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Introduction
UE Rx-Tx time difference is introduced as a UE measurement to facilitate multi-RTT positioning technique in NR positioning. The measurement uses Release 16 DL PRS and UL SRS [1]. The following agreements are reached for UE Rx-Tx time difference measurement:
1. UE Rx-Tx time difference is defined with respect to the Rx and Tx subframe timing associated with the TRP
0. Multiple DL PRS resources can be used to determine the received DL subframe timing of the first arrival path of the TRP. 
0. 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.
0. Note: This does not preclude the use of any additional reference signals that are being discussed further including existing reference signals
0. For FR1,
3. The reference point for Rx time in the definition of the UE Rx-Tx time difference is the Rx antenna connector of the UE
3. The reference point for Tx time in the definition of the UE Rx-Tx time difference is the Tx antenna connector of the UE
1. The following measurements for NR DL PRS for serving and neighbor gNBs should be supported:
1. UE RX-TX time difference measurements

Conclusion on RX diversity in UE measurement definition:
1. How to determine the RSTD measurement and UE Rx-Tx time difference measurements that are reported when receiver diversity is used by the UE is up to UE implementation and is not specified by measurement definition.


In this paper, UE Rx-Tx time difference measurement core requirements are further discussed. 
UE Rx-Tx time difference measurements in NR and LTE
In LTE, UE Rx-Tx time difference measurement was defined under E-CID positioning requirements and were based on DL CRS signal for Rx timing estimation. However, based on the agreements in [2][5], UE Rx-Tx time difference measurement is only for multi-RTT positioning technique and E-CID based positioning should be based on NR Release 15 signals:
· NR should support E-CID based positioning
· E-CID downlink measurements should be supported based on at least RRM measurements defined in NR Rel. 15
· Note:
· Support of NR Rel-16 signals, measurements and procedures for E-CID are to be discussed when specified
· NR Rel-15 signals may be used to define additional UE/gNB measurements to facilitate E-CID support


Table 1 UE measurements to support positioning techniques
	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



In [1], UE Rx-Tx time difference measurement is defined based on Release 16 DL PRS and UL SRS (See Table 1 reproduced from [2]). Support of inter-frequency UE Rx-Tx time difference measurements is still ongoing in other working groups.
Observation 1. In NR, UE Rx-Tx time difference measurement is to facilitate multi-RTT positioning techniques and should be supported for serving and neighbor cells at least for intra-frequency.  
Proposal 1. RAN4 to define core requirements for UE Rx-Tx time difference measurements of serving and intra-frequency neighbour cells to support multi-RTT positioning. Requirements for inter-frequency neighbour cell UE Rx-Tx time difference measurements can be visited pending agreements in other working groups. 
Measurement accuracy
As in [3], the measurement accuracy requirements for UE Rx-Tx time difference should be based on one-shot measurement. Combining measurements across occasions, if available, to improve performance should be left to UE implementation. 
Proposal 2. UE Rx-Tx time difference measurement accuracy requirements to be defined using samples from one shot measurements, i.e., one PRS and one SRS occasion. 
Side conditions to which the requirements apply should be the same as side conditions for DL PRS RSTD measurements based on the same PRS configurations. 
Proposal 3. Side conditions for UE Rx-Tx time difference measurements shall be the same as side conditions for PRS RSTD measurements based on the same DL PRS configuration. 
An issue that needs to be carefully considered in NR is the Timing advance (TA) consistency across the SRS transmissions during one occasion period. Consider the case that the UE reports one “UE Rx-Tx timing difference” measurement report associated with a frame number during which two or more SRS slots are transmitted, and in between them, a MAC CE command is received, as shown in the figure below. If the TRP then attempts to average the channel energy responses across the successive SRS receptions, there will be an error due to the different timing advance between successive SRS transmissions. 
[image: ]
This issue also exists in LTE. In this case, in LTE UL E-CID (see 36.133), the accuracy of UE Rx-Tx is only defined assuming no changes in the uplink transmit timing during the measurement period as shown in the text below:
[image: ]
A similar approach is proposed to be used in NR Rel-16, due to its specification simplicity, but indeed for scenarios of high mobility, where TA commands are received too often, the positioning measurements can deteriorate, and its accuracy cannot be guaranteed. 
Proposal 4. With respect to TA commands during a positioning session, accuracy requirements are valid under the condition that no changes to UL transmission timing are applied during the measurement period. 
Measurement reporting
According to the commercial requirements for positioning, NR positioning should be able to support an accuracy of 3m in the horizontal plane, which effectively yields a TOA accuracy on the order of 10 ns. To ensure that the reporting granularity is not the bottleneck of the NR positioning, the entity performing the timing measurements (either the TRP or the UE) needs to be able to report them to the location server at a precision level significantly better than 10 ns.
In LTE, the reporting range for UE Rx-Tx time difference is defined from 0 to 20472 Ts with 2Ts resolution for measurements less than 4096 Ts and 8Ts for measurements equal to or greater than 4096Ts (clause 9.1.9.2 of TS 36.133). It is noted that Ts = 32.5 ns so at best the reporting granularity will be ~65 ns which results in an uncertainty that fails to meet the requirements. 
Observation 2. To meet commercial requirements, the reporting granularity of any timing measurement including UE Rx-Tx time difference must have a step size which is significantly smaller than 10 ns.
Hence, it is proposed to increase the bitwidth of the UE Rx-Tx time difference report mapping which can also accommodate forward compatibility with future releases. The smaller step size is proposed to be Tc = 0.509 ns and UE report mapping can be configured by higher layers to use a larger step size  where  = 0,1,2,3,4,5. 
Proposal 5. UE Rx-Tx time difference report mapping table to be specified with Tc = 0.509 ns as the smallest step size. UE report mapping can be configured by higher layers to use a larger step size  where  = 0,1,2,3,4,5.
Measurement reporting delay
The time needed to perform UE Rx-Tx time difference measurement in LTE was a function of two factors: 1) DRX cycle, 2) number of HO or Pcell change. This is so because such measurements in LTE was based on CRS for Rx timing measurements. 
In NR, the reporting delay will depend on the periodicity of PRS and SRS occasions. The delay formulation will have at least the following factors similar to RSTD reporting delay [3]:
· Periodicity of PRS and SRS occasions
· Number of resources to be measured
· UE processing power per a unit of time
· Delay related to a single PRS positioning occasion including sampling and processing time
· UE Rx beam sweeping factor in FR2

