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1. Introduction
At the last RAN4 meeting (RAN4#90 in Athens) aspects related to base station to base station co-location requirements for the frequency range 7 to 24 GHz was discussed [1]. 
As part of the ongoing Study Item, RAN4 is supposed to discuss the technical background including suitable models, parameters and scenarios relevant required to later be able to develop requirements if necessary in the following Work Item phase. Currently the background for FR1 and FR2 requirements is different. Based on different backgrounds, the current RAN4 specification requirements are different with respect to;
· Pass/fail level
· Anchor point
· Concept 
· Coverage  
, as function of BS type, frequency band and BS class. 
To be able to decide on relevant requirement levels, anchor point, concept and coverage for the new frequency range 7 to 24 GHz, RAN4 needs to determine a relevant co-location scenario. Based on the selected co-location scenario models can be created to study which RF characteristics RAN4 requirements are required. Also, the model and corresponding parameters is essential to derive requirement levels. 
In [2], the background for BS type 1-O, co-location requirements are summarized. For OTA requirements within the frequency range 7 to 24 GHz, it’s clear that BS type 1-O co-location concept cannot be used, since no base station antennas at this frequency range is available on the market. 
In this contribution we summarize technical background information for FR1 and FR2 requirements and suggests how to proceed the work to evaluate the need for corresponding requirements for the frequency range 7 to 24 GHz in the ongoing Study Item. 

2. Discussion
[bookmark: _Hlk6468416]The NR RF core specification defines requirements to allow for a base station to operate in close vicinity to another base station. Those requirements are referred to as co-location requirements. When defining requirements in the current version of the NR base station specification, co-location requirements based on three very different scenarios was considered:
A. A base station co-location scenario, where two base station are located in the same geographical area pointing towards each other. The port-to-port isolation for this scenario was determined to 30 dB for a specific frequency. It was decided to fix the isolation at 30 dB within the whole FR1. For this approach far-field condition can be assumed, hence a simulation model based on a power level link budget can be adopted. This is the co-location scenario used for single RAT and MSR. This is also the scenario used for deriving NR BS type 1-C and NR BS type 1-H requirements. 
B. A base station co-location scenario, where two base stations are located very close to each other in the same mast. This case is often referred to co-siting. This is the case used as foundation for the co-location concept adopted for OTA AAS BS requirements and NR BS type 1-O requirements. For this scenario the base stations are placed very close to each other, hence a near-field model is required to study the coupling effects. For BS type 1-O requirements, the concept of defining a co-location reference antenna was developed to mimic this scenario. Measurements indicated that the post-to-port isolation for this scenario is typically larger than 30 dB for frequencies around 2 GHz. The concept used for this scenario is described in [2]. 
C. A base station co-location scenario, where two base station are located in the same geographical area pointing towards each other. The port-to-port isolation for this scenario was determined for a specific ISD and propagation conditions at FR2 frequencies. For this approach far-field condition can be assumed, hence a simulation model based on a power level link budget can be adopted. This is the co-location scenario used for FR2 TDD OFF power.
The requirement coverage and requirement coverage for co-location requirements is summarized in Table 2-1. 
Table 2-1: Related requirements 
	Requirement
	BS type

	
	1-C
	1-H
	1-O
	2-O

	Unwanted emission
	A
	A
	B
	N/A

	TDD OFF power
	A
	A
	B
	C

	Receiver out-of-band blocking
	A
	A
	B
	N/A

	Transmitter intermodulation
	A
	A1
	B
	N/A

	Note 1: For 1-H, the requirement is extended with a declared isolation due to intra-system coupling



