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1. Introduction

Last meeting in Beijing (RAN4#76) a text proposal for section 7.1 in TR 37.842 [1] about radiated transmit power was approved. This text proposal added information and definition of beam pointing direction. 
As a consequence of the agreement in “Plan for completing WI core in 3 meetings” [2] an editorial review was conducted for section 7.1, since that section will be used as input for drafting of section 9 in the agreed AAS RF core specification skeleton [3]. 
After the implementation of all current approved text proposals a review was conducted with respect to readability.  The changes proposed for section 7.1 is collected in a text proposal which is attached at the end of this contribution.   

This contribution is a revised version of R4-156367.

2. Discussion

Section 7.1 in TR 37.842 is describing the “radiated transmit power” requirement for AAS base stations. Since the start of the discussion information about the requirement definition and background have been collected in this section. Except the EIRP accuracy value, all relevant information is captured in section 7.1. However, some aligning of definitions are required together with editorial corrections are suggested to increase the TR quality.
The proposed corrections are:

1. Last meeting it was agreed to introduce beam direction set consisting of angles for both peak direction and -3 dB EIRP contour centre direction, while the EIRP requirement is set of peak direction.
2. During the review it was noticed that currently two definitions of beams exits in section 3; “AAS beam” and “beam”. With respect to the contents of the technical report the two definitions could be merged into one common definition of a beam.
3. Since the text mass have been created incrementally some sections have moved to create a continuous flow, which starts with the beam definition.
4. Figure labels are formatted according to 3GPP drafting rules in TR 21.801, section 6.6.4.4.
5. Bullets for manufacturer declared beam parameters are changed to numbers for clarity and traceability.

6. A figure with equation is changed to a Word equation. New variables are introduced for readability (e.g. tx).
Including proposed editorial correction gives a stable foundation for the specification drafting relating to the radiated transmit power requirement applicable for AAS base stations.
Changes since last version:

1. A missing reference is added to figure.

2. Changed “beam direction set” to “beam direction pair”.

3. Conclusion

RAN4 is at a point where the work of developing an AAS RF core specification has started. It is therefore important to conclude section 7.1 in TR 37.842 and focus on how the technical specification text shall look like. 

It is suggested to implement attached text proposal for section 7.1 in TR 37.842, even though the accuracy interval is not yet determined. 
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[Text proposal]
7.1
Radiated transmit power requirements

<Texts to be added>

The minimum requirements for AAS base station radiated transmit power, shall be 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 subclause 7.1.1 and 7.1.2.

7.1.1
Beam definitions

<Texts to be added>


A  beam is characterized by a so-called “main beam/lobe” which is bounded within a range of angles around the centre of the beam at which the radiated output beam power is highest. An AAS beam is created by means of a superposition of the signals radiated from different parts of the AAS antenna array. 
A Cell specific beam is an AAS beam which is intended to facilitate communication to all UEs within a cell.

A UE specific beam is an AAS beam which is intended to facilitate communication to a specific UE or a specific group of UEs.
Each beam direction is associated with a beam -3 dB contour centre direction and a beam peak direction. The EIRP is declared at the beam peak direction.
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Figure 7.1.1-1: Example of beam direction pair.
In Figure 7.1.1-1, left sub-figure shows a symmetrical beam where beam centre direction and beam peak direction are the same. In Figure 7.1.1-1, right sub-figure shows and example of a beam with ripple where the beam centre direction and the beam peak direction are different.
For each AAS beam, the following parameters are declared by the base station manufacturer:
1. A declared beam identifier.
2. A declared reference beam direction 

3. A maximum EIRP achieved in the beam peak direction when the beam  direction is set to the reference beam direction

4. A declared continuous or discrete set of all possible beam directions for the AAS beam where the EIRP accuracy requirement is intended to be met. This area/set of points is termed the EIRP accuracy directions set for the beam.

5. Four further beam directions at the maximum steering directions (selection of these 4 maximum steering directions is described in section 7.1.4)

6. For each of the four further beam directions at the maximum steering directions

a) Maximum EIRP achieved in the beam peak direction (One EIRP per beam   peak direction)

b) Beamwidth (One beamwidth per beam peak direction)

The use of the term “maximum steering direction” refers to repositioning of the main lobe of the beam by any means, and makes no assumption about the type of implementation.



7.1.2
EIRP accuracy requirements

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 direction set corresponding to the main beam shall be declared.
7.1.2.1
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. 
7.1.2.2
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.

7.1.2.3 The accuracy

EIRP accuracy refers to the maximum deviation of the DUT (i.e. the AAS base station) 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 base stations.

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

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

For an AAS base station, the EIRP accuracy is influenced by a number of factors that do not linearly combine. Nevertheless, as an approximation, from the AAS base station radio architecture, the EIRP accuracy of an AAS base station 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 logarithmical scale by:
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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 beam forming 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 arrayerror as defined above.

Using 
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 =  +/- [tbd] dB, and the 
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 can be estimated [by using a typical simulated beam pattern with +/- 5 degree of phase error to be +/- [tbd] dB].   

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 above, the EIRP accuracy requirement for AAS BS shall be +/- [tbd] dB for each declared maximum EIRP per carrier. 

Current non-AAS specifications specify same conducted output power accuracy for all BS classes. We assume same EIRP accuracy 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.
7.1.3
The core requirements

<Texts to be added that can be transformed as texts in specification>

The radiated transmit power generated by the AAS base station 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 base station is the maximum achievable EIRP in a declared beam peak direction for a manufacturer-declared AAS beam generated during the transmitter ON period. The minimum requirement for radiated transmit power shall be specified for one or more manufacturer-declared AAS beam(s). The AAS beam definition is described in section 7.1.1.
The number of declared AAS beams is for the manufacturer to declare. Some examples of declarations of beams are illustrated in a directions diagram in Figure 7.1.3-1.
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Figure 7.1.3-1: Examples of AAS beam declarations depicted in a directions diagram.

In Figure 7.1.3-1 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 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 REs and the requirements are placed per individual beam.
The maximum radiated transmit power of the AAS 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 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 base station maximum EIRP shall remain within +[Xhigh] dB and –[Xlow] dB of the claimed value.

Intended maximum EIRP is only declared for the reference beam direction and the beam directions sets at 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.

7.1.4 The conformance requirements

For conformance testing purposes, for each declared AAS beam, the vendor shall declare four beam directions of maximum steering. These beam directions of maximum beam peak direction steering shall be defined as follows:

· The maximum steering from the reference beam direction in the positive Φ direction while maintaining the reference beam direction θ value.

· The maximum steering from the reference beam direction in the negative Φ direction while maintaining the reference beam direction θ value.

· The maximum steering from the reference beam direction in the positive θ direction while maintaining the reference beam direction Φ value.

The maximum steering from the reference beam direction in the negative θ direction while maintaining the reference beam direction Φ value. (It should be noted that in some cases, one or more maximum steering directions may coincide with the reference beam direction).
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Figure 7.1.4-1: Diagram showing an example of requirement declaration.

The grey shaded area in Figure 7.1.4-1 represents an EIRP accuracy compliance directions set The maximum steering directions are in the positive and negative directions along each axis from the reference beam centre direction (marked in red on the figure), which in this example is offset from the axis centre.
The measured maximum EIRP shall be within +([Xhigh]+[TestTolerance]) to -([Xlow]-[TestTolerance]) dB of the respective declared EIRP values at the beam peak direction when the beam direction is set to each of the 4 declared maximum steering directions and to the reference beam direction.

[The end of text proposal]
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