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1.
Introduction
This contribution is an updated version of [1], since it was not treated at RAN4#70 due to meeting time constrains and prioritization. Several contributions related to radiated minimum requirement for the integrated system was submitted to last meeting [1, 2, 3, 4] a few of them was presented.
This paper continues the discussion about finding a proper minimum requirement for radiated receiver characteristics applicable for AAS BS.
2.
Discussion
The antenna and radio performance in terms of radiation efficiency is captured by measuring the receiver response when a signal is transmitted from a reference antenna in an antenna test range. In the discussion related to minimum requirements for UL two major different approaches have been identified.
1. Measure an absolute signal level well above receiver noise floor
2. Measure receiver sensitivity

These two approaches will capture different characteristics of the system. The first approach can be used to capture radiation pattern characteristics, such as beam-width and side-lobe suppression. The second approach will capture the radiation pattern characteristics together with ability to suppress self-interference.
The receiver sensitivity is a function of SNR at the detector. The SNR will depend on the received signal and the total noise floor as shown in Figure 2.1.
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Figure 2.1 Signal levels
In the case where an absolute measurement of a relatively strong signal is measured the noise floor will not impact measurement uncertainty. This type of test requires the BS to be able to measure the received signal in a similar way of measuring RSSI. To achieve acceptable measurement uncertainty the reference signal must be carefully determined. In this case the impact of total noise is not captured.
In the second case the receiver sensitivity is measured in a similar way as the conducted reference sensitivity. This means that changes in SNR by the total noise floor will be captured. By using this approach system self-interference will also be captured.

Let’s study the impact on the receiver noise floor as function of noise caused by self-interference. The total noise floor level at the receiver detector can be calculated as:
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, where 
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 is the noise cause by self-interference. The self-interference noise is caused by the fact that the antenna aperture is mounted close to the radio electronics as a consequence of system integration.
To visualize the relation between total receiver noise level, receiver noise level (caused by receiver noise figure) and interference noise level following factors can be defined:
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 EMBED Equation.3  [image: image6.wmf]1

1

1

2

-

=

Þ

d

d


,where 
[image: image7.wmf]1

d

 is the total noise-to-receiver noise ratio and 
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 is the receiver noise-to-self-interference noise level ratio. The 
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 value is then plotted in dB as function of 
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 in dB in Figure 2.2. 
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Figure 2.2 Relations between noise levels in an integrated system
It can be noted in Figure 2.2 that if self-interference noise not shall impact total performance of the system the interference noise must be well under the noise generated by the receiver itself. At the point where receiver noise and interference noise is at similar level together, the total noise floor is raised 3 dB as expected.  As an example; the self-interference noise level must be approximate 9 dB lower the internal noise floor to affect the total noise level less than 0.5 dB.
Knowing the antenna gain and receiver gain, the interference noise level can be translated to a radiated noise level as an EIRS value or field strength value. What is easily understood from this analysis is that the radiated level of self-interference must be very low; otherwise the receiver sensitivity will be impacted.
3.
Conclusion
Self-interference is an issue that not handled in specifications for non-integrated base stations where in-band EMI generated by the radio system is attenuated as a consequence of large separation between antenna and radio. When the antenna system is integrated with the radio electronics, EMI caused by DC/DC power regulators, optical links, active IM leakage, PIM and other sources can cause performance impact on in-band receiver characteristics.

This contribution describes two approaches discussed so far in RAN4 regarding finding a radiated minimum requirement for receiver characteristics. The principle differences are explained showing that depending of what approach to be selected different characteristics is captured. 
Proposal:

Define minimum radiated receiver sensitivity based on EIRS as a sensitivity level, where the EIRS requirement is set on a specific quality level (e.g. BER or throughput).  
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