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1 Introduction
Multi-RTT is a positioning method to be supported in NR based on UE Rx-Tx time difference and PRS RSRP measurements. Some of the related RAN1 agreements are listed below.
RAN1#98-bis:
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.

Conclusion:

UE may select a subset of the DL PRS Resource/Resource sets configured by the network to perform and report requested measurements.

RAN1#98:

Agreement:
Inform RAN2 of the following:

· It is RAN1 understanding that discussion on mapping of positioning techniques to reference signals and measurements is out of RAN1 scope and therefore RAN1 does not intend to define such mapping. 

· It is RAN1 understanding that RAN2 will define signalling that can support any RAT dependent positioning technique including hybrid RAT dependent positioning solutions

· RAN1 agreed on the tables below that provide mapping between reference signals and measurements based on the latest status of RAN1 discussion

· The positioning techniques are indicated for information purpose as examples and do not intend to influence higher layer signalling to be developed by RAN2

· Note: Table will be modified in the future if additional reference signals for UE/gNB measurements are agreed

	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


	DL/UL Reference Signals
	gNB Measurements
	To facilitate support of the following positioning techniques

	Rel.16 SRS for positioning
	UL RTOA
	UL-TDOA

	Rel.16 SRS for positioning
	UL SRS-RSRP
	UL-TDOA, UL-AoA, Multi-RTT

	Rel.16 SRS for positioning, Rel.16 DL PRS
	gNB Rx-Tx time difference
	Multi-RTT

	Rel.16 SRS for positioning,
	AoA and ZoA
	UL-AoA, Multi-RTT


Agreement:
· UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP

· Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 

· At least the PRS resource ID(s) or PRS resource set ID(s) used for determining the timing of each TRP in the UE Rx-Tx time difference measurements can be configured for reporting in the measurement report.

· Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals

Agreement:
For transmission timing of the SRS for positioning purposes, the TA configuration is based only on the serving cell (i.e., the TA value applied to the corresponding UL symbol is the same as the latest TA for regular UL symbols). (Option 1 from previous related agreement in RAN1#96bis). 

· Options 2/3 (from previous related agreement in RAN1#96bis) may be further considered if improvements of gNB measurement accuracy can be demonstrated and if it can be shown that the interference to the serving cell can be handled in the system.

· FFS: whether the application of the TA command at the UE impacts the feasibility of each of the options.

· FFS: whether UE autonomous TA adjustments impacts the feasibility of each of the options.

RAN1#97:

Agreement:
Support inter-frequency DL PRS-RSRP measurements for NR positioning in Rel-16 when the UE is in RRC_CONNECTED state.

2 Discussion
Two types of measurements can be used for multi-RTT, UE Rx-Tx and PRS RSRP. PRS RSRP may also be used for OTDOA, but the requirements may be not identical even if they will be similar in some aspects, since they serve different purpose and are based on different capabilities.

· Proposal 1: Requirements to support multi-RTT are specified in a separate section, or at least RAN4 needs to wait until the signalling structure is decided.
2.1 Intra/inter-frequency requirements
Based on RAN1 agreements, both intra- and inter-frequency UE Rx-Tx are supported, so RAN4 needs to develop corresponding requirements.
· Proposal 2: For multi-RTT, RAN4 defines the following UE Rx-Tx and PRS RSRP measurement requirements:
· Intra-frequency measurement requirements, FR1 and FR2,
· Requirements for serving cells (SpCell and SCell) and intra-frequency neighbour cell may be different, at least the side conditions are different
· Requirements for SPCell and SCell may be different

· Inter-frequency measurement requirements, FR1 and FR2.
· Proposal 3: For multi-RTT, RAN4 defines the following UE Rx-Tx and PRS RSRP measurement accuracy requirements:

· Intra-frequency measurement accuracy requirements, FR1 and FR2
· Requirements for serving cells (SpCell and SCell) and intra-frequency neighbour cell may be different, at least the side conditions are different
· Requirements for SPCell and SCell may be different

· Inter-frequency measurement accuracy requirements, FR1 and FR2.

