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1.
Introduction
At the meeting in San Francisco (RAN4#73) discussions about the need for an intra-system transmitter IMD requirement resulted in an agreed way-forward contribution [1]. We have decided to define a per transmitter requirement for capturing transmitter intermodulation emission caused by intra-system antenna coupling in an AAS base station. That’s means that the intra-system requirement is a conducted requirement set on a single transmitter based on a declaration relating to antenna array properties. 
The challenge is to find relevant requirement conditions capturing radiated intra-system IMD emission to be produced by an AAS base station. The new requirement is similar to the current requirement for transmitter intermodulation emission caused by a co-located base station. For the intra-system case and single carrier support the frequencies of the wanted signal and interference signal is the same, however for multi-carrier base stations the frequencies of the wanted signal and interference single is different. It have been noted that the level of the interference signal can be stronger than the case for co-location, due to the fact that multiple transmitter signals from neighbouring transmitters may leak between antenna element and create a reverse interference signal.
The way-forward agreed last meeting holds two parts; the first part presents some agreeable principles:

RAN4#73 agreeable general principles:

1. The risk of intra-system IMD emission is taken care of by an intra-system reverse IM requirement. The reverse interferer relates to the coupling in the array and the power level of the coupled interferers, it is declared by the base station manufacturer. 

2. If the declared interferer level for the intra-IMD test is less than the interferer level specified in the co-location IMD requirement then compliance to the co-location requirement is sufficient for intra-IMD also. 

3. An additional intra-system reverse IMD requirement with zero frequency offset between wanted and interference signal is introduced.

The second part of the way-forward holds guidance for the discussion for this meeting. The following different methods for defining the reverse interference signal have been proposed so far:
1. Individual, where the inference signal is created as the sum of all coupled interference contributions associated to a location in the array.

2. Worse case, where the interference signal is created as the sum of all coupled interference contributions for the worst case location in the array and applied to all transmitters.

3. Average, where the interference signal seen in at each location in the array in the array is averaged. The average is then used for the IMD test. The average coupling approach assumes equal transmitters.
This contribution continues discussion about how to define a requirement capturing the intra-system radiated IMD emission for an AAS base station.

2.
Discussion
Unlike non-AAS base stations where the radio electronics is specified independently of the antenna, an AAS base station is specified to fulfil requirement as an integrated system, including radio electronics and antenna array. For an AAS base station coupling between sub-antennas in the array will interact with each other casing coupling effects to occur that are not present in non-AAS base stations. It is reasonable to believe that the reverse interference signal created by an AAS base station itself can be higher than the interference signal coming from a co-located base station. The co-located interference case is covered by the current transmitter intermodulation requirement in section 6.7 of 37.104, while intra-system interference is not captured in specifications.
From the reference AAS reference structure in TR 37.840 an AAS base station DL sub-system consists of a transceiver array with Nr transceivers and an antenna array with Na elements. The analogue RF signals generated by the transmitters are re-mapped in the RDN to feed transmitting antenna elements in the antenna array. Conducted requirements per transceiver are defined at antenna connectors at the transceiver boundary showed in Figure 2-1. 
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Figure 2-1: AAS block diagram
To be able to create an isolated transmitter requirement, knowledge about the antenna system is required. The antenna array can be characterized by estimating the antenna port-to-port isolation at the transceiver boundary. The base station manufacturer will always know the antenna port-to-port isolation for a specific design; therefore the responsibility will be on the manufacturer to make a declaration in such a way that radiated emission level is maintained.

