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<<Start of text proposal>>

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

active antenna system base station: BS system which combines an antenna array with an transceiver unit array. An AAS BS may include a radio distribution network

array element: subdivision of a passive antenna array, consisting of a single radiating element or a group of radiating elements, with a fixed radiation pattern
antenna array: group of radiating elements characterized by the geometry and the properties of the array elements
array factor: radiation pattern of an array antenna when each array element is considered to radiate isotropically
NOTE:
When the radiation pattern of individual array elements are identical, and the array elements are congruent under translation, then the product of the array factor and the array element radiation pattern gives the radiation pattern of the entire array.
angle of arrival: is the direction of propagation of electromagnetic wave incident on an AAS BS antenna array
beam: beam (of the antenna) is the main lobe of the radiation pattern of an antenna array
NOTE:
For certain AAS BS antenna array, there may be more than one beam.

beam centre direction: direction equal to the geometric centre of the half-power contour of the beam
beam direction pair: data set consisting of the beam centre direction and the related beam peak direction
beam peak direction: direction where the maximum EIRP is found
beamwidth: beam which has a half-power contour that is essentially elliptical, the half-power beamwidths in the two pattern cuts that respectively contain the major and minor axis of the ellipse

cell specific beam: Cell specific beam is a beam which is intended to facilitate communication for multiple UEs within a cell

cell splitting: division of the cell's coverage in a sector into multiple subsectors. 
NOTE:
The subsectors may be divided into the vertical and/or horizontal plane.

demodulation branch: single input to the demodulation algorithms. 
NOTE:
For UTRA a demodulation branch is referred to as a receive diversity branch or a UL MIMO branch. For E-UTRA a demodulation branch is referred to as an RX Antenna in the performance requirement tables.

NOTE:
The term "RX antenna" in chapter 8 of the E-UTRA specification 3GPP TS 36.104 [7] does not refer to physical receiver antennas, but to the demodulation branches.

directions diagram: two dimensional Cartesian diagram showing φ on the horizontal axis and minus θ on the vertical axis, the θ is aligned with the down-tilt angle.
directivity: ratio of the radiation intensity in a given direction from the antenna to the radiation intensity averaged over all directions

NOTE:
If the direction is not specified, the direction of maximum radiation intensity is implied.

EIRP accuracy directions set: beam peak directions for which the EIRP accuracy requirement is intended to be met. 
NOTE:
The beam peak directions are related to a corresponding contiguous range or discrete list of beam centre directions by the beam direction pairs included in the set.

equivalent isotropic radiated power: in a given direction, the relative gain of a transmitting antenna with respect to the gain of an isotropic radiating element multiplied by the net power accepted by the antenna from the connected transmitter

NOTE:
For an AAS BS the EIRP can be seen as the equivalent power radiated from an isotropic radiating element, producing the same field intensity as the field intensity radiated in the declared beam pointing direction of the active antenna system being considered.
equivalent isotropic sensitivity: power level relative to an isotropic antenna that is required to be incident on the AAS BS array from a specified azimuth/elevation direction in order to meet a specified receiver sensitivity requirement

NOTE:
EIS is directly related to field-strength via free-space impedance and effective aperture antenna area. EIS is expressed as the receiver power that would be collected by an isotropic antenna if it were subject to a uniform field around the whole sphere as the AAS BS array experiences in the specified azimuth/elevation direction.

front-to-back ratio: ratio of maximum directivity of an antenna to its directivity in a specified rearward direction

gain: ratio of the radiation intensity, in a given direction, to the radiation intensity that would be obtained if the power accepted by the antenna were radiated isotropically

NOTE:
If the direction is not specified, the direction of maximum radiation intensity is implied.

multi-band TAB connector: TAB connector supporting operation in multiple operating bands through common active electronic components(s)

NOTE:
For common TX and RX TAB connectors, the definition applies where common active electronic components are in the transmit path and/or in the receive path.
radiating element: basic building block of an array element characterized by its radiation properties

radiation pattern: angular distribution of the radiated electromagnetic field or power level in the far field region

radio distribution network: passive network which distributes radio signals generated by the active transceiver unit array to the antenna array, and/or distributes the radio signals collected by the antenna array to the active transceiver unit array. 
NOTE:
The number of transmission outputs from the RDN should be greater than or equal to the number of transmission inputs for a single frequency.

NOTE:
In the case when the active transceiver units are physically integrated with the array elements of the antenna array, the radio distribution network is a one-to-one mapping.

OTA sensitivity directions declaration: set of manufacturer declarations comprising an EIS value and the directions where it applies

receiver target: angles of arrival in which reception is performed

receiver target redirection range: union of all the sensitivity RoAoA achievable through redirecting the receiver target related to the OSDD

receiver target reference direction: direction, inside the receiver target redirection range declared by the manufacturer for conformance testing. 
NOTE:
For an OSDD without receiver target redirection range, this is a direction inside the sensitivity RoAoA.

reference beam direction pair: declared beam direction pair, including reference beam centre direction and reference beam peak direction where the reference beam peak direction is the direction for the intended maximum EIRP within the EIRP accuracy compliance directions set

sensitivity RoAoA: RoAoA within which the declared EIS of an OSDD is intended to be achieved at any instance of time for a specific AAS BS direction setting

Single-band TAB connector: TAB connector supporting either operation only in a single operating band, or operation in multiple operating bands without any common active electronic component(s)
TAB connector: transceiver array boundary connector

TAB connectors beam forming group: group of TAB connectors associated with an EIRP beam declaration, comprising of the complete set of TAB connectors from which a declared beam is transmitted
transceiver unit: active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals, and which may include passive RF filters
transceiver unit array: array of transceiver units which generate radio signals in the transmit direction and accept radio signals in the receive direction

NOTE:
Multi-word definitions are treated as linguistic expressions and printed in italic font throughout this requirement specification. Linguistic expressions may not be split and are printed in their entirety.
<<Unchanged sections omitted>>

7.2
Radiated transmit power requirements

7.2.1
General

The minimum requirements for AAS BS radiated transmit power, are placed on one or more manufacturer declared beam(s) that are intended for cell-wide coverage.

