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There is a LS from RAN1 to RAN4 on the reference point for timing related measurements in FR2, the description is shown below [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 RAN4#92-bis meeting, we have the following agreement: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 contribution, we provide our views on this LS.
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In our view, for a UE, the difference between option 1 & 2 is whether the UE need to consider "the delay from antenna to baseband module" when estimating RSTD. Specifically,
· Option 1: the UE doesn't need to consider the delay
· Option 2: the UE need to consider the delay
For the UE, if the PRSs from two cells are received from the same Rx antenna, then the delays from antenna to baseband module are the same, thus it is not necessary to consider the delay for RSTD estimation.
For FR2, PRS from different cells may be received from different UE Rx antenna panels, so the corresponding delays from antenna to baseband module may be different. For example, the Rx antenna arrays for receiving PRS at 28GHz and PRS at 39GHz are different, hence the corresponding delay from antenna to baseband module may be different.
The question is whether such a delay difference has significant impact to positioning accuracy. We note that the delay difference between paths is expected to be less than 3ns. It follows that the distance difference (between two TPs) estimation error is expected to be less than 0.9m.
Recall from TR 38.855 [3] that the commercial positioning accuracy requirement is
· Horizontal error < 3m, for 80% of UEs in indoor deployment scenarios 
· Horizontal error < 10m, for 80% of UEs in outdoor deployments scenarios	
In practice, a UE reports multiple RSTDs to the network. Since such a path delay difference raises concern mainly for FR2 inter-frequency RSTD measurements, it is not expected that the UE needs to consider the delay difference for most of its RSTD measurements.
In addition, depending on the implementation of the location server:
· One RSTD with 3ns error may not directly lead to 0.9m error in final positioning
· The positioning accuracy requirements is not expected to fail even if a few RSTDs are FR2 inter-frequency measurements with such a path delay difference
For example, suppose a UE reports 8 RSTDs, only one of the 8 RSTD is a FR2 inter-frequency measurement, and the other RSTD measurements are with error less than 1ns. In such a case, the path delay difference error in the FR2 inter-frequency RSTD measurement is expected to have minor impact on the final positioning accuracy of the UE.
It follows that the gain on positioning accuracy is limited for UEs to calibrate the path delay difference. Observation 1: 
· The delay difference between signal paths in UE is expected to be less than 3ns 
· The positioning accuracy requirements is not expected to fail even if a few RSTDs are FR2 inter-frequency measurements with such a path delay difference 
· The gain on positioning accuracy is limited for UEs to calibrate the path delay difference



Thus, we have the following proposal:Proposal 1: Adopt option 1 as the definition of the reference point of RSTD measurements in FR2, i.e., the reference point of RSTD measurements in FR2 is the combined signal from antenna elements corresponding to a given receiver




Reference point of FR2 UE Rx-Tx Time Difference Measurement
We note that the absolute path delay from antenna to baseband module is expected to be less than 10ns. As such, the UE Rx-Tx time difference measurement error caused by such path delay would be less than 20ns. It follows that the estimation error of RTT/2 due to the path delay would be less than 10ns, which translates to at most 3m distance estimation error for one TP. Depending on the implementation of the location server, estimation of RTT/2 with 10ns error may not directly lead to 3m error in final positioning.
It is difficult for UE to reliably calibrate the path delay error to a precision less than 10ns. Also, recall that it is agreed and captured in TR 38.855 that no single positioning technology has to meet all the requirements for every scenario. Thus, it is not expected that multi-RTT shall be used as a positioning technique to fulfil the requirement that “horizontal error < 3m for 80% of UEs in indoor deployment scenarios”. 
[bookmark: _GoBack]In addition, by adopting option 1 as the definition of the reference point of FR2 UE Rx-Tx time difference measurement, the requirement that “horizontal error < 10m for 80% of UEs in outdoor deployments scenarios” is not expected to fail.
Therefore, we have the following proposal:Proposal 2: Adopt option 1 as the definition of reference point of FR2 UE Rx-Tx time difference measurement, i.e., the reference point of RSTD measurements in FR2 is the combined signal from antenna elements corresponding to a given receiver


Finally, we note that at least for power class 3 UE, the Euclidean distance between the Rx antenna and the baseband module can be ignored for realistic testing, thus the form factor is not an issue for adopting option 1 as the definition of reference point of FR2 UE RSTD and Rx-Tx time difference measurements.

Conclusions
In this contribution, we have the following observations and proposals:
Observation 1: 
· The delay difference between signal paths in UE is expected to be less than 3ns 
· The positioning accuracy requirements is not expected to fail even if a few RSTDs are FR2 inter-frequency measurements with such a path delay difference 
· The gain on positioning accuracy is limited for UEs to calibrate the path delay difference
Proposal 1: Adopt option 1 as the definition of the reference point of RSTD measurements in FR2, i.e., the reference point of RSTD measurements in FR2 is the combined signal from antenna elements corresponding to a given receiver
Proposal 2: Adopt option 1 as the definition of reference point of FR2 UE Rx-Tx time difference measurement, i.e., the reference point of RSTD measurements in FR2 is the combined signal from antenna elements corresponding to a given receiver
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