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Introduction
In the RAN4#92 meeting, reference point for timing related measurements in FR2 was extensively discussed but no agreement was reached. The discussion was in response to an LS from RAN1, reproduced here for reference [1]:
1. Overall Description:
RAN1 is currently working on the definition of reference point of UE and gNB measurements for NR positioning for Rel16. 
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
· 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.
It is RAN1’s understanding that it is part of the work of the RAN3 WG to provide a name for the “transmission measurement function”. For simplicity of the discussion in RAN1 this function is referred to as “gNB”

2. Actions:
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 paper, we reiterate our views on this topic and rebut some of the arguments made during online discussion. 
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). 
In [5], it was first argued that the scope of measurement metrics and definition of reference in FR2 includes any type of measurement. We disagree and do not think RAN4, or any other working group, has the foresight to define requirements or reference point encompassing all future possible measurements. In fact, the reason that RAN4 has received the LS in [1] is exactly because timing measurements in FR2 are new and deserve a fresh look.
In [5], it was next argued that beam status should be considered for FR2 timing measurements. We also agree and believe RAN1 specifications already reflect this well. However, we fail to understand how this observation relates to reference point for measurements. In the figure below, exact copy in [5], UE can be configured with many PRS resources (e.g., resource#1 with PRS#1, resource#2 with PRS#2, …) and is asked to report timing measurements based on reference signal of each resource. UE may use Rx beam1 (or even Rx beam2) to measure PRS#1 and may use Rx beam2 (or even Rx beam1) to measure PRS#2. UE will report a measurement for each resource and will likely report a measurement close to true TOA from resource#1 and another measurement with likely larger error from resource#2. However, in all these measurements, the refence point should be the UE Rx antenna to reflect the true TOA. Whether UE uses an optimal or sub-optimal Rx beam to measure different PRS resources should not alter the true TOA or the reference point. 
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Figure 1 Illustration of beams and propagation for PRS ([5])
In [6][7], reference points for FR2 timing measurements in UE and BS were discussed. Interestingly, the reference point proposed for BS is either the Rx antenna connector or the transceiver array boundary which excludes any beamforming or antenna gain impact. However, the reference point proposed for UE is combined signal from antenna elements. We cannot reconcile this discrepancy and believe that UE and BS should have a consistent definition of reference point. Moreover, defining a new reference point for timing measurements, which is different than legacy R15 measurement reference points, does not mean UE is required to do measurements in a different way. 
Finally, 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 3. 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.
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. 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.
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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