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Introduction
In this contribution, we discuss signalling design for NR DL positioning procedures, which may be applicable to
· DL-only positioning
· DL-TDOA
· DL-AoD
· DL part of DL+UL positioning
· Multi-RTT
UE related procedures
According to the running stage 2 CR, the UE related DL procedures for NR positioning includes
· Request assistance data (UE-LMF)
· Provide assistance data (LMF-UE)
· Request location information (LMF-UE)
· Provide location information (UE-LMF)
0. RequestAssistanceData
In the RequestAssistanceData, UE may report its serving cell to the LMF so that LMF can select the assistance data to the UE, similar to LTE. However in NR, CA/DC operations are supported compared to Rel-9 where OTDOA was introduced in LTE. If LMF knows all UE’s serving cells, LMF could configure a more suitable PRS frequency to avoid UE’s measurement gaps. So, it could be considered to support UE to report its all serving cell IDs to LMF in RequestAssistanceData.
Proposal 1: Support UE to report its all serving cell ID, including scells and Spcells, to the LMF in RequestAssistanceData.
ProvideAssistanceData
ProvideAssistanceData mainly provides PRS related configuration, which can be potentially used for
· DL-TDOA positioning
· DL-AoD positioning
· Multi-RTT positioning
In the current running CR, the following structure of configurations is introduced for the provision of the assistance data for DL PRS:
· NR-DL-TDOA-ProvideAssistanceData (include ref cell and neigh cell)
· NR-DL-PRS-ReferenceCellInfo/NR-DL-PRS-NeighbourCellInfo
· NR-DL_TDOA-NeighbourFreqInfo (frequency layer)
· NR-DL-TDOA-NeighbourCellInfoElement/NR-DL-TDOA-ReferenceCellInfoElement
· PCI/NCGI/ARFCN
· DL-PRS-Config
· NR-DL-PRS-ConfigTRP
· trp-id
· DL-PRS-ResourceSetList
· DL-PRS-ResourceSet
· Resource set id
· NR-DL-PRS-PositioningFrequencyLayer

RAN1 has also introduced the definition of “positioning frequency layer” in the previous meeting：
	Agreement from RAN1#98bis
· Rename “frequency layer” to “positioning frequency layer” in previous agreements for positioning in Rel-16
· In the agreements made in RAN1 related to NR positioning, a “positioning frequency layer” is a collection of DL PRS Resource Sets across one or more TRPs which have
· the same SCS and CP type
· the same centre frequency
· the same point-A (already agreed)
· FFS: details on configured BW



The issue with the current structure for the signaling is that the positioning frequency layer is under each reference cell information element, while multiple reference cells may have the same frequency layer configuration. 
Proposal 2: Frequency layer configuration should be above the cell configuration in the hierarchy. 
Based on RAN1 agreement in RAN1#98b [1] and the endorsed higher layer parameters [2], a new ID in the assistance data should be defined to be associated with a TRP and help identify the PRS resource along with the resource set ID and the resource ID. 
	Agreement from RAN1#98b:
· An ID is defined that can be associated with multiple DL PRS Resource Sets associated with a single TRP.
· This ID can be used along with a DL PRS Resource Set ID and a DL PRS Resources ID to uniquely identify a DL PRS Resource
· Name can be defined by RAN2
· Each TRP should only be associated with one such ID



Based on the RAN3 agreement in RAN3#105b [3], LMF identify the TRP using the ID pair {TRP ID, cell ID}.
	Agreements from RAN3#105b
· A TRP is identified by a {TRP ID, cell ID} pair, where the cell ID is optional. Absence of the cell ID indicates that the TRP is not associated with a cell.



