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Introduction
RAN4 has received an LS from RAN1 on the reference point for timing related measurements in FR2, 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 present our views on this topic. The draft LS reply based on this discussion paper can be found in [2].  
Discussion
The two options considered by RAN1 for the reference point of RSTD measurements are:
· Option 1: the combined signal from antenna elements corresponding to a given receiver
· Option 2: the Rx antenna of the UE

Option 1 has precedent in the definition of SS-RSRP, as an example, as defined in TS 38.215:
[bookmark: _Toc11163810]5.1.1	SS reference signal received power (SS-RSRP)

Definition
SS reference signal received power (SS-RSRP) is defined as the linear average over the power contributions (in [W]) of the resource elements that carry secondary synchronization signals. The measurement time resource(s) for SS-RSRP are confined within SS/PBCH Block Measurement Time Configuration (SMTC) window duration. If SS-RSRP is used for L1-RSRP as configured by reporting configurations as defined in 3GPP TS 38.214 [6], the measurement time resources(s) restriction by SMTC window duration is not applicable.

For SS-RSRP determination demodulation reference signals for physical broadcast channel (PBCH) and, if indicated by higher layers, CSI reference signals in addition to secondary synchronization signals may be used. SS-RSRP using demodulation reference signal for PBCH or CSI reference signal shall be measured by linear averaging over the power contributions of the resource elements that carry corresponding reference signals taking into account power scaling for the reference signals as defined in 3GPP TS 38.213 [5]. If SS-RSRP is not used for L1-RSRP, the additional use of CSI reference signals for SS-RSRP determination is not applicable.

SS-RSRP shall be measured only among the reference signals corresponding to SS/PBCH blocks with the same SS/PBCH block index and the same physical-layer cell identity.

If SS-RSRP is not used for L1-RSRP and higher-layers indicate certain SS/PBCH blocks for performing SS-RSRP measurements, then SS-RSRP is measured only from the indicated set of SS/PBCH block(s).

For frequency range 1, the reference point for the SS-RSRP shall be the antenna connector of the UE. For frequency range 2, SS-RSRP shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SS-RSRP value shall not be lower than the corresponding SS-RSRP of any of the individual receiver branches.


The rationale behind the highlighted sentence in the definition of RSRP measurement in FR2 is to ensure that RSRP captures the analog beamforming gain from combining across antenna elements. In other words, UE is reporting an RSRP measurement which it experiences. 
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. Figure 1 illustrates an example of UE implementation where the antenna arrays are on the top of either side. The output of antenna array is routed to the baseband module where the measurement is performed. Depending on the UE implementation and placement of antenna arrays with respect to baseband module, the pipeline delay can be different resulting in different time of arrival measurements if the reference point is not at the antenna. 
Moreover, the above observations hold for any timing related measurement in addition to RSTD (e.g, Rx-Tx timing difference) and regardless of whether it is in UE or gNB. 
Observation 1. Antenna array gain is not pertinent in time of arrival measurements. Depending on the UE implementation and placement of antenna arrays with respect to baseband module, the pipeline delay can be different resulting in different time of arrival measurements if the reference point is not at the antenna. 
Proposal 1. Reference point for the UE timing related measurements to be UE Rx antenna. 
Proposal 2. Reference point for the gNB timing related measurements to be gNB Rx antenna. 


Figure 1 Reference point for timing measurements
It is important to note that to obtain a relatively accurate estimation of any timing measurement, the pipeline delay from antenna array to baseband module should be compensated by a calibration method. The calibration method is a UE implementation choice and its accuracy can depend on a variety of factors including (but not limited to) form factor, measurement accuracy requirement, and measurement uncertainty requirements. Our view is that this is a discussion that should be decoupled from the definition of the reference point for timing measurements. 
Observation 2. To obtain a relatively accurate estimation of any timing measurement, the pipeline delay from antenna array to baseband module should be compensated by a calibration method. The calibration method is a UE implementation choice and its accuracy can depend on a variety of factors including (but not limited to) form factor, measurement accuracy requirement, and measurement uncertainty requirements. This discussion should be decoupled from the definition of the reference point for timing measurements. 
Conclusions
Observation 1. Antenna array gain is not pertinent in time of arrival measurements. Depending on the UE implementation and placement of antenna arrays with respect to baseband module, the pipeline delay can be different resulting in different time of arrival measurements if the reference point is not at the antenna. 
Proposal 1. Reference point for the UE timing related measurements to be UE Rx antenna. 
Proposal 2. Reference point for the gNB timing related measurements to be gNB Rx antenna. 
Observation 2. To obtain a relatively accurate estimation of any timing measurement, the pipeline delay from antenna array to baseband module should be compensated by a calibration method. The calibration method is a UE implementation choice and its accuracy can depend on a variety of factors including (but not limited to) form factor, measurement accuracy requirement, and measurement uncertainty requirements. This discussion should be decoupled from the definition of the reference point for timing measurements. 
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