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1 Introduction
In RAN4#83 meeting, a WF on the new BS beam related SLSR and FBR requirement was approved [1], where it pointed out the agreements as follows:
	SLSR and FBR
· Background

· In [2], In order to guarantee the system performance, some declarations related to unwanted spatial emissions should be included in the scope of RAN4 specifications for 5G NR BS in Rel-15.

· Since spatial emissions are associated with the kind of base station and antenna array, for each base station type and antenna array defines a minimum requirement may be challenging in RAN4. 

· For some beamforming algorithms, spatial emissions might be traded against in beam wanted EIRP to optimize performance

· Agreement

· In RAN4-NR#2 meeting (June, 2017), companies encourage to provide the views which is best option.

· Option1: SLSR and FBR should be included as declarations for 5G NR BS in Rel-15. 

· Option2: Side lobe level and front to back ratio potential requirements can be combined into a “emissions spatial mask” declaration

· Option3: Declared The total power that is radiated outside of the 3dB beamwidth within the context of the NR   declarations (assuming similar declarations to AAS with this addition) 
Option 1:
The declaration for option 1 could look like the following (exact wording to be clarified later)
Declaration
Description
Unwanted lobe ratio
The ratio of the beam peak EIRP to the largest EIRP that is radiated outside of the 3dB beamwidth. Declared for every beam identified in D9.3.
Option 2:

The declaration for option 2 could look like the following (exact wording to be clarified later)
Declaration
Description
Unwanted directions set
The set of directions where the AAS BS is intended not to radiated power, declared per EIRP accuracy directions set (D9.8).
Unwanted power level
Maximum power level radiated in the unwanted directions set
Option 3:
The declaration for option 3 could look like the following (exact wording to be clarified later)
Declaration
Description
Out of beam power
The total power that is radiated outside of the 3dB beamwidth. Declared for every beam identified in D9.3.



In this contribution, we will discuss this open issue further and give our views. 
2 Discussion
The WF [1] provides three options for the declaration of SLSR and FBR. Here we will discuss declaration methods for SLSR and FBR based on the examples of AAS BS declaration scripted in TR37.842.
An example of declaration method from AAS
The third example defined in TR37.842 is for TDD AAS BS with user specific beamforming and variable downtilt for the cell wide beams, the cell wide beam is also cell-specific beam. 
	TDD AAS BS doing user specific beamforming and also variable downtilt for the cell wide beams:

The third example is a TDD AAS BS. The BS operates E-UTRA. The BS is TDD and uses reciprocity to perform user specific beamforming (using e.g. TM7 or TM8). The BS also, of course needs to transmit cell wide signals, and can perform steering on the cell wide signals.

Thus the maximum beamwidth will correspond in this case to the widest cell wide signal that the BS can transmit and the minimum beamwidth to the user specific beamwidth. In this case, both types of beamwidth can be steered.

When in real operation with a fading channel, the beam shape may be very non-uniform. For the declarations, the minimum beamwidth regular beamshape and maximum steering directions achieved in a reflection free environment in which the beam shape is pre-selected (i.e. reciprocity algorithms turned off) is declared.”
The declarations for this TDD AAS BS could look as follows:

Table F-3

Declaration identifier

Declaration

Used in requirements

Notes

D9.1

Coordinate system reference pointh

9, 10

Probably in the middle of the column. This declaration would most likely be provided with a vendor diagram.

D9.2

Coordinate system orientation

9, 10

The Θ axis is along the length of the column and the Φ axis across the width (would most likely be provided in a diagram)

D9.3

Beam identifier

9

BID1, BID2, BID3, BID4

DX.X

Equivalent beams

9

BID1 and BID2 are equivalent

BID3 and BID4 are equivalent

D9.4

Beam operating band support

9

BID1,BID2: Band 41
BID3,BID4: Band 41
D9.5

Beam RAT support

9

BID1,BID2: E-UTRA
BID3,BID4: E-UTRA
D9.6

Beam E-UTRA signal band width support

9,10

BID1,BID2: 5, 10, 15, 20 MHz
BID3,BID4: 5, 10, 15, 20 MHz
D9.7

Reference beam direction pair

9

BID1,BID2: (0,0)
BID3,BID4: (0,0)

(All beam peak and beam centre directions align)

D9.8

Reference direction EIRP

9

BID1, BID2: 57dBm

BID3, BID4: 61dBm

D9.10

EIRP accuracy directions set

9

BID1, BID2: As in the following diagram:

