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1. Introduction

At last RAN4 meeting (RAN4#84 in Berlin) it was decided to create a technical report for capturing the background information. The background information will be used to create the specification text for the NR BS specification TS 37.104. 

The technical specification TS 38.104 will hold RF core requirements for NR base stations with support for four requirement sets (1-C, 1-H, 1-O and 2-O). For AAS type base stations operating within FR1, RAN4 have decided to re-use requirement concepts and definitions from TS 37.105.
In this contribution, a text proposal for radiated transmit power requirement applicable for requirement set 1-H and requirement set 1-O is attached for approval. 
2. Discussion

Based on the technical report created during the AAS WI (TR 37.842, clause 3 and sub-clause 7.2), background information for NR base station radiated transmit power requirement has been created. Attached text proposal adds terminology needed relevant for radiated transmit power in clause 3 together with a detailed description of radiated transmit power captured in sub-clause 8.2.
The approach used to create the text proposal can be concluded as:

1. The text in TR 37.842, sub-clause 7.2 is used as a base line.

2. The text is generalized for NR base stations.

3. The requirement level from AAS is kept, therefore the text refers directly to TR 37.842. 
4. The background information is applicable for requirement set 1-H and 1-O. 

The beam directivity characteristics in terms of directivity is in the same range (since the electrical size D/ is similar) for base station operating in FR1 and FR2. Therefore, RAN4 need consider the applicability for this requirement also for requirement set 2-O. If radiated transmit power is included in requirement set 2-O, aspects related to conformance testing requires further consideration. 

3. Conclusion

This contribution presents a text proposal for approval capturing background information for radiated transmit power requirement in TR 38.xyz for NR BS requirements. 
Also, at the end of the contribution draft specification text for TS 38.104 is attached for review.

4. References

[1]
TR 37.842, “E-UTRA and UTRA; RF requirement background for AAS BS”, 3GPP, V13.2.0
[Text proposal for clause 3]
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].

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

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.
Operating band: frequency range in which NR operates (paired or unpaired), that is defined with a specific set of technical requirements.

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

Angle in the reference coordinate system between the x-axis and the projection of the radiation vector onto the x/y plane defined between -180° and 180°.

Angle in the reference coordinate system between the projection of the x/y plane and the radiation vector defined between -90° and 90°. 0° represents the direction perpendicular to the y/z plane. The angle is aligned with the down-tilt angle.
3.3
Abbreviations

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

Abbreviation format (EW)

<ACRONYM>
<Explanation>
EIRP
Equivalent Isotropic Radiated Power

[The end of text proposal]
[Text proposal for sub-clause 8.2]
8.2
Radiated transmit power

8.2.1
General

The minimum requirements for 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 8.2.2 to 8.2.6 below.

8.2.2
Beam definitions

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

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

A UE specific beam is a 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 8.2.2-1: Example of beam direction pair
In figure 8.2.2-1 left sub-figure shows a symmetrical beam where beam centre direction and beam peak direction are the same. In figure 8.2.2-1 right sub-figure shows an example of a beam with ripple where the beam centre direction and the beam peak direction are different.
For a 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 8.1.4.

-
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.

8.2.3
EIRP accuracy requirements

8.2.3.1
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.
8.2.3.2
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.
8.2.3.3
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.
8.2.3.4
EIRP accuracy
For NR base stations following requirement set 1-H and 1-O, the EIRP accuracy requirement is the same as for AAS BS in TR 37.842.
8.2.4
The core requirements

The radiated transmit power generated by the 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 base station is the maximum achievable EIRP in a declared beam peak direction for a manufacturer-declared beam generated during the transmitter ON period. The minimum requirement for radiated transmit power is specified for one or more manufacturer-declared beam(s). The base station beam definition is described in subclause 8.1.1.
The number of declared beams is for the manufacturer to declare. Some examples of declarations of beams are illustrated in a directions diagram in figure 8.2.4-1.

[image: image2.emf]   


Figure 8.2.4-1: Examples of beam declarations depicted in a directions diagram
In figure 8.2.4-1 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 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 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.

8.2.5
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 8.2.5-1: Diagram showing an example of requirement declaration

The grey shaded area in figure 8.2.5-1 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.

8.2.6
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 BeWΘ) 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.

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 8.2.6-1, 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 8.2.6-1, 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.
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Figure 8.2.6-1: Examples of multicolumn array

When in operation, a base station 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 base station 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.
[The end of text proposal]
[Draft]
9
Radiated transmitter characteristics

9.1
General

Radiated transmitter characteristics requirements apply on the base station including all its functional components active and for all foreseen modes of operation of the base station unless otherwise stated.
9.2
Radiated transmit power

9.2.1
General

A base station is declared to support one or more beams. Radiated transmit power is defined as the EIRP level for a declared beam at a specific beam peak direction.
For each beam, the requirement is based on declaration of a beam identity, reference beam direction pair, beamwidth, rated beam EIRP, EIRP accuracy directions set, the beam direction pairs at the maximum steering directions and their associated rated beam EIRP and beamwidth(s).

For a declared beam and beam direction pair, the rated beam EIRP level is the maximum power that the base station is declared to radiate at the associated beam peak direction during the transmitter ON period.
For each beam peak direction associated with a beam direction pair within the EIRP accuracy directions set, a specific rated beam EIRP level may be claimed. Any claimed value shall be met within the accuracy requirement as described below. Rated beam EIRP is only required to be declared for the beam direction pairs subject to conformance testing as detailed in 3GPP TS 38.141 [x].

NOTE 1:
EIRP accuracy directions set is set of beam peak directions for which the EIRP accuracy requirement is intended to be met. 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.
NOTE 2: 
A beam direction pair is data set consisting of the beam centre direction and the related beam peak direction.
NOTE 3:
A declared EIRP value is a value provided by the manufacturer for verification according to the conformance specification declaration requirements, whereas a claimed EIRP value is provided by the manufacturer to the equipment user for normal operation of the equipment and is not subject to formal conformance testing.
9.2.2
Minimum requirement

For each declared beam, in normal conditions, for any specific beam peak direction associated with a beam direction pair within the EIRP accuracy directions set, a manufacturer claimed EIRP level in the corresponding beam peak direction shall be achievable to within +2,2 dB and -2,2 dB of the claimed value.

[The end of draft]