The antenna system, including RDN and antenna array can be seen as a non-lossless N-port RF network. Circuit theory gives a straight forward approach to characterize an N-port by the scattering matrix. The scattering matrix is defined as:
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Where indices are represented as complex values and indices in the diagonal hold information about the return loss and other indices holds information about the element coupling. The scattering matrix associated with an antenna array holds crucial information needed in the design on an AAS. The scattering matrix can easily be determined via measurements using a network analyser or determined through electromagnetic FEM simulations in an early design phase.
The reverse signal seen by each transmitter will be dependent on the scattering matrix contents and the transmission signals individual statistical properties. Therefore, it can be concluded that the correlation properties between transmitter port signals is not static and not easy to determine. However, for testing (even if the testing would be OTA), a fixed set of test models will need to be agreed and used, and for this set of test models the correlation can be calculated. The reflected signal due to antenna matching is an attenuated and phase shifted replica of the wanted transmitted signal meaning that the reflected signal is correlated to the transmitted signal. However signals coupled through the array antenna, coming from neighbouring transmitter can be correlated for beam-forming and uncorrelated for multi-carrier scenarios.
The reverse interference signal level can be calculated as a power sum of all coupled signal contributions at each port. Generally, the expression for describing the interference signal power levels due to antenna coupling starts by defining a matrix describing the antenna element port-to-port isolation as:
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From Figure 2-2, the wanted output power per transmitter port is expressed as a vector as:
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Then the interference signal power level can be described as a vector as:
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The vector I, holds the interference signal power level related to each individual transmitter. Depending on AAS array antenna geometry the interference signal level will be different at each port. The reverse interference signal due to coupling will depend on the array configuration. At the edges of the array the levels will be lower, while at the centre of a 2-dimesional array the reverse inference signal will be stronger, since centre elements experiences more coupled signal contributions for all neighbours. Also it is reasonable to believe that amplitude tapering will be deployed for large systems. This means that the transmitter power is different over the antenna aperture yielding reverse interference signal levels not to be constant over the whole array. Therefore is suggested that the base station manufacturer declares the reverse interference levels for respective transmitter. How the reverse interference signal levels are defined can be captured as an informative example in the specification. 

This approach for deriving the interference signal level is agnostic to array antenna geometry and RDN implementation. The antenna port-to-port isolation will change due to frequency, it is therefore suggested to determine the interference vector (I) for low, mid and high frequency channel of the operating transmission band.
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Figure 2-2: Applied and reverse power levels
In current specification the transmitters are specified and tested in an isolated case per one individual transmitter. As mentioned in the way-forward contribution [1] from last meeting, there are two main alternatives for how to determine the interference signal level.
1. If the AAS base station is equipped with identical transmitters the reverse interference signal can de set to the maximum experienced interference level calculated as max(I). 
2. If the AAS base station is equipped with different types of transmitters then the base station manufacturer declare individual interference signal levels for each transmitter. 
3. In [1] it was proposed to use the average interference signal level instead of maximum if all transmitters are declared to be the same. The validity of using average interference signal level is for FFS.
Potentially all of these alternatives could be allowed in the specification.
Parameters for interfering signal related to intra-system transmitter intermodulation requirement are captured in Table 2-1, according to format used in current specification.
Table 2-1: Interfering signals for intra-system transmitter intermodulation requirement
	Parameter
	Value

	Interfering signal type
	E-UTRA signal of channel bandwidth 5 MHz

	Interfering signal level
	If the interference signal level is higher than wanted signal – 30 dB, the base station manufacturer declares the interference level(s) such that all array related impacts to radio emission behaviour are captured.

	Interfering signal centre frequency offset from wanted signal centre frequency
	0 and MHz, where  is defined as the frequency difference between wanted signal and interference signal for carrier frequencies that the AAS is capable of transmitting.


3.
Conclusion

The risk of increased spurious emission due to intra-system reverse intermodulation should not be overlooked by RAN4. The potential existence of such effects should be documented in the TR and the TS should have a clear scope relating to systems with large interference signal level caused by intra-system antenna coupling. 

The reverse interference signal level is part of the transmitter intra-system reverse intermodulation requirement for AAS base stations capturing intra-system antenna-port-to-port isolation unwanted emission.  It is envisaged that the coupling matrix associated to an array antenna will be known by the manufacturer. It is suggested that the base station manufacturer declares the reverse interference signal level which guaranties that the system will meet the unwanted emission requirement.  

This contribution presents a general approach based on a coupling matrix, to be used when the reverse interference signal power levers per port is calculated together with some proposals.
Proposal 1:

The base station manufacturer declares interference signal levels that related to coupling within the antenna array and, assuming a pass will ensure that emission limits are not exceeded during operation.
Proposal 2:

The transmitter intermodulation requirement is defined so that the interference signal frequency offset is zero and potentially other offsets relating to frequencies supported by the base station. 

Proposal 3:

For no zero frequency offset, no need to specify and test transmitter intermodulation twice for co-location and intra-array; do once with whichever reverse signal level is more stringent. 
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