 SHAPE  \* MERGEFORMAT 




BID3,BID4: As in the following diagram:


(All beam peak and beam centre directions align)

D9.11

Maximum steering direction(s)

9

BID1,BID2: (0,0), (10, 0)
BID3,BID4: (0, -30), (0, 30), (10, 0), (-10, 0), (0,0)

(All beam peak and beam centre directions align)

D9.12

Maximum EIRP

9

BID1, BID2: 57dBm at (0,0), 56.8dBm at (10,0)

BID3, BID4: 61dBm at(0,0), 60.5 dBm at (10,0) and (-10, 0), 60 dBm at (0,30) and (0,-30)

D9.13

Beamwidth

9

BID1, BID2:  9 degrees in Θ, 60 degrees in Φ at (0,0).10 degrees in Θ, 60 degrees at (10, 0).

BID3, BID4: 9 degrees in Θ, 8 degrees in Φ at (0,0). 10 degrees in Θ, 8 degrees in Φ at (10, 0) and (-10, 0), 9 degrees in Θ, 12 degrees in Φ at (0, 30) and (0, -30). 

D9.14

Narrowest beamwidth in the reference beam direction

9

9 degrees in Θ, 8 degrees in Φ at(0.0)

D9.15

Widest beamwidth in the reference beam direction

9

9 degrees in Θ, 60 degrees in Φ at(0,0)

D9.16

Beamwidth at the highest possible EIRP

9

9 degrees in Θ, 8 degrees in Φ at(0,0)




Declaration method for SLSR and FBR
In Table F-3 above, BID 1 and BID2 are cell-specific beams, and BID3 and BID4 are UE-specific beams. The 2 equivalent beams (one beam per polarization) are declared, i.e. BID1 and BID2 are equivalent, and BID3 and BID4 are equivalent.  

For beam BIDx, we can defined the EIRP radiation pattern at steering direction
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is the beam peak direction which belong to the EIRP accuracy set declared in D9.10 in Table F-3, then the EIRP radiation pattern in 
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plane (also called as horizontal plane) can easily expressed as 
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The BID1 beam is cell-specific beam, and its EIRP radiation pattern in horizontal plane at 
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 (declared in D9.11 in Table F-3) can be expressed as 
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 and plotted in Figure 1. The BID3 beam is UE-specific beam, and its EIRP radiation pattern in horizontal plane at 
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(declared in D9.11 in Table F-3) can be expressed as 
[image: image12.wmf](

)

(

)

3,0,0,

BIDH

EIRP

F

 and plotted in Figure 2. 
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Figure 1  BID1 beam’s EIRP radiation pattern in horizontal plane and its relationship with Maximum sidelobe EIRP and Maximum rearward radiation EIRP
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Figure 2 BID3 beam’s EIRP radiation pattern in horizontal plane and its relationship with Maximum sidelobe EIRP and Maximum rearward radiation EIRP

For Option1 and Option3: The “radiation outside of the 3dB beamwidth” is not reasonable. From the figure 1, the radiation between 3dB beamwidth and sector angle width is the radiation outside of the 3dB beamwidth, but this radiation is not unwanted radiation and is cell coverage radiation. From the figure 2, the largest EIRP that is radiated outside of the 3dB beamwidth is still in the main lobe, which is larger than the sidelobe radiation and rearward radiation (sidelobe level and FBR). Also, if only consider the “the total power” in option 3, the strongest interference in specific direction will be ignored.
For Opiton2,  the unwanted direction set and maximum power level radiated in the unwanted directions set are needed to be declared, which is a reasonable way, but how to define the unwanted directions set need to be further considered. The unwanted directions set is the set of directions where the AAS BS is intended not to radiate power. It is not clear and not relate to SLSR and FBR. We think unwanted direction set can be clearly defined as Maximum sidelobe direction set and Maximum rearward radiation direction set for Maximum sidelobe EIRP and Maximum rearward radiation EIRP respectively. The declaration for Maximum sidelobe EIRP and Maximum rearward radiation EIRP for third example can be defined as the following.
	Declaration identifier
	Declaration
	Used in requirements
	Notes

	D9.xx
	Maximum sidelobe direction set
	9
	BID1, BID2:  
(Θ,  Φ)=(X1,Y1) at (0,0).
(Θ,  Φ)=(X2,Y2) at (10, 0).

BID3, BID4: 
(Θ,  Φ)=(P1,Q1) at (0,0). 
(Θ,  Φ)=(P2,Q2) at (10, 0) .

