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1. Introduction

RRM requirements for NR positioning is discussed in RAN4#92. One open issue for RAN4 RRM to address is the reference point for timing related measurement in FR2, as asked in RAN1 LS [1].

	For the reference point of RSTD measurements in FR2, RAN1 has considered the following two options for the definition of the reference point of RSTD measurements:

· Option 1: the combined signal from antenna elements corresponding to a given receiver

· Option 2: the Rx antenna of the UE

In addition, it is also RAN1’s view that it would be better for RAN4 to make the final decision on the reference point of the RSTD measurement in FR2. It is RAN1’s understanding that RAN4 may also consider other options.

In addition, it is RAN1’s view that the definition of the reference point of the RSTD measurement, if decided, can be extended to other timing related UE and gNB measurements in FR2.


In RAN4#92bis, the issue was discussed with the following agreement for the UE side [2]. 

	Issues to consider for analyzing reference point for UE Rx or Tx measurement:

· Reliability of calibration for the delay between the baseband modem and the RF part

· Form factor of the UE need to be considered. 


In this paper, we will provide our views on the reference point for UE timing related measurement.
2. Discussion
Timing related measurements like RSTD or Rx-Tx time difference are used in positioning to determine the distance between the UE and gNB, so it is the time when the reference signal arrives at the UE Rx antenna that is relevant for positioning. Timing related measurements are different from power related measurement like RSRP, for which the signal level after Rx beamforming is the interest for network to make mobility decisions. 
The issue to re-use the same reference point for timing related measurement is that the delay from UE Rx antenna to the baseband (virtual point where combined signal from antenna elements are available), is not included in the measurement definition, which will cause positioning error when the measurement is used by network to calculate the UE location. Similar issue is there for UE Tx timing measurement.

Observation 1: The interest in timing related measurement is when the signal arrives at the UE Rx antenna and when the signal are sent at the UE Tx antenna.
It should be further noted that although delay can be cancelled out in RSTD measurement, it will accumulate in Rx-Tx time difference measurement. In RAN4#92bis, some companies mentioned that network can take care of the bias in the Rx-Tx time difference. Regardless of impact on the positioning performance, this means certain implementations for multi-RTT positioning are excluded just because of the incorrect definition of the measurement.
Observation 2: A correct definition of the measurement reference point is particularly important for positioning techniques using Rx-Tx time difference.

With the reference point defined at UE antenna, the measurement is still done at UE baseband, which means UE needs to calibrate the results to compensate the delay between the Rx/Tx antenna and the baseband. In RAN4#92bis, some companies questioned the reliability of the calibration. In our view, it may be difficult to do accurate calibration for this delay because the delay itself is quite small, so there will be an impact on the accuracy, and we also propose to mention this information in the LS reply.

Observation 3: The calibration of the delay between Rx/Tx antenna and baseband will impact the measurement accuracy.
However, we do not think the reference point should be defined at the UE baseband just because the calibration is not reliable. If we define the measurement at the baseband, the measurement accuracy may look better on paper, but it is not the accuracy the final user (the positioning server) of the measurement will see. In fact, when the measurement is tested, the test equipment can only know the time when the signal arrives or is sent at the UE antenna, so the testing requirements needs to be relaxed compared to the accuracy requirements to accommodate the delay. 
As the uncertainty due to the delay needs to be reflected either in the accuracy requirements (when reference point is defined as the UE antenna) or the testing requirements (when reference point is defined as the UE baseband), we do not see any difference between the two definitions in this aspect.

Observation 4: The uncertainty due to the delay needs to be reflected either in the accuracy requirements (when reference point is defined as the UE antenna) or the testing requirements (when reference point is defined as the UE baseband).
Based on above observations, we propose that 
· Reference point for UE RSTD measurement in FR2 is defined as the UE Rx antenna

· Reference point for Rx time in UE Rx-Tx time difference measurement in FR2 is defined as the UE Rx antenna 

· Reference point for Tx time in UE Rx-Tx time difference measurement in FR2 is defined as the UE Tx antenna

Proposal 1: Inform RAN1 the definition of reference point for timing related measurement as follows.

· Reference point for UE RSTD measurement in FR2 is defined as the UE Rx antenna

· Reference point for Rx time in UE Rx-Tx time difference measurement in FR2 is defined as the UE Rx antenna 

· Reference point for Tx time in UE Rx-Tx time difference measurement in FR2 is defined as the UE Tx antenna

3. Conclusions

In this paper we provided our views on the reference point for UE timing related measurement.
Observation 1: The interest in timing related measurement is when the signal arrives at the UE Rx antenna and when the signal are sent at the UE Tx antenna.
Observation 2: A correct definition of the measurement reference point is particularly important for positioning techniques using Rx-Tx time difference.

Observation 3: The calibration of the delay between Rx/Tx antenna and baseband will impact the measurement accuracy.

Observation 4: The uncertainty due to the delay needs to be reflected either in the accuracy requirements (when reference point is defined as the UE antenna) or the testing requirements (when reference point is defined as the UE baseband).
Proposal 1: Inform RAN1 the definition of reference point for timing related measurement as follows.

· Reference point for UE RSTD measurement in FR2 is defined as the UE Rx antenna

· Reference point for Rx time in UE Rx-Tx time difference measurement in FR2 is defined as the UE Rx antenna 

· Reference point for Tx time in UE Rx-Tx time difference measurement in FR2 is defined as the UE Tx antenna
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