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1 Introduction
The work item of “NR positioning” was approved [1]. In the last RAN4 meeting, some discussion on the related measurement requirements (e.g. DL PRS RSTD, UE RX-TX time difference) were initiated [2]. In this contribution we provide some considerations on UE Rx-Tx time difference measurement requirements to be specified in RAN4. 
2 SINR Side Condition  
As RAN1 agreed that, UE Rx-Tx time difference is one of measurement needs for Multi-RTT positioning. 
	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



And the definition of UE RX-TX time difference was also agreed as:
	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


In comparison with LTE, the RTT based positioning in NR (e.g. multi-RTT) needs the measurement on the other TRP/gNBs beyond the serving cell and in turn requires measurement reports from multiple cells. However since both OTDoA and multi-RTT measurement rely on DL PRS, some of system level simulation study being carried out for DL PRS RSTD [7] can provide the necessary side conditions for UE Rx-Tx time difference measurement indeed. 
Observation 1: SINR side condition to decide the UE Rx-Tx time difference measurement cell’s hearability can reuse that of PRS-RSTD.

3 Measurement Applicability 
According to RAN1 agreement RSTD measurement is applicable only for RRC CONNECTED intra-frequency. However similarly in our view UE RX-TX time difference measurement based on PRS is also applicable for RRC_CONNECTED. However, as how to define the intra/inter frequency PRS based measurements in RAN4 is still unclear in RAN4, it is more reasonable to conclud that:
Observation 2: Whether UE PRS based UE Rx-Tx time difference measurements shall be applicable in intra or inter frequency can be up to the definition of the measurement frequency layer in NR positioning.

4 UE Capability for UE RX-TX Time Difference Measurement
Generally, for UE RX-TX time difference measurement in NR, like PRS RSTD measurement, it may utilize the different numerologies and configure the frequency location of PRS resource in a more flexible way. And regarding to the similar precedent discussions could be found CSI-RS measurement, we can conclude that:

Observation 3: An UE capability of UE RX-TX time difference RRM related to the inter-frequency measurement layers can be same as that of CSI-RS L3 measurement. 

Another of fundamental requirement for UE capability defined in RAN4 is the minimum number of cells from which UE can perform UE RX-TX time difference measurement reliably.  

Observation 4: The number of cells/TRPs which UE can perform the accurate UE RX-TX time difference measurement can be same as that for PRS RSTD [3]. 

5 Measurement Gap
Similarly to other measurements in NR (e.g. SS-RSRP) [4], the inter-frequency/RAT RSTD measurements can be conducted during measurement gaps. In order to reduce UE implementation complexity, the single measurement gap pattern for all inter-frequency measurement for NR positioning (e.g. PRS RSTD/RSRP and UE Rx-Tx time difference) is expected. 
Observation 5: A same measurement gap pattern for all PRS based inter-frequency measurements is desired.

6 Measurement Reporting Delay
And for the measurement reporting delay for UE RX-TX time difference, it is quite different with that of LTE in which UE time difference measure is based on CRS [5]. Indeed, it can be defined with similar approach as for PRS RSTD because of PRS reference signal is used. For example, for NR, the measurement delay requirements for UE RX-TX time difference shall be define based on the serial way for the cells to be measured.

Proposal 1: The measurement delay requirements for UE RX-TX time difference shall be defined with same principle as for UE PRS RSTD measurement [3]. 

7 Measurement Accuracy
Since multi-RTT positioning method in NR consists of both DL and UL measurements as shown in Figure 1 below, the overall positioning accuracy will be dependent upon the accuracies of the individual measurements. That is the necessary requirements are specified for individual set of measurements (e.g. DL UE time difference and UL gNB time difference requirements [6]). The objective should be to set reasonable requirements for all necessary measurements such that target positioning accuracy is achieved. 

 
Figure 1. UE Rx-Tx time difference measurement in multi-RTT positioning

For the multi-RTT positioning performance, the actual UE RX-TX time difference measurement accuracy depends on multiple factors (incl. side conditions, measurement BW, PRS configuration etc.) and should be further studied using link-level simulations. Therefore, we suggest that RAN4 can start link simulation studies when core requirement part was finished. The objective of the simulation would be to identify the accuracy level and values of other parameters used in the requirements such as L1 period. If this approach is acceptable then we suggest that RAN4 agrees on simulation assumptions in the next meeting. 
Observation 6: RAN4 performs link simulation studies to specify accuracy requirements for UE RX-TX time difference measurement based on PRS.

8 Measurement Report Resolution
The UE Rx-Tx time difference reporting granularity can be derived from the same considerations as for RSTD, especially when PRS is used to derive UE Rx-Tx Time Difference for measured cells.
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Proposal 2: The reporting granularity of UE RX-TX time difference measurements can be studied in RAN4 with similar principle as for PRS RSTD. 


9 Conclusion
In this contribution, some considerations on UE RX-TX time difference measurement requirements are provided and the following observations and proposals can be drawn: 
Observation 1: SINR side condition to decide the UE Rx-Tx time difference measurement cell’s hearability can reuse that of PRS-RSTD.
Observation 2: Whether UE PRS based UE Rx-Tx time difference measurements shall be applicable in intra or inter frequency can be up to the definition of the measurement frequency layer in NR positioning.
Observation 3: An UE capability of UE RX-TX time difference RRM related to the inter-frequency measurement layers can be same as that of CSI-RS L3 measurement.
Observation 4: The number of cells/TRPs which UE can perform the accurate UE RX-TX time difference measurement can be same as that for PRS RSTD [3].
Observation 5: A same measurement gap pattern for all PRS based inter-frequency measurements is desired.
Proposal 1: The measurement delay requirements for UE RX-TX time difference shall be defined with same principle as for UE PRS RSTD measurement [3].
Observation 6: RAN4 performs link simulation studies to specify accuracy requirements for UE RX-TX time difference measurement based on PRS.
Proposal 2: The reporting granularity of UE RX-TX time difference measurements can be studied in RAN4 with similar principle as for PRS RSTD. 
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