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1. Introduction
Based on the scope of Rel-19 work item on NR base station (BS) RF requirement evolution for FR1/FR2 and testing, the objective of OTA test enhancement has been identified. Evolving OTA test for BS type 1-O would prepare specifications to facilitate the industry to switch to all OTA conformance testing for AAS and M-MIMO capable BS, especially interesting for new bands defined in the upper region of FR1. Particularly, in the core part objectives of NR BS RF requirement evolution for FR1 and testing, the following objective related to OTA test enhancement is provided in WID [1]:
	OTA test enhancement
· [bookmark: _Hlk163205987]Investigate whether the BS/IAB OTA co-location reference antenna definition need be improved for FR1, and if feasible, update the definition.


In this contribution, we would like to provide our initial analysis on the OTA test enhancement. 
2. Discussion
2.1 BS/IAB OTA co-location reference antenna
In the existing BS RF requirement, co-location requirements are requirements which are based on assuming the BS type 1-O is co-located with another BS of the same base station class, they ensure that both co-located systems can operate with minimal degradation to each other. Co-location requirements are specified at the conducted interface of the co-location reference antenna, the co-location reference antenna does not form part of the BS under test but is a means to provide OTA power levels which are representative of a co-located system. Particularly, OTA transmit ON/OFF power, OTA transmitter spurious emission, OTA transmitter intermodulation and OTA out-of-band blocking are defined as co-location requirement. 
From the definition of co-location reference antenna in the clause 4.9 in TS 38.104 [3], the co-location reference antenna shall satisfy: 
· The co-location reference antenna shall be a single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, as the composite antenna of the BS type 1-O and nominal 65° horizontal half-power beamwidth (suitable for 3-sector deployment);
· The co-location reference antenna shall be placed at a distance d from the edge of the BS type 1-O, and d shall be set to 0.1m, as shown in Figure 4.9-1 [3];
· [bookmark: _Hlk505624375]The co-location reference antenna shall be aligned with the BS type 1-O composite antenna in a common plane perpendicular to the mechanical bore-sight direction, as shown in Figure 4.9-1 [3];
· The co-location reference antenna shall be aligned with the BS type 1-O composite antenna for the vertical radiating regions;
OTA co-location requirements are based on the power at the conducted interface of a co-location reference antenna, depending on the requirement this interface is either an input or an output. For BS type 1-O with dual polarization the co-location reference antenna has two conducted interfaces each representing one polarization. 
[image: ]
Figure 1: Illustration of BS type 1-O enclosure and co-location reference antenna (Figure 4.9-1, [3])

2.2 Discussion background of co-location reference antenna 
This background of co-location reference antenna has been introduced in reference RAN4 contribution [4]. For co-location requirements including transmitter intermodulation (TX IMD) requirement and transmit ON/OFF power requirement are derived based on 30dB isolation assumed, which can be date back to the analysis in TR 25.942 [5]. Whereas the isolation of 30 dB (for the port-to-port isolation) was derived from a typical deployment scenario, where two base stations are assumed to be with passive antennas mounted in two separated masts with main beam pointing down-wards. The isolation was calculated using Friis free-space path loss formula. The considered frequency was in the low range of FR1and fixed passive base station antennas with equal antenna gain was assumed.   
	[bookmark: _Toc336210058]10.1	Rationale for MCL value for co-located base stations
The coupling losses between two co-sited base stations are depending on e.g. the deployment scenario and BS antenna gain values. As seen from e.g. [28], different deployment scenarios give raise to a large variation in coupling loss values. However, in order not to have different requirements for different deployment scenarios, it is fruitful to use one value of the minimum coupling loss (MCL) representing all deployment scenarios.
For the case of two operators co-siting their antenna installations on a roof-top, the antennas could be situated in each other's far-fields and the isolation that occur between the sites can be analysed using the ordinary Friis' transmission equation:

	

where R is the distance between the antennas, is the wavelength and Gain is the total effective gain of the two antennas.
When applying this equation to a deployment scenario with a separation distance of 10 meters between the two sites, both using 65 (14 dBi) sector antennas, an isolation of about 30 dB occur when the antennas are situated in a 35 angle compared to each other. This deployment scenario is regarded as typical to many co-sited antenna installations.
A coupling loss value of 30 dB also coincides with the minimum coupling loss value reported in [29] and one of the measured antenna configurations in [28]. It is also typical to many existing installations, as reported by several operators.



2.3 Feasibility of definition update on co-location reference antenna
However, considering the following factors listed in [4], whether the BS/IAB OTA co-location reference antenna definition need be improved for FR1 can be further investigated: 
- Higher frequency band and accordingly AAS BS antenna for NR FR1 deployment: For NR FR1, the spectrum up to 7125 MHz have been allocated and accordingly AAS antennas with more complex array geometries than originally assumed are used for base stations in nowadays commercial deployment. Therefore, co-location between two AAS BS will be different from the co-location between an AAS BS and BS with a single column passive BS antenna. 
- The edge-to-edge deployment for different operators is the typical deployment scenario or not: Whether or not it is a typical deployment scenario to have two base stations from different operator networks being located edge-by-edge shall be investigated. 
- The additional difficulties introduced by co-location reference antenna: The difficulties include (1) a large PA capable of very high output power is required to generate the interfering signal, (2) the availability of co-location test antenna for higher bands above 2.5GHz. 
Accordingly, the following observation is provided: 
Observation 1: Whether the BS/IAB OTA co-location reference antenna definition need be improved for FR1 shall at least consider the following factors, including: 
  - Higher frequency band and accordingly AAS BS antenna for NR FR1 deployment;
  - The edge-to-edge deployment for different operators is the typical deployment scenario or not;
  - The additional difficulties introduced by co-location reference antenna;
  - Other factors are not precluded. 

In Release-18 study on duplex evolution including the support of subband full duplex (SBFD), the following co-location requirements are also studied for SBFD-capable BS. Based on the study Release 18 outcome [6], particularly for the transmitter intermodulation requirement, RAN4 agree that further study (in the normative phase for SBFD) is needed on the applicable co-location coupling loss assumption (i.e., 30dB coupling loss).  
	[bookmark: _Toc152011628]10.1.2.6	Transmitter intermodulation
For transmitter intermodulation requirement for SBFD-capable BS, it was concluded that further study is needed on the following aspects in the normative phase:
-	whether the transmitter intermodulation requirement is applicable in SBFD slots/symbols.
-	the applicable co-location coupling loss assumption and the applicable receiver degradation for the transmitter intermodulation requirement, if transmitter intermodulation requirement is applicable in SBFD slots/symbols


Observation 2: The discussion on BS OTA co-location reference antenna definition improvement could be related to the transmitter intermodulation requirement discussion for SBFD-capable BS. 

3. Conclusion
In this contribution, we provided our viewpoints and initial analysis on the OTA test enhancement, particularly on the BS/IAB OTA co-location reference antenna definition: 
Observation 1: Whether the BS/IAB OTA co-location reference antenna definition need be improved for FR1 shall at least consider the following factors, including: 
  - Higher frequency band and accordingly AAS BS antenna for NR FR1 deployment;
  - The edge-to-edge deployment for different operators is the typical deployment scenario or not;
  - The additional difficulties introduced by co-location reference antenna;
  - Other factors are not precluded. 
Observation 2: The discussion on BS OTA co-location reference antenna definition improvement could be related to the transmitter intermodulation requirement discussion for SBFD-capable BS. 
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