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1.
Introduction

At previous RAN4 meetings the need of radiated requirements and associated radiated testing of unwanted emission close the carrier has been discussed. So far no decision is made to derive a radiated requirement with corresponding test case. 

This contribution continues the discussion about unwanted emission and AAS BS with dense arrays where mutual coupling may potentially be stronger than expected for co-location of passive BS systems.
2.
Discussion
Spurious emission requirements are defined in current RF core specifications as unwanted emission in the frequency range from 9 kHz to 10 MHz below the lowest (in frequency) carrier transmitted from the base station and 10 MHz above the highest (in frequency) carrier to 12.5 GHz. In earlier presented contribution [1] the concept of spurious emission region is described.  Unwanted emissions consist of out-of-band emissions and spurious emissions. Out of band emissions are unwanted emissions immediately outside the channel bandwidth resulting from the modulation process and non-linearity in the transmitter but excluding spurious emissions. The out-of-band emissions requirement for the BS transmitter is specified both in terms of Adjacent Channel Leakage power Ratio (ACLR) and Operating band unwanted emissions. The Operating band unwanted emissions define all unwanted emissions in each supported downlink operating band plus the frequency ranges 10 MHz above and 10 MHz below each band. Unwanted emissions outside of this frequency range are limited by a spurious emissions requirement. This contribution will discuss unwanted emission in the regions close to the carrier.
To be able to decide once for all that no requirement for radiated unwanted emission is required so it can be excluded from further discussions we need to study the impact when the coupling is stronger than 30 dB as normally to be assumed in 3GPP. In a companion contribution [2] we show typical coupling performance of a simulated dense array. 

The coupling will generated leakage signals from one transceiver to another. This leakage signal must be handled by the electronics in the transceiver array maintaining the requirements for unwanted emission. For dense arrays, this could potentially be a design challenge building an AAS BS where multiple radios are mounted close to the antenna aperture putting stringent requirement on volume to fit the radio in. This in combination with antenna performance required by new features will put requirement on physical element separation that could potentially lead to strong coupling between elements. It may be important to verify that AAS designs continue to comply in terms of out of band emissions once connected to an antenna array that in which coupling arises. Verification could be by means of OTA testing or some sort of reverse intermodulation test. This is the background for discussing a radiated requirement for unwanted emission close to the carrier and corresponding radiated testing.

In earlier contributions presented related to coexistence analysis in RAN4 it have been showed that KPI such as throughput not will vary that much due to the spatial distribution of the emissions. However we have not showed that this is true for a dense array configuration with mutual coupling much stronger than 30 dB, in which the effective ACLR could fall below 45dB. 
This contribution points out that mutual coupling needs to be considered when unwanted emission is studied. We believe that when the coupling is strong RF core requirements (maximum output power and unwanted emission could potentially are affected). Before excluding radiated performance from the scope of this WI we need to have more study on whether conducted requirements and testing will cover the complete AAS BS with dense arrays with strong mutual coupling. This is an area for further studies and we encourage all participating companies to investigate this area.

3.
Conclusion

Since unwanted emission is associated to regulatory requirement we encourage other participating companies to study the impact of strong coupling between active radiating elements. The reason for this study is to understand if OTA testing of unwanted emission is required or not.

As explained in a companion contribution [3] it is not easy to separate the characteristics of the transceiver array and the antenna array.

The mutual coupling will affect both transceiver performance and array performance. On the transmitter side the unwanted emission could be affected along with other RF core requirements and on the antenna side the array antenna efficiency will be affected by the mutual coupling. The array efficiency will affect the maximum radiated power for certain array excitations.  
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