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1.
Introduction
At last meeting (RAN4#74in Athens) it was proposed to use EIRP for radiated output power and EIS for OTA sensitivity for all BS classes. The figure of merit discussion was initiated in the SI and has continued in the background since then. At RAN4#70 we proposed to let the base station manufacturer declare parameters related to beam-forming capabilities supported. This concept [2] could allow the manufacturer choose EIRP/EIS or TRP/TRS depending on directivity properties. No consensus regarding this issue has been found in RAN4 so far. 
It is reasonable to assume that the directivity properties will change due to size, frequency and feature support. EIRP and EIS are per definition suitable for systems with substantial directivity and ability to direct energy in a specific direction, while TRP and TRS are more suitable for systems aimed for semi-omni coverage.
At last meeting a way-forward related to OTA sensitivity was approved [1]. The way-forward stated some guidance for this meeting as four separate areas as: 
1.
Document the agreement allowing requiring vendors to optionally declare sensitivity for multiple any claimed coverage areas ranges of angles of arrival.

2.
Agree on terminology and semantics used in specifying the range of coverage angles of arrival 

3.
Agree on the specification of reference points (number and position, in both azimuth and elevation) within each range of angles of arrival necessary to demonstrate compliance to the requirements.

4.
Choose either TRS or EIS as the figure of merit for Wide-Area, Medium Range and Local Area base stations.

This contribution continues to elaborate around how to handle radiated AAS requirements for different types of base stations with different directivity properties as suggested in point 4 above.
2.
Discussion
In current specifications, base stations are categorized in different base station classes; Wide Area, Medium Range, Local Area and Home. Base stations are differentiated by intended deployment scenario and constraints such as the ability to generate output power at transceiver connector. For Wide Area base stations the manufacture declares the rated output power with no upper limit, while for other base station classes each class output power is limited by a threshold, according to Table 2-1.

Table 2-1: Maximum output power
	BS class
	PRAT [dBm]

	Wide Area
	No upper limit defined

	Medium Range
	<  38

	Local Area
	<  24

	Home
	<  20 - 10log(N)  for N=1, 2, 4, 8 transmit ports



Rated output power, PRAT, of the base station is the mean power level per carrier for BS operating in single carrier, multi-carrier, or carrier aggregation configurations that the manufacturer has declared to be available at the antenna connector during the transmitter ON period. 

The classification concept is based on the intended deployment. A declared classification implies certain requirements and constraints, one of which is on maximum output power. The maximum output power relates directly to coverage area provided by a certain base station within a specific base station class. The base station classes is used to differentiate both transmitter and receiver requirement in current specification. However there is no guidance in the specifications about antenna directivity properties for a specific class. There is no standard capturing the directivity for a specific base station class. In Table 2-2 typical values for directivity and efficiency related to passive antennas for different base station classes is listed. The data is relevant for currently supported frequency band in 3GPP. 

Table 2-2: Directivity and efficiency
	BS Class
	Directivity, D [dBi]
	Efficiency,  [dB]

	Wide Area
	15-18
	-1 

	Medium Range
	7-9
	-0.5 to -1

	Local Area
	2-3
	-6 to -2

	Home
	2-3
	-6 to -2



It can be noted that Wide Area and Medium Range have typically significant directive characteristics, while Local Area and Home base stations have more onmi-directive characteristics. Also it can be noted that the efficiency of the antenna can be related to the base station class. For Wide Area base stations the loss due to matching and dissipation is in the region of 1 dB. It is reasonable that Medium Range base stations will have smaller antenna aperture and thereby less complex RDN, which reduced the losses, compared to Wide Area. Local Area and Home base station is suited for small coverage areas, often scattering in-door environment. It can be noted that for small base stations with omni-directive radiation the dominant factor is not directivity, it is antenna efficiency.
Depending on coverage scenario, such as 3-sector, 6-sector, wall-mounting and ISD the suitable directivity properties for a base station will be different. For Wide Area and Medium Range the directivity is used to spatially filter out an area, where coverage is provided. For a Local Area and Home base station the antenna is semi omni-directional providing coverage in a volume shaped as a half -sphere around the base station. In highly scattering environments where the angles of arrival spread is large, the directivity properties losses importance, while other parameters such as radiated power and ability to receive signals effectively increases. For base stations where the directivity is low, the efficiency can be captured using TRP/TRS as figures of merits for radiated requirements. 
On the transmit side the relation between TRP and EIRP is showed in Figure 2-1, according to IEEE [3]. 
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Figure 2-1: IEEE definitions
The mathematical relation between TRP and EIRP0 (peak EIRP at the main beam) can be expressed as:  
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 is the peak directivity. Is shall be noted that peak directivity is always equal or greater than 0 dBi. This gives for omni-directional antennas, where 0 dBi, that EIRP0 =TRP. 