The characteristics of the manufacturer declared beam and the requirement on the declared EIRP are defined in the subclauses 7.2.2 to 7.2.6 below.

7.2.2
Beam definitions

A beam (of the antenna) is the main lobe of the radiation pattern of an antenna array. An AAS BS beam is created by means of a superposition of the signals radiated from different parts of the AAS BS antenna array.

A cell specific beam is an AAS BS beam which is intended to facilitate communication to all UEs within a cell.

A UE specific beam is an AAS BS beam which is intended to facilitate communication to a specific UE or a specific group of UEs.

Each beam direction pair is associated with half-power contour of the beam centre direction and a beam peak direction. The EIRP is declared at the beam peak direction. The beam centre direction is used for describing beam steering.
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Figure 7.2.2-1: Example of beam direction pair
In figure 7.2.2-1 left sub-figure shows a symmetrical beam where beam centre direction and beam peak direction are the same. In figure 7.2.2-1 right sub-figure shows an example of a beam with ripple where the beam centre direction and the beam peak direction are different.
For an AAS BS beam, the following parameters that belong to the beam are declared:
-
A beam identifier.
-
A reference beam direction pair, including reference beam peak direction and reference beam centre direction.
-
A maximum EIRP achieved in the beam peak direction when the beam direction pair is set to the reference beam direction pair.

-
The EIRP accuracy directions set.
-
Four further beam direction pairs at the maximum steering directions, where the maximum steering direction is the beam direction pair associated with the maximum beam centre steering direction. Selection of these 4 maximum steering directions is described in subclause 7.1.4.

-
For each of the four further beam direction pairs at the maximum steering directions:

-
Maximum EIRP achieved in the beam peak direction (one EIRP per beam direction pair).

-
Beamwidth (one beamwidth per beam direction pair).

NOTE:
If an AAS BS is not capable of beam repositioning in one or both directions, any of the maximum steering directions may be the same as the reference beam direction.
The term "maximum steering direction" refers to maximum repositioning capability of the beam centre direction of the beam by any means, and makes no assumption about the type of implementation.

7.2.3
EIRP accuracy requirements

7.2.3.1
General

The minimum requirement for radiated transmit power will be on the accuracy with which declared EIRP level is met.

For each beam, the maximum configurable EIRP measured at the beam peak direction associated with a beam direction pair corresponding to the main beam are declared.
7.2.3.2
Impacts of accuracy on network performance
The actual output power levels of any two AAS BS(s) (or any two transmitting equipments) are not identical. It should be noted however that the output power of a particular BS is fairly stable once it's manufactured for shipment. Due to setting the accuracy requirements on output power, the output power levels of a group of BS(s) will be relatively consistent around a rated output power. This means that some of BS(s) may deliver power a little bit higher, but some of them may be a little bit lower, but all are around the rated power. The impacts on the network of the variability of output power between different base stations are that the application coverage of some cells may be a little bit larger, and others may be a little bit smaller compared with a calculated application coverage based on nominal output power. In some situations it is difficult to tell whether consistently large output power is better as large output power also increases the inter-cell interference. In real network, the coverage is also impacted by other parameters such as deployment environment. One typical and efficient approach to tune the cell coverage is by adjusting the antenna tilt which results in signal strength changes in several decibels. Large deviation of expected EIRP could impact the estimation of correct tilt angles.
7.2.3.3
Impacts of accuracy on the manufacturing process
The accuracy requirements on output power drive the manufacturing process to deliver the output power as close as possible to the rated output power in order to achieve a reasonable level of the yield rate. For the same accuracy requirement in specification, the more accurate of the output power is manufactured, the higher the yield rate achieved, Therefore, the components in massive manufacturing process need to be of high precision exceeding the accuracy requirement in specification in order to achieve an acceptable yield rate, and thus an accuracy value should be selected that is a good trade-off between network coverage and cost considerations.
7.2.3.4
EIRP accuracy

EIRP accuracy refers to the maximum deviation of the DUT (i.e. the AAS BS) to a declared performance requirement.

The AAS base station EIRP accuracy requirement has been determined by taking into account the following factors:

-
non AAS base station EIRP accuracy; and

-
an estimate of the achievable accuracy by AAS BS.

The estimated EIRP accuracy of a non-AAS BS is used as the baseline for the AAS BS, which is then adapted to derive the EIRP accuracy requirements for AAS BS.

Preliminary investigations of the impact of EIRP accuracy on network performance indicate that a Wide Area AAS base station EIRP accuracy of around ±2.25 dB enables throughput to be predicted to within 5 % variation.

For an AAS BS, the EIRP accuracy is influenced by a number of factors that do not linearly combine. Nevertheless, as an approximation, from the AAS BS radio architecture, the EIRP accuracy of an AAS BS can be estimated by considering the steering error (translated from the phase error of the beam) and the inaccuracy of antenna array.

Based on the above the EIRP accuracy can be approximated using root sum square of the error sources which are all assumed to be Gaussian distributed in the dB domain and uncorrelated. As a result of these assumptions, the root sum square EIRP accuracy can be approximated in a logarithmic scale by:


[image: image3.wmf]2

2

2

array

steer

tx

accuracy

EIRP

s

s

s

+

+

=

[dB]

where:
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 - is the maximum conducted output power error at the transceiver unit output.
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 - is the variation in main beam EIRP due to beamforming errors caused by phase error at the transceiver unit output.
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  - is the variation due to the error in the passive elements, the RDN, the antenna array gain errors, mismatch errors and insertion losses variations.

