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1. Introduction
At the last RAN4 meeting (RAN4#92 in Ljubljana), initial parts of the technical background relevant for co-location requirements relevant for base stations operating within 7 to 24 GHz was captured in draft TR 38.820. 
For NR BS type 1-C and BS type 1-H, the co-location requirements rely on an assumption of antenna port-to-port isolation of 30 dB. For the frequency range 7 to 24 GHz, RAN4 needs to define a relevant isolation for base stations operating within this specific frequency range. For NR BS type 1-O requirements, the specification relays on a concept where a co-location reference antenna have been defined. The co-location reference antenna is a passive base station antenna, normally used for BS type 1-C, 1-H deployments and are commercially available for all FR1 bands. The details on how the co-location reference antenna is placed and selected is specified in TS 38.104 and TS 38.141-2. 
However, for the frequency range 7 to 24 GHz, requirements cannot assume availability to legacy base station antennas, since no systems are deployed within this frequency range. Therefore, RAN4 needs to find a new concept for co-location requirements for base stations operating within the frequency range 7 to 24 GHz. 
Previously, details related to co-location requirements have been discussed in [1, 2]. In this contribution, we elaborate around new ideas relevant for a concept where the requirement emission level is defined as a field-strength level or power density in the near-field region without assuming isolation between the aggressor and victim. The intension is to define a concept not relying on a co-location reference antenna, instead define radiated parameters that can be used a requirements threshold. 
In a companion contribution [3], a text proposal with additional information is attached for approval. 

2. Discussion
The base station RF core specification defines co-location requirements for base station operating within FR1. Base station co-location requirements secure operation of two base station located close to each other in the same geographical area. Base station co-location requirements are requirements which are based on assuming the base station is co-located with another base station of the same base station class (e.g. the aggressor and victim base station in term of coverage and RF parameters equal). They ensure that both co-located systems can operate with minimal degradation to each other. For NR BS co-location requirements are defined for BS type 1-C, BS type 1-H and BS type 1-O as described in Table 2-1. For NR BS type 2-O, no co-location requirements are defined.
Table 2-1: NR FR1 BS co-location requirements 
	Requirement

	Description
	Type

	Transmit ON/OFF power
	This is a wanted carrier emission requirement during the receive period.
	Mandatory

	Spurious emission
	This a spurious emission requirement.
	Optional based on declaration

	Transmitter intermodulation
	This is a spurious emission requirement when an interferer signal is injected.
	Mandatory

	Out-of-band receiver blocking
	This requirement is based on reference sensitivity when an interferer signal is injected.
	Optional based on declaration



