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1 Introduction
Adaptation of existing non-AAS transmitter intermodulation requirements for AAS has been complicated by questions regarding the impact of port-to-port isolation in AAS base stations. A way-forward [1] was approved at RAN4-72bis which proposes a solution to this problem which involves vendor declaration. This paper examines the proposal and makes a recommendation aligned with the proposal.
2 Discussion

[1] proposes augmenting the existing TX intermodulation requirement for non-AAS base stations with the following statements:
1. The base station manufacturer declares the lowest element port-to-port isolation seen be (sic) the transmitter array at the transceiver boundary.

2. If the declared port-to-port isolation is less than 30 dB, then the interfering signal level is set by the wanted signal attenuated by the declared port-to-port isolation value.
Two issues are left as FFS:

a. Dealing with systems which use transmitters of (significantly) different RF output power capacities.
b. Definition of port isolation.

2.1 Background

The requirement for UTRA and E-UTRA sets the reference interference level at 30 dB below the mean power of the desired signal. 30 dB was selected as an estimate for worst-case coupling to the RF output from a co-located base station of the same BS class (see Figure 1).
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Figure 1 TX intermodulation reference diagram

The requirement for non-AAS base stations is that the victim transmitter must comply with all unwanted emissions requirements when the reference interference signal is applied to the antenna connector of the victim transmitter.
AAS base stations are expected to employ lower power transmitters than non-AAS base stations of the same BS class as an AAS base station will typically contain more transmitters. The interference power for an AAS transmitter will therefore be correspondingly lower. This is not a relaxation of the requirement as AAS transmitters will also be connected to antenna elements with lower gain than the antenna systems connected to non-AAS transmitters, resulting in a higher coupling loss to interfering base stations. The relation between PA output and antenna coupling loss might not be exactly dB for dB, but is likely to be close for reasons related to the basic physics of cell coverage. Thus, 30 dB is a reasonable target for relating the interference power to the desired signal power.
2.2 Definition of port isolation
The isolation between any two ports in a linear network is readily defined as the signal loss between those two ports. The signal loss can be measured between any two ports using a network analyzer or through equivalent methods. The loss is likely variable over the frequency band of interest.
However, for this requirement, the concern is with regards to the total power coupled to any port of interest from all other ports in the system. For a system with many ports, this may be difficult or impossible to measure. For that reason, it is recommended that port isolation for any port be determined by adding the combined coupling for all sources within 6 dB of the highest coupling. Of course, this includes the highest coupling source.
It is difficult to envision procedures which will be universally applicable to the characterization of worst case port to port isolation in an implementation-neutral way. However, isolation data is critical design data which must be understood and collected by the vendor as part of the design process. A vendor declaration of port isolation should be an acceptable substitute for a standardized test requirement.
Intermodulation is measured at the low, middle and high parts of the frequency band. Port isolation must be determined for these frequencies, and the ports exposing the poorest isolation should be used for the test. Note that different ports may have better or worse isolation than other ports depending on the frequency of measurement.

Knowledge of the port isolation characteristics of an implementation allows the vendor to calculate interference levels on all ports at the frequencies of interest. It is thus possible for the vendor to declare both desired power and interference power for all ports in the implementation.
2.3 Definition of a port

The above discussion is based on an assumption that a “port” is the same thing as “an antenna connector”. However, recognizing that an AAS may combine outputs from different transmitters to form a MIMO port, it is necessary to consider how the TX intermodulation mechanism functions when different transmitters contribute to the same MIMO signal. In this case, the transmitters are essentially transmitting the same signal (with a possible delay offset due to beam steering). The intermodulation from this case is expected to be lower than the intermodulation due to mixing of distinct signals. Moreover, if two or more transmitters emit the same MIMO signal, then the amplitude of that signal is increased wherever that signal is considered as interference. Thus, it makes sense to investigate an intermodulation requirement that treats “ports” as “MIMO layers” instead of “ports” as “antenna connectors”.
2.4 Treatment of systems which employ amplifiers of different output capacities

A system may employ transmitters of different RF output capacities, e.g., to implement tapering in the array. Typically this will mean that smaller amplifiers will be assigned to positions towards the ends of the array. In these positions, it is expected that the amplifiers should experience less coupling from all other ports than the amplifiers which are assigned to more central positions. This suggests these amplifiers may experience less coupling than other amplifiers and may therefore have a less severe intermodulation environment than amplifiers with higher capacities.
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<begin text proposal>

3.1.1 8.1.5
Transmitter intermodulation

In an AAS base station there are 2 types of transmitter intermodulation can exist.

1. Co-location transmitter intermodulation in which the interfering signal is from a co located BS, and this is analogous to the existing transmitter intermodulation requirement in xx.104.
2. Intra system transmitter intermodulation in which the interfering signal is from the other transmitters within the AAS.

3.1.1.1 8.1.5.1
Co-location Transmitter intermodulation
In Non-AAS BS the transmitter inter-modulation requirement is to address the coexistence between the transmitter from one operator and the transmitter from another operator in case they are co-located with assumption that the coupling loss between them is 30dB. The requirement assumes that they transmit the same level of power, and the transmitted signals are adjacent to each other in the frequency domain. It is proposed to apply the existing non-AAS requirements specified at the antenna connector for non-AAS BS to each transmitter at AAS antenna connector for AAS BS. The wanted signal is the maximum output power of each transmitter and the interference signal power is selected to be [30] dB below the desired signal level.

There could be coupling between two transmitters within one antenna package. In this case, the central frequencies of the transmitted signals are aligned in frequency domain, and they could transmit the same level of power. This scenario is not considered in this sub-clause and has no impact on the transmitter inter-modulation requirements specified in this sub-clause. 
3.1.1.2 8.1.5.2
Intra AAS Transmitter intermodulation
In an AAS BS there could be coupling between two transmitters within one antenna package. In this case, the central frequencies of the transmitted signals are aligned in frequency domain, and they could transmit the same level of power.  
The reference wanted signal and the interference signal level are implementation-specific. For conducted test purposes, the vendor must declare the interference signal level based on knowledge of the worst case power coupled to a specific port from the combination of all other ports, where a port may be defined as either

a. The output of a single transceiver; or
b. The combined output of multiple transceivers acting as a group.

<end text proposal>
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