For the frequency range 7 to 24 GHz it is not straight forward at this point to determined what concept to use or to say how the relevant requirement coverage would look like. Therefore, RAN4 needs to define proper scenarios to be able to derive appropriate models required to derive relevant co-location requirements for the frequency region 7 GHz to 24 GHz. For BS type 1-O co-location requirements, a concept created on a co-location reference antenna was developed for TS 37.105 and TS 38.104. An overview of the technical background of the concept is presented in [2]. 
For the new frequency range 7 to 24 GHz, the co-location concept developed for BS type 1-O requirements cannot be used, since the concept depends of using a co-location reference antenna which is a single column passive base station antenna with the same coverage parameters are the base station to be specified and tested, as pointed out in [2]. 
In general, transmission power link budgets in logarithmical scale are easy to understand and document. With scenarios where far-field condition can be assumed simple power link budgets can be used. However, for scenarios where the far-field condition is not met near-field coupling models are required to derive proper requirement levels. Near-field coupling models requires that both the amplitude and phase related to the transmission is captured as well as individual element patterns characteristics are captured properly. Near-field models for coupling is often very complex and difficult to generalize. For the case where co-location of base station in the same geographical area, the distance between aggressor and victim is typical equal to the inter site distance (ISD) which often relates to the far-field region, while for co-siting the distance related to FR1 requirements have been set to 0.1 m at an angle 90 degrees. The co-siting scenario requires detail near-field models to properly calculate the coupling between victim and aggressor. In Figure 2-1, the two currently defined scenarios for FR1 and FR2 are visualised. 
[image: ]
Figure 2-1: Scenarios
Depending of selected scenario, the distance between aggressor and victim is different and RAN4 needs to define suitable models accordingly. Based on the discussion so far, the following observations have been identified;

Observation 1:
RAN4 need to decide what type of scenario that is relevant for base station operating within 7 to 24 GHz frequency band with respect to BS type and BS class.

Observation 2:
Depending on selected scenario, appropriate transmission models can be determined (e.g. far-field or near-field).

Observation 3:
Based on modelled impact on network performance due to base station to base station co-location, RAN4 can decide on the requirement coverage for co-location requirements for the frequency range 7 to 24 GHz.

As a starting point, the technical background for a model for a far-field scenario is presented in the following sub-sections.

2.1 Isolation
The isolation between an aggressor base station and a victim base station was traditionally described as the port-to-port isolation. The port-to-port isolation captures the loss seen from the aggressor RF connector to the victim RF connector. If the aggressor base station and the victim base station is placed at a distance corresponding to the far-field region determined from Eq. 2.1-1, the port-to-port isolation can be calculated.
	(Eq. 2.1-1)
Assuming the aggressor base station antenna aperture area is equal to the victim antenna aperture area and D is the largest dimension of the antenna apertures and  is the wave length. For systems operating within 7 to 24 GHz, it’s here assumed that beamforming will be used both in vertically and horizontally. For simplicity, the largest dimension is calculated as the antenna aperture diagonal for a NxN URA antenna with 0.5 element separation. For this type of antenna geometry, the diagonal is determined by:
	(Eq. 2.1-2)
, where N is the number of elements per polarization along both rows and columns and  is the wave length. The far-field distance, d and the antenna aperture diagonal length, D for a NxN URA antenna is listed in Table 2.1-1.
Table 2.1-1: Aperture diagonal and far-field distance
	

N
	Aperture diagonal 
D (m)
	Far-field distance
d (m)

	
	Example frequency
(GHz)

	
	11
	16
	22
	11
	16
	22

	2
	0.04
	0.03
	0.02
	0.11
	0.07
	0.05

	4
	0.08
	0.05
	0.04
	0.44
	0.30
	0.22

	8
	0.15
	0.11
	0.08
	1.75
	1.20
	0.87

	16
	0.31
	0.21
	0.15
	6.98
	4.80
	3.49

	32
	0.62
	0.42
	0.31
	27.93
	19.20
	13.96



If the aggressor base station and the victim base station is separated at least the far-field distance, the port-to-port isolation can be defined as visualized in Figure 2.1-1.
[image: ]
Figure 2.1-1: Port-to-port isolation
The traditional definition, where access to RF connectors is used as anchor point, can be in logarithmical scale as:
	(Eq. 2.1-3)
, where L is free space path loss (FSPL) and Ga is the aggressor antenna gain and Gv is the victim antenna gain. To determine the port-to-port isolation, knowledge about free space path loss and aggressor antenna gain and victim antenna gain is required. Also, FSPL and antenna gain as well as the spatial parameters 1 and 2 needs considerations and depends on selected co-location scenario. 

