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Introduction
In Rel-18 NR Positioning, RAN1 introduced carrier phase positioning, bandwidth aggregation, LPHAP (Low Power High Accuracy Positioning), RedCap (Reduced Capability) UE positioning with frequency hopping and supported of sidelink positioning based on timing and angle based positioning techniques. In this contribution, we provide maintenance proposals for overall Rel-18 NR positioning.
Discussion
Sidelink Positioning
The following was agreed in RAN1#114.
	Agreement
Support to include SL PRS resource ID in sidelink positioning measurement report.
Note: RAN1 will not further discuss how LMF/UE could use reported resource ID.


Further, the below captures an FL proposal from RAN1#116 [2].
	4.1 [MEDIUM] FL proposal 4.1-1:
 Support reporting of the following information in sidelink positioning measurement report:
· SL PRS resource pool ID
· SL PRS bandwidth for the case that measured SL PRS is within shared resource pool



Proposal 1: Support the following text proposal of Clause 8.4.4 of TS 38.214
	8.4.4 SL PRS reception procedure
<omitted text>
The UE may include SL PRS resource ID(s) and SL PRS resource pool ID when it reports one or more of the SL RSTD, SL Rx-Tx time difference, SL RTOA, SL AoA, SL PRS-RSRP, and SL PRS-RSRPP measurements.
<omitted text>


	Reason for change:
	A key motivation for reporting the SL PRS resource ID to LMF/UE is to allow LMF/UE to uniquely identify the SL PRS resource that is associated with a certain SL PRS transmission. However, the SL PRS resource ID alone does not give the complete information on the time frequency resource of the SL PRS transmission. In a case where multiple resource SL PRS pools are multiplexed in an FDM manner, SL PRS resource ID alone is ambiguous since the resource IDs are defined within a resource pool. Hence, the resource pool information is also desired at the LMF/UE.

	
	

	Summary of change:
	Add SL PRS resource ID into Clause 8.4.4 of TS 38.214.

	
	

	
Consequences if not approved:
	The LMF may not be able to know the detailed resource information used for the reported measurement as the reported SL PRS resource ID.


Proposal 2: Send an LS to RAN2 to support reporting of SL PRS resource pool ID in sidelink positioning measurement report.

Proposal 3: Support the following text proposal of Clause 8.4.4 of TS 38.214
	8.2.4 SL PRS transmission procedure
<omitted text>
The UE may report the association information between the already transmitted SL PRSs of SL PRS resources and UE Tx ARP ID. The association information includes ARP ID(s) indicated by sl-POS-ARP-ID-Tx, SL PRS transmission timestamp(s) indicated by sl-TimeStamp, and optional SL PRS resource ID(s) indicated by sl-PRS-ResourceID.
The UE may report whether the same antenna port is used for the transmission of different SL PRS resources.
<omitted text>


	Reason for change:
	RAN4 is not considering multiple measurement samples of SL PRS measurements. In RAN1, a specific SL PRS resource is uniquely defined within a slot, so a receiving UE can perform a positioning measurement based on a single measurement sample only. There is no way for the Rx UE to assume the same antenna port across different SL PRS resources. In order for Rx UE to perform SL PRS measurement with multiple measurement samples, RAN1 should support additional feature. At least, the Rx UE needs information which SL PRS resources have been transmitted with the same Tx antenna port. 

	
	

	Summary of change:
	Add the proposed text in Clause 8.2.4 of TS 38.214.

	
	

	
Consequences if not approved:
	The Rx UE cannot obtatin positioning measurements with multiple measurement samples based on SL PRS, which is not aligned with the current RAN4 discussion. If this is not approved, RAN1 needs discussion with RAN4 to address the issue.



