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Introduction
In the RAN4#92-Bis meeting, reference point for timing related measurements in FR2 was again extensively discussed but no agreement was reached. The discussion was in response to an LS from RAN1 [1]. The meeting minutes of the Ad-hoc session related to this topic are as follows:
Agreements:

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 reiterate our views on this topic and present some analysis on the delay calibration. 
Discussion
As mentioned in our previous paper [3] and also stated in [4], the rationale behind defining the reference point for RSRP/RSRQ/SINR measurements in FR2 as the combined signal from antenna elements is to ensure that such measurements capture the analog beamforming gain from combining across antenna elements. In other words, UE is reporting such measurements as it experiences them. For instance, UE1 with twice as many antenna elements in a panel as UE2 can report an RSRP measurement to be approximately 3 dB higher for the same received signal compared to what UE2  measures. This is logical as measurements such as RSRP/RSRQ/SINR are subjective measurements and reflect the UE implementation realities. 
Observation 1. RSRP/RSRQ/SINR measurements are subjective measurements that should reflect the UE implementation realities such as antenna gain, number of antenna elements, or beamforming.  
In contrast, for the intents and purposes of positioning, the time of arrival at the antenna is the metric of interest rather than combined energy or power. Timing measurements are objective and should not depend on the UE implementation aspects. Referring to the example above, if both UE1 and UE2 are placed in the same position with respect to one or more gNBs, they should ideally report identical timing measurement(s) regardless of their antenna arrays, beamforming gains, or other implementation practicalities.  
Observation 2. Timing measurements are objective measurements and should not depend on the UE implementation aspects. Two UE’s with different antenna or beamforming gains should ideally report identical timing measurements if placed in the same position with respect to gNB(s). 
Calibration of delay from antenna to baseband module is not new to FR2. This issue existed even in LTE and did not prevent the reference point from being defined at the antenna connector despite the actual measurement being performed in the baseband. In our view, FR2 should not be any different. The level of calibration required depends on the accuracy requirements and UE form factor. The travelling speed of the electromagnetic wave in good dielectrics is given by

Where , , and  are the speed of light, the relative permittivity of the material used in UE, and the relative magnetic permeability of the material used in UE. For typical materials used in UE (e.g., glass, PCB), the combined value of  is in the range of 5-9 which means the speed of electromagnetic wave is slowed down by approximately a factor of 2-3. For typical form factors used in Power Class 3 UEs, the time difference from antenna to baseband module can at most be 1ns which can be forgiven and considered as part of measurement uncertainty. However, for larger form factors and other power classes (e.g., tablets, laptops, …), this time difference can be significant and proper calibration is required to compensate for this delay. There are established calibration methods such as using a golden reference signal timing and comparing it with reported value by UE and adjusting for the difference. The reliability of these methods, and whether it is the responsibility of UE chipset maker or OEMs, is a different discussion that can be debated in testability. 
Observation 3. For typical form factors used in Power Class 3 UEs, the time difference from antenna to baseband module can at most be 1ns which can be forgiven and considered as part of measurement uncertainty. However, for larger form factors and other power classes (e.g., tablets, laptops, …), this time difference can be significant and proper calibration is required to compensate for this delay.
Observation 4. There are established calibration methods such as using a golden reference signal timing and comparing it with reported value by UE and adjusting for the difference. The reliability of these methods, and whether it is the responsibility of UE chipset maker or OEMs, is a different discussion that can be debated in testability. 
It is reiterated again that discussions related to calibration issues to account for group delay from antenna to baseband module and the impact of beamforming on the delay profile and TOA estimation are all separate discussions that should be decoupled from the definition of the reference point for timing measurements. They can be accounted when defining timing measurement accuracy requirements.
Observation 5. Issues like calibration to account for group delay and the impact of beamforming on the delay profile and TOA estimation are separate discussions that should be decoupled from the definition of the reference point for timing measurements. They can be accounted when defining timing measurement accuracy requirements.
From the testability perspective, defining the reference point at UE antenna (rather than baseband) has the advantage of being able to set the reference timing measurement accurately in the test chamber as the reference point is accessible. Using the UE baseband as the reference point inevitably results in having to allow an uncertainty in the reported measurement value which can depend on beamforming and form factor of UE. In our view, this can lead up to another lengthy discussion on the budget that needs to be built in testing of the timing measurements similar to what occurred in FR2 for RSRP/RSRQ/SINR.
Observation 6. From the testability perspective, defining the reference point at UE antenna (rather than baseband) has the advantage of being able to set the reference timing measurement accurately in the test chamber as the reference point is accessible.
Considering the above discussion points, we reiterate our proposal from [3] while also acknowledging the point raised in [4] that the Tx antenna shall be defined as the reference point for Tx timing measurements.
Proposal 1. Reference point for the UE Rx timing related measurements to be UE Rx antenna. Reference point for the UE Tx timing related measurements to be UE Tx antenna. 
Conclusion
Observation 1. RSRP/RSRQ/SINR measurements are subjective measurements that should reflect the UE implementation realities such as antenna gain, number of antenna elements, or beamforming.  
Observation 2. Timing measurements are objective measurements and should not depend on the UE implementation aspects. Two UE’s with different antenna or beamforming gains should ideally report identical timing measurements if placed in the same position with respect to gNB(s). 
Observation 3. For typical form factors used in Power Class 3 UEs, the time difference from antenna to baseband module can at most be 1ns which can be forgiven and considered as part of measurement uncertainty. However, for larger form factors and other power classes (e.g., tablets, laptops, …), this time difference can be significant and proper calibration is required to compensate for this delay.
Observation 4. There are established calibration methods such as using a golden reference signal timing and comparing it with reported value by UE and adjusting for the difference. The reliability of these methods, and whether it is the responsibility of UE chipset maker or OEMs, is a different discussion that can be debated in testability. 
Observation 5. Issues like calibration to account for group delay and the impact of beamforming on the delay profile and TOA estimation are separate discussions that should be decoupled from the definition of the reference point for timing measurements. They can be accounted when defining timing measurement accuracy requirements.
Observation 6. From the testability perspective, defining the reference point at UE antenna (rather than baseband) has the advantage of being able to set the reference timing measurement accurately in the test chamber as the reference point is accessible.
Proposal 1. Reference point for the UE Rx timing related measurements to be UE Rx antenna. Reference point for the UE Tx timing related measurements to be UE Tx antenna. 
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