Observation 4:
The port-to-port isolation is defined as a function of free space path loss, transmitter antenna gain and receiver antenna gain.

For OTA requirements with access to RF connectors, the requirements anchor point is moved to parameters like EIRP and EIRL, where the FSPL can be expressed in logarithmical scale as:
	(Eq. 2.1-4)
The free space path loss between the aggressor and victim, is plotted for example frequencies (10 GHz, 15 GHz and 20 GHz) and 2 GHz as reference in Figure 2.1-2.
[image: ]
Figure 2.1-2: Free space path loss
In Figure 2.1-3, the radiation pattern produced by a NxN URA antenna is plotted for different horizontal steering angles. 
[image: ]
Figure 2.1-3: Horizontal cut radiation pattern
For a NR system with beamforming, the downlink peak EIRP will be directed towards UEs within the intended coverage area. This means that the peak EIRP will not be directed towards another base station (victim), therefore the power towards the victim base station will vary as indicated in Figure 2.1-3.
Unlike base station operating within FR1, the beam-forming concept for higher frequencies tends to be very dynamic. Therefore, the case where the aggressor peak gain is directed into the victim peak gain is not relevant. Instead the statistical outcome where the base station is providing coverage within the intended coverage area should be considered. Practically this means that when requirement levels are considered, the statistical results from a CDF should be considered. 

2.2 Injection of interferer
For requirements such as the transmitter intermodulation requirement and receiver blocking requirement, where a specified aggressor interferer signal is injected, the interferer level in the OTA domain can be defined as EIRL at the victim. This means that the interferer level is defined as an EIRL value as shown in Figure 2.2-1.
[image: ]
Figure 2.2-1: Injection of interferer
The aggressor interferer level at the victim can be expressed in dBm in logarithmical scale as: 
	(Eq. 2.2-1)
To derive a requirement level, parameters for aggressor EIRP as function of angle and FSPL corresponding to scenario are needed. 

2.3 Emission measurement
For requirements such as the spurious emission requirement and transmitter ON/OFF requirement, the emission level in the OTA domain can be defined as EIRP at the aggressor according to Figure 2.3-1.
[image: ]
Figure 2.3-1: Emission measurement
The maximum allowed aggressor EIRP emission level can be expressed in dBm in logarithmical scale as:
	(Eq. 2.3-1)
, where kT is -174 dBm/Hz, B is 50 dBHz, corresponding to 100 kHz bandwidth for emission and 60 dBHz, corresponding to 1 MHz for transmitter ON/OFF leakage, the noise figure F in dB to be defined for 10, 15 and 20 GHz, M is 6 dB, corresponding to 1 dB noise rise. For remaining parameters, Gv(2) is the gain at the angle 2 and L is the free space path loss between the aggressor and victim are determined based on selected co-location scenario. 

3. Conclusion
[bookmark: _GoBack]Since the antenna aperture configuration and beam-forming functionality can be very different compared to FR1,  RAN4 needs to evaluate what type co-location scenario that is relevant and needed for base stations operating within the frequency band 7 to 24 GHz. 
Re-using the requirement from FR1 may result in non-relevant requirements or hinder networks to be deployed. Before deciding on co-location requirements RAN4 need to consider relevant co-location scenarios and relevant technology choices for antenna geometries and filter technologies.   
A far-field based approach would allow for parameters such as EIRP and EIRL to be defined as OTA parameters in the OTA domain enabling simple models, systemization and specification writing.  
Based on appropriate scenarios, models and parameters the technical background and relevance for base station to base station co-location requirement can be further studied. This without defining exact requirement levels and specific test procedures, which is more related to the Work Item to be conducted at a later stage.   
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