The inaccuracy of RDN and the aforementioned factors are incorporated in the array error as defined above.

It should be noted that the use of a root square sum implies that the 3 factors are independent Gaussian distributed, which may not be the case. This could potentially be an error source in this model.

Based on the network performance evaluation, and EIRP accuracy proposal from different companies listed in annex D, the EIRP accuracy requirement for AAS BS is determined as ±2,2 dB for each declared maximum EIRP per carrier.

The Rel-13 non-AAS BS specifications specify same conducted output power accuracy for all BS classes. The  same EIRP accuracy is assumed for all AAS BS classes. EIRP accuracy for each AAS BS class (Wide Area, Medium Range and Local Area AAS BS) could be revised if deviation from this assumption is justified.
7.2.4
The core requirements

The radiated transmit power generated by the AAS BS is distributed in the space by means of radiating and allocation of conducted power to single or multiple beams. The beam configuration and corresponding power allocated to each beam is application dependent.
The radiated transmit power per beam of the AAS BS is the maximum achievable EIRP in a declared beam peak direction for a manufacturer-declared AAS BS beam generated during the transmitter ON period. The minimum requirement for radiated transmit power is specified for one or more manufacturer-declared AAS beam(s). The AAS BS beam definition is described in subclause 7.1.1.
The number of declared AAS BS beams is for the manufacturer to declare. Some examples of declarations of beams are illustrated in a directions diagram in figure 7.2.4-1.
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Figure 7.2.4-1: Examples of AAS BS beam declarations depicted in a directions diagram
In figure 7.2.4-1 the shaded areas/points represent the declared EIRP directions set, which may be continuous (top right, bottom right) or not continuous (bottom left), or be restricted to just the points of maximum steering (top left). The red coloured points represent the compliance test points at which EIRP is declared. The maximum EIRP and its accuracy are defined for the declared beams when activated individually on all corresponding RE and the requirements are placed per individual beam.
The maximum radiated transmit power of the AAS BS beam is the mean power level measured at the declared beam peak direction at the RF channels B (bottom), M (middle) and T (top) when configured for maximum EIRP value for a specific AAS BS beam of the supported frequency channels declared by the manufacturer.

In normal condition, when a beam is steered within the maximum EIRP directions set, if a maximum EIRP is claimed by the manufacturer then the AAS BS maximum EIRP should remain within +2.2 dB and -2.2 dB of the claimed value.

Intended maximum EIRP is only declared for the beam peak direction associated with the reference beam direction pair and the beam peak directions associated with the beam direction pairs corresponding to the maximum steering directions; for the remainder of the EIRP directions set there is no need to declare maximum EIRP as part of the 3GPP compliance declaration.

7.2.5
The conformance requirements

For conformance testing purposes, for each declared AAS BS beam, the vendor declares four beam peak directions corresponding to four maximum steering directions. These are the beam direction pair associated with the maximum beam centre steering direction and are defined as follows:

-
The beam peak direction corresponding to the maximum steering from the reference beam centre direction in the positive  direction while maintaining the reference beam centre direction value.

-
The beam peak direction corresponding to the maximum steering from the reference beam centre direction in the negative  direction while maintaining the reference beam centre direction  value.

-
The beam peak direction corresponding to the maximum steering from the reference beam centre direction in the positive  direction while maintaining the reference beam centre direction  value.

-
The beam peak direction corresponding to the maximum steering from the reference beam centre direction in the negative  direction while maintaining the reference beam centre direction  value.

NOTE:
It should be noted that in some cases, one or more maximum steering directions may coincide with the reference beam centre direction.
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Figure 7.2.5-1: Diagram showing an example of requirement declaration

The grey shaded area in figure 7.2.5-1 represents an EIRP accuracy direction set. The maximum steering directions are in the positive and negative directions along each axis from the reference beam centre direction.
The measured maximum EIRP should be within +(2.2+TestTolerance) to -(2.2+TestTolerance) (dB) of the respective declared EIRP values at the beam peak direction when the beam direction pair is set to each of the 4 declared maximum steering directions and to the reference beam direction pair.

Frequency range specific Test Tolerance values for the EIRP are defined in table 10.3.2.3-1.

7.2.6
The conformance beam declaration set

The vendor may declare any number of beams, the minimum requirement to declare for conformance are the beams with the highest intend EIRP for each of the beams widths below:

-
Narrowest intended BeW, narrowest intended BeWϕ (possible when narrowest intended BeW) at the reference beam direction.

-
Narrowest intended BeWϕ, narrowest intended BeWθ (possible when narrowest intended BeWϕ) at the reference beam direction.

-
Widest intended BeW , widest intended BeWϕ (possible when widest intended BeW) at the reference beam direction.

-
Widest intended BeWϕ - widest intended BeW (possible when widest intended BeWϕ) at the reference beam direction.

-
BeW and BeWϕ which provide highest intended EIRP of all possible beams at the reference beam direction.

NOTE:
Depending on the capability of the system some of these beams may be the same.

There are 2 declarations made to identify beams which have the same spatial declarations (D9.4-9.13).

Equivalent beams are beams which are expected to have the same spatial characteristics when presented with the same signals and are generated from transceiver units of the same design and may be transmitted at the same time. Equivalent beams may be generated by:

-
Common RF hardware, e.g. 2 equivalent beams are generated from 8 transceiver units where each beam utilizes all 8 transceiver units but half the power of each transceiver unit is allocated to each beam.

