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1 Introduction
In RAN4#73 a number of papers were presented on the definition [1] and the method of deriving [2] the reverse interferer for the intra IMD requirement. A way forward [3] was approved which captured the agreed points and the open issues concerning the intra –AAS IMD and to attempt to define under what basis the interference signal is declared. The following 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.
There has also been some discussion on the type of signal which is used as the reverse interferer for the intra IMD case, this will also be discussed in this paper.

2  Discussion
It is clear that in order to define (or declare) a property on the RDN and antenna array a clear interface is required to which the property can be attributed. In [4] Figure 1(below) was introduced with Test port B(n) defined. This better allows the intra array coupling to be described.
 SHAPE  \* MERGEFORMAT 



Figure 1. Modified General AAS radio Architecture.
Now option 1. Becomes
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Option 2 is 
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And Option 3 is
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For all the choices it is necessary to know all of the coupling factors between each of the ports (B(N)), and the power which will be applied to that port (this is actually PA(n)). Whether this is done by design or by measurement, each port requires K-1 values and there are K ports so K(K-1) individual coupling factors need to be known.

The coupling factors can then be combined with the power defined at each of the transmitter unit ports A(n) to calculate the power coupled to each port from every other port (K(K-1) values).

At each port the power sum of these can be added to calculate the total reverse interferer level at each port (K values)

However once the K individual interference levels are known then there are clearly advantages to having a single value to both design and test the transceiver units to.
Option 1. Offers a requirement which exactly mirrors the RDN performance, each transceiver unit is tested with an interferer level which is consistent to the level which it will experience in the actual hardware. As such this is the most accurate and minimum test which must be passed.
Option 2. Offers a robust means to test each transceiver unit, if all are identical then the possibility exists to use this worst case test to approve by type and hence greatly reduce the number declarations required in large arrays. However it provides the hardest technical requirement for the hardware. Each transceiver unit would be tested with the greatest interferer and hence the possibility of a transceiver with a low interferer level (and hence lower expected unwanted emissions) balancing out a transceiver unit with a higher than average interferer level (and hence higher expected unwanted emissions) is lost.

Option 3 using the average coupling factor is clearly only valid if it is assumes all transceiver units and power levels through them are identical. This may seem like a narrow restriction, however in many cases it may be quite likely. However if it is possible to make this assumption then this method offers a means to achieve a minimum requirement for the hardware (similar to option 1) but with a simpler declaration (similar to option 2).
Ultimately the requirement exists to ensure that the unwanted emissions requirements are met when the transceiver unit array is connected to the composite antenna array, both option 1 and option 2 offer robust means to verify the requirement.
Option 1 can be made to cover option 2 if the interfering signal level is described as greater than.

The  Intra AAS IMD requirement is already defined as a per transceiver unit requirement so the interfering signal level could be described as:

Interfering signal at transmitter port A(n) with a mean power greater than or equal to the power sum of the signals due to the coupling between ports B(n) in the composite antenna array and the output power of the other transceiver units in the array.
When all power levels and transceiver units are the same then option 3 remains valuable as an option, it is suggested that this is not yet discounted but is left as FFS.

2.1 Interfering signal type
It is already captured in the WF [3] that the interfering signal will be at zero frequency offset from the wanted signal. There are a number of other parameters of the signal however which need to be investigated.

Signal Bandwidths

In the non-AAS (36.104) IMD requirement the signal bandwidth is defined as the maximum channel bandwidth, whereas the interferer bandwidth is defined as being a fixed 5MHz.

For an on channel interferer the most sensitive measure is likely to be the ACLR performance.  If a 10MHz signal and a 5MHz interferer of the same centre frequency are subjected to a non linearity then the many of the IMD products will be inside the wanted signal and not in the adjacent channel and hence would not show the worst case performance in the ACLR test. If two10MHz signals are used then more of the non-linear products will be present in the adjacent channel and hence the test will be a worst case.
Hence for the interferer the signal band width should be the same as the wanted signal.

Interfering signal coherence.

The argument for the intra-AAS test is that due to the isolation in the composite antenna array block the a sample of signal from the other transceiver units array units will be present as a reverse signal at the transceiver unit under tests output (A(n)). In the simplest case a single beam is being formed by the AAS so the signals on the other transceiver units are likely to be the same (possibly phase shifted and amplitude weighted) as that on the transceiver unit under test in this case the interfering signal will not only be the same frequency as the wanted signal but the exact same signal. The signal will also be coherent but of an unknown phase.

In a more complicated (and likely realistic) scenario, the signals on the transceiver units will be composite signals from a number of different MIMO branches (and possible different frequency channels). In this case the signals on each of the transceiver units will be changing from RB to RB as different UE’s are addressed. In this scenario although the signals are perhaps predictable in some respect to a measurement such as ACLR which is averaged over time they can safely be regarded as non-coherent.
It has been shown in ALCR network simulations that the coherence of the adjacent channel noise makes little difference to network performance hence there is no particular worst case which must be covered. 

Testing using a coherent interferer is perhaps more complicated as the wanted signal will be generated by the BS but usually the interferer will be generated by a piece of test equipment, ensuring that these 2 have exactly the same signal (with a random phase shift) is not impossible but is more difficult than the existing test set up for co-location IMD.

It is also perhaps unlikely that the AAS will ever be operating with a single beam and hence the coherent case is perhaps less likely than the non-coherent case.
Hence it makes sense to define the interfering signal to be of the same band width as the wanted signal but non coherent. A different test set up for the interfering signal can be devised so it is equal but different.

3 Summary
The 3 options for setting the level of the reverse interferer for the intra AAS IMD requirement have been discussed. Option 1 and option 2 are both valid and can be combined in a single description if the level is described as greater than or equal to as the max interferer level will always be greater than or equal to the location specific interferer level.

The following description is proposed
Interfering signal at port A(n) with a mean power greater than or equal to the power sum of the signals due to the coupling between ports B(n) in the composite antenna array and the output power of the other transceiver units in the array.
Also the average interferer level to be used when all transceiver units are identical should not be discounted at his stage so should still be included as FFS.

When all transceiver units are identical and designed to operate at the same power output then  the interfering signal at port A(n) with a mean power equal to the average of the power sum of the signals due to the coupling between ports (B(n) in the composite antenna array and the output power of the other transceiver units in the array.
In addition the interfering signal should be defined as being non coherent with the wanted signal but of same BW and modulation type.
4 References
[1] R4-147666, 
Further discussion on inter-modulations intra AAS coupling”, Huawei
[2] R4-147668, 
Intra array coupling leakage estimation”, Huawei
[3] R4-147994,
WF on intra-system transmitter IMD requirement, Ericsson

[4] R4-150929, TP on Conducted test point definition, Huawei




Radio 


Distribution 


Network 


(RDN)





Transceiver Unit Array 





Transceiver Unit #1 








TXU/RXU #2





TXU/RXU #K





  #1





  #2





 #K





  #1





  #2





 #L





Array Elements 





...





...





...





Antenna Array 





Transceiver Array Boundary





Test Port A(n) 





Test Port B(n) 





Composite Antenna Array 








_1484129643.unknown

_1484129670.unknown

_1484129688.unknown

_1484129537.unknown

