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1. Introduction
RAN1 has discussed the definition of reference point of UE and gNB measurements for NR positioning, and a LS [1] was send to RAN4 to request feedback the definition of reference for NR positioning measurements, which is captured as follows:
RAN1 is currently working on the definition of reference point of UE and gNB measurements for NR positioning for Rel16. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]For the reference point of RSTD measurements in FR1, RAN1 has decided that the reference point of the RSTD measurement is the Rx antenna connector of the UE. 
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
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]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.
To RAN4: 	RAN1 kindly requests RAN4 to provide the definition of a reference point for RSTD measurements in FR2 and inform RAN1 whether it is applicable to other timing related measurements, namely, the UE Rx-Tx timing difference, gNB Rx-Tx timing difference and UL RTOA. If the provided definition for the reference point is not applicable to these other timing related measurements in FR2, RAN1 requests RAN4 to provide definitions for the reference points for these other timing related measurements in FR2.

In this contribution, we discuss this issue and give our proposals.

2. Discussion
[bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK28]In TS38.215, the reference points for SS-RSRP, CSI-RSRP, carrier RSSI, CSI-RSSI, SS-SINR, and CSI-SINR measurements for FR2 are defined as the combined signal from antenna elements corresponding to a given receiver branch defined in[2], which is the option 1 given in the LS. Since these measurements are power-related measurements where the antenna gain shall be considered, and the power-related measurements can include the received antenna gain by combining signals from antenna elements. However, if the receiving antenna gain is considered for timing or timing difference measurements, the uncertainty of timing measurement due to the delay between antenna element point and the combined signal point will be introduced and degrade the timing or timing difference accuracy.  Therefore, option 1 in the coming LS is not appropriate to define the reference point for timing or timing difference measurements.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Observation 1: Option 1 in the LS is not appropriate to be defined as the reference point for timing or timing difference measurements.
For option 2 in the LS, if the reference point is defined as the Rx antenna of UE, it may be suitable for some type of timing measurement, e.g. RSTD measurement. Since the different received signals are measured at the same point. It is similar to UL RTOA measurement, and the reference point of UL RTOA measurement shall be defined as gNB Rx antenna. However, for Rx-Tx timing difference measurement, since the Rx antenna and Tx antenna may not be the same, and the reference point of Rx and Tx may not the same either. Thus, option 2 in the LS is not appropriate for Rx-Tx timing difference measurement.
Observation 2a: For RSTD measurement, option 2 in the LS is appropriate to be defined as the reference point.
Observation 2b: For UL RTOA measurement, Rx antenna of gNB shall be defined as the reference point.
Observation 2c: For Rx-Tx timing difference measurement, option 2 in the LS is not appropriate to be defined as the reference point.
[bookmark: _GoBack]For Rx-Tx timing difference measurement, the reference point for both Rx timing measurement and Tx timing measurement shall be defined. In case the Rx antenna and Tx antenna is not the same, UE or gNB can measure seperatly the Rx timing and Tx timing at the reference point respectively.
Based on above observation, the reference point for RSTD measurement can be defined as the Rx antenna of UE. Similarity, the reference point for UL RTOA measurement can be defined as the Rx antenna of gNB. However, for Rx-Tx timing difference measurement, the reference point for both Rx antenna and Tx antenna shall be defined.
Proposal 1a: For RSTD measurement, option 2 is applicable to be defined as the reference point.
Proposal 1b: For UL RTOA measurement, Rx antenna of gNB shall be defined as the reference point.
Proposal 1c: For Rx-Tx timing difference measurement, the reference point for both Rx timing measurement and Tx timing measurement shall be defined, and the Rx antenna shall be defined as the reference point for Rx timing measurement, and the Tx antenna shall be defined as the reference point for Tx timing measurement.
3. Conclusion
The document discusses the reference point of timing and timing difference measurements. Based on the analysis in this contribution, we give the following observations and proposals:
Observation 1: Option 1 in the LS is not appropriate to be defined as the reference point for timing or timing difference measurements.
Observation 2a: For RSTD measurement, option 2 in the LS is appropriate to be defined as the reference point.
Observation 2b: For UL RTOA measurement, Rx antenna of gNB shall be defined as the reference point.
Observation 2c: For Rx-Tx timing difference measurement, option 2 in the LS is not appropriate to be defined as the reference point.
Proposal 1a: For RSTD measurement, option 2 is applicable to be defined as the reference point.
Proposal 1b: For UL RTOA measurement, Rx antenna of gNB shall be defined as the reference point.
Proposal 1c: For Rx-Tx timing difference measurement, the reference point for both Rx timing measurement and Tx timing measurement shall be defined, and the Rx antenna shall be defined as the reference point for Rx timing measurement, and the Tx antenna shall be defined as the reference point for Tx timing measurement.
A response LS in [3] is prepared to inform RAN4’s understanding on the definition of reference point for RSTD measurement, UL RTOA measurement and Rx-Tx timing difference measurement for FR2.

4. Reference
[1]	R4-1907905, LS on Reference Point for Timing Related Measurements, RAN1 to RAN4 cc RAN3
[2]	3GPP TS 38.215 v15.4.0: “NR Physical layer measurements”
[3]	R4-1908385, Response LS on Reference Point for Timing Related Measurements in FR2, CATT

Page 1
