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1 Introduction 

During RAN4 Ad-Hoc #75AH-AAS, a TP on EIRP in [1] was endorsed. The document had several last 
minutes modifications with so many track changes that made it difficult to review. The endorsed TP still have 
many unclear statements and many open issues that need further clarifications. However, it was suggested 
during the discussions via the email to endorse the proposed TP in [1] due to limited time and to further 
clarify and refine the text in RAN4#76. In this contribution we present our proposed modifications assuming 
Contribution [2] is approved.  

   

2 Discussion 

As stated in the introduction this contribution is TP for cleaning up the latest changes endorsed in [1] 
and they are assumed to be approved in [2].  

From the offline discussion it was clarified that the purpose of the added definition of the “Reference beam 
direction” is to refer to the beam direction that is agreed in [3] as the zero steering direction, i.e. no steering 
applied, rather than to an arbitrary direction. It is understandable that it is desired to give a freedom for the 
manufacturer to declare a reference direction of the beam, however the current definition is very loose and 
does not reflect the WF in [3]. It is suggested to consider revising the definition in [1] to add clarification that 
this is the reference beam direction “at which the EIRP value is also declared”. 

 

 With reference to the “declared beamwidth” in the following clause:  

“A declared beamwidth applicable when the beam is steered in the reference beam direction”  

It is not clear what does “steered in the reference beam direction" means. It could mean it is steered 
away from it or towards it or something else in the way of being steered. If it intended to be the 
beamwidth for the beam pointing in the direction of the reference beam direction, then the sentence 
needs to be modified as follows: 

“A declared beamwidth applicable when the beam is pointing in the reference beam direction.” 

Throughout the proposal, we prefer using the term “beam pointing” direction as opposed to “beam 
centre” direction. This is proposed in [4] and open for further discussion and agreement. 

 

 In section 7.1.4, the conformance requirements, there is a typo error in the EIRP accuracy range. See 
below proposed correction: 
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“The measured maximum EIRP shall be within +([Xlow]+[TestTolerance]) to -([Xlow]-[TestTolerance]) dB 
of the respective declared EIRP values when the [beam pointing/beam centre] direction is set to each of 
the 4 declared maximum steering directions and to the reference beam direction.” Should as follows 

“The measured maximum EIRP shall be within +([Xhigh]+[TestTolerance]) to -([Xlow]-[TestTolerance]) dB 
of the respective declared EIRP values when the [beam pointing/beam centre] direction is set to each of 
the 4 declared maximum steering directions and to the reference beam direction” 

 

Additional comments are also sited within the proposed text of [1] quoted in section 4 below. 

3 Conclusion 

The modified text in the TP on EIRP in [1] indicated in the section 4 below was endorsed by the AAS Adhoc 
meeting in Venice and is subject for approval during this meeting in [2]. NEC proposes some further 
modifications to clarify some of the agreed text and cleaning up the endorsed TP. The proposal from NEC 
are explained in details in the discussion above.   

4 Text Proposal 

3 Definitions, symbols and abbreviations 

3.1 Definitions 

For the purposes of the present document, the terms and definitions given in 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 
TR 21.905 [1]. 

Active Antenna System:  a BS system which combines an Antenna Array with an Active Transceiver Unit 

Array. An AAS may include a Radio Distribution Network.  

AAS beam: An AAS beam is a beam created by means of a superposition of the signals radiated from 
different parts of the AAS antenna array. 

 NOTE: For certain AAS BS, there may be more than one main beam. 

AAS Transceiver Unit Array: an array of transceiver units which generate radio signals in the transmit 

direction and accept radio signals in the receive direction. 

Array Element: a 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: a group of radiating elements characterized by the geometry and the properties of the array 
elements. 

Array Factor: the 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 (AoA): is the direction of propagation of electromagnetic wave incident on an AAS array 
antenna. 

Beam: A beam (of the antenna) is the main lobe of the radiation pattern of an antenna array. 

NOTE: For certain AAS antenna array, there may be more than one beam. 
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Beam steering is changing the direction of the beam. 

Boresight: Boresight (of a beam) is the direction of maximum radiation in a beam. 

Cell Specific AAS Beam: Cell specific AAS beam is an AAS beam which is intended to facilitate 
communication for multiple UEs within a cell.  

Cell Partitioning: the division of coverage in a sector into multiple subsectors. The subsectors may be 
divided into the vertical and/or horizontal plane. 

Directivity: the 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. 

Downtilt Angle: the angle between the direction of the maximum antenna gain and the horizontal plane. 

