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1 Introduction

In RAN4#72bis in Singapore, the effects of intra array power leakage was discussed. A WF [1] was approved where certain simplified assumptions would be used for declaration based test cases. In RAN4#73 in San Francisco, a general way defining the leakage power was presented [2]. This was further formalised in [3] in RAN4#74 in Athens.
This contribution is a text proposal capturing the method of determining the maximum leakage power and how it shall be used. It does not address the nature, beyond the power level, of the stimulus signal to be applied for intra array leakage transmitter intermodulation.
2 Discussion
In RAN4#74 in Athens, there was agreement that separate testing for  intra-array power leakage was only needed where the intra array leakage power exceeds the power level of the stimulus signal used for Co-location Transmitter intermodulation. In the same meeting, it was agreed that this stimulus level shall be 30 dB below the maximum output power level of each transmitter.
There is hence an agreed level of the leakage power above which Intra AAS Transmitter intermodulation testing shall be performed, and a need to define the maximum intra array leakage level.

In RAN4#74 there was a discussion on whether the power reflected in Transceiver Array Boundary due to impedance mismatch shall be part of the power leakage. This is subject for separate contributions (e.g. [4]). It is here noted that the definition of intra AAS Transmitter intermodulation [5] refers to leakage between transmitters, and thus excludes the reflected power originating from the own transmitter. It is also noted that the way proposed to derive the maximum leakage power provides also the maximum levels of reflected power, and thus, it is possible to add such requirement with little change is this is deemed fit. 
An observation with regard to the declared leakage levels is that the test will become easier if the declared leakage levels are lower, and hence a mechanism for verifying that the leakage power levels declared are correct is important. The here proposed definitions supports this aspect.

With this discussion the following can be concluded:
The Intra AAS Transmitter intermodulation shall only be tested when the maximum leakage power at the transceiver unit connector exceeds the interference signal power level at the transceiver unit connector determined for Co-location transmitter intermodulation. 

The maximum leakage power at each transceiver unit connector at the Transceiver Array Boundary is the sum of the leakage power coupled via the Composite Antenna Array from all the other transceiver units, as depicted in figure 1, but does not comprise power radiated from the Antenna Array and reflected back from the environment. All Transceiver Units shall be transmitting at their maximum output power.

The manufacturer shall declare the maximum intra array leakage power for each Transceiver Unit connector in the Transceiver Array Boundary. 

Simplification of this declaration under certain circumstances is FFS.
The maximum leakage power declared shall be assumed to have been derived as below:

  SHAPE  \* MERGEFORMAT 



Figure 1, Transceiver Unit Array and Composite Antenna Array shown, separated by the Transceiver Array Boundary.
Looking into the Composite Antenna Array from the array boundary, the scattering matrix, S, is captured with the antenna array pointing so that transmitted power cannot be reflected back to it, and no significant radiation is picked up by the antenna elements.
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, where the elements are represented as complex values.
The element indices represent the connector indices in the Transceiver ArrayBoundary. Elements in the diagonal hold information about the impedance mismatch in each connection and other elements hold information about the inter-element coupling.

The coupling loss between the connectors in the Transceiver Array Boundary with the Composite Antenna Array connected can be calculated as the coupling loss matrix, L:
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, where 
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The maximum output power of each transceiver in the Transceiver Unit Array as declared by the manufacturer is collected in a power array, P:


[image: image5.wmf][

]

T

K

P

P

P

,...,

,

2

1

=

P

, where the indices refer to the respective connector correspondingly as the indices in L.

The leakage power from all other connectors into each connector can be calculated as the leakage power matrix, I:
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This procedure can also be used by testers to verify maximum leakage declarations made by manufacturers.

3 Observations
· This definition of leakage power level applies for all possible combinations of Transceiver Unit arrays, RDN and antenna arrays.
· The criterion for when testing is required applies for all possible combinations of Transceiver Unit arrays, RDN and Antenna Arrays.

· Less complex maximum declarations for certain device types is FFS

· The here proposed declaration method supports verification of made declarations by third parties.
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5 Terminology
The terminology used in this contribution is taken from TR37.842. [5]
Additional explanations of terms can be found below:

6 Text Proposal

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 are FFS.
The Intra AAS Transmitter intermodulation shall only be tested when the maximum leakage power at the transceiver unit connector exceeds the interference signal power level at the transceiver unit connector determined for Co-location transmitter intermodulation. 

The maximum leakage power at each transceiver unit connector at the Transceiver Array Boundary is the sum of the leakage power coupled via the Composite Antenna Array from all the other transceiver units, as depicted in figure 8.1.5.2-x1, but does not comprise power radiated from the Antenna Array and reflected back from the environment. All Transceiver Units shall be transmitting at their maximum output power.

The manufacturer shall declare the maximum intra array leakage power for each Transceiver Unit connector in the Transceiver Array Boundary. 

Simplification of this declaration under certain circumstances is FFS.

The maximum leakage power declared shall be assumed to have been derived as below:
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Figure 8.1.5.2-x1, Transceiver Unit Array and Composite Antenna Array shown, separated by the Transceiver Array Boundary.
8.1.5.2.x
Derivation of maximum leakage power level

Looking into the Composite Antenna Array from the array boundary, the scattering matrix, S, is captured with the antenna array pointing so that transmitted power cannot be reflected back to it, and no significant radiation is picked up by the antenna elements.
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, where the elements are represented as complex values.
The element indices represent the connector indices in the Transceiver ArrayBoundary. Elements in the diagonal hold information about the impedance mismatch in each connection and other elements hold information about the inter-element coupling.

The coupling loss between the connectors in the Transceiver Array Boundary with the Composite Antenna Array connected can be calculated as the coupling loss matrix, L:


[image: image10.wmf]ú

ú

ú

ú

û

ù

ê

ê

ê

ê

ë

é

=

0

0

0

2

1

2

21

1

12

L

M

O

M

M

L

L

K

K

K

K

l

l

l

l

l

l

L

, where 
[image: image11.wmf]2

nm

nm

s

l

=


The maximum output power of each transceiver in the Transceiver Unit Array as declared by the manufacturer is collected in a power array, P:
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, where the indices refer to the respective connector correspondingly as the indices in L.

The leakage power from all other connectors into each connector can be calculated as the leakage power matrix, I:
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This procedure can also be used by testers to verify maximum leakage declarations made by manufacturers.

========================== End of text proposal ==============================
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