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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#92, the issue was discussed with the following agreement. However, the main question on the reference point for UE or gNB without antenna connector was not resolved. 

	Agreement: the reference point for base station depends on the base station types which are defined in RF session.


In this paper, we will provide our views on the reference point for timing related measurement.
2. Discussion
Timing related measurements like RSTD, RTOA, 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. Therefore, the RSRP measurement is based on the combined signal from antenna elements corresponding to a given receiver branch according to 38.215.
Taking RSTD as an example, the issue to re-use the same reference point for timing related measurement is that the delay of processing (e.g. Rx beamforming) from UE Rx antenna to the virtual point where combined signal from antenna elements are available, is not included in the measurement definition. Therefore, it is preferable to have the reference point at the UE Rx antenna. 

With the reference point for RSTD measurement defined at UE Rx antenna, the measurement is still done at UE baseband, which means UE needs to calibrate the results for the processing time from the point when PRS arrives at UE’s Rx antenna to the point when baseband measurement is finished. The processing after the virtual receiver branch may be similar as the processing after antenna connector in FR1, but the question is what the processing time is from the Rx antenna to the virtual receiver branch, and whether UE can calibrate it. 

Our current understanding is that the calibration is not as easy as for the processing time after antenna connector since it needs to be done in OTA environment. Therefore, the accuracy of the timing related measurement may be degraded by the calibration error, which needs to be further investigated. The problem is same for other timing related measurements, including UE Rx-Tx timing difference, gNB Rx-Tx timing difference and UL RTOA.

One additional issue for gNB measurement is, as agreed in RAN4#92 that the reference point definition is not depending on FR1/FR2, but on gNB type. Currently there are 4 gNB types defined in RF session, 1-C, 1-H and 1-O and 2-O. For type 1-C it is rather straightforward that reference point should be defined at the antenna connector, and same for type 1-O and 2-O at the Rx/Tx antenna. For type 1-H, as measurement is ultimately taken at gNB baseband, we think it is reasonable to follow the definition of demodulation requirements, which is defined at the antenna connector. 

Based on above analysis, we propose
· 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

· Reference point for gNB RTOA measurement is defined as the gNB Rx antenna for gNB type 1-O and 2-O, and as Rx antenna connector for gNB type 1-C and 1-H
· Reference point for Rx time in gNB Rx-Tx measurement is defined as the gNB Rx antenna for gNB type 1-O and 2-O, and as Rx antenna connector for gNB type 1-C and 1-H

· Reference point for Tx time in gNB Rx-Tx measurement is defined as the gNB Tx antenna for gNB type 1-O and 2-O, and as Tx antenna connector for gNB type 1-C and 1-H
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

· Reference point for gNB RTOA measurement is defined as the gNB Rx antenna for gNB type 1-O and 2-O, and as Rx antenna connector for gNB type 1-C and 1-H

· Reference point for Rx time in gNB Rx-Tx measurement is defined as the gNB Rx antenna for gNB type 1-O and 2-O, and as Rx antenna connector for gNB type 1-C and 1-H

· Reference point for Tx time in gNB Rx-Tx measurement is defined as the gNB Tx antenna for gNB type 1-O and 2-O, and as Tx antenna connector for gNB type 1-C and 1-H

Proposal 2: Inform RAN1 that when the reference point is defined at the Rx/Tx antenna, the accuracy of the timing related measurement may be degraded due the error in calibration of UE’s or gNB’s processing time, which will be further investigated in RAN4.
3. Conclusions

In this paper we provided our views on the reference point for timing related measurement.
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

· Reference point for gNB RTOA measurement is defined as the gNB Rx antenna for gNB type 1-O and 2-O, and as Rx antenna connector for gNB type 1-C and 1-H

· Reference point for Rx time in gNB Rx-Tx measurement is defined as the gNB Rx antenna for gNB type 1-O and 2-O, and as Rx antenna connector for gNB type 1-C and 1-H

· Reference point for Tx time in gNB Rx-Tx measurement is defined as the gNB Tx antenna for gNB type 1-O and 2-O, and as Tx antenna connector for gNB type 1-C and 1-H

Proposal 2: Inform RAN1 that when the reference point is defined at the Rx/Tx antenna, the accuracy of the timing related measurement may be degraded due the error in calibration of UE’s or gNB’s processing time, which will be further investigated in RAN4.
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