TSG-RAN Working Group 4 (Radio) meeting #80bis
R4-168300
Ljubljana, Slovenia, 10th-14th October 2016
Source:
Ericsson
Title:
On minimum OTA sensitivity requirement
Agenda item:
8.12.2.1
Document for:
Discussion
1. Introduction

In current version of release 13 AAS specification (TS 37.105) radiated sensitivity is captured by an OTA sensitivity requirement. This requirement is based on declaration of EIS to be fulfilled within a declared RoAoA. 
Moving on towards release 14, where all RF requirements are supposed to be moved into the radiated domain, a concept to capture minimum OTA sensitivity is required. 
This contribution elaborates around some concepts on some details on how to find an absolute EIS level applicable for AAS base stations.

2. Discussion

It is reasonable to believe that AAS base station antenna aperture will be similar size or even larger than passive antennas used for non-AAS base stations. The size of the antenna aperture is directly proportional to the ability to achieve beam-forming gain. For a non-AAS base station with a passive base station antenna the gain is created in the RDN, while for an AAS base station the gain is created after the receivers. As long as the antenna aperture size is constant or lager the ability to receiver weak signals in terms of EIS would be similar or better. 
In general, for any type of antenna, passive or active the antenna gain can be calculated as:
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, where Aphys is the physical area, ea is the aperture efficiency and  is the wave length.

Therefore, we propose to define minimum EIS levels based on parameters inherited from non-AAS base station specifications as a baseline for AAS base stations.  
Instead of declaring parameters of the inside it is always beneficial to define requirements as “black box” requirements. Looking outside towards the network on what performance is required to achieve coverage is a better approach than embedding parameters of individual sub-systems. With this approach the network performance is guaranteed when non-AAS base stations is deployed together with AAS base stations. 
At the last RAN4 meeting (RAN4#80 in Gothenburg) a concept to define a requirement for minimum sensitivity for AAS base stations have been proposed in [1]. The concept is based on reference sensitivity and a declaration that enables the AAS base station antenna gain to be estimated.
The concept is based on the idea to derive the minimum sensitivity level from non-AAS minimum sensitivity and declarations related to the AAS capability. The declared parameters associated to OTA sensitivity are described in TR 37.842 [5]. AAS capability refers to parameters included in the OSDD for an AAS base station. For a wide area base station the minimum requirement is determined by:
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, where  is the loss in the RDN, m is a directivity margin, BW is the beam-width along the -axis and BW is the beam-width along the -axis. With respect to the proposed loss in the RDN set to 2.93 dB, this value is based on parameters set early in the SI in TR 37.840 [4]. For an AAS base station this loss is expected to be lower. However, a factor could be used to compensate for the absence of feeder loss to maintain performance with non-AAS base stations. If decided relevant the directivity margin could be included in the directivity formula. Regarding the directivity approximation, why not use Elliott estimate instead since the estimate error is smaller for typical base station beam-widths and the theory behind it can be traced to literature [6].
The assumption on directivity is assuming a planar rectangular antenna aperture, where the beam is pointing in the mechanical bore-sight direction, which means that scan-loss is not captured.

In the proposed concept in [1], the suggestion is to set the beam-width equal to RoAoA part of the OSDD. In the description of OSDD there are no stated equivalence between beam-width and RoAoA. If the concept where adopted then indirectly that would mean than RoAoA is associated to -3 dB with respect to reference direction. However, the idea with RoAoAs is to allow for higher EIS level at large angles due to scan-loss. The EIS level will be larger in the middle of the RoAoA. The intension when OTA sensitivity was to define a black-box requirement assuming that receiver combining was enabled. Receiver combining is another word for adaptive beam-forming.
In Figure2-1, conformance test directions part of the declared OSDD is visualized as an example. In the definition of the OTA sensitivity requirement there is no association with them mid-point (-15, -15) and the contour. It is reasonable to say that the EIS at the point at largest AoA will correspond to the largest EIS value, while point closest to the origin will produce the lowest EIS level. There is no relation between declared point and the -3 dB contour and the mid-point.
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Figure 2-1: Conformance test directions

Instead of de embedding the directivity of the AAS base station we suggest to find a limited set of EIS levels corresponding to non-AAS base station deployments. The set could be based on base station class, where each class assumes multiple coverage scenarios. 
Since the BS class concept is re-used for AAS base station an absolute EIS levels could directly be derived from antenna assumptions in TR 36.942 [2]. The antenna characteristics for a non-AAS depend on operation frequency and deployment scenario. For a specific base station class many deployment scenarios may exists demanding different types of coverage, therefore it is suggested to define for wide area base stations minimum EIS level for 3-sector, 6-sector coverage for three frequency regions (low, mid and high).
In Table 2-1, information related to system scenarios for E-UTRA is described. In Table 2-1, information from TR 36.942, sub-clause 4.2.1.2about passive antenna characteristics is collected. The horizontal coverage is provided by a 65 degrees wide beam. It may also be necessary to add information for antennas operation above 2 GHz.
Table 2-1: Antenna height and gain for Macro Cells

	
	Rural Area
	Urban Area

	
	900 MHz
	2000 MHz
	900 MHz

	BS antenna gain (dBi) (including feeder loss)
	15
	15
	12

	BS antenna height (m)
	45
	30
	30


For a non-AAS base station the minimum EIS can be calculated as:
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, assuming Gpassive includes the feeder loss.
PREF_SENS depends on BS class and Gpassive depends on intended coverage area, which means that minimum EIS will be a multi parameter function. Eventually, the beam-width to directivity transformation proposed in [1] can be used together with proper losses for establishing relevant values for Gpassive.
With the concept based on non-AAS sensitivity performance the minimum EIS could be determined to -116.5 dBm for an AAS base station for intended operation in an urban scenario operating at 2 GHz with an impinging 5MHz FRC A1-3 RF signal. 
The alternative described approach in this paper is using information related to non-AAS base stations with passive antennas to determine the baseline sensitivity performance in terms of OTA sensitivity. The baseline can be adopted as a minimum requirement for OTA sensitivity for AAS base stations.
3. Conclusion

At last meeting a concept for determining a minimum EIS level was discussed. The proposed concept suggests to de embed the gain of the AAS base station based on parameters declared pat of OSDD. In this contribution we have highlighted some technical issues with that solution. Instead an approach where minimum EIS is derived based on non-AAS base station deployments is presented. This idea uses assumption already available and used for non-AAS base station.
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