-
Parallel RF hardware, e.g. 2 equivalent beams are generated from 8 transceiver units where each beam utilizes only 4 transceiver units with each transceiver unit at full power.

In the case of equivalent beams which use common RF hardware, as during conformance testing full, power is a required condition of the transceiver units then all beams are switched ON in order to ensure the transmitters are at full power.

In the case of equivalent beams which use parallel RF hardware, during conformance testing it is only necessary to turn ON one of the parallel beams to its maximum declared power.

If the equivalent beams are generated by parallel RF hardware then they are also declared as parallel beams.

For certain test cases if beams are declared both equivalent and parallel, it is only required to test a representative beam to show conformance.

Two examples of parallel beams are provided below:

-
In the first example of figure 7.1.4-A1, an array consists of a column with 2 polarizations. A beam can be produced with each polarization, two beams can be produced, but because the beams cannot combine coherently these are declared as 2 parallel beams.

-
In the second example of figure 7.1.4-A1, a multi-column array consists of 2 columns but there is no phase synchronisation between columns. In this case, a beam is produced per column and polarization, but these beams do not combine coherently and are declared as 4 parallel beams.


[image: image11]
Figure 7.1.4-A1: Examples of multicolumn array

When in operation, an AAS BS may transmit multiple beams (for example, beams may be transmitted that are identified by UEs by any kind of cell or UE specific reference signals, each with different beam patterns). When considering the minimum 5 beamwidths to declare, most examples of beams that the AAS BS will transmit should be included. A few types of transmission could be misinterpreted as a beam, but should not be subject to the radiated TX power requirement. These are specifically beams that arise from groups of transmitters that are not all phase synchronised. Typically, they arise when codebook based precoding (based on UE feedback) is applied to non-phase synchronized transmitters. The specification text requires that the beam declaration captures all beamwidths that may be used during operation (whether identified by cell or UE specific reference signals) and excludes any "beams" created from non-phase synchronised transmitters.

<<Unchanged sections omitted>>

Annex F:
Radiated transmit power requirement

The radiated transmit power requirement as described in subclause 9.2 is on beamformed transmit power in the form of EIRP.

Thus a basestation may transmit several types of beam from different groups of transmitters and may transmit different beams simultaneously.

The AAS specification requires declaration of a subset of beams, which are subject to EIRP accuracy requirements when transmitted individually.  EIRP is not a metric that is associated with the basestation as a whole, but rather with each vendor declared beam.

The subset of beams to declare is described in the conformance specifications and consists of up to 5 beams with maximum or minimum beamwidth in different dimensions. In order to select the beams to declare, all possible beamwidths that may be used during operation should be considered but only  the minimum/maximum are required for declaration). 

It is important to note that radiation patterns that result from transmissions from non-phase aligned transceivers are not considered "beams" for declaration. (Examples of when such transmissions occur during operation are transmission of PDSCH using codebook based precoding from non phase-aligned antennas with TM4 or TM9). Only beams that are generated from coherent transmitters are declared.

The OTA TX power requirement is based upon EIRP. EIRP is in effect a measurement of radiated power in a particular direction. A beam will consist of a main lobe and several sidelobes. In an ideal situation, the EIRP is declared and tested at the centre of the main lobe of a beam. There are no requirements placed on the side lobes.
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Figure F-1: EIRP defined at the centre of the main beam

For some types of beam, the centre of a beam is not straightforward to define unambiguously, since the beam pattern contains a ripple. The point at which EIRP is declared and measured at the centre of a beam could be defined in one of two ways:

-
It could be defined in the direction in which maximum EIRP occurs.

-
It could be defined in the direction that is the geometric centre of the beam (around the half-power beamwidth).

The point of maximum EIRP may not lie in the geometric centre of the beam. Furthermore, if a beam is "steered" or redirected in space then the ripple pattern might change and the position of the point of maximum EIRP may not move in proportion to the movement of the beam, as depicted in figure F1-2. The direction of the centre of the beam is a good means to describe the overall steering of the beam, but it will not capture the position of maximum EIRP in all cases.


[image: image13]
Figure F-2: Example of a beam with ripple for which the geometric centre
and direction of maximum EIRP differ

The specification includes both definitions of beam centre:

-
The direction of maximum EIRP is known as the beam peak direction.
-
The geometric centre of the beam is known as the beam centre direction.
When a declared beam is steered in a declared direction, both the beam peak direction and the beam centre direction are stated. The combination of a beam peak direction and beam centre direction are collectively called a beam direction pair.  Beam steering is always stated using a beam direction pair; i.e. steering a beam is described in terms of both the centre direction of the beam and the direction within any ripple at which maximum EIRP occurs.  This allows the beam centre direction part of the pair to be used to interpret the overall steering direction, whilst the beam peak direction is tied to the intended beam pointing direction and can be pinpoint the direction within the ripple across the beam at which the peak of EIRP occurs.

For each beam direction pair where an EIRP declaration is required it is made (and subsequently measured) at the beam peak direction associated with that beam direction pair.
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Figure F-3: Example of position of beam centre direction and beam peak direction
for a beam with ripple (left) and a beam with no ripple (right)

Because an AAS can be built with a variety of different architectures and beamforming applications, the specification does not differentiate beams based on how they will be used. Instead it states that beams that can be produced by the basestation are declared. (Only beams with the minimum and maximum beamwidth are actually declared).

The specification also incorporates the concept of a beam being steered. Steering implies that the pointing direction of the beam is changed. When a beam is steered, each different beam steering direction implies a different beam direction pair (i.e. a different beam centre and beam peak direction). In order to define directions, a coordinates system is needed. The orientation of the coordinates system with respect to the physical shape of the AAS basestation is declared by the manufacturer.