Carrier Phase
Proposal 4: Support the following text proposal of Clause 5.1.6.5.2 of TS 38.214
	5.1.6.5.2	PRS for carrier phase positioning
<omitted text>
The UE may be provided with [nr-PruInformation-Ue-based-DL-CPP ] which contains DL RSCP/RSCPD measurements together with DL RSTD, DL PRS-RSRP, and/or DL PRS-RSRPP measurement(s) associated with the RSCP/RSCPD measurements performed by a positioning reference unit (PRU) [20, TS 38.305] the timestamps associated with the measurements, and the location information of the PRU. The UE is not expected to be provided with [nr-PruInformation-Ue-based-DL-CPP ] which does not contain DL RSCPD measurements.
<omitted text>


	Reason for change:
	RAN1 made an agreement about providing PRU RSCP measurements to a UE, but there is no use case as UE-based positioning based on multi-RTT technique is not supported. RAN1 needs to resolve this issue. This issue is also under discussion in RAN2 based on RAN1 agreement, but the use case would be also unclear from their view. RAN1 needs to fix this issue to avoid unnecessary signalling of PRU measurement to a target UE.  

	
	

	Summary of change:
	Remove provision of the PRU RSCP measurement to a target UE.

	
	

	
Consequences if not approved:
	It may cause confusion to RAN2 about the necessity of the signaling, which is under discussion. If they just add the signaling, an unnecessary signaling information will be added, but LMF actually will never provide this information to the UE for UE-based positioning.



Proposal 5: Support the following text proposal of Clause 5.1.6.5.2 of TS 38.214
	5.1.6.5.2	PRS for carrier phase positioning
<omitted text>
If the UE reports LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator along with a measurement report containing DL RSCP or DL RSCPD the LoS/NLoS indicator(s) are assumed to also apply to the DL RSCP or DL RSCPD measurements. The UE is not expected to report the DL RSCP or DL RSCPD measurement for additional detected paths. If the LoS/NLoS indicator of the first detected path is not greater than that of any one of additionally detected paths, the UE is expected to report the DL RSCP or DL RSCPD measurement associated with the largest LoS/NLoS indicator. 
<omitted text>



	Reason for change:
	For the carrier phase measurement, the UE is only allowed to report the measurement of the first detected path according to the agreement. In the current TS 37.355 structure, the UE reports a main measurement and additional measurements through additional measurement container. For the timing measurement, the UE can report multiple measurement and LoS/NLoS indicators for the detected paths. However, the first detected path is not guaranteed as LoS path. The LoS/NLoS indicator of the first path could be less than that of the 2nd detected path. In this case, LMF could choose the 2nd detected path as a first path based on the provided information. There was no issue on the legacy DL-TDOA tehcnique, but carrier phase positioning does not support measurements for additional paths. Thus, it is necessary to fix this issue.

	
	

	Summary of change:
	Clarify the UE behavior of the DL RSCP or DL RSCPD measurement reporing by adding UE behavior into TS 38.214.

	
	

	
Consequences if not approved:
	Even if the LoS/NLoS indicator of the first path is not the largest one, the UE may still report the carrier phase measurements based on the supported signal measurement container.



RedCap positioning
Proposal 6: Support the following text proposal of Clause 5.1.6.5.1 of TS 38.214
	[bookmark: _Toc145348692][bookmark: _Toc155777343]5.1.6.5.1	PRS receiver frequency hopping
The reduced capability UE may be configured to measure and report, subject to UE capability, via [nr-Requested-DL-PRS-measurementBasedOnMultihopRx] the DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, or UE Rx-Tx time difference using receiver frequency hopping for a DL PRS resource, with a requested bandwidth of all hops that may be greater than the maximum reduced capability UE bandwidth. The reduced capability UE performing receiver frequency hopping may report via [higher layer parameter] one measurement associated with one received frequency hop or one measurement based on multiple hops of the DL PRS. The reduced capability UE may report whether the measurement is associated with one received frequency hop or multiple frequency hops of the DL PRS. For a RSTD measurement, the reduced capability UE is expected to measure two different DL PRS resources with the same number of frequency hops. In RRC_CONNECTED mode, the reduced capability UE is expected to use a single instance of a configured measurement gap to receive all hops of the DL PRS using receiver frequency hopping. 
<omitted text>



	Reason for change:
	When a reduced capabiltiy UE reports a RSTD measurement with the DL PRS frequency hopping, it also reports whetehr the measurement is made from a single or multiple frequency hops. In the case of RSTD measurement, the UE uses two different propagation time measurements from the received two different PRSs. The UE may be able to use different number of fruency hops of received PRSs. If the UE uses a single hop from a DL PRS resource and multiple hops from another DL PRS resource, the UE reporting beahvior is uncelar. In addition, the LMF needs to know which measurements are made from wideband or narrowband to select measurements to be used to run a location estimation algorithm.

