource pool is 12.
The maximum number of SL PRS resources that can be (pre)configured in a slot of a shared resource pool is 17.

Agreement 
Comb-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.

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 
TDM-based multiplexing of SL PRS from different UEs in a slot is supported at least for dedicated resource pools.
Agreement
For a dedicated resource pool, the maximum number of TDM groups for TDM-based multiplexing of SL PRS within a slot is 4.
· Maximum number 4 only applies to the case of comb-2

Agreement
Multiple (M,N) pairs within a slot in a dedicated resource pool is supported  only when the different (M, N) pairs are always multiplexed via TDM to different sets of symbols in a slot. Only a single (M,N) value can be mapped within one TDM duration (i.e. one set of symbols).



In the LS from RAN2, it is unclear whether the question is posed from single-UE perspective or from network-side perspective. Based on the above agreements, we make the following proposal that answers different interpretations of the question:
Proposal 1: Include in the LS response the following information:
· In a SL-PRS dedicated resource pool, 
· A UE can only transmit up to 1 SL-PRS resource in a slot
· There can be up to 6 SL-PRS tranmissions that are transmitted simultaneously in the same OFDM symbol when multiple UEs are transmitting SL-PRS resources with (M,N) = (6,6) pattern. 
· There can be up to 12 SL-PRS resources that are transmitted in the same slot (e.g., 2 TDM groups with SL-PRS resources with (M,N) = (6,6) pattern).
· The number of parallel SL-PRS the UE can receive is limited by UE capability FG 41-1-1

With regards to the shared resource pool, we have the following related agreements:

	
Agreement
Comb-based multiplexing of SL PRS resources from different UEs in a slot is NOT supported for shared resource pools.

Agreement
TDM-based multiplexing in a slot of SL PRS from different UEs is NOT supported for a shared resource pool.

Conclusion
TDM-ed SL PRS resources within a slot from a single UE in a dedicated/shared resource pool is not supported in Rel-18.

Conclusion
For SL PRS in a shared resource pool, in addition to the already-agreed values of ‘M’ = {1, 2, 4}, no new values are supported, i.e., ‘M’ can be from {1, 2, 4}.



Proposal 2: Include in the LS response the following information:
· In a SL-PRS shared resource pool, 
· A UE can only transmit up to 1 SL-PRS resource in a slot
· within a subchannel for PSSCH, only a single SL PRS may be transmitted. 
· Multiple SL PRS resources may be transmitted via FDM if multiple PSSCHs are scheduled on the same slot (simular to legacy behavior).
· The number of parallel SL-PRS the UE can receive is limited by UE capability FG 41-1-1
· Therefore, no explicit maximum has been agreed on the number of SL PRS resources that can be FDMed in the same symbols. 
With regards to the following question:
· When SL-PRS is transmitted on a SL-PRS shared resource pool where PSFCH is configured, if the associated PSSCH transmission is positively acknowledged, should the UE continue to perform SL-PRS retransmission?

We make the following proposal:

Proposal 3: Include in the LS response the following information:
· When SL-PRS is transmitted on a SL-PRS shared resource pool where PSFCH is configured, if the associated PSSCH transmission is positively acknowledged, the UE should continue to perform SL-PRS retransmission. 
· MAC procedures details are up to RAN2


2.2 SL-PRS Tx and Rx on multiple carriers 
In case of SL CA, if SL-PRS can only occur in a single carrier, that specific carrier will be loaded unnecessarily with all the SL-PRS traffic. Note that the SL-PRS configuration may need to be a system-wide configuration. On the other hand, if a UE supports SL CA, the SL PRS can spread evently across multiple carriers as needed by deployment. 
Furthermore, the current TS 38.202 needs to be further updated to avoid confusion. Specifically, with regards to SL PRS reception,
· in a shared resource pool, a UE can only receive a single SL PRS in a given subchannel, but across subchannels, a device can FDM the reception of multiple SL-PRS as it is the case for legacy SL communications
· in a dedicated resource pool, a UE can receive a single SL PRS associated with a single comb-offset, but it can receive FDMed SL-PRS resources on the same bandwidth on different comb-offsets. 
Based on the above, we make the following proposals: 
Proposal 4: Depending on the UE capability, the UE may be able to perform simultaneous sidelink SL-PRS receptions across multiple SL carriers. Clarify also that a single devive in a shared resource pool can receive one SL-PRS in a given subchannel, and in the dedicated resource pool it can receive a single SL-PRS within  one SL-PRS comb offset. 
· Update the Table 6.3-4 in TS 38.202 as follows:
	Table 6.3-4: Sidelink "Reception Type" combinations
	Supported Combinations 
	Comment

