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1 Introduction
In RAN4#73 a way forward [1] was approved which highlighted the open issues with the AAS co-location IMD requirement.
The interference signal power on co-location transmitter intermodulation requirement for AAS BS shall be chosen from following options.

· Option 1;  Ptotal-30dB

· Option 2; Ptotal + xdB

· Ptotal: The power sum of (some or all) TXU(s), The exact definition is FFS.

· x: the maximum coupling between each TXU and the interferer BS when co-locating same allocation with current co-location assumption (The maximum coupling between non-AAS BS is -30dB) 

· The actual value of x is FFS. 

· The exact meaning of “co-locating same allocation with current co-location assumption” is FFS.

There have been a number of papers presented [2]

 REF _Ref398707379 \r \h 
[3]

 REF _Ref410404899 \r \h 
[4],in the past discussing the coupling factor between a non-AAS BS (representing the co-located BS) and an AAS BS (the victim) and offering some measurement data to try to quantify the difference between the coupling between 2 non-AAS antennas and coupling between a non-AAS antenna and a single element in an antenna array.
This paper further discusses both those results and also the question of the reference power (or Ptotal) used along with the coupling factor to define the interferer level.

2 Discussion
A modified  architecture has been proposed in [5], which more clearly defines the conducted test points on at the transceiver array boundary. 
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Figure 1. Modified General AAS radio Architecture.

2.1 Coupling between non-AAS and AAS

When investigating the coupling between a co-located non-AAS BS antenna and the AAS it is the coupling between the interfering antenna and test port B(n) at the transceiver array boundary which is important.

The results in [3]

 REF _Ref410404899 \r \h 
[4] show that the coupling between a legacy antenna and a single element in an AAS antenna array have a coupling factor of 45dBc rather than 30dBc. These results are currently the only ones available, investigation into the derivation of the 30dBc d=figure used in non-AAS requirements show that results from a number of different investigations were used and eventually the figure of 30dB agreed. It is hoped that the results shown whilst far from comprehensive enough to agree a final figure are sufficient to indicate that there is a difference in the coupling between 2 co-located complete arrays and a complete array and a single element in a co-located AAS.

If no other results are available the figure of 45dBc will be assumed for this coupling.

OF course the 45dBc figure identified above represents coupling to a single array element in the antenna array, where as the test is carried out at the transceiver array boundary.
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Figure 2. Coupling between Non AAS antenna and AAS antenna element.

If the RDN has a 1:1 mapping then this is a reasonable coupling factor to use. However a at the other end of the AAS spectrum a single transceiver unit may drive a single antenna array and be functionally indistinguishable from a legacy system. Clearly in this case the expected coupling factor would be the same as in the legacy case i.e. 30dBc.

A worst case assumption is therefore to use a 30dB coupling factor, however as the AAS becomes larger and has more transceiver units, this is a clear disadvantage and will result in over specification.

This is because the interferer power is that of the co-located base station so does not scale with the number of transceivers.  Whereas the transceiver unit power drops as the number of transceiver units increase, assuming that the total power is help the same. This doubly disadvantages an AAS with a large number of transceiver units.

For a single transceiver unit AAS with 43dBm output power co-located with a 43dBm non-AAS system the reverse IMD test would be



Wanted signal 43dBm, 
Interferer 43-30 = 13dBm, So the difference is 30dB

If the worst case 30dB coupling is maintained for a large AAS with 40 transceiver units:



Wanted signal at A(n) = 43-10*log10(40)=27dBm, interferer = 43-30 = 13dBm so the difference is only 14dB
Reverse intermodulation is difficult to optimise a PA for, generally reverse IMD performance is achieved by the use of circulators/isolator which prevent the reverse signal reaching the output non-linearity of the PA. Isolators are magnetic devices which are band limited, lossy and costly, by over specifying the reverse interferer level for the IMD test this may result in additional isolators being required, this not only effects cost but as they have loss it also effects efficiency. So over specifying the reverse interferer level should be avoided.

The largest AAS currently investigated is a 4x10 array with a 1:1 mapping and hence 40 transceiver units (possibly an additional 40 on the other polarisation). 
If this large AAS can be regarded as having a 1:1 mapping and a 45dBc coupling factor between the co-located antenna and the AAS antenna element then the total interferer power is:
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So if the coupling factor between the co-located interfere and each AAS antenna element of 45dB is used and this figure is scaled by the number of transceiver units (per polarisation) then this offers a requirement which is reasonable for AAS which have a large number of lower powered transceiver units and is slightly tougher than the existing co-location requirement for simple AAS systems with a single transceiver unit (per polarisation).

A reasonable requirement which is capable of offering a requirement which matches the measured coupling values for both a 1:1 AAS and 1:n AAS (or legacy system) is hence.

Coupling factor is given by C = 45dB – 10llog10(K), where K is the number of transceivers unit test ports, A(n), per polarisation at the transceiver array boundary.

2.2  Reference power (Ptotal)
Clearly in the co-location IMD case the interferer is not the BS being test but a co-located one. For the non-AAS case it is fairly assumed that 2 co-located BS will most likely being performing a similar task and hence have similar output powers. Hence the reference power for the interferer is based on the total power of the BS under test.

One point to note is that the total power of the non AAS BS is actually the power of a single TRX, if the system is a MIMO system with multiple transmitters then the power reference is not the total MIMO power but just a single TRX.

One clear distinction with an AAS which has been investigated (without conclusion) many times is that all of the transceiver units in the transceiver unit array process all of the MIMO paths simultaneously.  An AAS capable of supporting 4 MIMO paths is not equivalent to a single non-AAS BS but 4, the number of MIMO paths has been given the number N and is proving difficult to define, however there seems to be agreement that such a number which represents equivalence between a AAS BS and a non-AAS BS does exist. The discussion paper [6], further investigates a power based method to attempt to define N.
Another difference between an AAS and a non-AAS is that it is possible that due to increased antenna directivity and beam control and AAS serving a certain Macro cell would require less power than the equivalent non-AAS BS. This argument is somewhat implementation specific, in simple terms if AAS increases the EIRP to a UE then it can either use the improved SNR to achieve greater throughput or it could maintain the same SNR and through (as non AAS) and save power. If the improved performance were favored then the AAS would most likely have a similar power to the non-AAS, cell specific beams which need to cover the same cell area would certainly have to have similar power.

So assuming that the total AAS power (per MIMO branch) is similar to the total power of a non-AAS BS (per MIMO branch) is probably not too far from reality.

The only other reference power which could be used would be to assume that the co-located BS has a fixed power. There are sufficient non-AAS BS in the market that a ‘typical’ power for a non-AAS BS could be estimated probably between 43 to 46dBm.

3 Summary

The open issues for the co-location IMD requirement have been examined and the following have been proposed.

Coupling factor is given by C = 45dB – 10llog10(K), where K is the number of transceivers unit test ports, A(n), per polarisation at the transceiver array boundary.
And

The reference power (Ptotal) is one of the following options:

a) The total AAS power (per MIMO branch) or the total AAS power / N.

b) A fixed value representing a typical non-AAS BS e.g. 43 to 46dBm
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