The formulation of measurement delay can follow the NR RSTD formulation as a starting point. With respect to PRS configuration, the same as those used for PRS RSTD requirements should be considered.
Observation 3. UE Rx-Tx time difference measurement delay formulation depends on the following factors similar to RSTD reporting delay:
· Periodicity of PRS and SRS occasions 
· Number of PRS resources to be measured
· UE processing power per PRS occasion
· Delay related to a single PRS positioning occasion including sampling and processing time
· UE Rx beam sweeping factor in FR2

Proposal 6. UE Rx-Tx time difference measurement delay formulation should use RSTD measurement delay formulation as a starting point. The same PRS configuration as those used for PRS RSTD requirements to be considered.
Measurement reporting criteria
In our view, UE should be capable of one reporting criteria based on a list of TRPs/cells to be measured for multi-RTT positioning. We propose Ecat = 1 for intra-frequency UE Rx-Tx time difference measurements. RAN4 can revisit inter-frequency UE Rx-Tx time difference measurements if it is agreed in other working groups. 
Proposal 7. UE to be capable of one reporting criteria for intra-frequency UE Rx-Tx time difference measurements (  Ecat = 1 ).
Conclusions
Observation 1. In NR, UE Rx-Tx time difference measurement is to facilitate multi-RTT positioning techniques and should be supported for serving and neighbor cells at least for intra-frequency.  
Proposal 1. RAN4 to define core requirements for UE Rx-Tx time difference measurements of serving and intra-frequency neighbour cells to support multi-RTT positioning. Requirements for inter-frequency neighbour cell UE Rx-Tx time difference measurements can be visited pending agreements in other working groups. 
Proposal 2. UE Rx-Tx time difference measurement accuracy requirements to be defined using samples from one shot measurements, i.e., one PRS and one SRS occasion. 
Proposal 3. Side conditions for UE Rx-Tx time difference measurements shall be the same as side conditions for PRS RSTD measurements based on the same DL PRS configuration. 
Proposal 4. With respect to TA commands during a positioning session, accuracy requirements are valid under the condition that no changes to UL transmission timing are applied during the measurement period. 

Observation 2. To meet commercial requirements, the reporting granularity of any timing measurement including UE Rx-Tx time difference must have a step size which is significantly smaller than 10 ns.
Proposal 5. UE Rx-Tx time difference report mapping table to be specified with Tc = 0.509 ns as the smallest step size. UE report mapping can be configured by higher layers to use a larger step size  where  = 0,1,2,3,4,5.
Observation 3. UE Rx-Tx time difference measurement delay formulation depends on the following factors similar to RSTD reporting delay:
· Periodicity of PRS and SRS occasions 
· Number of PRS resources to be measured
· UE processing power per PRS occasion
· Delay related to a single PRS positioning occasion including sampling and processing time
· UE Rx beam sweeping factor in FR2

Proposal 6. UE Rx-Tx time difference measurement delay formulation should use RSTD measurement delay formulation as a starting point. The same PRS configuration as those used for PRS RSTD requirements to be considered.
Proposal 7. UE to be capable of one reporting criteria for intra-frequency UE Rx-Tx time difference measurements (Ecat = 1).
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The UE RX-TX time difference is measured from the PCell.
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