	A
	

	B
	Note 1, Note 2

	C
	Note 1, Note 2

	E
	Note 2, Note 3

	 E
	Note 2, Note 4

	 D
	Note 2

	B+C
	Note 1, Note 2

	Note 1:	Corresponds to simultaneous reception within one sub-channel
Note 2:	Depending on the UE capability, the UE may be able to perform simultaneous sidelink communication receptions of the same sidelink “Reception Type” combinations across multiple SL carriers.
Note 3:	Applicable for a shared SL PRS resource pool within one subchannel.
Note 4:	Applicable for a dedicated SL PRS resource pool with M_1≥1within one SL-PRS comb offset.






Proposal 5: Depending on the UE capability, the UE may be able to perform simultaneous SL-PRS transmissions across multiple SL carriers
· Update the Table 6.3-2 in TS 38.202 as follows:
	Table 6.3-2: Sidelink "Transmission Type" combinations
	Supported Combinations 
	Comment

	A
	Note 2

	B
	Note 2

	C
	Note 2

	E
	Note 2, Note 4

	E
	Note 2, Note 5

	 D
	Note 2

	B+C
	Note 2

	Note 1:	Depending on the UE capability, the UE may be able to perform simultaneous Uplink and Sidelink transmissions. If the simultaneous transmission of Sidelink and Uplink is beyond the UE capability, the one not prioritized can be dropped according to [TS 38.321].
Note 2:	Depending on the UE capability, the UE may be able to perform simultaneous sidelink communication transmissions of the same sidelink “Transmission Type” combinations across multiple SL carriers. 
Note 3:	Simultaneous transmissions over multiple SL carriers with one or more UL carriers is left up to UE implementation.
Note 4:	Applicable for a shared SL PRS resource pool.
Note 5:	Applicable for a dedicated SL PRS resource pool.


· 


3 DL PRS Bandwidth Aggregation
3.1 “Same Antenna port” condition for DL PRS Bandwidth aggregation
RAN4 send an LS with the following information: 
	RAN4 thanks RAN1 for the LS R1-2308449. RAN4 discussed how to capture the condition of single RF chain (same antenna) in RAN4’s specification, and reached the following agreements.
· RAN4 to take “single Rx chain” assumption for defining accuracy requirements for positioning measurements based on PRS/SRS bandwidth aggregation.
· RAN4 to define the following side conditions for the UE RSTD and Rx-Tx measurement period (core) and accuracy (performance) requirements.
· [bookmark: _Hlk150981761]For PRS resources on multiple PFLs linked for aggregation, the UE RSTD/Rx-Tx (core) and accuracy (performance) requirements apply provided that the channel over which a symbol on one PFL for PRS transmission is conveyed can be inferred from the channel over which the same symbol of another PFL or the aggregated PFL is conveyed.
Note: this does not imply the radio propagation conditions are the same for aggregated PFLs
· RAN4 to define the following side conditions for the gNB Rx-Tx measurement accuracy (performance) requirements.
· For positioning SRS resources on multiple carriers linked for aggregation, the gNB Rx-Tx measurement accuracy (performance) requirements apply provided that the channel over which a symbol on one carrier for SRS transmission is conveyed can be inferred from the channel over which the same symbol of another carrier or the aggregated carrier is conveyed.
Note: this does not imply the radio propagation conditions are the same for aggregated carriers
Based on the agreements, RAN4 believes it is better to capture the “single Tx chain” assumption in RAN1 spec. 

2. Actions:
To RAN1:
RAN4 respectfully asks RAN1 to take the above information into account and to capture the “single Tx chain” (same Tx antenna) assumption in RAN1 spec.