Since the NR BS RF core specification supports both conducted (-C), hybrid (-H) and OTA (-O) requirements, the specification requires multiple concepts for the co-location requirements to be complete. 
For BS type 1-C, BS type 1-H the traditional concept has been adopted. The traditional concept relies on a fixed antenna port-to-port isolation of 30 dB. The isolation is used when emission requirement thresholds and blocker interferer levels are defined. The background for 30 dB was based on isolation between antennas operating at 2 GHz.  
For BS type 1-O, a concept based on a co-location reference antenna was adopted. The intension with the co-location reference antenna is to mimic an aggressor base station or a victim base station is a co-location scenario. The co-location reference antenna provides a physical RF connector interface where requirement levels can be defined. Also, here 30 dB isolation is used when requirement levels are determined. More information about the OTA co-location concept can be found in TR 37.843, TS 38.104 and TS 38.141-2. 
Regarding the antenna port-to-port isolation set to 30 dB, this value needs further consideration with respect to type -C, -H requirements for base station operating within the frequency range 7 to 24 GHz. 
When developing requirement for base stations operating within the frequency range 7 to 24 GHz, the following technical challenges have been identified;
1. For BS type -C, -H, the antenna port-to-port isolation needs to be studied carefully. 
2. For BS type -O, there are no legacy BS antennas to be used as co-location reference antenna.
It can then be concluded that current concepts for co-location requirements cannot be adopted directly for the frequency range 7 to 24 GHz. An overview of concepts relevant for FR1 and 7 to 24 GHz is visualized in Figure 2-1.
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Figure 2-1: Co-location concept overview
To determine the antenna port-to-port isolation an antenna to antenna coupling model is required. This model should capture array antenna aspects as well as mechanical aspects related to the ground plane and enclosure. The model will be used to determine the isolation relevant for a specific co-location scenario. The location scenario includes details, such as edge-to-edge distance, orientation, etc. 
Regarding the lack of access to legacy base station antennas for the frequency region 7 to 24 GHz, a new concept is required. In the continuing parts of this contribution an example for co-location spurious emission is showing that a concept can be developed without specifying a specific antenna or co-location reference antenna. 
By starting from the very core of the co-location emission requirement, the emission level outside of the victim base station can be derived based on victim receiver parameters. An OTA emission level in terms of Equivalent Isotropic Received Level (EIRL) can be used to define a threshold in the radiated domain. In Figure 2-2, the relation between the emission level and wanted signal is visualized as a link budget. Assuming white noise for both the aggressor emission and the victim receiver noise floor, the degradation can easily be associated to a required noise margin.
 [image: ]
Figure 2-2: Victim receiver link budget
If can be concluded from Figure 2-2, that the absolute emission level is lower than the expected sensitivity level, which from a practical perspective can be considered as a very low emission level.
The emission level at the victim can be expressed in W, from the following expression:
		(Eq. 2-1)
, where kTBF is the noise floor level of the victim receiver without interference from the aggressor, M is a noise margin associated to accepted sensitivity degradation, G() is the antenna gain in the direction towards the aggressor and G0 is the peak gain towards an UE. The receiver noise floor is determined by k, Boltzmanns constant equal to 1.38.10-23 J/K, T is the temperature in K, B is the carrier bandwidth in Hz and F is the noise figure. 
An alternative approach is to evaluate the power density in W/m2 impinging on the side of the base station, then the emission level corresponding to a acceptable degradation of the victim receiver can be expressed as:
		(Eq. 2-2)
, where A is the physical area of the base station enclosure side towards the victim base station and  is the aperture efficiency for the emission at 90 degrees horizontal angle. 
The noise figure and the carrier bandwidth are determined individually for FR1 andFR2 in TR 38.817-02 and the frequency range 7 to 24 GHz in TR 38.820. For the frequency range 7 to 24 GHz, the noise figure is defined for the example frequencies 10, 15 and 20 GHz, according to values indicated in draft TR 38.820, subclause 5.5.1. The temperature is traditionally set to room temperature. 
The noise margin M is set to allow a reasonable degradation of the victim sensitivity. Previously in RAN4, M have been set to 6 dB, which corresponds to 1 dB sensitivity degradation. The relation between M and the noise rise can be found in 38.141-2, Annex K.
The challenge is to evaluate the victim antenna gain or antenna efficiency at 90 degrees horizontal angle. For the case where victim antenna gain is considered to determine EIRLem, the selection of the victim antenna gain G(), requires some careful considerations. First, the gain is not the peak gain at the bore sight direction. For a co-location scenario with the aggressor and victim placed alongside each other, the gain at 90 degrees angle is of interest. To capture the complete system, regardless of beamforming architecture (digital or analogue), the composite gain at 90 degrees horizonal angle is of interest. The composite gain for an 8x8 URA using the array antenna model defined in TR 37.842 is plotted for different steering angles in Figure 2-3.

[image: ]
Figure 2-3: Example, antenna gain as function of horizontal angle 
This antenna model is not designed for evaluating gain at very large angles. The model does not capture ground plane effects, enclosure effects and radome effects. 
Due to the dynamic behaviour of base station using beam-forming a statistical approach is required to determine the gain at 90 degrees horizontal angle for a scenario where the beam is changing direction within the coverage region. From Figure 2-3, it can be concluded that the directivity is varying between -10 dBi to 0 dBi at 90 degrees horizontal directions, which is the direction towards a co-located base station. 

