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1 Introduction
In RAN4#74 an interesting paper [1] was presented , which investigated the level of the coupled interference for the proposed intra-IMD requirement. The paper investigated in particular the S11 of the TRX unit under test and concluded with the following.
Observation 1; The reflection power by the impedance mismatching between a TXU and an antenna element can generate the reverse power and cause the intra-system transmitter IMD.

Observation2; The interferer power by the reflection is possible to be higher than the interferer power by the coupling.

Conclusion; If RAN4 considers the coupling power equivalent to the port-to-port isolation as the interferer generating intra-system transmitter IMD, the reflection power should be considered as well.
This paper further investigates this issue.
2 Discussion
2.1 Non AAS

In a non-AAS system a single transmitter works into a single antenna (via a cable), a potential architecture is as follows:
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Figure 1. Non-AAS Tx architecture

At each point in the system there is likely to be a reflection caused by VSWR mismatch. Generally on e of the prime purposes of the isolator is to protect the output of the PA (which is likely to be a low impedance) from the mismatch of the rest of the system.
A typical VSWR for a BS antenna is 1.5:1, whilst the cable is likely to be better than this and reduce eth effect of the antenna 1.5:1 is not an unlikely goal as a VSWR to which the Tx can work into. As the phase of the VSWR (and the length of the cable) is not know, the VSWR could be any phase.
As the signal in this system is the same the effect of the VSWR mismatch is to ‘pull’ the load of the PA. The PA matching circuit will be designed to take the 50Ω load expected at the BS antenna connector and transform that load to the required output impedance to be presented to the PA. If the load at the BS antenna connector is not 50Ω then the actual load will be transformed, resulting in the PA not seeing the load intended. The result of this being variation, in efficiency, gain, etc..
The PA will be designed to have tolerance to a varying load, an the job of the matching circuit is to minimise this as much as possible. There are a number of effects which result in the same effect (i.e. an error in the PA load impedance) these can be: 

· PA device variation

· Production variation including; Component variation, PCB material variation, PCB manufacturing tolerance, PA mounting procedure…
· Frequency variation

· PA bias tolerance

· …

When designing the PA it is expected that all these sources of variation are taken into account, in addition the expected VSWR of the load should also be taken into account.

Hence it would be expected that a transmitter system (PA, isolator etc..) is designed to work into a specified VSWR and correct operation of this would be part of the development and design of the system.

So it can be seen that S11 reflection is an issue which exists in non-AAS systems already, this is not a problem that is unique to AAS.

3GPP does not currently specify any requirements for operation into varying loads, it is expected that the VSWR capability of the BS and the VSWR of the antenna system are matched when installed.

2.2 AAS

In an AAS there are many transmitter units working into many antenna elements, hence the reflected signal from the antenna part may consist not only of the S11 reflection from the Tx unit under test, but also coupled signals from all the other transmitter units. It is important in this case to understand the nature of the signasl which are both reflected and coupled back to the transmitter under test.

Using the example AAS implementations developed for the UEM requirements it can be seen that there are 2 extremes in terms of the likely signals which are part of the intra AAS interfering signal.
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Figure 2. Example 1 (left) and Example 2 (right) AAS implementations.

The coupled signal in these cases may range from one which is a phase shifted version of the forward signal in the transmitter unit under test, to a completely non correlated signal. Taking these 2 extremes:

2.2.1 All signals the same

In example 1, each Tx unit handles only a single signal, if this were taken to its extreme then a new example could be envisaged.
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Figure 3. AAS with only 1 signal

In this new example all Tx carry the same signal, however the AAS may employ beam forming to this signal so each may be of a different level and phase offset.

For simplicity assume that all signals are of the same level and that all intra array coupling is 30dB.

Each Tx will be subject to 
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 ,From the other transceivers. 

A typical BS antenna may have a VSWR of 1.5:1, this is a S11 of -14dB

The effect of the other transmitters is somewhat overshadowed by the S11 of the Tx unit under test.

The total signal ‘reflected’ back will be  
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In this case the effect of the intra AAS coupling would be a slightly worse VSWR that the PA is expected to work into.
As with the non-AAS system however this parameter would be part of the design of the system. It may be that the AAS needs to be designed to work into a VSWR which is worse than that expected for a non-AAS system due to the coupling from the other transmitters. Of course it is also true that as the AAS is a boxed system with the antenna array being part of the system it is easier to control the interfaces (they are not subject to many antenna implementations, jumper cables, lightning protectors etc.. from multiple vendors installed on site) and hence it is also possible that the operating range of VSWER will be less.

Whether the range of VSWR the transmitter unit has to work into is greater or less than the non-AAS however is not relevant, the same design process will apply. To stay consistent with the current level of specification in xx.104  for the non-AAS it should also not be necessary to specify a requirement for VSWR of each of the transmitter units in the AAS. 

In fact as the interface is controlled the need would be even less, significant issues which effect the PA would be seen in the EIRP test.
2.2.2 Non – correlated signals
In Figure 2, example 2, the signal on each TRX is the sum of phase (and amplitude) shifted versions of the 4 MIMO branches. In this case the signals on each of the transmitter units can very quickly be regarded as non-correlated.
In this case the reverse signal going back to the transmitter unit under test can be regarded as one signal which is  a reflected version of the forward signal due to the S11 at the transceiver array boundary, and a non correlated interference signal. 

The S11 at the transceiver array boundary can be considered te same problem as in the previous section. The transmitter unit system should be designed so that the PA can operate into the expected range of VSWR loads. And following the same argument this part of the performance falls outside the specifications set by 3GPP.

The non-correlated part of the reverse signal however will not ‘pull’ the PA load in the same way as the VSWR mismatch. The non correlated signal is not present in the forward signal in the same way as the reflected signal due to S11, hence it must be treated differently. 

It has been shown in a number of papers [REF] that a non correlated reverse signal of the same frequency may cause non linearity’s at the PA output due to mixing with the wanted signal, in the same way as reverse signal of a different frequency do. In the case of same frequency interferers these non linearity’s will most likely show themselves as additional ACLR or EVM.

So the worst case scenario is that all the reverse signal from the antenna array is non correlated and hence this forms the test case for intra AAS reverse IMD.

3 Summary

The effect of VSWR mismatch on non-AAS systems has been discussed and it has been shown that this is currently outside the scope of the existing 3GPP requirement.

The same analysis has been applied to the AAS system to show that 2 extremes exist.


All reverse signal (due to intra AAS couple) is the same signal and can be regarded as a VSWR mismatch


All the coupled reverse signal is non-coherent and additional requirements are needed to cover this case

Following the same principles as non-AAS requirements ensuring the compatibility of the transceiver unit VSWER capability and the Antenna system VSWR is a design issue outside the current scope of the 3GPP requirements.

Hence the worst case test for intra-AAS IMD is with a non-correlated signal with a level equal to the sum of the coupled signals from each of the other transmitter units due to the coupling in the antenna array. But not the S11 signal from the transmitter unit under test.
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