RAN1 should define what same Tx antenna corresponds for PRS aggregation and we propose the following text for that purpose. According to the above LS, we propose RAN1 to include the above information in TS 38.214:

 Proposal 6: Add in TS 38.214 the following statements
· In Section 5.1.6.5.3:
· For PRS resources on multiple PFLs linked for aggregation, the UE RSTD/Rx-Tx (core) and accuracy (performance) requirements apply provided that the channel over which a symbol on one PFL for PRS transmission is conveyed can be inferred from the channel over which the same symbol of another PFL or the aggregated PFL is conveyed.
· In Section 6.2.1.4.2:
· For positioning SRS resources on multiple carriers linked for aggregation, the gNB Rx-Tx measurement accuracy (performance) requirements apply provided that the channel over which a symbol on one carrier for SRS transmission is conveyed can be inferred from the channel over which the same symbol of another carrier or the aggregated carrier is conveyed.

3.2 Correction for TS 38.214
With regards to the DL PRS Bandwidht aggregation and priority of processing, we observe that the aggregation linkage has been specified as follows: 

	In 37.355:
NR-DL-PRS-AggregationInfo-r18 ::= SEQUENCE (SIZE (1..nrMaxNumPRS-BandWidthAggregation-r18)) OF
											NR-linkedDL-PRS-ResourceSetID-ListPRS-Aggregation-r18

NR-linkedDL-PRS-ResourceSetID-ListPRS-Aggregation-r18 ::= SEQUENCE (SIZE (2..3)) OF
											NR-DL-PRS-AggregationElement-r18

NR-DL-PRS-AggregationElement-r18 ::= SEQUENCE {
	nr-DL-PRS-FrequencyLayerIndex-r18		INTEGER (0..nrMaxFreqLayers-1-r16),
	nr-DL-PRS-TRP-Index-r18					INTEGER (0..nrMaxTRPsPerFreq-1-r16),
	nr-DL-PRS-ResourceSetIndex-r18			INTEGER (0..nrMaxSetsPerTrpPerFreqLayer-1-r16)
}

	nr-DL-PRS-AggregationInfo
This field specifies the DL-PRS Resource Sets across DL-PRS Positioning Frequency Layers available for DL-PRS bandwidth aggregation. The 2 or 3 DL-PRS Resource Sets indicated by IE
NR-linkedDL-PRS-ResourceSetID-ListPRS-Aggregation is linked for bandwidth aggregation.
-	nr-DL-PRS-FrequencyLayerIndex: This field indicates the frequency layer provided in nr-DL-PRS-AssistanceDataList. Value 0 corresponds to the first frequency layer provided in nr-DL-PRS-AssistanceDataList, value 1 to the second frequency layer in nr-DL-PRS-AssistanceDataList, and so on.
-	nr-DL-PRS-TRP-Index: This field indicates the TRP/DL-PRS ID provided in nr-DL-PRS-AssistanceDataPerFreq. Value 0 corresponds to the first TRP/DL-PRS ID provided in nr-DL-PRS-AssistanceDataPerFreq, value 1 to the second TRP/DL-PRS ID in nr-DL-PRS-AssistanceDataPerFreq, and so on.
-	nr-DL-PRS-ResourceSetIndex: This field indicates the DL-PRS Resource Set in nr-DL-PRS-ResourceSetList in IE NR-DL-PRS-Info. Value 0 corresponds to the first DL-PRS Resource Set provided in nr-DL-PRS-ResourceSetList, value 1 to the second DL-PRS Resource Set in nr-DL-PRS-ResourceSetList.
NOTE:	The linked DL-PRS Resource Sets from two or three Positioning Frequency Layers in a NR-linkedDL-PRS-ResourceSetID-ListPRS-Aggregation are from the same TRP.






That is, for ranking the TRPs, we can use the term “DL PRS ID” in a similar way it is used in TS37.355 without having to necessarily refer to the exact RRC name dl-PRS-ID. Therefore we make the following proposal: 