	
	

	Summary of change:
	Clarify the UE behavior for RSTD measurement reporting with DL PRS frequency hopping. The proposal is that the redcap UE uses two different ToA mesaurements made from the same number of DL PRS frequency hope in case it reports a RSTD composed of the ToA measurements.

	
	

	
Consequences if not approved:
	In case the UE uses a single frequency hop for a ToA measurement and multiple frequency hops for anotehr ToA measurement, the UE reporting behavior is unclear. Also, network cannot obtain the proper information on the number of used frequency hops.



Bandwidth aggregation for positioning measurements
Proposal 7: Support the following text proposal of Clause 5.1.6.5.3 of TS 38.214
	[bookmark: _Toc155777345]5.1.6.5.3	PRS bandwidth aggregation for positioning measurements
When the UE is expected to perform aggregated measurements for bandwidth aggregation across DL PRS positioning frequency layers, the UE expects to be configured with linkage information, via higher layer parameter [nr-linked-DL-PRS-ResourceSetIDList-PrsAggregation], between DL PRS resource sets across DL PRS positioning frequency layers. For the linked DL PRS resource sets, the UE is expected to be configured with the same values of QCL, dl-PRS-Periodicity-and-ResourceSetSlotOffset, dl-PRS-NumSymbols, dl-PRS-ResourceTimeGap, dl-PRS-ResourceRepetitionFactor, dl-PRS-ResourceSymbolOffset, dl-prs-MutingBitRepetitionFactor, dl-PRS-CyclicPrefix, comb size, power per subcarrier, NR-MutingPattern, and NR-DL-PRS-SFN0-Offset, and the UE is expected to be configured with DL PRS resources that maintain uniformly spaced DL PRS RE pattern within a symbol across aggregated DL PRS positioning frequency layers. The UE assumes that DL PRS resources across the linked DL PRS resource sets which satisfy the above conditions are linked for bandwidth aggregation, and the UE may assume phase continuity on the DL PRS resources on same symbol(s); otherwise, the UE does not assume that PRS resources from the linked DL PRS resource sets are linked for bandwidth aggregation.
<omitted text>



	Reason for change:
	In case the UE is configured with bandwidth aggregation for positioning measurement, the LMF provide linkage signaling. In the current TS38.214 specification, we have a description such that the UE may assume phase continuity between PFLs. However, it is ambiguous description as there would be different level of phase continuity. This is unnecessary description in TS 38.214 and needs to be removed. The linkage signaling clearly informs which PFLs would be used for bandwidth aggregation.  

	
	

	Summary of change:
	Remove the current unclear description related to the phase continuity assumption.

	
	

	
Consequences if not approved:
	The spec and UE behavior is uncelar, as the level of guaranteed phase contintuity would be different depending on implementations and assumption. This is not proper description in RAN1 specification, so it leads to ambiguity.



Conclusions
We have summarized our proposals of this contribution as follows:  
Proposal 1: Support the following text proposal of Clause 8.4.4 of TS 38.214
	8.4.4 SL PRS reception procedure
<omitted text>
The UE may include SL PRS resource ID(s) and SL PRS resource pool ID when it reports one or more of the SL RSTD, SL Rx-Tx time difference, SL RTOA, SL AoA, SL PRS-RSRP, and SL PRS-RSRPP measurements.
<omitted text>



Proposal 2: Send an LS to RAN2 to support reporting of SL PRS resource pool ID in sidelink positioning measurement report.