Furthermore, beam steering needs to be defined in relation to a direction in which "no steering" is applied. This direction of "no steering" is called the reference beam direction in the specification. The reference beam direction in relation to the coordinates system is declared by the manufacturer. The reference beam direction is not fixed by specification, since some AAS may have built in downtilt, etc.

A declared beam is characterised by a beamwidth when pointed in the reference beam direction. A definition of beamwidth is provided in the specification. When a beam is steered away from the reference beam direction, the beamwidth may change somewhat, but the beam is still considered to be the same beam.

When a beam is declared, in addition to the beamwidth the steering capabilities of the beam are also declared. The declared steering capabilities comprises the set of directions in two dimensions in which the beam centre direction may be pointed. A convenient way to capture the set of beam steering directions is on a directions diagram, as in the example below. A directions diagram is a projection of the polar (θ,φ) steering coordinates onto Cartesian axes. In the example, a beam can be steered such that the beam pointing direction is set to any combination of (θ,φ) that is within the blue area/points indicated on the directions diagram.
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Figure F-4: Example of a directions diagram indicating possible settings
for the beam pointing direction

The set of potential beam centre directions may be a continuous range or may be a discrete set (for example, an AAS that implements a grid of beams may have a discrete set of potential beam directions).

Regardless of the nature of the set of potential beam centre directions, for conformance testing 5 directions are selected. One of these is the reference beam direction. The other 4 directions relate to the maximal extents of steering in each direction across each of the orthogonal θ and φ axes. (In case the AAS does not support steering of the beam in each direction in each axis, then some of these 4 directions may coincide and the amount of conformance testing will be reduced).

The requirement states that for each beam direction pair for which the corresponding beam centre direction is within the set or range of directions in which the beam can be steered, the basestation should be capable of meeting a declared EIRP to within ±2.2dB of the intended EIRP value. (Recall that the EIRP is declared and measured at the beam peak direction in each beam direction pair.) The EIRP itself will change depending on the beam steering direction due to phenomenon such as scan loss. The specification does not require that EIRP (and beamwidth) are actually declared at every possible beam steering direction, it requires that the basestation has the capability to meet EIRP accurately such that if, for any direction the EIRP would be indicated by the manufacturer then the AAS would be able to accurately meet the declaration.

For conformance testing, the specification requires that EIRP and beamwidth are declared for each of the 5 "conformance direction pairs". The EIRP is then actually measured in each of the 5 beak peak directions (with the beam appropriately steered) to verify that the EIRP is indeed met to within the required accuracy.

Thus, for each beam, the following information is provided:

-
The beamwidth when the beam is steered in the reference direction pair.

-
The complete set of all beam direction pairs over which the beam can be steered in both θ and φ axes:

-
(Declared as a complete set or a range, possibly as a diagram rather than a text list).

-
The 5 "conformance beam direction pairs".

-
For each of the 5 conformance directions, the EIRP (in the corresponding beam peak direction) and the beamwidth.

For many types of AAS BS, the declaration of beams will be straightforward. Some examples of what would need to be declared for some common types of beamforming are described below. These are hypothetical examples that have been invented for clarifying the mechanism of declarations only; many types of AAS implementations are possible and these tables do not indicate any kind of "typical" implementation.

EXAMPLE:
AAS BS with variable downtilt:

In this example, the AAS BS is a single column that provides variable downtilt from 0 to 10 degrees.  The BS operates in two bands, band X and band Y with two different beam characteristics. In each band, 2 identical beams (one beam per polarization) are declared. The reference direction is taken to be (0,0) and there is only one possible beamwidth in the reference direction.

The declarations for this BS could look as follows:

Table F-1
	Declaration identifier
	Declaration
	Used in requirements
	Notes

	D9.1
	Coordinate system reference point
	9, 10
	Probably in the middle of the column. This declaration would most likely be provided with a vendor diagram.

	D9.2
	Coordinate system orientation
	9, 10
	The θ axis is along the length of the column and the φ axis across the width (would most likely be provided in a diagram)

	D9.3
	Beam identifier
	9
	BID1, BID2, BID3, BID4

	DX.X
	Equivalent beams 
	9
	BID1 and BID2 are equivalent

BID3 and BID4 are equivalent

	D9.4
	Beam operating band support
	9
	BID1, BID2: Band 1

BID3, BID4: Band 2

	D9.5
	Beam RAT support
	9
	BID1: E-UTRA only

BID2: E-UTRA only

BID3: E-UTRA only

BID4: E-UTRA only

	D9.6
	Beam E-UTRA signal band width support
	9,10
	BID1: 5,10,15, 20 MHz

BID2: 5,10,15, 20 MHz

BID3: 5,10,15, 20 MHz

BID4: 5,10,15, 20 MHz

	D9.7
	Reference beam direction pair
	9
	BID1: Beam peak direction: (0,0), Beam centre direction: (0,0)

BID2: Beam peak direction: (0,0), Beam centre direction: (0,0)

BID3: Beam peak direction: (0,0), Beam centre direction: (0,0)

BID4: Beam peak direction: (0,0), Beam centre direction: (0,0)

NOTE:
The beams have a uniform shape for this array and hence the beam peak and beam centre always align.

	D9.8
	Reference direction EIRP
	9
	BID1: 58dBm

BID2: 58dBm

BID3: 58dBm

BID4: 58dBm

	D9.10
	EIRP accuracy directions set
	9
	Provided on directions diagram below. Continuous range along the θaxis from 0 to 10 degrees. Same for all beams.
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	D9.11
	Maximum steering direction(s)
	9
	BID1: (0,0) and (0,10), beam centre and beam peak align.

BID2: (0,0) and (0,10) , beam centre and beam peak align.