Proposal 7: Change the following section in TS 38.214 as follows: 
	Within a positioning frequency layer, the DL PRS resources are sorted in the decreasing order of priority for measurement to be performed by the UE, with the reference indicated by nr-DL-PRS-ReferenceInfo being the highest priority for measurement, and the following priority is assumed:
-	Up to 64 NR-SelectedDL-PRS-IndexPerTRP of the DL PRS positioning frequency layer are sorted according to priority if nr-SelectedDL-PRS-IndexListPerFreq is provided, or up to 64 NR-DL-PRS-AssistanceDataPerTRP of the frequency layer are sorted according to priority otherwise; except when the UE is requested to perform aggregated measurement(s), in which case:
-	A [DL-PRS IDdl-PRS-ID or nr-SelectedTRP-Index] associated with DL PRS bandwidth aggregation linkage has higher priority than a [DL-PRS ID dl-PRS-ID or nr-SelectedTRP-Index] not associated with DL PRS bandwidth aggregation linkage. If [multiple DL-PRS IDdl -PRS-ID(s) or nr-SelectedTRP-Index(s)] are associated with DL PRS bandwidth aggregation linkage, they are sorted according to priority.
-	Up to 2 DL-SelectedPRS-ResourceSetIndex per dl-PRS-ID of the DL PRS positioning frequency layer are sorted according to priority if dl-SelectedPRS-ResourceSetIndexList is provided, or up to 2 NR-DL-PRS-ResourceSet per dl-PRS-ID of the DL PRS positioning frequency layer are sorted according to priority otherwise. Eexcept when the UE is requested to perform aggregated measurement(s)], in which case:
-	A DL PRS resource set linked for a DL PRS bandwidth aggregation has higher priority than a DL PRS resource set not linked for DL PRS bandwidth aggregation. If multiple DL PRS resource sets are linked for DL PRS bandwidth aggregation, then they are sorted according to priority.



4 SRS Frequency Hopping
4.1 LMF to serving gNB Requested SRS Transmission Characteristics
With regards to the request from the LMF to the serving gNB, the following has been agreed in the higher layer parameter session: 

	In addition to current description in 38.455:

For a RedCap UE with Tx FH capability, a request on bandwidth for SRS for positioning from the LMF to the serving gNB that exceeds RedCap UE bandwidth implies configuration of SRS for positioning with Tx FH configuration
	Ref.: Bandwidth in 9.2.27 (38.455)
	Bandwidth in (9.2.27) Requested SRS Transmission Characteristics



An LMF should be able to request from the serving gNB to request specific amount of overlap between 2 consecutive hops because the serving gNB is not aware of the channel quality, e.g., SNR of the neighboring cells. 

Proposal 8: An LMF should be able to request, using the “Requested SRS Transmission Characteristics IE”, 
· The amount of overlap between 2 consecutive hops.
· Send an LS to RAN3 with the above agreement
5 Conclusions
Overall, we make the following observations and proposals:
Proposal 1: Include in the LS response the following information:
· In a SL-PRS dedicated resource pool, 
· A UE can only transmit up to 1 SL-PRS resource in a slot
· There can be up to 6 SL-PRS tranmissions that are transmitted simultaneously in the same OFDM symbol when multiple UEs are transmitting SL-PRS resources with (M,N) = (6,6) pattern. 
· There can be up to 12 SL-PRS resources that are transmitted in the same slot (e.g., 2 TDM groups with SL-PRS resources with (M,N) = (6,6) pattern).
· The number of parallel SL-PRS the UE can receive is limited by UE capability FG 41-1-1

Proposal 2: Include in the LS response the following information:
· In a SL-PRS shared resource pool, 
· A UE can only transmit up to 1 SL-PRS resource in a slot
· within a subchannel for PSSCH, only a single SL PRS may be transmitted. 
· Multiple SL PRS resources may be transmitted via FDM if multiple PSSCHs are scheduled on the same slot (simular to legacy behavior).
· The number of parallel SL-PRS the UE can receive is limited by UE capability FG 41-1-1
· Therefore, no explicit maximum has been agreed on the number of SL PRS resources that can be FDMed in the same symbols. 
Proposal 3: Include in the LS response the following information:
· When SL-PRS is transmitted on a SL-PRS shared resource pool where PSFCH is configured, if the associated PSSCH transmission is positively acknowledged, the UE should continue to perform SL-PRS retransmission. 
· MAC procedures details are up to RAN2

Proposal 4: Depending on the UE capability, the UE may be able to perform simultaneous sidelink SL-PRS receptions across multiple SL carriers. Clarify also that a single devive in a shared resource pool can receive one SL-PRS in a given subchannel, and in the dedicated resource pool it can receive a single SL-PRS within  one SL-PRS comb offset. 
· Update the Table 6.3-4 in TS 38.202 as follows:
	Table 6.3-4: Sidelink "Reception Type" combinations
	Supported Combinations 
	Comment

	A
	

	B
	Note 1, Note 2

	C
	Note 1, Note 2

	E
	Note 2, Note 3

	 E
	Note 2, Note 4

	 D
	Note 2

	B+C
	Note 1, Note 2

	Note 1:	Corresponds to simultaneous reception within one sub-channel
Note 2:	Depending on the UE capability, the UE may be able to perform simultaneous sidelink communication receptions of the same sidelink “Reception Type” combinations across multiple SL carriers.
Note 3:	Applicable for a shared SL PRS resource pool within one subchannel.
Note 4:	Applicable for a dedicated SL PRS resource pool with M_1≥1within one SL-PRS comb offset.






