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1.
Introduction
The need for a radiated receiver sensitivity requirement for AAS BS is acknowledged in RAN4 since the meeting in Riga. At last RAN4 meeting (RAN4#70bis) in San Jose Del Cabo a way-forward contribution related to the development of radiated receiver requirement was agreed [1]. The radiated receiver sensitivity way-forward holds a number of open issues to be resolved before a minimum requirement can be defined. According to the prioritization list [4] agreed at RAN4#70bis work with radiated receiver sensitivity is pointed out as a prioritized topic for this meeting.

The technical justification for introducing a radiated receiver sensitivity requirement for AAS BS is to set a black-box requirement for the complete system capturing sensitivity with self-interference included. As pointed out in other contributions [2, 3], spatial characteristics of the combined radiated receiver sensitivity is of secondary importance. However, it is important to know that the radiation pattern per receiver branch, which creates the UL coverage in the service area. Uplink sensitivity can be characterized on a per element basis, considering the element pattern and individual transceiver sensitivity, or on a combined basis, taking into account the element patterns, transceivers and combining.

This contribution continues the discussion about how to define a new minimum requirement for radiated receiver sensitivity for AAS base stations. The contribution will touch on both RF core issues and conformance testing issues, since they both are important and related to each other. At the end, this contribution holds a number of proposals related to the definition of radiated receiver sensitivity for AAS base stations.
2.
Discussion
The radiated receiver sensitivity for a system is related to conducted reference sensitivity and properties associated to the integration of the system, such as antenna element gain, matching, mutual coupling and self-interference. The primary purpose of the conducted reference sensitivity requirement, defined in section 7.2 of 37.104, is to verify the receiver noise figure, which is a measure of how much the receivers RF signal chain degrades the SNR of the received signal. For this reason, a low SNR transmission scheme using QPSK is chosen as reference channel for the reference sensitivity test. The reference sensitivity is defined at each individual receiver port as the signal level where the throughput is 95% of the maximum throughput for the reference channel for E-UTRA. UTRA reference sensitivity is defined at the level where the BER not exceed 0.001. To capture system self-interference and other integration related characteristics, a new requirement for radiated receiver sensitivity will be defined as a black-box requirement capturing the sensitivity per receiver with all transmitters operating.
It is advised that the radiated receiver requirement is based on the current conducted reference sensitivity requirement with respect to current reference channels defined for UTRA and E-UTRA. Instead of applying the reference channel signal to the receiver connector at the transceiver boundary, the test object is exposed by radiation caused by the reference channel signal transmitted through a reference antenna mounted at a distance equivalent to the far-field criteria in an antenna test range. By doing an active test of the system, where the receiver sensitivity is measured in an antenna test range, self-interference will be captured under condition that transmitters are operating at maximum output power. It shall be noted that free-space environment is required for this test, since this is supposed to be a RF core requirement capturing self-interference, not to capture the capability of demodulate specific UE signals in a fading environment. 
The antenna test range is calibrated by replacing the test object with an antenna with known gain characteristics (normally a standard gain horn is used for this purpose). The calibration process will determine the range path-loss, cables losses and reference antenna gain, so that the signal level at the signal generator corresponds to the EIRS level applied to the test object. 
Equivalent Isotropic Receiver Sensitivity (EIRS) is the radiated equivalent to EIRP. The EIRS test method is similar to the EIRP test method, in the sense that a reference measurement is used to correct the unknown factors caused by the test range itself. In literature two abbreviations can be found: Equivalent Isotropic Sensitivity (EIS) and Equivalent Isotropic Receiver Sensitivity (EIRS). The definition is exactly the same for both.
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Figure 2.1 Test Object and calibration 

Figure 2.1 shows how EIRP and EIRS are related to each other via the propagation loss for link budget calculation. The propagation loss and other unknown factors, such as cables loses will be determined when the antenna test range calibration is performed. It shall be noted that for AAS base stations it is difficult to break down the individual components to gain and power. The word isotropic is included in EIRS as a consequence of the antenna gain is defined as the gain relative an isotropic antenna. The antenna gain can be created by passive beam-forming or digital beam-forming, the definition of EIRS hold for both cases. It is advised to use EIRS in the power domain when defining a requirement for radiated sensitivity. As showed in earlier presented contribution [3] EIRS in dBm and field-strength in dBV/m are closely related to each other. To be able to capture self-interference in an effective way the requirement must be defined as a black-box requirement for the whole system.  
The requirement could be defined as a declaration to meet with a specified accuracy or as an absolute pass/fail threshold. The strength of a declaration based requirement is that independent on base station class the same requirement applies. If the requirement is formulated as a threshold then a threshold per base station class, frequency band and directivity must be defined. If the case is that RAN4 decides to define an absolute threshold for radiated receiver sensitivity, it is crucial to determine on which baseline requirement shall be derived from. Conducted reference sensitivity could be used as base line together with antenna gain and self-interference de-sense. Also it is extremely difficult to find a representative gain value for each base station class. As an example, the gain for a wide area base station can vary between 15-22 dBi, depending of scenario and network configuration. Worth mention is that the antenna gain created in an AAS is not easily measured, since several receivers with a single antenna can be combined, meaning that the antenna gain is not purely passive.

As shown in the figure above EIRS will capture the directivity via the antenna gain of the AAS base station. One way of excluding the directivity for radiated receiver sensitivity is to define a requirement based on Total Radiated Sensitivity (TRS). If the minimum EIRS and the directivity D are known for a system, then the TRS can be found from the equation:
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TRS will capture true radiated receiver sensitivity, including self-interference, antenna matching loss and dissipative loss without directivity. TRS for small base stations with limited output power can be measured in a reverberation chamber, while large base stations with high output power and directive antennas requires that EIRS is measured over the whole sphere. If full sphere data is available the directivity can be calculated. From minimum EIRS and directivity the TRS can be calculated using the equation above. The difference between EIRS and TRS in terms of unit is that EIRS is defined as power (dBm or W) relative an isotropic radiator, while TRS is defined as the total power (dBm or W). The challenge is that TRS could be difficult and time consuming to measure for large base stations. For small base stations with low directivity TRS could be a potential candidate for radiated receiver sensitivity. 

RAN4 needs to decide between one of the two following options:

1. If EIRS is used as base for the radiated receiver sensitivity requirement, the requirement shall be stated as a declaration to be met with certain accuracy. 
2. If the requirement is based on TRS (directivity is excluded) an absolute requirement level can be determined.  

The radiated receiver sensitivity as explained in earlier contribution [3] will be dependent of frequency since the self-interference level, antenna gain and matching will depend on frequency, however if the base stations support more than one RAT, it is only necessary to test radiated receiver sensitivity for one RAT per frequency band.
3.
Conclusion
This contribution elaborates around proper conditions relevant for a radiated receive sensitivity requirement to be defined for AAS BS. To continue and accelerate the work to define a radiated receiver sensitivity requirement, several proposals are presented below. Some of the proposals can be mapped directly to the open issues identified at last meeting [1].

Proposal 1:

It is proposed to adopt current reference channels for reference sensitivity defined in Annex A of 25.104 for UTRA and current reference channels for reference sensitivity defined in Annex A of 36.104 for E-UTRA, as base when radiated receiver sensitivity is defined for AAS base station.
Proposal 2:
Define radiated receiver sensitivity for AAS base station for free-space condition.
Proposal 3:

The RF core requirement for radiated receiver sensitivity is defined for each individual receiver/element configuration. The number of supported receivers is declared by the manufacturer. 
Proposal 4:

EIRS is used as base for the radiated receiver sensitivity requirement for base stations with directive beams for cell coverage. 
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