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1. Introduction

The discussion on how to define and verify requirements for OTA unwanted emission have been ongoing for a long time in RAN4 [3, …8]. Traditionally, unwanted emission is captured in the specification (TS 37.105) by many sub-requirements; ACLR, operating band unwanted emission and spurious emission. The spurious emission requirement consists of many sub-requirements, including requirement for spurious emission within other 3GPP band to protect co-located base stations. 
In eAAS WI the intention is to create an OTA requirement for spurious emission, equivalent in terms of performance and co-existence with the current conducted requirement. The challenge with respect to spurious emission is that the emission levels specified for emission within other 3GPP bands is -98 dBm/100 kHz as lowest (TS 36.104, sub-clause 6.6.4.4.1). In terms of power spectral density, the maximum allowed emission corresponds to -148 dBm/Hz, which from an OTA test perspective is seen a very low emission level with respect to the measurement receiver noise floor. 
At the meeting in Athens (RAN4#82) some relevant details associated to testing co-location emission OTA was presented in [1]. This contribution continues the discussion on test aspects related to co-location spurious emission.
2. Discussion

With respect to spurious emission at other bands, this contribution continues the discussion on some fundamental aspects related to OTA testing. 
It is decided in RAN4 to establish OTA ACLR, OTA OBUE and OTA spurious emission requirements on TRP are figure of merit. For the co-location emission requirement, it is not clear that TRP is the proper figure of merit, due to the static properties of base station to base station co-location, it would be better to investigate the possibilities to use EIRP for the emission generated with other bands. 
2.1
Requirement background

The spurious emission generated by an aggressor base station could potentially degrade the sensitivity of a co-located victim base station operating at a different frequency band. In the victim base station, the total noise is constituted by the sum of internal noise of the victim base station and the spurious emission noise caused by a co-located base station. Traditionally, the antenna port-to-port isolation was set to 30 dB. The emission level budget is visualized in Figure 2-1.  
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Figure 2.1-1: Emission level in victim receiver
It can be noted from link budget in Figure 2-1, that the current emission requirement level for co-location is determined by allowing a small degradation (less than 1 dB) of the sensitivity of the victim base station. The background shows that the requirement is a highly relevant requirement to allow co-location of base stations at the same site. 
Observation:

The co-location emission requirement is relevant for AAS base stations.
2.2
Figure of merit for co-location emission
The amount of isolation that can be achieved between base station antennas depends on several factors, such as the physical separation distance between the antennas, polarization, radiation pattern of the antennas and whether the antennas are within the main beam of each other, and the conducting properties of site infrastructure. 

In general, the port-to-port isolation between two physically separated antennas can be calculated by using Friis free-space path-loss formula as:
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, where Ga() is the antenna gain towards the victim, Gv(2) is the antenna gain towards the aggressor,  is the wave-length and d is the distance between the antennas. A precondition for Friis path-loss formula is that the distance between the antenna must guarantee far-field propagation, otherwise the result is not reliable.
For traditional passive base station antennas consisting on one dual polarized column, Friis formula can be used to calculate horizontal isolation between antennas co-located side-by-side. However, for antennas co-locate on top of each other in the vertical domain, Friis free-space path loss formula does not work, since the far-field condition is not fulfilled. Therefore, for such a scenario other formulas is required as described in ITU/R report titled “Isolation between antennas of IMT base stations in the land mobile service” [2].
However, for AAS base stations and spurious emission, Friis free-space path loss formula is still interesting. Specially in the case where the architecture is distributed, meaning that the RDN is going towards 1:1 mapping. For out-of-band characteristics, such as spurious emission the correlation properties between different branches is most likely uncorrelated due to random out-of-band phase characteristics in filter. Therefore, it is reasonable to assume for spurious emission that the far-field region is determined by the physical size of a single array element, rather than the whole antenna array aperture. 
Observation:

The measurement distance is not bounded to the test object antenna aperture, rather the physical size of a single array element.