(Θ,  Φ)=(P3,Q3) at (-10, 0).

 (Θ,  Φ)=(P4,Q4) at (0, 30) .

(Θ,  Φ)=(P5,Q5) at(0, -30). 

	D9.xx
	Maximum sidelobe EIRP
	9
	BID1, BID2:  
EIRPx1 at (Θ,  Φ)=(X1,Y1) EIRPx2 at (Θ,  Φ)=(X2,Y2) 

BID3, BID4: 
EIRPp1 at (Θ,  Φ)=(P1,Q1) 

EIRPp2 at (Θ,  Φ)=(P2,Q2) 
EIRPp3 at (Θ,  Φ)=(P3,Q3) 
EIRPp4 at (Θ,  Φ)=(P4,Q5) 

EIRPp5 at (Θ,  Φ)=(P5,Q5) 

	D9.xx
	Maximum rearward radiation direction set
	9
	BID1, BID2:  
(Θ,  Φ)=(Z1,U1) at (0,0).
(Θ,  Φ)=(Z2,U2) at (10, 0).

BID3, BID4: 
(Θ,  Φ)=(V1,W1) at (0,0). 
(Θ,  Φ)=(V2,W2) at (10, 0) .

(Θ,  Φ)=(V3,W3) at (-10, 0).

 (Θ,  Φ)=(V4,W4) at (0, 30) .

(Θ,  Φ)=(V5,W5) at(0, -30). 

	D9.xx
	Maximum rearward radiation EIRP
	9
	BID1, BID2:  
EIRPy1 at (Θ,  Φ)=(Z1,U1) EIRPy2 at (Θ,  Φ)=(Z2,U2) 

BID3, BID4: 
EIRPq1 at (Θ,  Φ)=(V1,W1) 

EIRPq2 at (Θ,  Φ)=(V2,W2) 
EIRPq3 at (Θ,  Φ)=(V3,W3) 
EIRPq4 at (Θ,  Φ)=(V4,W4) 

EIRPq5 at (Θ,  Φ)=(V5,W5) 




Note: in above table,

1) The (X1,Y1),(X2,Y2),(P1,Q1),(P2,Q2),(P3,Q3),(P4,Q4),(P5,Q5) are examples of  (Θ,  Φ) for Maximum sidelobe direction set .

2) The EIRPx1, EIRPx2, EIRPp1, EIRPp2, EIRPp3, EIRPp4, EIRPp5 are examples of EIRP for Maximum sidelobe EIRP.

3) The (Z1,U1),(Z2,U2), (V1,W1),(V2,W2),(V3,W3),(V4,W4), (V5,W5) are examples of  (Θ,  Φ) for Maximum rearward radiation direction set.
4) The EIRPy1, EIRPy2, EIRPq1, EIRPq2, EIRPq3, EIRPq4, EIRPq5 are examples of EIRP for Maximum rearward radiation EIRP

Based on above analysis we have the following propose. 
Proposal 1:

The declaration for Maximum sidelobe direction set, Maximum sidelobe EIRP, Maximum rearward radiation direction set and Maximum rearward radiation EIRP can be defined as: 

	Declaration identifier
	Declaration
	Description

	D9.xx
	Maximum sidelobe direction set
	The direction set where the maximum sidelobe EIRP is found. 

	D9.xx
	Maximum sidelobe EIRP
	The EIRP at Maximum sidelobe direction set.

	D9.xx
	Maximum rearward radiation direction set
	The direction set where the maximum rearward radiation EIRP is found. 

	D9.xx
	Maximum rearward radiation EIRP
	The EIRP at Maximum rearward radiation direction set.


3 Conclusion
This contribution provides a potential way on how to make the declaration for unwanted spatial emission requirements.
Proposal 1:

The declaration for Maximum sidelobe direction set, Maximum sidelobe EIRP, Maximum rearward radiation direction set and Maximum rearward radiation EIRP can be defined as: 

	Declaration identifier
	Declaration
	Description

	D9.xx
	Maximum sidelobe direction set
	The direction set where the maximum sidelobe EIRP is found. 

	D9.xx
	Maximum sidelobe EIRP
	The EIRP at Maximum sidelobe direction set.

	D9.xx
	Maximum rearward radiation direction set
	The direction set where the maximum rearward radiation EIRP is found. 

	D9.xx
	Maximum rearward radiation EIRP
	The EIRP at Maximum rearward radiation direction set.
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