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1.
Introduction
At last RAN4 meeting in Seoul (RAN4#71) effects related to antenna mutual coupling was discussed extensively both on-line and off-line. In one of the contributions [1] presented, we pointed out two different types of emissions caused by reverse intermodulation scenarios in an AAS base station. The total level of emission generated by an AAS caused by reverse intermodulation can be divided between emission caused by co-location and emission generated by the system itself.
This contribution continues the discussion about how to handle reverse intermodulation generated emission for an AAS base station.
2.
Discussion
Looking back on legacy base-stations requirement and how emission caused by co-location of two base stations operating at different frequencies is captured. This type of emission is captured in the specifications by the transmitter intermodulation requirement in TS 37.104, section 6.7. 
An interference signal is coupled from the aggressor base station transmitter to the victim receiver. The antenna port isolation between two antennas in a typical site configuration is assumed to be higher than 30 dB. The antenna port isolation is defined as the loss between port (P1) at the aggressor to port (P2) at the victim base station. The victim system will also generate intra-system interference. For legacy base station the intra port isolation of a commercial base station antenna is in the region of 30 dB. Figure 2.1 visualizes an aggressor base station and victim base station with both types of interference included.
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Figure 2.1: Reverse intermodulation interference
In current specifications spurious emission caused by co-location interference is captured, while spurious emission caused by intra-system inference is not captured. This decision makes sense since the two interference contributions are equal in signal level. It shall be noted that the port isolation for both cases is the range of 30 dB for non-AAS, while the intra-system interference level at the victim can be higher for an AAS system as a consequence of stronger mutual coupling in the antenna array. Studies [2] shows that antenna port isolation between ports in the same system varies between >30 down to 13 dB depending on the array antenna implementation [4] and configuration of RDN. 
The spurious emission related to co-location interference occurs at other frequencies than the wanted signal at the victim system, while the intra-system interference signal occurs in regions close the wanted signal. Also the co-location signal is un-correlated with the wanted signal, while the intra-system signal is highly correlated with the wanted signal if beam-forming is deployed or un-correlated if different MIMO layers are transmitted from two closely located elements. This means that the total emission generated by the reverse intermodulation will be present at different regions in the frequency domain, as showed in Figure 2.2.
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Figure 2.2: Reverse intermodulation emission response
The total spurious emission contribution will hit the in-band region, out-of-band region and close to carrier region. The current transmitter intermodulation requirement captures only emission generated by one victim transmitter and one aggressor. The transmitter intermodulation requirement in TS 37.104 covers all unwanted emission contributions; transmitter spurious emissions (section 6.6.1), operating band unwanted emissions (section 6.6.2), ACLR (section 6.6.4). 

The interference signal levels from co-location and intra-system interference can be visualized by the following example calculation.

Assumptions:

The victim system is an AAS base station with 10 transmitters per polarization. The sum of all transmitters at the transceiver boundary is 43 dBm. It is assumed that the aggressor transmit with the same power level per port.
The co-location port isolation Lco is 30 dB (inherited from TS 37.104, Table 6.7.1-1). The intra-system port isolation Lintra is 15 dB (based on analysis of dense arrays [5]).

Figure 2.3 shows the scenario with a victim base station and an aggressor base station.
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Figure 2.3: Example scenario
The interference levels Ico and Iintra are calculated as:
Ico = Ptx,co – Lco = 43 – 30 = 13 dBm

Iintra = Pintra,co – Lintra = 43 – 10log(10) – 15 = 18 dBm
The example gives that the interference power level from the victim system itself is 3 dB higher compared to the interference level caused by co-location. Therefore it is necessary to consider how the true transmitter intermodulation characteristics of an AAS shall be captured in the specification. This subject has been studied in the academic community for a long time [2, 3].
This contribution has presented two different types of reverse intermodulation scenarios.  Analyzing the current requirement in TS 37.104 the following facts have been found:
1. All requirements in 37.104 are defined at the transceiver RF connector. Effects from multi-port systems are not captured for legacy base stations.

2. Current transmitter intermodulation requirement assumes the interference signal at another frequency then the victim operation frequency.
3. Antenna port isolation is larger than 30 dB between aggressor and victim base station.

4. Intra-system interference is assumed to be negligible and not captured in current specifications.
Intra-system interference in an AAS BS can potentially generate more emission close the carrier compared to a non-AAS system. Figure 2.4 visualizes the emission growth due to intra-system interference caused by mutual coupling in the antenna array. 


[image: image4]
Figure 2.4: Emission growth due to intra-system interference
If RAN4 adopts the current requirement for AAS base stations release 12 specification is not proven valid for highly integrated AAS base stations where the antenna port isolation is less than 30 dB.
3.
Conclusion

RAN4 needs to find a way of capture transmitter reverse intermodulation aspects for AAS base stations. Our preferences are to capture the full scope of transmitter reverse intermodulation including both co-location and intra-system related transmitter intermodulation emission in TR 37.842 and AAS TS according to following proposal: If intra-system interference not is captured in TR then TS may not be valid for AAS base stations.
Proposal:

1. Capture the full scope of transmitter reverse intermodulation as described in this contribution for AAS base stations in TR 37.842.

2. Capture in TR 37.842 that current requirement is derived from 30 dB antenna port isolation.
3. Capture in the AAS RF Core TS that release 12 specifications is not proven valid for highly integrated AAS base station where the antenna port isolation is less than 30 dB. 
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