BID3: (0,0) and (0,10) , beam centre and beam peak align.

BID4: (0,0) and (0,10) , beam centre and beam peak align.

NOTE:
Since steering is only in one direction along one axis, the θ maximum directions, positive φ maximum direction and reference steering direction all coincide

	D9.12
	Maximum EIRP
	9
	BID1: 58dBm at (0,0), 57dBm at (0,10) beam centre/peak direction

BID2: 58dBm at (0,0), 57dBm at (0,10) beam centre/peak direction

BID3: 58dBm at (0,0), 57dBm at (0,10) beam centre/peak direction

BID4: 58dBm at (0,0), 57dBm at (0,10) beam centre/peak direction

	D9.13
	Beamwidth
	9
	BID1: 9 degrees in φ, 60 degrees in θ in the reference direction (0,0), 12 degrees φ, 60 degrees in θ in the direction (0,10)

BID2: 9 degrees in φ, 60 degrees in θ in the reference direction (0,0), 12 degrees φ, 60 degrees in θ in the direction (0,10)

BID3: 9 degrees in φ, 60 degrees in θ in the reference direction (0,0), 12 degrees φ, 60 degrees in θ in the direction (0,10)

BID4: 9 degrees in φ, 60 degrees in θ in the reference direction (0,0), 12 degrees φ, 60 degrees in θ in the direction (0,10)

	D9.14
	Narrowest beamwidth in the reference beam direction
	9
	As D9.13

	D9.15
	Widest beamwidth in the reference beam direction
	9
	As D9.13

	D9.16
	Beamwidth at the highest possible EIRP
	9
	As D9.13


AAS BS implementing grid of beams in one dimension:

The AAS in this example implements a grid of beams in the φ dimension. The grid of beams is used for user specific beamforming within one cell. Since the basestation is operating E-UTRA, it will also transmit cell wide reference symbols (CRS). Thus this basestation will transmit two types of beam: wide beamwidth (for carrying the CRS and cell wide traffic) and narrow beamwidth for carrying the UE specific beams selected from the GoB. Selecting the widest and narrowest beams will in this case result in declaring two beams (per polarization).

Table F-2

	Declaration identifier
	Declaration
	Used in requirements
	Notes

	D9.1
	Coordinate system reference pointh
	9, 10
	Probably in the middle of the column. This declaration would most likely be provided with a vendor diagram.

	D9.2
	Coordinate system orientation
	9, 10
	The θ axis is along the length of the column and the φ axis across the width (would most likely be provided in a diagram)

	D9.3
	Beam identifier
	9
	BID1, BID2, BID3, BID4

	DX.X
	Equivalent beam 
	9
	BID1 and BID2 are equivalent

BID3 and BID4 are equivalent

	D9.4
	Beam operating band support
	9
	BID1, 2, 3, 4: Band 1

	D9.5
	Beam RAT support
	9
	BID1, 2, 3, 4: E-UTRA

	D9.6
	Beam E-UTRA signal band width support
	9,10
	BID1, 2, 3, 4: 5, 10, 15, 20 MHz

	D9.7
	Reference beam direction pair
	9
	BID1, 2, 3, 4: (0,0) (Beam peak and beam centre directions align)

	D9.8
	Reference direction EIRP
	9
	BID1, 2: 57dBm

BID3, BID4: 60 dBm

	D9.10
	EIRP accuracy directions set
	9
	BID1, 2: (0,0) only Note 1

BID3, 4: {(-50,0), (-40,0), (-30,0), (‑20,0), (-10,0), (0,0), (10,0), (20,0), (30,0), (40,0), (50,0)}  Note 2

(All beam peak and beam centre directions align)

	D9.11
	Maximum steering direction(s)
	9
	BID1, 2: (0,0)

BID3,4: (-50,0), (0,0), (50,0)

(All beam peak and beam centre directions align)

	D9.12
	Maximum EIRP
	9
	BID1, 2: 57dBm

BID3, 4: -58dBm at (-50,0), -58.5 dBm at (50,0), 60 dBm at (0,0) Note 3

	D9.13
	Beamwidth
	9
	BID1, 2: 9 degrees in φ, 60 degrees in θ in the reference direction (0,0)

BID3, BID4: 9 degrees in φ, 10 degrees in θ (0,0). 9 degrees in φ, 12 degrees in θ (-50,0), 9 degrees in φ, 11 degrees in θ (50,0) Note 3

	D9.14
	Narrowest beamwidth in the reference beam direction
	9
	9 degrees in φ, 10 degrees in θ

	D9.15
	Widest beamwidth in the reference beam direction
	9
	9 degrees in φ, 60 degrees in θ

	D9.16
	Beamwidth at the highest possible EIRP
	9
	9 degrees in φ, 10 degrees in θ

	NOTE 1:
For simplicity, it is assumed here that there is no cell specific beamforming; i.e. the widest beamwidth beam that carries CRS is not steered. In a real system, the CRS may well be steerable and have a wider EIRP accuracy directions set.

NOTE 2:
The EIRP accuracy directions set here is a finite set because if represents GoB beamforming. It is assumed that the hardware can only steer to these directions. If the hardware would be more flexible, a continuous range might be declared.

NOTE 3:
As an example here, EIRP and beamwidth are declared differently at the two maximum steering directions.


TDD AAS BS doing user specific beamforming nd also variable downtilt for the cell wide beams:

The third example is a TDD AAS BS. The BS operates E-UTRA. The BS is TDD and uses reciprocity to perform user specific beamforming (using e.g. TM7 or TM8). The BS also, of course needs to transmit cell wide signals, and can perform steering on the cell wide signals.

