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1	Introduction
In the RAN4 meeting #84bis, a WF was approved for discussing colocation reference antenna. [1]. In the WF, it is showed that a definition of co-location reference antenna is an issue with regard to radiation characteristics. This contribution proposes the definition of co-location reference antenna on its radiation characteristics.
2	Discussion
2.1 Radiation characteristics of co-location reference antenna

The last RAN4 meeting, following definition for co-location reference antenna (D1) is proposed as a starting point of co-location reference antenna definition:

Co-location reference antenna: A single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, and deployment scenario as the composite antenna of AAS and positioned at a distance (d) from the edge of the AAS BS.
*Notes are omitted here.

In this definition, the expression “the same deployment scenario” implies that the antenna intended OTA coverage range and cell coverage area as the AAS BS. However, this definition is not specific. 
The radiation characteristics of the AAS BS and co-location reference antenna affects the coupling characteristics between the AAS BS and co-location reference antenna, it is required that the radiation characteristics of the co-location reference antenna is equivalent to the radiation characteristics of AAS BS in order that the co-location reference antenna simulates the co-located AAS BS. The coupling between the co-location reference antenna and the AAS BS is occurred between the element of the co-location reference antenna and the element/sub-array of AAS BS. Therefore, the radiation characteristics of the co-location reference antenna should be equivalent to the radiation characteristics of the element/sub-array of AAS BS.

Observation 1: The radiation characteristics of the co-location reference antenna should be equivalent to the radiation characteristics of the element/sub-array of AAS BS.

The range of OTA REFSENS RoAoA relates to the average element/sub-array radiation pattern 3dB beam width of AAS BS as shown in TR37.843 [2].  Hence, the 3dB beam width of the co-location reference antenna should be the same as the width of the range of the OTA REFSENS RoAoA

Observation 2: The 3dB beam width of the co-location reference antenna should be equivalent to the range width of OTA REFSENS RoAoA. 

The horizontal radiation characteristics have a strong impact on the coupling between the AAS BS and co-location reference antenna because the co-location reference antenna will be located on the side of the AAS BS. 

Observation 3: Horizontal radiation characteristics of the co-location reference antenna and AAS BS have a strong impact on the coupling.

By considering above discussion, we can show another candidate of the co-location reference antenna definition as shown in the observation 4 written in below:

Observation 4: Another definition of co-location reference antenna definition (D2)
Co-location reference antenna: A single column passive antenna which has the same vertical radiating dimension (h), frequency range, and polarization, and deployment scenario as the composite antenna of AAS, has a horizontal 3dB beam width that is the same as the range of the OTA REFSENSE RoAoA in the horizontal direction, and positioned at a distance (d) from the edge of the AAS BS.

2.2 Comparison between two definitions
In this section, we compare the definitions of the co-location reference antenna. One is the definition that uses “deployment scenario” (D1), the other is the definition in the observation 4 (D2). Table 1 shows the pros and cons of two definitions.
Table 1 Comparison of two definitions on co-location reference antenna
	Definition
	Pros
	Cons

	D1 “same deployment scenario”
	Allow re-use of the reference antenna to similar AAS BS.　
→ # of reference antenna is small
	Different antenna characteristics between reference antennas prepared by manufactures and users (operators)
→Different test results by different testers

	D2 “same as the range of OTA REFSENS RoAoA”
	Antenna radiation characteristics clearly defined 
→Same test results in different testers 
	Need to prepare reference antenna for each type of AAS BS. 
→  # of reference antenna is large



Since D1 uses oblique expression, it can be allowed to use a reference antenna for the test of AAS BSs that have similar cover area. However, in the test phase, it is possible that two testers, for example operator and manufacturer, will reach the different results by using different reference antenna. In contrast, D2 will have high reproducibility in test because D2 employs specific expression. However lots of reference antenna will be required.
Observation 5: The definition as a starting point (D1)   allows us to reduce the cost to prepare the reference antenna. But the test reproducibility will be low. Though the definition that defines the radiation characteristics clearly (D2) will provide high test reproducibility, the test cost will also be high.
If the definition D1 will be applied, the test reproducibility issue between manufacturers and users should be resolved because ensuring the test reproducibility is one of the objectives of the standardization. One solution is supplying reference antenna to users from manufactures. In this case, manufactures fabricate reference antennas suitable to deployment scenarios and supply them as users’ request. In this case, users can verify whether the reference antennas are suitable for the deployment scenarios or not. Another solution is to define the reference antenna clearly in conformance test requirements for each deployment scenario.
From above discussion, we propose two options to define the co-location reference antenna as follows:.
Proposal :  RAN4 discusses the following options to define the co-location reference antenna.
	1. The definition of the co-location reference antenna is D1.
1.1 Manufacturer supply the co-location reference antenna if users want them.
1.2 Characteristics of the reference antenna is defined clearly in conformance test requirement for each deployment scenario.
      2. The definition of the co-location reference antenna is D2.  


3	Summary
In this document, we have discussed the co-location reference antenna definition. We made the following proposal based on the following observations.

Observation 1: The radiation characteristics of the co-location reference antenna should be equivalent to the radiation characteristics of the element/sub-array of AAS BS.

Observation 2: The 3dB beam width of the co-location reference antenna should be equivalent to the range width of OTA REFSENS RoAoA. 

Observation 3: Horizontal radiation characteristics of the co-location reference antenna and AAS BS have a strong impact on the coupling.

Observation 4: Another candidate of co-location reference antenna definition (D2)
Co-location reference antenna: A single column passive antenna which has the same vertical radiating dimension (h), frequency range, and polarization, and deployment scenario as the composite antenna of AAS, has a horizontal 3dB beam width that is the same as the range of the OTA REFSENSE RoAoA in the horizontal direction, and positioned at a distance (d) from the edge of the AAS BS.

Observation 5: The definition as a starting point (D1)   allows us to reduce the cost to prepare the reference antenna. But the test reproducibility will be low. Though the definition that defines the radiation characteristics clearly (D2) will provide high test reproducibility, the test cost will also be high.

Proposal :  RAN4 discusses the following options to define the co-location reference antenna.
	1. The definition of the co-location reference antenna is D1. Manufacturer supply the co-location reference antenna if users want them.
      2. The definition of the co-location reference antenna is D2.  
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