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1. Introduction
In RAN1 #97, one LS was approved to send to RAN4 on reference point for timing related measurements for NR positioning [1], and the main contents in that LS is duplicated as below,
	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 contribution, we have discussion on reference point for timing related measurements for NR positioning and the draft LS is also provided in [2].
2. Discussion 
Based on the RAN1 discussion, the reference point of the RSTD measurement is the Rx antenna connector of the UE for FR1 case. However, in FR2 there is no Rx antenna connector any longer, so it’s necessary to introduce a new reference point definition for FR2 timing measurement. Actually, RAN4 has no explicit definition for the physical reference point for FR2 UE measurement requirements, e.g. RSRP/RSRQ. However, based on the previous RAN4 discussion, a LS (R4-1713940) was approved in RAN4 #85 meeting, which is also captured in TS38.215 as well,
	For FR1, the definition of the measurement reference point for RSRP, RSRQ, SINR and any other UE measurements shall be the antenna connector.

For FR2, RAN4 concludes that there is no physical reference point for UE measurement. Thus RAN4 recommends a functional description of how measurements are performed by the UE rather than defining a physical reference point. The recommend description is shown below:
For FR2, RSRP, RSRQ, SINR and any other UE measurements shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. If receiver diversity is in use by the UE, the reported measurement value shall not be lower than the corresponding value of any of the individual receiver branches.



However, in RAN4 definition, the scope of measurement metrics include RSRP/RSRQ/SINR and ANY other UE measurements. So we believe the timing related measurement shall also use this definition. We still suggest defining a functional description of how measurement is performed rather than a physical reference point.
Proposal 1: Similar as RSRP/RSRQ/SINR measurement, RAN4 recommends a functional description of how RSTD measurement is performed by the UE rather than defining a physical reference point.
On the other hand, we also think the beam factor shall be also taken into account for the timing related measurement. In RSTD measurement, the Rx/Tx beam is very likely associated with propagation status for the UE, because some of the beam pairs are used to receive the reflected signals, as shown in figure 1.
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Figure 1. Illustration of beams and propagation for PRS 
In figure 1, PRS#2 can be detected by using Rx beam 2 and PRS#1 can be detected by using Rx beam 1 respectively. In this case it is apparent that different beam will results into different timing measurement results. So in order to be more precise for measurement, it’s desirable to consider beam status for FR2, i.e., consider the combined signal with the beamforming (which can be indicated by QCL) for FR2 timing measurement. Moreover, in RAN1 it agreed that QCL info is also needed for PRS as below, and QCL info also can decide the beam usage for UE to conduct the timing measurement.
	Agreement:
DL PRS Resource is described by at least the following parameters
· DL PRS Resource ID (previously agreed)
· Sequence ID (previously agreed)
· Comb Size-N
· RE Offset in frequency domain
· FFS whether this offset is a single value or multiple values
· Starting slot and symbol of DL PRS Resource
· FFS whether it can be represented by time offset with respect to some reference
· Number of symbols per DL PRS Resource (Duration of DL PRS Resource)
· Quasi-colocation information (QCL with other DL reference signals)
· FFS QCL type and source reference signals


 
Based on the discussion above, we believe the UE timing measurements in FR2 shall be performed based on the combined signal from antenna elements. However, the methodology of defining timing measurement may have a little difference from RSRP/RSRQ/SINR measurements, since RSRP/RSRQ/SINR measurements have branch combining or selection criteria if receiver diversity is used. The FR2 timing measurement can always be decided by the first arrival path of the combined signals, and it will not be impacted by receiver diversity. 
Regarding the testability, we have reference point definition for RSRP/RSRQ/SINR, as,
	For RRM baseline measurement setup based on DFF and IFF, the reference point is located at the centre of the QZ. From the UE perspective the reference point is the input of UE antenna array.



The RSRP/RSRQ/SINR difference between RP and the BB in testing has been considered in the test design. We think similar approach can be used for RSTD measurement as well if the QCL info of two PRSs are different, i.e. need to collect the info for the additional delay introduced by Rx beamforming. Alternatively, the same QCL info for two PRSs can be configured in test case, and then the Rx beamforming delay can be eliminated when RSTD is derived. 
Proposal 2: the RSTD measurements in FR2 shall be performed based on the combined signal from antenna elements corresponding to a given receiver.
And also this definition can be used for other timing measurement for both UE and gNB.
Proposal 3: The definition in proposal 2 can be extended to other timing related measurements, namely, the UE Rx-Tx timing difference, gNB Rx-Tx timing difference and UL RTOA.
3. Draft reply LS to RAN1
RAN4 would like to thank RAN1 for the LS on reference point for timing related measurements for NR positioning (R1-1907869). After discussion in RAN4, the answers to RAN1 questions are as followings,
1) For FR2, Similar as RSRP/RSRQ/SINR measurement, RAN4 recommends a functional description of how RSTD measurement is performed by the UE rather than defining a physical reference point.
2) RAN4 concluded that the RSTD measurements in FR2 shall be performed based on the combined signal from antenna elements corresponding to a given receiver
3) RAN4 concluded the definition in bullet 2) can be extended to other timing related measurements, namely, the UE Rx-Tx timing difference, gNB Rx-Tx timing difference and UL RTOA.
4. Conclusion
In this contribution, we have discussion on reference point for timing related measurements for NR positioning and the draft LS is also provided in [2].
Proposal 1: Similar as RSRP/RSRQ/SINR measurement, RAN4 recommends a functional description of how RSTD measurement is performed by the UE rather than defining a physical reference point.
Proposal 2: the RSTD measurements in FR2 shall be performed based on the combined signal from antenna elements corresponding to a given receiver.
Proposal 3: The definition in proposal 2 can be extended to other timing related measurements, namely, the UE Rx-Tx timing difference, gNB Rx-Tx timing difference and UL RTOA.
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