Thus the maximum beamwidth will correspond in this case to the widest cell wide signal that the BS can transmit and the minimum beamwidth to the user specific beamwidth. In this case, both types of beamwidth can be steered.

When in real operation with a fading channel, the beam shape may be very non-uniform. For the declarations, the minimum beamwidth regular beamshape and maximum steering directions achieved in a reflection free environment in which the beam shape is pre-selected (i.e. reciprocity algorithms turned off) is declared.

Table F-3

	Declaration identifier
	Declaration
	Used in requirements
	Notes

	D9.1
	Coordinate system reference pointh
	9, 10
	Probably in the middle of the column. This declaration would most likely be provided with a vendor diagram.

	D9.2
	Coordinate system orientation
	9, 10
	The θ axis is along the length of the column and the φ axis across the width (would most likely be provided in a diagram)

	D9.3
	Beam identifier
	9
	BID1, BID2, BID3, BID4

	DX.X
	Equivalent beam 
	9
	BID1 and BID2 are equivalent

BID3 and BID4 are equivalent

	D9.4
	Beam operating band support
	9
	BID1, 2, 3, 4: Band 41

	D9.5
	Beam RAT support
	9
	BID1, 2, 3, 4: E-UTRA

	D9.6
	Beam E-UTRA signal band width support
	9,10
	BID1, 2, 3, 4: 5, 10, 15, 20 MHz

	D9.7
	Reference beam direction pair
	9
	BID1, 2, 3, 4: (0,0)

(All beam peak and beam centre directions align)

	D9.8
	Reference direction EIRP
	9
	BID1, 2: 57dBm

BID3, BID4: 61dBm

	D9.10
	EIRP accuracy directions set
	9
	BID1, 2: As in the following diagram:


[image: image20.jpg](0,0)

(0, 10)




BID3, 4: As in the following diagram:
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(All beam peak and beam centre directions align)

	D9.11
	Maximum steering direction(s)
	9
	BID1, 2: (0,0), (0,10)

BID3,4: (-30,0), (30,0), (0,10), (0,-10), (0,0)

(All beam peak and beam centre directions align)

	D9.12
	Maximum EIRP
	9
	BID1, 2: 57dBm at (0,0), 56.8dBm at (0,10)

BID3, 4: 60.5 dBm at (0,-10) and (0,10). 60 dBm at (30,0) and (-30,0)

	D9.13
	Beamwidth
	9
	BID1, 2: 9 degrees in φ, 60 degrees in θ in the reference direction (0,0). 10 degrees in φ, 60 degrees in θ in the reference direction (0,10).

BID3, BID4: 9 degrees in φ, 8 degrees in θ (0,0). 10 degrees in φ, 8 degrees in θ (0,10) and (0,-10), 9 degrees in φ, 12 degrees in θ (30,0) and (-30,0) 

	D9.14
	Narrowest beamwidth in the reference beam direction
	9
	9 degrees in φ, 8 degrees in θ

	D9.15
	Widest beamwidth in the reference beam direction
	9
	9 degrees in φ, 60 degrees in θ

	D9.16
	Beamwidth at the highest possible EIRP
	9
	9 degrees in φ, 8 degrees in θ


Annex G:
OTA sensitivity requirement

The OTA receiver sensitivity requirement is intended to capture system performance, including antenna array, RDN, TRX array and BB combining and demodulation algorithms. In this way, the requirement captures all aspects that influence OTA sensitivity such as beamforming and combining, receiver electronics noise figure and receiver radiated self-interference (arising e.g. from Passive intermodulation in some bands).

AAS receivers may vary enormously in both dimension and implementation. At one extreme is the example shown on the left hand side of figure G-1, in which there is a single receiver and a fixed combining network in the RDN. The receive pattern will be fixed and the receiver can be said to have a "beam pattern" in this case. The opposite extreme is shown in the right hand side of figure G-1. In this case, there are a large number of receivers and a 1:1 mapping with antenna elements. RX combining can be performed on a user specific basis in baseband. For each user (and potentially each constellation of interfering users) there may be a specific combining. Thus it is not possible to talk about a receiver beam pattern or receiver beam for this kind of architecture. Many AAS implementations will lie somewhere between these two extremes, with variations of fixed analogue combining and fixed combining after the RF receivers and active combiners.


[image: image23]
Figure G-1: Two extremes of receiver architecture (left) no adaptive combining,
(right) all adaptive combining

The OTA sensitivity requirement is designed to be flexible to all different types of receiver architecture and is complex in its description.

Central to the description is the concept of a sensitivity Range of Angles of Arrival (sensitivity RoAoA). A sensitivity RoAoA is a range of angles in azimuth and elevation. When illuminated in any direction within this range, an AAS BS is able to meet or exceed a (declared) OTA sensitivity level. Outside of the declared sensitivity RoAoA range, the sensitivity level does not have to comply with any requirement. The concept of sensitivity RoAoA is depicted in figure G-2. The left hand side of the figure shows a one dimensional cut of a sensitivity RoAoA. The sensitivity is achieved over a range of declared angles in the depicted dimension. A sensitivity RoAoA is declared to capture steering in both θ and φ. This can best be achieved by projecting the φ and θ polar coordinates onto a Cartesian representation, as depicted on the right hand side of figure G-2. Several grey shaded potential sensitivity RoAoA are depicted. Each grey area captures a range of combinations of (θ,φ) within which sensitivity can be achieved.


[image: image24]
Figure G-2: Illustration of range of Angles of Arrival in which sensitivity is met
in one dimension (left) and two dimensions (right)

For a simple AAS with only passive combining, a sensitivity RoAoA can be related to a receive beamwidth. This is not the case though where there is adaptive combining. It is important to note that a sensitivity RoAoA is not equivalent to a cell coverage pattern. A cell is defined by the coverage area of DL reference symbols and an uplink RoAoA can potentially cover more than one cell. (For example, if cell splitting is implemented then in the uplink, the RoAoA may contain 2 or more cells).