· Proposal 4: For multi-RTT, an intra/inter-frequency PRS-based measurement (UE Rx-Tx time difference and PRS RSRP) definitions follow similar principle as intra/inter-frequency CSI-RS based measurement definition, earlier agreed by RAN4 [1]: 
	
	Definition
	Need for measurement gaps

	Intra-frequency
	· the bandwidth of the PRS resource configured for the measurement on the neighbour cell is within the bandwidth of at least one resource (e.g., PRS or CSI-RS resource) configured for a measurement on the serving cell, and 

· the SCS of the serving and neighbour cell PRS are the same.
	not needed
	The measurement is over the PRS bandwidth which is fully within the active BWP of the UE

	
	
	needed
	The measurement is over the PRS bandwidth which is not fully within the active BWP of the UE

	Inter-frequency
	if at least one of the two conditions above is not met
	not needed
	The measurement is over the PRS bandwidth which is fully within the active BWP of the UE

	
	
	needed
	The measurement is over the PRS bandwidth which is not fully within the active BWP of the UE


2.2 Applicable measurement gaps
RAN4 needs to discuss and agree on which measurement gap patterns can be used for UE multi-RTT measurements when the UE needs measurement gaps for such measurements.
· Proposal 5: At least all Rel-15 measurement gap configurations are also applicable for multi-RTT measurements
· Measurement gaps applicability is clarified for multi-RTT measurements in Section 9.1.2.

· Proposal 6: FFS whether new measurement gap patterns are further specified for multi-RTT positioning in Rel-16.

2.3 PRS measurement bandwidth
The smallest PRS bandwidth is 24 PRBs while the largest PRS bandwidth is 272 PRBs, and the PRS bandwidth can be configured with 4 PRB resolution. The measurement performance can be quite different for different bandwidths due to the large range of the configurable bandwidths. Specifying the requirements based on a worst case is therefore not acceptable.

· Proposal 7: For multi-RTT (UE Rx-Tx and PRS-RSRP), the requirements are specified for all configurable PRS bandwidths, while the PRS bandwidths can be grouped into ranges when the performance is very similar.

2.4 Side conditions
RAN4 needs to discuss and agree on side conditions for multi-RTT measurements. For serving cell multi-RTT measurements, the side conditions depend on whether this is FDD or TDD. For TDD, the UE TX does not cause any interference in its own RX because TX and RX never occur in the same time resource, so Ês/Iot=-3 dB is proposed. For FDD bands (FR1 only), the UL may cause desense, so Ês/Iot=-6 dB is proposed.
For PRS-RSRP, the same side conditions as for UE Rx-Tx are proposed, since PRS-RSRP can be configured together with UE Rx-Tx.

· Proposal 8: For multi-RTT, the side conditions are specified as follows:
· UE Rx-Tx

· Ês/Iot for PRS resource in a serving cell (SpCell or SCell): 

· FR1: -3 dB for TDD, -6 dB for FDD

· FR2: -3 dB

· Ês/Iot for PRS resource in a non-serving cell: [-13] dB, FR1 and FR2

· PRS RSRP
· Same as for UE Rx-Tx
2.5 UE transmit timing adjustment during multi-RTT measurements

One or more timing adjustments may be unavoidable during UE Rx-Tx time difference measurement period, therefore the Rx-Tx time difference needs to be calculated while accounting for the impact of the tx timing adjustment.

· Proposal 9: RAN4 defines requirements for UE Rx-Tx time difference measurements that are applicable when timing adjustment is performed during the measurement period.
2.6 Multi-RTT positioning measurements period under a cell change
When performing multi-RTT positioning measurement(s), the UE may need to change a serving cell, e.g., due to HO, reconfiguring PSCell, switching SCells, or even a change in a set of serving cells (e.g., addition/release of PSCell or SCell or (de)activation of SCells). In this case, the UE needs to decide whether to restart or continue these measurement(s).
· Proposal 10: The UE restarts the UE Rx-Tx measurement after each cell change if the change is, e.g., for the cell in which the UE is configured with SRS for the measurement. 

· Proposal 11: The UE can continue the UE Rx-Tx measurement if the change is, e.g., for the cell different than the cell in which the UE is configured with SRS for the measurement.

