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<<Start of text proposal>>
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:
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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.

[image: image14.png]Beam peak . N
direction Ebam centr&lz<
Beam centre eam peal

direction direction \{





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

<<Unchanged sections omitted>>

<<End of text proposal>>
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Example. EIRP accuracy compliance directions set
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