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1. Introduction
In the RAN4#92bis meeting, some documents discussed the definition of reference point of UE measurements for NR positioning in FR2 related RAN1’s LS [1]~[7]. There is a deep discussion online on the two options provided in the LS, and no decision has been approved in the meeting. In this contribution, we have a further discuss on this issue and give our 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 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 and requirements.
In the last meeting, some companies proposed the calibration from baseband to reference point should be considered and evaluated. Actually in my understanding, for RSTD measurement, the time difference is requested, wherever the reference point is defined, the difference is same. Even for different receive antenna panels, the delay difference is tiny, then the measurement accuracy at baseband can represent the measurement at antenna, so we don’t really need the calibration.
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]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 implementation. But different from RSRP/RSRQ etc. power measurement, the UE timing measurement should be independent on UE type. It means the Rx-Tx time difference of different type UEs which are placed on the same position should be the same. 
As shown in figure 2.1, if the reference point defined at the combined signal from antenna elements corresponding to a given receiver, the measurement error will include two RF delay and then bigger error will be introduced for Multi-RTT 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.
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Figure 2.1 UE Rx-Tx time difference measurements
[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. So 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.
For UE measurement, the definition of reference point is intended to specify accuracy requirements for the measurement and to test whether the UEs meet the requirements or not. The measurement accuracy requirement for UE is the difference between measurement result (reported value by UE) and the value set at reference point (Ideal value). So the reference point should be accessible and can be calibrated for UE and test system. If the reference point is not accessible and can’t be calibrated, the accuracy requirements for measurements can’t be tested and will be invalid. Actually we don’t know where the combined signal is when testing, so the combined signal from antenna elements corresponding to a given receiver is not reasonable reference point.
[bookmark: OLE_LINK19][bookmark: OLE_LINK20]Observation 4: The reference point of measurement should be accessible and can be calibrated for UE and test system.
The description of the combined signal from antenna elements corresponding to a given receiver branch is from the definition of RSRP/RSRQ. For power measurement such as RSRP/RSRQ, the antenna gain should be considered, so we need to get the RSRP measurement value at combined signal. From the definition in [8] which is captured as ‘For frequency range 2, SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch’, we can see it is not a real reference point indeed, and it just defined a way to measure the RSRP for including the antenna gain. But for UE timing measurement, the antenna gain is not needed and we can find an actual reference point to get the measurement value and define the measurement accuracy requirements for positioning. So we should define a real reference point for timing measurement rather than a signal to be measured.
Observation 5: Different from the power measurement such as RSRP/RSRQ, we should define a real reference point rather than a signal for timing measurement.
Based on the observations above, we give the 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.
3. Conclusion
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 measurement should be accessible and can be calibrated for UE and test system.
Observation 5: Different from the power measurement such as RSRP/RSRQ, we should define a real reference point rather than a signal for timing measurement.
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 UE timing measurement（e.g. RSTD measurement, UE Rx-Tx timing difference measurement）for FR2.
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