Proposal 3: Support the following text proposal of Clause 8.4.4 of TS 38.214
	8.2.4 SL PRS transmission procedure
<omitted text>
The UE may report the association information between the already transmitted SL PRSs of SL PRS resources and UE Tx ARP ID. The association information includes ARP ID(s) indicated by sl-POS-ARP-ID-Tx, SL PRS transmission timestamp(s) indicated by sl-TimeStamp, and optional SL PRS resource ID(s) indicated by sl-PRS-ResourceID.
The UE may report whether the same antenna port is used for the transmission of different SL PRS resources.
<omitted text>



Proposal 4: Support the following text proposal of Clause 5.1.6.5.2 of TS 38.214
	5.1.6.5.2	PRS for carrier phase positioning
<omitted text>
The UE may be provided with [nr-PruInformation-Ue-based-DL-CPP ] which contains DL RSCP/RSCPD measurements together with DL RSTD, DL PRS-RSRP, and/or DL PRS-RSRPP measurement(s) associated with the RSCP/RSCPD measurements performed by a positioning reference unit (PRU) [20, TS 38.305] the timestamps associated with the measurements, and the location information of the PRU. The UE is not expected to be provided with [nr-PruInformation-Ue-based-DL-CPP ] which does not contain DL RSCPD measurements.
<omitted text>



Proposal 5: Support the following text proposal of Clause 5.1.6.5.2 of TS 38.214
	5.1.6.5.2	PRS for carrier phase positioning
<omitted text>
If the UE reports LoS/NLoS indicator(s) via higher layer parameter nr-los-nlos-Indicator along with a measurement report containing DL RSCP or DL RSCPD the LoS/NLoS indicator(s) are assumed to also apply to the DL RSCP or DL RSCPD measurements. The UE is not expected to report the DL RSCP or DL RSCPD measurement for additional detected paths. If the LoS/NLoS indicator of the first detected path is not greater than that of any one of additionally detected paths, the UE is expected to report the DL RSCP or DL RSCPD measurement associated with the largest LoS/NLoS indicator. 
<omitted text>



Proposal 6: Support the following text proposal of Clause 5.1.6.5.1 of TS 38.214
	5.1.6.5.1	PRS receiver frequency hopping
The reduced capability UE may be configured to measure and report, subject to UE capability, via [nr-Requested-DL-PRS-measurementBasedOnMultihopRx] the DL RSTD, DL PRS-RSRP, DL PRS-RSRPP, or UE Rx-Tx time difference using receiver frequency hopping for a DL PRS resource, with a requested bandwidth of all hops that may be greater than the maximum reduced capability UE bandwidth. The reduced capability UE performing receiver frequency hopping may report via [higher layer parameter] one measurement associated with one received frequency hop or one measurement based on multiple hops of the DL PRS. The reduced capability UE may report whether the measurement is associated with one received frequency hop or multiple frequency hops of the DL PRS. For a RSTD measurement, the reduced capability UE is expected to measure two different DL PRS resources with the same number of frequency hops. In RRC_CONNECTED mode, the reduced capability UE is expected to use a single instance of a configured measurement gap to receive all hops of the DL PRS using receiver frequency hopping. 
<omitted text>



Proposal 7: Support the following text proposal of Clause 5.1.6.5.3 of TS 38.214
	5.1.6.5.3	PRS bandwidth aggregation for positioning measurements
When the UE is expected to perform aggregated measurements for bandwidth aggregation across DL PRS positioning frequency layers, the UE expects to be configured with linkage information, via higher layer parameter [nr-linked-DL-PRS-ResourceSetIDList-PrsAggregation], between DL PRS resource sets across DL PRS positioning frequency layers. For the linked DL PRS resource sets, the UE is expected to be configured with the same values of QCL, dl-PRS-Periodicity-and-ResourceSetSlotOffset, dl-PRS-NumSymbols, dl-PRS-ResourceTimeGap, dl-PRS-ResourceRepetitionFactor, dl-PRS-ResourceSymbolOffset, dl-prs-MutingBitRepetitionFactor, dl-PRS-CyclicPrefix, comb size, power per subcarrier, NR-MutingPattern, and NR-DL-PRS-SFN0-Offset, and the UE is expected to be configured with DL PRS resources that maintain uniformly spaced DL PRS RE pattern within a symbol across aggregated DL PRS positioning frequency layers. The UE assumes that DL PRS resources across the linked DL PRS resource sets which satisfy the above conditions are linked for bandwidth aggregation, and the UE may assume phase continuity on the DL PRS resources on same symbol(s); otherwise, the UE does not assume that PRS resources from the linked DL PRS resource sets are linked for bandwidth aggregation.
<omitted text>
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