Therefore, to harmonize both agreements, the LMF can associate new ID in the assistance data to the UE with the ID pair {TRP ID, cell ID} used to identify each TRP. One simple way is to introduce a new IE PRS-Config between positioning frequency layer and PRS resource set, and the new ID can be prs-ConfigId as a field of PRS-Config.
Adopting prs-ConfigId may also help reduce signaling overhead when PRS is referenced for other purposes, e.g., SRS power control, SRS transmit beam configuration. In this way it does not require to include the full configuration of {TRP ID, and cell ID}. prs-ConfigId should also be globally across frequency layers, so
For broadcast assistance data, the association between prs-ConfigId and a TRP is cell-specific. In case that the same prs-ConfigId is mapped to different TRPs in the broadcast AD transmitted from different cells, e.g., prs-ConfigId = 0 points to TRP#1 in the broadcast AD of cell#1, but points to TRP#2 in the broadcast AD of cell#2, LMF can still identify the TRP based on the serving cell of the UE.
Proposal 3: Add a new field PRS-Config under frequency layer but above PRS resource set to associate the PRS resources to TRP.
Proposal 4: Introduce prs-ConfigId as a field of PRS-Config to align with the ID associated with a single TRP. TRP ID and cell ID do not need to be included in the assistance data.
In summary, we propose the following hierarchy of ProvideAssistanceData for DL positioning procedures.
With the above proposal, the following hierarchy of ProvideAssistanceData is introduced for DL positioning procedures.
· ProvideAssistanceData
· FrequencyLayer
· PRS-Config
· PRS-ResourceSet
· PRS-Resource
RequestLocationInformation
The request location information is used to request specific measurements based on the PRS in the assistance data. The requested measurement can be based on the following RAN1 agreements/working assumptions [4], higher layer parameters [1], and previous RAN1 LS [4].
RAN1 agreed that multiple RSTDs and UE Rx – Tx time difference can be configured to report for a TRP, as the following agreement shows. Therefore, the request IE should indicate how many measurements per TRP are requested. We think that it can be extended to RSRP report for DL-AoD.
Observation 1: Number of RSTD measurements for DL-TDOA, UE Rx – Tx time difference for multi-RTT, and RSRP measurements for DL-AoD should be included in the RequestLocationInformation IE.
	Agreement:
UE can be configured to measure and report up to [M] DL PRS RSTD measurements with each measurement between a different pair of DL PRS resources or DL PRS resource sets, and the M measurements being performed on the same pair of TRPs subject to UE capability
· All the RSTD measurements in a single report should have a single reference timing
· Note: Each RSTD measurement is between DL PRS Resources corresponding to different TRP IDs.
· M=[3]

Working assumption:
A UE can be configured to report multiple Rx–Tx time difference measurements corresponding to a single SRS resource/resource set for positioning with each measurement corresponding to a single DL PRS resource/resource set. The DL PRS resource/resource sets can be in different positioning frequency layers
· FFS: Reporting of SRS for positioning resource/resource set ID corresponding to a UE Rx-Tx time difference measurement
· Note: This agreement does not introduce any new behavior for the transmission of SRS for positioning.



RAN1 also agreed that PRS resource ID and set IDs used for determining the timing can be configured to reported, which corresponds to the higher layer parameter DL-PRS-RstdMeasurementInfoRequest and DL-PRS-UE-Rx-Tx-MeasurementInfoRequest given as below. ID reporting should be mandatory for DL-AoD, and thus if UE can identify that PRS-RSRP measurement is requested for DL-AoD, it should provide the PRS resource or set ID even without explicit request.
Observation 2: PRS ID reporting associated with RSTD measurement and UE Rx – Tx time difference should be requested by the network and included in the RequestLocationInformation.
Observation 3: PRS ID reporting used for DL-AoD should always be provided by the UE even without explicit request information.
	Agreement:
· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in RSTD measurements can be configured for reporting in the measurement report.