· Proposal 12: If the UE is configured with both UE Rx-Tx and PRS-RSRP, then the same behavior applies for PRS-RSRP as for the UE Rx-Tx measurement. Otherwise, the UE can continue the PRS-RSRP measurement if the change is not to the measured cell.

3 Summary
The following have been proposed in this contribution:
· Proposal 1: Requirements to support multi-RTT are specified in a separate section, or at least RAN4 needs to wait until the signalling structure is decided.
· Proposal 2: For multi-RTT, RAN4 defines the following UE Rx-Tx and PRS RSRP measurement requirements:

· Intra-frequency measurement requirements, FR1 and FR2,

· Requirements for serving cells (SpCell and SCell) and intra-frequency neighbour cell may be different, at least the side conditions are different

· Requirements for SPCell and SCell may be different

· Inter-frequency measurement requirements, FR1 and FR2.

· Proposal 3: For multi-RTT, RAN4 defines the following UE Rx-Tx and PRS RSRP measurement accuracy requirements:

· Intra-frequency measurement accuracy requirements, FR1 and FR2

· Requirements for serving cells (SpCell and SCell) and intra-frequency neighbour cell may be different, at least the side conditions are different
· Requirements for SPCell and SCell may be different

· Inter-frequency measurement accuracy requirements, FR1 and FR2.

· Proposal 4: For multi-RTT, an intra/inter-frequency PRS-based measurement (UE Rx-Tx time difference and PRS RSRP) definitions follow similar principle as intra/inter-frequency CSI-RS based measurement definition, earlier agreed by RAN4 [1]: 

	
	Definition
	Need for measurement gaps

	Intra-frequency
	· the bandwidth of the PRS resource configured for the measurement on the neighbour cell is within the bandwidth of at least one resource (e.g., PRS or CSI-RS resource) configured for a measurement on the serving cell, and 

· the SCS of the serving and neighbour cell PRS are the same.
	not needed
	The measurement is over the PRS bandwidth which is fully within the active BWP of the UE

	
	
	needed
	The measurement is over the PRS bandwidth which is not fully within the active BWP of the UE

	Inter-frequency
	if at least one of the two conditions above is not met
	not needed
	The measurement is over the PRS bandwidth which is fully within the active BWP of the UE

	
	
	needed
	The measurement is over the PRS bandwidth which is not fully within the active BWP of the UE


· Proposal 5: At least all Rel-15 measurement gap configurations are also applicable for multi-RTT measurements
· Measurement gaps applicability is clarified for multi-RTT measurements in Section 9.1.2.

· Proposal 6: FFS whether new measurement gap patterns are further specified for multi-RTT positioning in Rel-16.

· Proposal 7: For multi-RTT (UE Rx-Tx and PRS-RSRP), the requirements are specified for all configurable PRS bandwidths, while the PRS bandwidths can be grouped into ranges when the performance is very similar.

· Proposal 8: For multi-RTT, the side conditions are specified as follows:
· UE Rx-Tx

· Ês/Iot for PRS resource in a serving cell (SpCell or SCell): 

· FR1: -3 dB for TDD, -6 dB for FDD

· FR2: -3 dB

· Ês/Iot for PRS resource in a non-serving cell: [-13] dB, FR1 and FR2

· PRS RSRP

· Same as for UE Rx-Tx

· Proposal 9: RAN4 defines requirements for UE Rx-Tx time difference measurements that are applicable when timing adjustment is performed during the measurement period.
· Proposal 10: The UE restarts the UE Rx-Tx measurement after each cell change if the change is, e.g., for the cell in which the UE is configured with SRS for the measurement. 

· Proposal 11: The UE can continue the UE Rx-Tx measurement if the change is, e.g., for the cell different than the cell in which the UE is configured with SRS for the measurement.

· Proposal 12: If the UE is configured with both UE Rx-Tx and PRS-RSRP, then the same behavior applies for PRS-RSRP as for the UE Rx-Tx measurement. Otherwise, the UE can continue the PRS-RSRP measurement if the change is not to the measured cell.
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