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[bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
RAN4 received an LS [1] from RAN1 where RAN4 is asked to provide the definition of a reference point for RSTD (Reference Signal Time Difference) measurements in FR2 and inform whether it is applicable to other timing related measurements, namely, the UE Rx-Tx timing difference, gNB Rx-Tx timing difference and UL RTOA (Relative Time of Arrival). 
In [1], it is also stated:
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.
and
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.
In RAN4#92, and RAN4#92bis the discussion on the above came to a high-level agreement below, but RAN4 still needs to agree on further details to be able to respond to RAN1.
This document focuses on the reference point for the timing related measurements on the gNB.

Discussion
Currently Situation (status)
In LTE (TS 36.214), the reference point for eNB Rx-Tx (a.k.a. Timing Advance Type 2) is defined as follows:
· The reference point for TeNB-RX shall be the Rx antenna connector.
· The reference point for TeNB-TX shall be the Tx antenna connector.
Already in LTE there are different types of base stations:
· Base stations meeting only conducted requirements (TS 36.104, TS 37.104) for which the reference point definition in TS 36.214 is applicable,
· Base stations meeting radiated over-the-air (OTA) and hybrid requirements (TS 37.105) for which the reference point for eNB Rx-Tx time difference measurements is currently missing in TS 36.214.
Different base station types are defined in NR:
· BS type 1-C meeting only conducted requirements,
· BS type 1-H meeting hybrid requirements,
· BS type 1-O and 2-O meeting only radiated requirements.

Reference Point for Base Stations Type Conducted

Conclusion: For LTE and NR the reference point is well defined if the connector is used. (base station type 1-C and 2-C). No action is needed.

[bookmark: _Hlk24015977]Reference Point for Hybrid Base Stations
A hybrid base station is defined in [4,6]:
BS type 1-H:	NR base station operating at FR1 with a requirement set consisting of conducted requirements defined at individual TAB connectors and OTA requirements defined at RIB
	TAB: transceiver array boundary connector
	RIB: Radiated Interface Boundary.
Hybrid BS measured the “radiated transmit power” and the “OTA sensitivity” over the air. All other requirements are defined on the TAB. There is no need to define the “Reference Point” different to the “connected” type of base station. 
Hybrid BS are only defined in FR1. The liaison statement [1] ask only for FR2.
[bookmark: _Hlk23754509]Conclusion: The refence point for 1-H is the connector (TAB). The LS ask only for FR2, there is no Hybrid Type defined.

Reference Point for Base Stations Types that use Radiated Reference Points 
The reference points for all OTA measurements in the [6] and [7] is outside of the antenna. The antenna of base stations quite often lager than one meter and the most important value the EIRP is a far field value. The distance from the antenna to the far field is for large antennas up to 100m. The antenna is selves differ in the size strongly. So it is not possible to find a reference point like an antenna connector.
To solve the problem of the reference point for the measurements, it is proposed to use the EIRP or EIS measurements principle as basis. The antenna models and the real measurements use a center. This point is also applicable as reference point for the positioning.

Table 4.6-1 Manufacturers declarations for BS type 1-H, BS type 1-O and BS type 2-O radiated test requirements
	Declaration identifier

	Declaration
	Description
	Applicability
(Note 1)

	
	
	
	BS type 1-H
(Note 2)
	BS type 1-O
	BS type 2-O

	D.1
	Coordinate system reference point
	Location of coordinated system reference point in reference to an identifiable physical feature of the BS enclosure.
	x
	x
	x

	D.2
	Coordinate system orientation
	Orientation of the coordinate system in reference to an identifiable physical feature of the BS enclosure.
	x
	x
	x




Conclusion: 


Summary
This document focuses on the reference point for the timing related measurements on the BS.
Proposal 1: For LTE and NR the reference point is the connector for BS type 1-C or 2-C.
Proposal 2: The refence point for BS type 1-H is the connector (TAB). For FR2, there is no “Hybrid Type” defined.
Proposal 3: The reference point for BS type 1-O and 2-O is the center of the “coordinate system reference point”.
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