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1. Introduction
In the last RAN4 meeting, the task on range of declaration of EIRP was prioritized for RAN4#74[1]. 
The following points have been agreed:

1. The zero steering direction shall be declared. 

2. Declarations shall be made at the beam pointing directions at the maximum extent(s) of pan (Beam steering in the azimuth direction) directions and at the maximum extent(s) of tilt (Beam steering in the elevation direction) directions (in orthogonal axis x and y). 

a. Maximum pan and tilt may be the same as the zero steering direction in some cases. 

3. The requirement i.e. EIRP accuracy, shall be met over the range covered by the declarations in point, should the EIRP value be known.

a. (see open issue 3)

4. Declarations (at each point) consist of: 

a. Beam pointing direction. 

b. Beam width (azimuth and elevation) at the declared beam pointing direction. 

c. EIRP at the declared beam pointing direction. 

5. Each declared point may have different values for; EIRP, beam width and beam pointing direction. 

The following open issues exist:

1. The number of beam pointing directions needed to define the range (as indicated in points 3 above). 

a. Disagreement is limited to whether there are 2,3 or 5 beam pointing directions i.e. no more than 5 are mandatory. 
2. How the range in point 3 is interpreted, some possible interpretations are:

a. Points only

b. Axis between points only

c. Rectangle around points

d. Diamond between points

e. Other…..

3. How the EIRP values in point 3 to which the accuracy applies may be known, a non-exhaustive list of options is:

a. By declaration

b. By interpolation between declared points

c. Part of product description

This contribution will give our views on range of declaration of EIRP.
2. Discussion 
The expression of EIRP is related with elevation angle 
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,  azimuth angle 
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 and beamforming weight vector. And also elevation angle
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, azimuth angle 
[image: image4.wmf]j

 highly depends on coordinate system. So we give our analysis on the coordinate system for AAS.
· EIRP with Coordinate system for AAS

A coordinate system is shown for the AAS BS mounted vertically as in figure 1, where the AAS BS is located in YZ plane. X-axis is an reference axis (boresight of the AAS) ,which is perpendicular to the radiating surface. Z-axis positive direction is perpendicular to the ground upward, Z-axis negative direction is pointing to the ground downward. Y-axis is perpendicular to the XOZ plane. The elevation angle
[image: image5.wmf]q

 and azimuth angle
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 are angular displacements from the positive Z-axis and from the positive X-axis, respectively.

[image: image7.emf]P

X

Y

Z

r

q

j

-180

≤

j<180

0

≤

q

≤

180

0

≤r<

¥

AAS 

connector

Boresight of 

AAS 

Radiating 

surface

Mounting 

surface

O


Figure 1 coordinate system for AAS

Using the coordinate system for AAS shown as Figure 1, where, 
[image: image8.wmf]q

is elevation angle defined between 0° and 180°, and 
[image: image9.wmf]j

 is azimuth angle defined between -180° and 180°. The Transformation between the spherical coordinate system with Cartesian coordinate system is as follows,
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For a fixed beamforming weight vector
[image: image11.wmf]12
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, the beamformed 3D radiation pattern of output power per polarization is defined as
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Where，
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 is the number of  TXUs per polarization respectively. The Antenna Array + RDN can be defined as equivalent Antenna Array, so, the number of equivalent antenna element is equal to the number of TXU K.
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w

is the beamforming weight for the 
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 TXU
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 is the conducted power of the 
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 TXU.
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 equivalent antenna element in direction angle
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 including impact of RDN 
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, which can be calculated / tested
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 equivalent antenna element in direction angle
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 is the number of antenna element of AAS antenna array.
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matrix being used to characterize feature of mutual coupling between 
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 antenna element of AAS antenna array.
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is complex value used to characterize amplitude and phase feature of the 
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antenna element of AAS antenna array.
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antenna element of AAS antenna array in direction angle
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without impact of mutual coupling.
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 is array factor (also ,named super position vector) of the 
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antenna element of AAS antenna array in direction angle
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is complex value used to characterize amplitude and phase feature of the 
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 equivalent antenna element.
We will discuss the range of declaration of EIRP and new item for EIRP based on 
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· New terms for AAS EIRP and EIRP accuracy
Boresight (of a beam) is defined as the direction of maximum radiation in a beam. And it can be calculated from the following equation.
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The item “beam pointing direction” was used in previous RAN4 meeting [1]. However we think “beam steering direction” is more appropriate than “beam pointing direction” to be used for UE-specific beam EIRP declaration and it can be defined as follows:

Beam steering direction is the intended in-phase radiation direction used to generate beamforming weight vector for steering the relative phases of signal driving AAS elements to achieve the in-phase radiation in intended in-phase radiation direction.

Note : beam steering direction is not coincident with the boresight direction  in some cases.
The relation between beam steering direction and corresponding weight vector and EIRP can be expressed as,
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Further, it zero steering direction can be defined as,

Zero steering direction is the beam steering direction for which the beamforming weight vector for steering the relative phases of signal driving AAS elements is in-phase. 
And we can get the following relations.
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Proposal 1: It is proposed to use beam steering direction instead of beam pointing direction and include the following definitions in the AAS BS TR.
Beam steering direction is the intended in-phase radiation direction used to generate beamforming weight vector for steering the relative phases of signal that driving AAS elements to achieve the in-phase radiation in intended in-phase radiation direction.