EIRP accuracy compliance directions set: A declared continuous or discrete set of all possible [ beam 

centre/beam pointing ] directions for the AAS beam where the EIRP accuracy requirement is intended to be 

met Equivalent Isotropic Radiated Power (EIRP): 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 (EIS): power level relative to an isotropic antenna that is required to be 
incident on the AAS 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 array experiences in the 
specified azimuth/elevation direction.   

Front-to-Back Ratio: the ratio of maximum directivity of an antenna to its directivity in a specified rearward 

direction. 

Gain: the 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. 

Main lobe: Main lobe is the radiation lobe in the direction of the maximum radiation power.  

Half Power Beamwidth: in a radiation pattern cut containing the direction of the maximum of a lobe, the 
angle between two directions in which the radiation intensity is one-half the maximum value. 

Radiating Element: a basic building block of an array element characterized by its radiation properties. 

Radiation Pattern: the angular distribution of the radiated electromagnetic field or power level in the far field 
region. 

Radio Distribution Network: a 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:  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.  

Reference beam direction: A declared direction within the EIRP accuracy compliance directions set at 
which the EIRP value is also declared. 

Side lobe: Side lobe is the radiation lobe in any direction other than that of the main lobe. 

Transceiver Unit: the active unit consisting of transmitter and/or receiver which transmits and/or receives radio signals, 

and which may include passive RF filters 
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7 Radiated requirements 

<Texts to be added> 

In legacy systems (i.e. passive antenna systems), accuracy (i.e. power accuracy) can be characterized by 
means of considering the conducted output power together with the antenna gain. However, in an AAS 
basestation there is an interaction between different subsystems (transceivers, RDN, antennas) which 
motivated the need for radiated RF requirements.  

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 below. 

7.1.1 Beam definitions 

<Texts to be added> 

A beam is the radiated signal for which the radiated power level varies according to azimuth and elevation 
angles of observation. Within a beam, the power level is greatest at azimuth/elevation angles at which the 
signal carried in the beam is intended to be received and is lower at other azimuth/elevation angles.  

An AAS beam is typically characterized by a so-called “main 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. An AAS 
beam is characterized by:  

 A declared reference beam direction 

 A declared beamwidth applicable when the beam is steeredpointing in the reference beam direction 

  

 A maximum EIRP achieved in the [beam center/beam pointing] direction when the the [beam 
centre/beam pointing] direction is set to the reference beam direction 

 A declared continuous or discrete set of all possible [ beam centre/beam pointing ] directions for the 
AAS beam where the EIRP accuracy requirement is intended to be met . This range/set of directions 
is termed the EIRP accuracy directions set for the beam. 

 Four further maximum steering directions (selection of these 4 maximum steering directions is 
described in section 7.1.4) 

 For each of the four further maximum steering directions 

o Maximum EIRP achieved in the [beam centre/beam pointing] direction (one EIRP per [beam 
centre/beam pointing] direction) 

o Beamwidth (One beamwidth per [beam center /beam pointing] 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. 

 

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

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

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.  

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 tradeoff between network coverage and cost considerations. 

For each beam, the maximum configurable EIRP measured at the [beam steering direction] corresponding to 
the main beam shall be declared. 

7.1.2.1 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 by: 

 (dB) 

Transceiveraccuracy – is the maximum conducted output power error at the transceiver unit output. 

steeringerror – is the variation in main beam EIRP due to beam forming errors caused by phase error at the transceiver 

unit output. 

arrayerror  – 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. 
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Using Transcieveraccuracy values = +/- [tbd] dB, arrayerror =  +/- [tbd] dB, and the steeringerror 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 +/- [xx] 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 of 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 intended [beam pointing/beam centre] 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-x1. 

.  

 

Figure 7.1.3-x1, Examples of AAS beam declarations depicted in a directions diagram. 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 Radiated Elements and the requirements are placed per individual beam. 

The maximum radiated transmit power of the AAS beam is the mean power level measured at declared 
[beam pointing/beam centre] 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. 
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Intended maximum EIRP is only declared for the reference beam direction and 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 directions of 
maximum steering. These directions of maximum 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) 

 

Figure 7.1.3-x2 Diagram showing an example of requirement declaration. The grey shaded area 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 direction (marked in red on the figure), which in 
this example is offset from the axis centre. 

 

 

The measured maximum EIRP shall be within +([XlowHigh]+[TestTolerance]) to -([Xlow]-[TestTolerance]) dB of 
the respective declared EIRP values when the [beam pointing/beam centre] direction is set to each of the 4 
declared maximum steering directions and to the reference beam direction. 
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