	DL-PRS-RstdMeasurementInfoRequest
	Is applied to configure UE to report DL PRS Resource ID(s) or DL PRS Resource Set ID(s) used for determining the timing of each TRP in RSTD measurements

	DL-PRS-UE-Rx-Tx-MeasurementInfoRequest
	Is applied to configure UE to report DL PRS Resource ID(s) or DL PRS Resource Set ID(s) used for determining the timing of each TRP in the UE Rx-Tx time difference measurements



Last, the LS indicates that RSRP should also be used for DL-TDOA and multi-RTT. We think that DL PRS RSRP is not a critical measurement to enable DL-TDOA and multi-RTT, it can be requested by the network. RSRP reporting should be mandatory for DL-AoD, and thus if UE can identify that measurement is requested for DL-AoD, it should provide the PRS RSRP even without explicit request.
Observation 4: PRS RSRP reporting associated with RSTD measurement and UE Rx – Tx time difference should be requested by the network and included in the RequestLocationInformation.
Observation 5: PRS RSRP reporting used for DL-AoD should always be provided by the UE even without explicit request information.
	DL/UL Reference Signals
	UE Measurements
	To facilitate support of the following positioning techniques

	Rel.16 DL PRS
	DL RSTD
	DL-TDOA

	Rel.16 DL PRS
	DL PRS RSRP
	DL-TDOA, DL-AoD, Multi-RTT

	Rel.16 DL PRS / Rel.16 SRS for positioning 
	UE Rx-Tx time difference
	Multi-RTT

	Rel. 15 SSB / CSI-RS for RRM
	SS-RSRP(RSRP for RRM), SS-RSRQ(for RRM), CSI-RSRP (for RRM), CSI-RSRQ (for RRM), SS-RSRPB (for RRM)
	E-CID