The traditional definition of antenna port-to-port requires access to a conducted connectors point (e.g. by means of a RF connector), but for eAAS the intention is to move the requirement boarder into the OTA domain, therefore a new definition of co-location isolation is required. In Figure 2.2-1, the emission generated by the aggressor base station is defined as EIRP. The challenge is to find EIRP emission level, based on antenna gain assumptions.
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Figure 2.2-1: OTA emission
There are two ways; assuming the antenna gain for the aggressor or assume antenna gain for the victim together with proper free-space path loss. It is not realistic to assume the antenna gain of the aggressor in the spurious domain. Instead the focus should be set on the victim base station. If the antenna gain at the victim can be determined, the Equivalent Isotropic Received Level (EIRL) can be calculated. The EIRL corresponds to the impinging emission signal acceptable for co-location.
The concept of having the emission defined as EIRP would allow for a co-location emission requirement to be derived. 
Observation:

The relevant parameter for OTA co-location emission requirement level is EIRP.
Based on parameter assumption the OTA emission level can be calculated.

As an example, let’s assume following:

Operating frequency, f = 2 GHz corresponding to  = 0.15 m.
Separation distance, d = 0.5 m

Victim antenna element gain, Gv(2) = -5 dBi, typical element gain at 90 degrees horizontal angle. 

The EIRP level for the emission is calculated as:
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Inserting the assumed parameters in the equation gives an emission EIRP = -102 dBm/5MHz + 32.5 + 5 = -64.5 dBm/5MHz.
Exact details on the physical separation determining free-space path loss and how the victim antenna gain is determined needs further study. 
Observation:

It is clear that when the OTA co-location emission requirement is defined there is a need for a new concept of describing the colocation scenario in terms of physical placement of the victim and aggressor system.
RAN4 needs to consider if it is feasible to define as co-location scenario, such as victim and aggressor co-located horizontally separated 1 m, with antenna apertures in the same plane. 

2.4
OTA test aspects

The spatial characteristics of spurious emission is generally flat, which means that the far-field distance to consider is not related to the physical size of the test object. Instead the far-field distance related to a single array antenna element should be considered. Traditionally, the far-field region occurs at a distance d away from the test object, where d is determined by:
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, where D is the maximum linear dimension of the radiating antenna. 

However, for co-location a relevant scenario for defining the requirement would be at a direction of 90 degrees with respect to the x-axis. At this direction the physical size would be less than in normal operation directions. Therefore, the far-field distance to be used for co-location emission testing can be less than calculated assuming the size of the radiating aperture. 

This would mean that emission can be tested very close the test object. However, the properties of the measurement antenna need also consideration. Since the size of the array element will be implementation specific and cannot be determined by inspection, it is suggested to consider a fixed measurement distance for co-location spurious emission. 
Observation:
RAN4 could consider a concept of having a fixed measurement distance for co-location emission testing.
The expected EIRP level related to co-located emission is approximately -60 dBm/5HMz, which corresponds to -127 dB/Hz or -77 dBm/100 kHz, which is a very low power level in the OTA domain.  It is therefore suggested to define the test procedure to benefit from testing noise-rise, instead of measuring the absolute level, as described in [7]. Also, the sensitivity of the measurement receiver can be increased by adding a band-pass filter and pre-amplifier in the signal chain, as showing in Figure 2.4-1.
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Figure 2.4-1: Test setup for co-location emission
Assuming a measurement distance of 1 m, would attenuate the signal approximately 38 dB at 2 GHz. The measurement antenna would have some antenna gain (in the range 5-10 dBi, if the gain is too large the far-field criteria if violated). It is reasonable that the signal level seen by the measurement receiver is in the range of -115 dBm/100kHz, which is close to the noise floor of the measurement receiver. 
Observation:
To be able to detect the emission level in an OTA environment, a noise-rise based test methodology needs to be adopted. 

Observation:

The co-location emission can be tested either directly in far-field or through the co-location measurement antenna placed at a defined location.

3. Conclusion

This contribution continues to drive the development of an OTA co-location emission requirement for AAS base stations. 
Observations:

1. The requirement capturing emission levels at other 3GPP bands than the operating band allowing for co-location is relevant for AAS base stations. 

2. The measurement distance is not bounded to the test object antenna aperture, rather the physical size of a single array element.
3. The relevant parameter for OTA co-location emission requirement level is EIRP.
4. It is clear that when the OTA co-location emission requirement is defined there is a need for a new concept of describing the colocation scenario in terms of physical placement of the victim and aggressor system.
5. RAN4 need to consider fixed measurement distances for co-location emission testing.
6. To be able to detect the emission level in an OTA environment, a noise-rise based test methodology needs to be adopted.
7. The co-location emission can be tested either directly in far-field or through the co-location measurement antenna placed at a defined location.
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