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Discussion 
1 Introduction 
In [1], the way forward identified the following agreements that are needed and questions to further progress the discussion on receiver sensitivity requirements for AAS: 
For RAN4#72, 

1. EIRS and field strength are equivalent and interchangeable. Thus the specification can find a harmonised means of referring to the OTA receive requirement and effort should focus on finding a specification wording to harmonize field strength and available-power (i.e., EIS/EIRS) approaches 

2. Reach agreement on definition and selection of the desired stimulus signal,

a. It is agreed that the stimulus (desired) signal should be a UE-specific signal that arrives at the basestation from a single elevation/azimuth angle combination

b. Propose and agree on declarations that are necessary to fully specify the stimulus (desired) signal.

3. Reach agreement on applying the requirement either per receiver or to the combination of all receivers

4. Determine the feasibility of defining a common implementation-neutral reference sensitivity, possibly based on BS class

5. Define a framework for vendor declaration of AAS OTA receiver sensitivity targets. (i.e., “threshold” vs “window”)

6. Agree on a better term than “radiated receiver sensitivity” for the receiver requirement
In this paper, we present a simplified analysis on the uplink sensitivity for a base station with radiating receive antenna, representing an AAS BS. From this analysis, we draw some observations. 
2 Discussion
Currently, as a counterpart of the base station performance in the downlink direction, it has been proposed that the AAS reference sensitivity can be used to describe the performance in the uplink. 

· This uplink receive sensitivity thus represents, as in the case of EIRP, the reference sensitivity of the AAS base station receiver when connected to an isotropic lossless antenna, has to have to get the same SNR (minimum acceptable throughput) as connected to a real gain AAS with a specified desired signal. 

In the rest of this analysis, for convenience, we use the terminology for the uplink reference sensitivity as Equivalent Isotropic Sensitivity (EIS). In the following, the derivation of the EIS level is given. 

To derive the EIS for an AAS BS, the representative of G/T is first derived. G/T reflects the gain of the used receiving equipment of the AAS in ratio to its equivalent noise temperature T. This is given in equation (1) below: 
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where D denotes the directivity of the antenna,
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is the efficiency of the antenna without the feeder loss, and G equals the antenna gain. TAnt the effective antenna noise temperature, To the reference ambient temperature and F is the noise figure of the RF receiver chain including the feeder cable. Depending on the architecture, G/T ranges from about -15dB/K to -9dB/K for typical base stations.
G/T of the receiving chain includes RF characteristics only. Equalizer and decoder characteristics are typically characterized separately by the bit error rate (BER) versus Es/No. From the required BER a required Es/No can be derived, which leads to eqn. (2):
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In equation (2), Es is the energy per symbol, No=kTo is the noise floor, rsymbol is the symbol rate and EIS equals the power a hypothetic receiver would have to receive if connected to an ideal isotropic lossless antenna to meet the required Es/No. 
This definition follows the same methodology as used for EIRP. Equation (2) is now rearranged to give the expression for the EIS level:
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The resulting figure EISL acts as a metric which merges both the field of signal processing (characterized by

Es/Eo and RF (characterized by G/T). 

As an example for the different performances of various architectures in terms of the receiver sensitivity, the effective isotropic sensitivity values at air interface of three hypothetical AAS base station architectures are compared:

1. Type A: Legacy BS (Passive Combiner in Antenna)
2. Type B: Remote Radio Head (LNA after Passive Combiner in Antenna)
3. Type C: Active antenna (Active Antenna Elements)
Note that all three architectures are included within the defined radio architecture of AAS. To illustrate the EIS of these different implementations, some representative and example parameters and the resulting EISL are given in Table 1. The following values are also assumed: To=290K, Es/No = 5 dB, GANT is the antenna gain and GREC is the receiver chain gain.

	Architecture
	GANT
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	F
	GREC
	EIS

	Type A
	15 dB
	0.92
	6.0 dB
	10 dB
	-124.2 dBm

	Type B
	15 dB
	0.92
	4.1 dB
	10 dB
	-126.5 dBm

	Type C
	15 dB
	0.92
	1.9 dB
	10 dB
	-129.7 dBm


Table 1: Comparison of Base Station (Receive) Architecture

3 Observation  

The results from section in Table 1 show a difference of up to 5.5 dB in the EIS values due to the different architectures of AAS at the base station. Furthermore, the effect of down tilt on EIS is also non-negligible as shown in [2]. Perhaps, these results from a simplified analysis only confirm what is to be expected; that the uplink receive sensitivity values are dependent on many factors such antenna types, architecture and operational configurations.  

Based on the above analysis, our views and answers to the questions listed in the way forward are as follows: 
· On the question of the option of field strength, we have a slight preference for EIS as it avoids the used of “Radiated” for the uplink sensitivity level. Also, EIS provides an uplink equivalent to the downlink EIRP where equivalency to an isotropic antenna provides a means to replicate the same EIRP or EIS in lieu of the referenced AAS antenna. 
· On the stimulus signal for the uplink, the above analysis inferred a UE-specific signal that arrives at the base station from a specific single elevation/azimuth angle combination. This elevation/azimuth angle corresponds to the Directivity of the receive beam formation towards the specific UE. 
· On the subsequent three questions on whether requirement should be either per receiver or to the combination of all receivers, a common implementation-neutral reference sensitivity, and a framework for vendor declaration of AAS OTA receiver sensitivity targets. (i.e., “threshold” vs “window”); simplified analysis above shown that the different architectures have direct impact on the EIS absolute value. Hence, setting an absolute EIS value that can represent the various different implementations of AAS base station is non-trivial. 

Finally on the terminology for the uplink receive sensitivity for AAS, effort to ensure the definition for the uplink performance have similar meaning as the downlink (i.e. UE with AAS receive sensitivity) is important for technical consistency.
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