In the left hand example of figure G-1, as an example the phase progression applied in the RDN combining may be adjusted (i.e. RET applied). In this case, the coverage pattern of the uplink will change. Changing the uplink coverage will redefine the position of the sensitivity RoAoA. In 3GPP TS 37.105 [22], redefining the position of the sensitivity RoAoA is known as redirecting.
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Figure G-3 "Redirection" of the RoAoA depicted in one dimension (Left) and two dimensions (Right)

By means of redefining the position of the sensitivity RoAoA, the AAS can be made to cover a larger range. However it is not possible to achieve sensitivity in all parts of the larger range simultaneously, as reconfiguration of some parameters is needed to redirect the RoAoA. The complete set of all angles of arrival that can be covered by all possible redirections of the sensitivity RoAoA is called the redirection range in 3GPP TS 37.105 [22].
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Figure G-4: Illustration of extremes of redirection of RoAoA
and the redirection range (highlighted in red)

Ultimately, the AAS BS is able to achieve a (declared) sensitivity for any angle of arrival within the redirection range. However, at any individual moment in time, the AAS is not able to instantaneously receive an incoming signal at sensitivity level that is outside of the current sensitivity RoAoA.

For the receiver architecture depicted in the right hand side of figure G-1, adaptive UE specific processing in the baseband may enable the basestation to receive from any direction. Hence the sensitivity RoAoA and the redirection are likely to coincide for this architecture.

The sensitivity is defined as Equivalent Isotropic Sensitivity, EIS. The EIS is relates to the strength of a directional signal. A receive quality metric is also defined, which is based on throughput for E-UTRA and BER for UTRA. The sensitivity requirement is deemed as being met if, when the basestation is illuminated with a UTRA or E-UTRA signal of the declared power level, from a direction within the sensitivity RoAoA the basestation receiver achieves the quality metric. Sensitivity should be achieved for a signal coming from any direction that is within the sensitivity RoAoA for any position of the RoAoA within the redirection range.

The minimum EIS level that should be achieved within the redirection range is declared by the vendor. The actual sensitivity level does not need to be equal to the EIS; the sensitivity may be less than EIS at within the redirection range but may not be worse (greater) than the declared EIS.

Conformance testing is performed by transmitting a signal from 5 angles of arrival that mark edges of the redirection range and a reference direction.
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Figure G-5 Illustration of conformance test directions 

The combination of the declaration of an EIS value (a specific value of EIS is declared within the redirection range for each supported RAT/bandwidth), a redirection range within which the EIS value is achieved and some conformance test parameters is known as an OTA Sensitivity Directions Declaration (OSDD).

A minimum of one OSDD declaration is made and tested. However, it is optional to declare more than one OSDD. Each different declared EIS value forms a different OSDD with different redirection range.

Some examples of declarations for OTA sensitivity are as follows. These are examples that have been invented for the purpose of illustrating how declarations may be made. A wide variety of different implementations of real AAS may exist that differ from these examples.

EXAMPLE:
Basestation with no adaptive combining capable of 0-10 degrees downtilt.

Table G-1

	Declaration identifier
	Declaration
	Used in requirements
	Notes

	D10.1
	OSDD identifier
	10
	OSDD 1

	D10.2
	OSDD operating band support
	10
	Band 1

	D10.3
	OSDD RAT support
	10
	E-UTRA

	D10.4
	OTA Sensitivity E-UTRA supported channel BW  
	10
	5, 10, 15, 20 MHz

	D10.5
	Redirection of receiver target support
	10
	Yes

	D10.6
	Minimum EIS
	10
	-115 dBm

	D10.7
	Receiver target reference direction Sensitivity Range of Angle of Arrival
	10
	See figure F1-6

	D10.8
	receiver target redirection range
	10
	See figure F1-6

	D10.9
	receiver target reference direction
	10
	(0,0)

	D10.10
	Conformance test directions sensitivity RoAoA
	10
	See figure F1-6

	D10.11
	Conformance test directions
	10
	(0,0), (45,0), (-45,0), (0,-5), (0,15)


Redirection range and some example sensitivity RoAoA:
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Figure G-6 Example redirection range and conformance points for an AAS capable of downtilt

Basestation with fully adaptive combining

Redirection range and sensitivity RoAoA are completely aligned.

Table G-2

	Declaration identifier
	Declaration
	Used in requirements
	Notes

	D10.1
	OSDD identifier
	10
	OSDD 1

	D10.2
	OSDD operating band support
	10
	Band 1

	D10.3
	OSDD RAT support
	10
	E-UTRA

	D10.4
	OTA Sensitivity E-UTRA supported channel BW
	10
	5, 10, 15, 20 MHz

	D10.5
	Redirection of receiver target support
	10
	No

	D10.6
	Minimum EIS
	10
	-120 dBm

	D10.7
	Receiver target reference direction Sensitivity Range of Angle of Arrival
	10
	See figure F1-7

	D10.8
	receiver target redirection range
	10
	See figure XF17; redirection range and sensitivity RoAoA coincide

	D10.9
	receiver target reference direction
	10
	(0,0)

	D10.10
	Conformance test directions sensitivity RoAoA
	10
	See figure F1-7

	D10.11
	Conformance test directions
	10
	(-45,0), (45,0), (0,-10), (0,15)


[image: image34.jpg]



Figure G-7 Example of a declaration of redirection range and conformance test points
for an AAS BS that performs all RX combining in baseband

<<Unchanged sections omitted>>

<<End of text proposal>>
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