Note : beam steering direction is not coincident with boresight direction  in some case.
Zero steering direction is beam steering direction for which the beamforming weight vector for steering the relative phases of signal that driving AAS elements is in-phase.

· Declarations on EIRP for UE-specific beam
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Figure 1 beam steering direction 60 degree and 90 degree of smart antenna

Figure1 shows two beams of smart antenna with different beam steering direction in azimuth plane, the beam steering direction of beam1 is 60 degree, and the beam steering direction of beam2 is 90 degree. Seen from the figure, it is hard to define “maximum extent(s) of pan” and “maximum extent(s) of tilt” from beam steering performance. We propose that of the “maximum extent(s) of pan” and “maximum extent(s) of tilt” should be defined by coverage cell shape of interest. The manufacturer shall declare the AAS BS EIRP supporting beam steering in elevation plane and beam steering in azimuth plane. The cell-shape for AAS 3-sector coverage can be simply classified as followed:

1．Cell shape for horizontal cell coverage can be defined as 
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2．Cell shape for horizontal and vertical cell coverage can be defined as 
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Taking into account the actual distribution of users in the vertical plane, the concerned elevation angle should be
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For AAS supporting beam steering in elevation plane, EIRP at
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 shall be declared. 

For AAS not supporting beam steering in elevation plane, EIRP at
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 is fixed tilt angle) shall be declared.

For AAS supporting beam steering in azimuth plane,  EIRP at
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 shall be declared.

For AAS not supporting beam steering in azimuth plane, EIRP at
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 ( 
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 is fixed pan angle) shall be declared.

Table 1 Summary of declarations for UE-specific beams
	AAS type
	The number of declared beam steering direction
	declared beam steering direction 
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	AAS supporting beam steering in elevation plane and azimuth plane
	9
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	AAS supporting beam steering only in azimuth plane
	3
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	AAS supporting beam steering only in elevation plane
	3
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	AAS not supporting beam steering
	1
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Taking into account the symmetry of beam steering in elevation 
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, the required declarations can be further simplified as in table 2.

Table 2 simplified declarations for UE-specific beam
	AAS type
	The number of declared beam steering direction
	declared beam steering direction 
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	AAS supporting beam steering in elevation plane and azimuth plane
	4
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	AAS supporting beam steering only in azimuth plane
	2
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	AAS supporting beam steering only in elevation plane
	2
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	AAS not supporting beam steering
	1
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From the above discussion, we give our proposal on the number of declared beam steering direction for UE-specific beam. 
Proposal 2: AAS BS should be make declarations based on one set of beam steering direction for UE-specific beam as following
	AAS type
	The number of declared beam steering direction
	declared beam steering direction 
[image: image96.wmf](

)

,

delcaredbeamsteeringdelcaredbeamsteering

qj



	AAS supporting beam steering in elevation plane and azimuth plane
	4
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	AAS supporting beam steering only in azimuth plane
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	AAS supporting beam steering only in elevation plane
	2
	
[image: image103.wmf](

)

90,

pan

j

,
[image: image104.wmf](

)

150,

pan

j



	AAS not supporting beam steering
	1
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· Declarations on EIRP for Cell-specific beam
The beamforming weight vector for cell-specific beam is not constant modulus [3], and is not calculated from beam steering direction. The beam steering direction is not applicable for cell-specific beam. So the declaration for cell-specific beam and for UE-specific beam should be treated separately. We proposed the following declaration:

Proposal 3: AAS BS shall make declarations on EIRP at boresight direction of every declared cell-specific beam with half power beam width.

Proposal 4: The number of declared cell-specific beam is FFS.

3. Conclusion
This contribution discussed range of declaration of EIRP aspects. Our proposal is as follows.
Proposal 1: It is proposed to use beam steering direction instead of beam pointing direction and include the following definitions in the AAS BS TR.

Beam steering direction is the intended in-phase radiation direction used to generate beamforming weight vector for steering the relative phases of signal that driving AAS elements to achieve the in-phase radiation in intended in-phase radiation direction.

Note : beam steering direction is not coincident with boresight direction  in some case.
Zero steering direction is beam steering direction for which the beamforming weight vector for steering the relative phases of signal that driving AAS elements is in-phase.

Proposal 2: AAS BS should be make declaration based on one set of beam steering direction for UE-specific beam as following

	AAS type
	The number of declared beam steering direction
	declared beam steering direction 
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	AAS supporting beam steering in elevation plane and azimuth plane
	4
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	AAS supporting beam steering only in azimuth plane
	2
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	AAS supporting beam steering only in elevation plane
	2
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	AAS not supporting beam steering
	1
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Proposal 3: AAS BS shall make declarations on EIRP at boresight direction of every declared cell-specific beam with half power beam width.

Proposal 4: The number of declared cell-specific beam is FFS.
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