Observation 1: A radiated requirement level can be established from assumptions related to the victim base station.
Observation 2: A statistical analysis is required to set the antenna gain or aperture efficiency at 90 degrees horizontal angle.
[bookmark: _Hlk19618721]Observation 3: The expected radiated emission level will be lower than the sensitivity level, which would require a near-field test approach to be adopted.

The parameter used for the emission, EIRLem is an abstract power level which can be converted to an RMS field strength level in V/m as:
		(Eq. 2-3)
, where  is the wave length in m.
From Eq. 2-3, the victim emission threshold can be derived. This threshold must be determined per frequency range, e.g. FR1 and FR2. For the frequency range 7 to 24 GHz, the threshold can be determined per example frequency (10, 15 and 20 GHz). 
By combining Eq. 2.1 and Eq. 2.3 the requirement threshold can be determined as a field-strength level independent of any assumptions on a specific antenna or co-location reference antenna. 
In Figure 2-4, the new concept is visualised. Instead of specifying a co-location reference antenna, the requirement is based on an OTA requirement level. With the requirement concept the emission requirement threshold can be defined as a field-strength level at a distance away from the enclosure edge. Further analysis regarding relevant filter characteristics and antenna characteristics is needed to evaluate distances achievable for base station operating within the frequency range 7 to 24 GHz. 
[image: ]
Figure 2-4: Concept over view
Also, worth mentioning is that field-strength is closely related to power density via the free space impedance, which means that the requirement can be defined on field-strength or power density. Which both are parameters that can be measured in far-field region or near-field region. 
The spurious emission co-location requirement is a requirement defined to protect from degradation of a co-located base station (victim). The requirement is categorized as an optional requirement based on manufacturer declaration. For each operating band declared to support co-location, the distance from the base station enclosure to the boundary where the emission requirement threshold is met is declared. 
During the work item phase, spectrum is identified the working process to define a co-location spurious emission requirement can be concluded as follows;
1. Based on the selected spectrum relevant for the operating band for which requirements are defined parameters such as carrier bandwidth and victim noise figure can be determined. 
2. Calculate the requirement threshold as a field strength level in V/m.
 
During the development of the technical background for the requirement, the following models, parameters and characteristics needs to be captured in work item technical report;
1. A parameterized model producing relevant antenna gain or aperture efficiency at angles relevant for base station co-location scenarios.
2. Victim antenna parameters, such as: topology, including number of elements, element separation and element factor, mechanical enclosure aspects, etc.
3. Victim noise figure and carrier bandwidth based on the technology overview in TR 38.820 and other technical reports.
4. Analyse aggressor emission, where the filter capability based on the technology overview in TR 38.820 as well as antenna response need careful consideration to validate the distance between aggressor and victim.
5. For BS type -C and -H, establish based on modelling an appropriate value for antenna port-to-port solation relevant for the frequency range 7 to 24 GHz.
6. Testability aspects; Describe near-field test method and Evaluate measurement uncertainty. 
A test general approach for the co-location spurious emission requirement have been presented. The intension is to capture some general information about this approach in draft TR 38.820. Also, guidance for work to be done in the work item phase is provided.

3. Conclusion
In this contribution we describe a new concept for radiated co-location spurious emission requirements for base stations operating within the frequency range 7 to 24 GHz. The concept is based on defining radiated emission levels based on parameters, which can be measured in near-field region. The concept does not depend on any co-location reference antenna, instead the conformance testing is conducted by verifying the specified field-strength level at a distance from the aggressor. 
This approach would allow for near-field testing, where a probe antenna scans the relevant region around the base station. Near-field testing conserves the dynamic range of the measurement receiver as well as giving freedoms to select proper probe antenna for the specific frequency to be measured.
With this concept co-location requirements can be defined in a black-box manner as a specified emission field strength requirement level at met at a declared compliance distance, instead of defining a certain test antenna placed in a specific location with respect to the test object. 
In a companion contribution [3] some updates to TR 38.820 is provided to capture aspects related to the information presented in this contribution.
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