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1. Introduction
In last RAN4#92bis meeting, the definition of reference point of gNB measurements for NR positioning was discussed, and no decision was achieved. Following agreements were reached:
Agreements:
For 1-C type of BS the reference point is antenna connector.
Issues to consider for analyzing  reference point for BS Rx or Tx measurement for 1-H and 1-O/2-O BS types:
•	Reference point should be independent of different BS implementations: 
· FFS whether the reference point is also the same for different BS types (1-H and 1-O/2-O).
•	Consider the fact that there are different types of base stations:
· BS type 1-C has antenna connector.
· Other BS types (1-H and 1-O/2-O) don’t have antenna connector.
•	Type of BS measurements:
· measurement done on one node e.g. RX-TX time difference measurement
· measurements done on two or more nodes and compared e.g. RTOA

In this contribution, we further discuss this issue and give our analysis and proposals.

2. Discussion
For the UE or gNB measurement, the reference point should be defined. The reference point of measurement is for specifying accuracy requirements for the measurement and testing whether the UE or gNB follows the requirements. The measurement accuracy requirement for UE or gNB is the UE or gNB measurement result (reported value by UE or gNB) comparing to the value of the measured quantity set at reference point. The test tolerance of test system is the offset of actual value comparing to the wanted value set by test system at reference point. So the reference point should be accessible and calibratedfor UE or gNB and test system. If the reference point is not accessible and can’t be calibrated, the accuracy requirements for measurements can’t be tested and will be invalid.
Observation 1: The reference point of measurement should be accessible and calibrated for UE or gNB and test system.
Some papers explain the measurement is done in baseband, the beam of receiving should be considered, i.e. should measure on combined signal [1][2]. It is true that all measurements done in baseband even the reference point is defined at antenna connector for type 1-C gNB or FR1 UE. The measurement value calculated in baseband shall be converted to antenna connector by 1-C gNB or FR1 UE to get the reported measurement results. For 1-H, 1-O, 2-O gNB or FR2 UE, the beam should be considered. And the measurement is done in baseband after combined signal certainly. But the gNB or UE should convert it to outer, accessible reference point. All inner uncertainty from baseband to reference point should be calibrated by gNB or UE especially for timing related measurement. Some residual uncertainty can’t be calibrated should be included in measurement accuracy requirement.
Observation 2: All inner uncertainty from baseband to reference point should be calibrated by gNB or UE especially for timing related measurement. Some residual uncertainty can’t be corrected should be included in measurement accuracy requirement.
[bookmark: OLE_LINK168][bookmark: OLE_LINK169]The gNB may have deferent implementation. The antenna (plus RRU) is located at tower and BBU may be located at machine room. The distance from point of combined signal to antenna may be several ten meters. For UE positioning, the UE location should be based on antenna location of gNB and timing measurement of gNB and UE. If the reference point of timing related measurement for gNB is defined at baseband, it will introduce large error for UE positioning. The point of combined signal can’t be applied as reference point for timing related measurement of gNB for UE positioning.
Observation 3: The point of combined signal can’t be applied as reference point for timing related measurement of gNB for UE positioning.
It is noted that the antenna connector doesn’t exist for 1-H and 1-O/2-O types BS. Some papers proposed the reference point is defined at Transceiver Array Boundary connector for 1-H type gNB [3][4]. The paper [3] proposed it to be defined at the logical Transceiver Array Boundary which is between Transceiver Unit Array and Radio Distribution Network for 1-O and 2-O type gNB. We think these proposals may be feasible, but not the best. Transceiver Array Boundary connector for 1-H type gNB may have many connectors, and may make difficult for test. The logical Transceiver Array Boundary is not accessible and makes confuse for requirement and test. In last RAN4 meeting, [4][5][6] proposed the Rx/Tx antenna is defined as reference point for timing related measurements for positioning for FR2. So we think the Rx/Tx antenna should be preferably defined as reference point for timing related measurements for positioning for 1-H and 1-O/2-O types BS. During test, the timing of received signal can be calibrated at the location of antenna of gNB by test system, and then set antenna of gNB to be tested at this point to test gNB measurement performance. It is clear and operable. So we present following proposal.
Proposal: The Rx antenna and Tx antenna will be defined as the reference point for Rx timing related measurement and Tx timing related measurement for 1-H and 1-O/2-O types BS.

3. Conclusion
The document discusses the reference point of timing related measurements for gNB. Based on the analysis in this contribution, we give the following observations and proposals:
Observation 1: The reference point of measurement should be accessible and calibrated for UE or gNB and test system.
Observation 2: All inner uncertainty from baseband to reference point should be calibrated by gNB or UE especially for timing related measurement. Some residual uncertainty can’t be corrected should be included in measurement accuracy requirement.
[bookmark: _GoBack]Observation 3: The point of combined signal can’t be applied as reference point for timing related measurement of gNB for UE positioning.

Proposal: The Rx antenna and Tx antenna will be defined as the reference point for Rx timing related measurement and Tx timing related measurement for 1-H and 1-O/2-O types BS.
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