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1 Introduction
In the current BS RF specifications where requirements are referred to connectors, the impedance of the connector is generally assumed to be 50 Ohm (e.g. [1], sub-clause 4.1.2). 
The connectors can be said to represent an interface to an external system component, like e.g. an antenna feeder, in all the cases above. Thus it is reasonable to assume industry common impedance for the requirements. (It can be noted that most of the requirements themselves are either in time, frequency or power domain – all impedance independent. But there are implications mainly in the conformance specifications that need to be addressed, or the measurement accuracy may suffer.)
In the case of AAS BS however, the connectors in the transceiver boundary represent a device internal interface. This document introduces the question of whether industry standard impedance can be assumed anyway.
2 Discussion
Background
The characteristic impedance of a coaxial connector (or cable) is essentially related the logarithm of the relation between the centre pin diameter and the shield inner diameter. It is therefore relatively simple to alter the impedance within a limited range. 
The use of 50 ohm characteristic impedance has been a good compromise between the different requirements from different parts of the RF system. The characteristic impedance of vacuum (and dry air) is around 377 Ohm, and the antenna impedance matching (at the connector) is generally easier with higher impedance. On the other end, the transmitter output impedance is often substantially below 50 Ohm, and the impedance matching of the transmitter is generally facilitated by lower feed impedance. There concerns for the cable itself have had great impact on the choice of characteristic impedance, but since the cables are expected to be comparatively short in the AAS implementations transceiver boundary, such concern is disregarded here.
Current industry standard cables and connectors are available in 50, 60 and 75 Ohm. It can be seen that receiver only systems tend to have higher interconnect impedance than systems comprising also transmitters.

Interconnections with different characteristic impedance are possible, but the impedance discontinuity will cause power reflection (regardless of the power incidence direction), and hence impedance matching is of great concern for both signal quality preservation and for measurement accuracy. The greater the impedance difference, the greater the reflection. A way to indicate the matching is by the return loss (RL) figure, which is a dB expression of the reflected fraction of the incident power. 

0 dB RL represents total reflection (i.e no RF power can pass the interface) and 20 dB represents 1% reflection (i.e. 99% of the incident RF power can pass the interface.) An interface (without impedance transformers) connecting 50 to 75 ohm has a return loss of approximately 14 dB. This RL implies that 4% of the incident power is not available on the other side of the interface. The power passing the interface is thus 0.18 dB lower than the incident power. Same impedance connectors have 30 to 40 dB RL generally.
Impedance matching is performed using impedance transformers, whose purpose is to provide reflection free connection to both impedance interfaces.

Gains to AAS by using other impedances
The signal chain from the transceiver to the air comprises a significant characteristic impedance transformation (from e.g. 10 Ohm to 377 Ohm). Allowing a more flexible choice impedance in the AAS BS transceiver boundary can increase the flexibility of the placement of the impedance transformers in the circuit, which offers design freedom that may be valuable – especially in the case of highly integrated devices.

Implications on measurement accuracy 
 With the AAS BS requirements defined on the connector in the transceiver boundary, it is important to know the impedance during conformance testing so that the measurement accuracy can be maintained. As described above, imperfect matching creates reflections, which reduce the power flow through the interface. This means the output power would be underestimated, and the input power overestimated. Poor impedance matching also tend to result in frequency ripple over long (compared to the wave length) transmission lines.

Mitigations

Since the power direction is well known, and the fraction of reflected power can be precisely calculated based on the impedance difference in the interface, the throughput loss is known if the impedance of the DUT interface and the measurement device are known. As long as the cables used in the measurement are short, the result can be compensated accordingly, maintaining the measurement accuracy.

If longer cables are to be used, impedance transformers can be used. Such transformers will introduce loss, but this loss can also be known (through calibration), so the impedance transformer loss impact on the measurement result (or on the stimulus signal level) can also be compensated to great extent.

Manufacturer declaration of the transceiver boundary interface impedance may thus make it possible to verify conformance to the specified requirements in an interface of arbitrary impedance with only limited (negligible?) loss of measurement accuracy.

The manufacturer could provide impedance transformers for the type approval testing. But the performance of such external devices would still require calibration to maintain measurement accuracy.

Way forward

RAN4 is encourage to discuss further the possibilities to offer a flexible choice of impedance in the transceiver boundary, and the implications thereof.

The conclusion of such a discussion should be captured in TR37.842.

Either the fixed defined impedance or the requirement on declaration of the impedance should be a part of the AAS BS conformance specification.
3 Conclusion
· 50 Ohm impedance is the current industry standard for RF interfaces.
· A flexible choice of impedance in the transceiver boundary may offer valuable design freedom for AAS BS.
· The impedance must be known in order to maintain the measurement accuracy during conformance verification.
· Manufacturer declaration of the transceiver boundary interface may be one way forward.
· More discussions are needed.
· The conclusion of these discussions should be captured in TR37.842.
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5 Terminology

The terminology used in this contribution is taken from TR37.842 or R4-147669. 

Additional explanations of terms can be found below:

DUT



Device Under Test
RF
Radio Frequency
RL
Return Loss – the relation of the reflected power to the incident power of an (RF) interface.