Proposal 5: Depending on the UE capability, the UE may be able to perform simultaneous SL-PRS transmissions across multiple SL carriers
· Update the Table 6.3-2 in TS 38.202 as follows:
	Table 6.3-2: Sidelink "Transmission Type" combinations
	Supported Combinations 
	Comment

	A
	Note 2

	B
	Note 2

	C
	Note 2

	E
	Note 2, Note 4

	E
	Note 2, Note 5

	 D
	Note 2

	B+C
	Note 2

	Note 1:	Depending on the UE capability, the UE may be able to perform simultaneous Uplink and Sidelink transmissions. If the simultaneous transmission of Sidelink and Uplink is beyond the UE capability, the one not prioritized can be dropped according to [TS 38.321].
Note 2:	Depending on the UE capability, the UE may be able to perform simultaneous sidelink communication transmissions of the same sidelink “Transmission Type” combinations across multiple SL carriers. 
Note 3:	Simultaneous transmissions over multiple SL carriers with one or more UL carriers is left up to UE implementation.
Note 4:	Applicable for a shared SL PRS resource pool.
Note 5:	Applicable for a dedicated SL PRS resource pool.


· 



Proposal 6: Add in TS 38.214 the following statements
· In Section 5.1.6.5.3:
· For PRS resources on multiple PFLs linked for aggregation, the UE RSTD/Rx-Tx (core) and accuracy (performance) requirements apply provided that the channel over which a symbol on one PFL for PRS transmission is conveyed can be inferred from the channel over which the same symbol of another PFL or the aggregated PFL is conveyed.
· In Section 6.2.1.4.2:
· For positioning SRS resources on multiple carriers linked for aggregation, the gNB Rx-Tx measurement accuracy (performance) requirements apply provided that the channel over which a symbol on one carrier for SRS transmission is conveyed can be inferred from the channel over which the same symbol of another carrier or the aggregated carrier is conveyed.

Proposal 7: Change the following section in TS 38.214 as follows: 
	Within a positioning frequency layer, the DL PRS resources are sorted in the decreasing order of priority for measurement to be performed by the UE, with the reference indicated by nr-DL-PRS-ReferenceInfo being the highest priority for measurement, and the following priority is assumed:
-	Up to 64 NR-SelectedDL-PRS-IndexPerTRP of the DL PRS positioning frequency layer are sorted according to priority if nr-SelectedDL-PRS-IndexListPerFreq is provided, or up to 64 NR-DL-PRS-AssistanceDataPerTRP of the frequency layer are sorted according to priority otherwise; except when the UE is requested to perform aggregated measurement(s), in which case:
-	A [DL-PRS IDdl-PRS-ID or nr-SelectedTRP-Index] associated with DL PRS bandwidth aggregation linkage has higher priority than a [DL-PRS ID dl-PRS-ID or nr-SelectedTRP-Index] not associated with DL PRS bandwidth aggregation linkage. If [multiple DL-PRS IDdl -PRS-ID(s) or nr-SelectedTRP-Index(s)] are associated with DL PRS bandwidth aggregation linkage, they are sorted according to priority.
-	Up to 2 DL-SelectedPRS-ResourceSetIndex per dl-PRS-ID of the DL PRS positioning frequency layer are sorted according to priority if dl-SelectedPRS-ResourceSetIndexList is provided, or up to 2 NR-DL-PRS-ResourceSet per dl-PRS-ID of the DL PRS positioning frequency layer are sorted according to priority otherwise. Eexcept when the UE is requested to perform aggregated measurement(s)], in which case:
-	A DL PRS resource set linked for a DL PRS bandwidth aggregation has higher priority than a DL PRS resource set not linked for DL PRS bandwidth aggregation. If multiple DL PRS resource sets are linked for DL PRS bandwidth aggregation, then they are sorted according to priority.



Proposal 8: An LMF should be able to request, using the “Requested SRS Transmission Characteristics IE”, 
· The amount of overlap between 2 consecutive hops.
Send an LS to RAN3 with the above agreement
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