Hence, we propose to include the following fields in each respective LocationInformationRequest.
Proposal 5: DL-TDOA-LocationInformationRequest includes
· numRSTD-Per-TRP
· prs-Id-Request (replaces DL-PRS-RstdMeasurementInfoRequest)
· rsrp-Request
Proposal 6: Multi-RTT-LocationInformationRequest includes
· numUE-RxTxTimeDiff-Per-TRP
· prs-Id-Request (replaces DL-PRS-RstdMeasurementInfoRequest)
· rsrp-Request
Proposal 7: DL-AoD-LocationInformationRequest includes
· numRSRP-Per-TRP
It is clear based on RAN1 agreement that multiple timing measurements come from multiple beams, but the beams and selected path should anyway be the same for RSTD and Rx – Tx time difference, and even the RSRP would be the same. Therefore, from RAN2 perspective, the answer from RAN1 on the following questions could help us define the request message.
Proposal 8: Include the following contents in the LS to RAN1:
· RAN2 understands that multiple RSTD and multiple UE Rx – Tx time difference measurements per TRP come from multiple Tx beams, but RAN2 is not clear about the following questions and would request RAN1 to provide answers to them.
· Q1: Should the number of RSTD measurement per TRP be the same as that of UE Rx – Tx time difference if both are requested?
· Q2: Should the multiple RSRPs be reported each associated with one of the multiple RSTD/UE Rx – Tx time difference measurements for a TRP?
ProvideLocationInformation
In this message, UE provides the requested measurement for each selected TRP by the UE. The measurement should be grouped per TRP similar to the assistance data. We propose to use SignalMeasurementInformation to contain all the measurements for a TRP.
Proposal 9: Introduce the following hierarchy of ProvideLocationInformation for DL positioning procedures.
· ProvideLocationInformation
· SignalMeasurementInformation
Each SignalMeasurementInformation contains the measurement with respect to a TRP. Different from LTE OTDOA, where there is always a reference cell and a list of neighboring cells, NR does not need differentiate the TRPs that contains the reference from other TRPs, as there is no reference for DL-AoD and Multi-RTT. 
Proposal 10: The same structure of SignalMeasurementInformation can be used for both the TRP containing the reference for DL-TDOA and other TRPs not containing the reference for DL-TDOA.
Under the SignalMeasurementInformation, the following content can be included
· prs-ConfigId to associate the measurement to the TRP
· List of RSTD measurements and qualities
· List of UE Rx – Tx time difference and qualities
· List of RSRP measurements
Lists of RSTD, and UE Rx – Tx time difference are based on the RAN1 agreement. However the signaling overhead would be large if each RSTD or UE Rx – Tx time difference are reported with its absolute value. Since the timing measurement corresponds to different timing under different beams belonging to the same TRP, an efficient way is to report one absolute RSTD/UE Rx – Tx time difference and quantify the following RSTDs/Rx – Tx time difference using differential value.
For RSRP, differential RSRP should also be adopted, and Rel-15 differential RSRP can be considered as the baseline.
Proposal 11: For multiple RSTD, UE Rx – Tx time difference, and RSRP measurements per TRP, only one RSTD, UE Rx – Tx time difference, and RSRP measurement are reported with the absolute value, while the remaining are reported using a differential value with respect to the absolute value.
Conclusion
In this contribution, we discussed signaling design for NR DL positioning procedures for stage 3.
We have the following observations:
Observation 1: Number of RSTD measurements for DL-TDOA, UE Rx – Tx time difference for multi-RTT, and RSRP measurements for DL-AoD should be included in the RequestLocationInformation IE.
Observation 2: PRS ID reporting associated with RSTD measurement and UE Rx – Tx time difference should be requested by the network and included in the RequestLocationInformation.
Observation 3: PRS ID reporting used for DL-AoD should always be provided by the UE even without explicit request information.
Observation 4: PRS RSRP reporting associated with RSTD measurement and UE Rx – Tx time difference should be requested by the network and included in the RequestLocationInformation.
Observation 5: PRS RSRP reporting used for DL-AoD should always be provided by the UE even without explicit request information.
We get the following proposals:
Proposal 1: Support UE to report its all serving cell ID, including scells and Spcells, to the LMF in RequestAssistanceData.
Proposal 2: Frequency layer configuration should be above the cell configuration in the hierarchy. 
Proposal 3: Add a new field PRS-Config under frequency layer but above PRS resource set to associate the PRS resources to TRP.
Proposal 4: Introduce prs-ConfigId as a field of PRS-Config to align with the ID associated with a single TRP. TRP ID and cell ID do not need to be included in the assistance data.
Proposal 5: DL-TDOA-LocationInformationRequest includes
· numRSTD-Per-TRP
· prs-Id-Request (replaces DL-PRS-RstdMeasurementInfoRequest)
· rsrp-Request
Proposal 6: Multi-RTT-LocationInformationRequest includes
· numUE-RxTxTimeDiff-Per-TRP
· prs-Id-Request (replaces DL-PRS-RstdMeasurementInfoRequest)
· rsrp-Request
Proposal 7: DL-AoD-LocationInformationRequest includes
· numRSRP-Per-TRP
Proposal 8: Include the following contents in the LS to RAN1:
· RAN2 understands that multiple RSTD and multiple UE Rx – Tx time difference measurements per TRP come from multiple Tx beams, but RAN2 is not clear about the following questions and would request RAN1 to provide answers to them.
· Q1: Should the number of RSTD measurement per TRP be the same as that of UE Rx – Tx time difference if both are requested?
· Q2: Should the multiple RSRPs be reported each associated with one of the multiple RSTD/UE Rx – Tx time difference measurements for a TRP?
Proposal 9: Introduce the following hierarchy of ProvideLocationInformation for DL positioning procedures.
· ProvideLocationInformation
· SignalMeasurementInformation
Proposal 10: The same structure of SignalMeasurementInformation can be used for both the TRP containing the reference for DL-TDOA and other TRPs not containing the reference for DL-TDOA.
Proposal 11: For multiple RSTD, UE Rx – Tx time difference, and RSRP measurements per TRP, only one RSTD, UE Rx – Tx time difference, and RSRP measurement are reported with the absolute value, while the remaining are reported using a differential value with respect to the absolute value.
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