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1. Introduction
In last RAN4#92 meeting, some documents discussed the definition of reference point of UE and gNB measurements for NR positioning in FR2 related RAN1’s LS [1]~[7]. Only following agreement was agreed, and no decision and no respondent LS has been approved in the meeting.
Agreement: the reference point for base station depends on the base station types which are defined in RF session.
In this contribution, we further discuss this issue and give our analysis and proposals.

2. Discussion
We know the reference point of measurements in FR1 is defined as Rx antenna connector of the UE or BS. But for FR2, it needs to be redefined carefully, since the antenna connectors are not accessible. For SFTD measurement defined in Rel-15 TS36.215 [8], the reference point is not defined. For timing difference between two signals measured by UE, since it is same from every point within UE, the reference point can be not defined. The RSTD is defined as the time difference of reference signals from two cells measured by UE. We think the reference point of RSTD measurement may be defined as following three options:
Option 1. No definition.
Option 2. Defined at the combined signal from antenna elements corresponding to a given receiver.
Option 3. Defined as the Rx antenna of the UE.
All options do not impact RSTD measurement meaning, requirements and test.
Observation 1: The reference point of RSTD measurement can be defined at any point from Rx antenna to UE baseband or does not defined.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]But for some timing measurement such as Rx – Tx time difference measurement, the antenna for Tx and Rx may be not same, the delay from antenna to combined signal in baseband is UE or gNB implementation. If the reference point defined at the combined signal from antenna elements corresponding to a given receiver, it will be difficult to request and test Rx – Tx time difference measurement performance, and bigger error will be introduced for ECID positioning method. So for Rx – Tx time 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.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Observation 2: The reference point of Rx – Tx timing difference measurement should be defined, and the Rx antenna and Tx antenna shall be defined as the reference point for Rx timing measurement and Tx timing measurement respectively for FR2.
As noted in RAN1’s LS, ‘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.’, the reference point of timing related measurement is better defined alignment. The RSTD is also timing related measurement. The reference point of RSTD measurement should be defined at Rx antenna.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Observation 3: The reference point of timing related measurement should be defined alignment, and the reference point of RSTD measurement should be defined at UE Rx antenna for FR2.
So we give following proposals.
Proposal 1: The reference point of RSTD measurement will be defined at Rx antenna for FR2.
Proposal 2: The Rx antenna and Tx antenna will be defined as the reference point for Rx timing related measurement and Tx timing related measurement respectively for FR2.

[bookmark: OLE_LINK7][bookmark: OLE_LINK8]For base station, RAN4 has defined four types, i.e. BS type 1-C, BS type 1-H, BS type 1-O, and BS type 2-O. That is defined based on whether antenna connector is accessible or not. As above discussion, it is clear that:
· For BS type 1-C, the reference point of timing related measurement is antenna connector. 
· For BS type 1-H, the reference point of timing related measurement is TAB/RAB (i.e. transmitter or receiver array boundary) or Tx/Rx antenna which depends on how to test the measurement performance. Same requirements can be defined at TAB/RAB reference point and at Tx/Rx antenna reference point.
· For BS type 1-O and BS type 2-O, the reference point of timing related measurement is antenna.

Observation 4: The reference point of timing related measurement should be defined at antenna connector for BS type 1-C, at array boundary and antenna for BS type 1-H, and at antenna for BS type 1-O and type 2-O.

3. Conclusion
[bookmark: _GoBack]The document discusses the reference point of timing related measurements. Based on the analysis in this contribution, we give the following observations and proposals:
Observation 1: The reference point of RSTD measurement can be defined at any point from Rx antenna to UE baseband or does not defined.
Observation 2: The reference point of Rx – Tx timing difference measurement should be defined, and the Rx antenna and Tx antenna shall be defined as the reference point for Rx timing measurement and Tx timing measurement respectively for FR2.
Observation 3: The reference point of timing related measurement should be defined alignment, and the reference point of RSTD measurement should be defined at UE Rx antenna for FR2.
Observation 4: The reference point of timing related measurement should be defined at antenna connector for BS type 1-C, at array boundary and antenna for BS type 1-H, and at antenna for BS type 1-O and type 2-O.

Proposal 1: The reference point of RSTD measurement will be defined at Rx antenna for FR2.
Proposal 2: The Rx antenna and Tx antenna will be defined as the reference point for Rx timing related measurement and Tx timing related measurement respectively for FR2.
A response LS in [9] 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.
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