Compact base stations, for which the antennas are tightly integrated in the encapsulation, the efficiency properties are of great importance. Setting requirement based on TRP will capture the antenna efficiency. For small base stations the efficiency is far larger in magnitude compared to the directivity due to array gain.

EIRP are tested at few points according to the requirement definition. It can be noted that for omnidirectional antennas TRP can be approximated from a set of sampled values of the EIRP as:
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,where  EIRP is spatially sampled at N location along the  axis and M locations along the  axis for a total of N.M point measurements. 

Equivalent expression exists for TRS, where the beam is fixed. However for AAS the OTA sensitivity is defined as combined sensitivity, where all receiver branches are operating. The TRS of an adaptive beam-forming receiver cannot easily be estimated from coarse grid of EIS samples, since it will adapt for each spatial angle. Instead direct measurement of TRS (e.g. in reverberation chamber based methods) might be possible. For any antenna design the operating frequency is a key parameter. The beam characteristics of an AAS base station are dependent on the radiating aperture size and operating frequency. It is also clear that base stations with different physical size operating at wide range of frequencies will exist. 
Many potential deployment scenarios for Medium Range (MR), Local Area (LA) and Home base stations is based on a wall mounted scenario, where half-sphere coverage is necessary. In a scattering environment multiple-path will carry multiple MIMO streams, while possibilities to achieve beam-forming gains are limited, due to form-factor and carrier frequency relationship a large antenna aperture cannot be created. For system where the physical size is small and operating at low frequencies the ability to generate large gain of beam forming is minimal. For those systems it is more realistic to capture the ability to radiate power and receive signals, by assuming semi omni-directional radiation characteristics. Two factors will limit the beam-forming gain in small devices, the element factor due to limited volume and the array factor due to limited element separation (much less than 0.5).
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Figure 2-2: Directivity ripple
For small base stations other types of antenna elements will be used. For wide area base stations arrays is created by using dual polarized dipole elements. However for smaller base stations, such as Local Area and Home eNodeB it is more suitable to use compact antenna elements, such as Planar Inverted F Antenna (PIFA) and  Planar Inverted L Antenna (PILA) or similar. From figures it can be noted that the directivity will ripple at the peak of the main-beam. This means that for some patterns it is not easy to determine where the peak directivity is. Another consequence is that using half power beam-width may not be the correct figure of merit. This can be solved by using beam-widths defined at other points such as 6, 10 dB down from the main-beam. 
In a limited volume for small base stations it will be a challenge to maintain efficiency over a large frequency band. The efficiency will drop at the edges. For low frequency bands and compact antenna designs the antenna efficiency will be dominating factor to TRP/EIRP and TRS/EIS. The radiation pattern is very often generated from relative gain measurements. The absolute gain or generated power is not captured. However with AAS requirements, the radiation pattern is calibrated. For DL transmit output power will capture EIRP as an absolute figure of merit including ability to generate and direct energy. For UL, OTA sensitivity will capture ability to receive weak signal at different angles of arrivals.

3.
Conclusion

RAN4 have discussed radiated requirement for AAS base stations for a long time. Currently EIRP and EIS have been adopted for transmit output power and OTA sensitivity. For Wide Area base stations and Medium Range base station with significant directivity, EIRP and EIS are suitable. However for small base stations where it is reasonable to believe that the directivity will be quite low, it may be more reasonable to use TRP/TRS instead. 
RAN4 needs to decide how to treat small base station with low directivity in the context of AAS. Small integrated base stations with low directivity are traditionally seen as an active antenna system, it is important that RAN4 decides if this type of base stations is included in the scope of AAS or not.
The combination of operating frequency and physical size will determine the ability to direct power and optimize sensitivity. For local area and other small base station types it could be useful use TRP or TRS as FOM for OTA requirements. 
Proposal:

We propose to not associating directivity with base station class; instead allow the directivity to be declared by the base station manufacturer. 
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