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1 Introduction
In RAN4#82bis meeting, a WF on the new requirement was agreed [2], where it pointed out the open issues as follows:
· For potential requirements No.1 to 5, interested company continue to contribute based on [1].

· Note that No.6 in R4-1700273[3] will be removed as a candidate requirement.

· Additional comments received in on-line/off-line will be taken into account.

· Decide the requirement(s) to be specified (if needed) by RAN4#3-NR(June). After that RAN4 needs to continue the discussion on the detail of the requirement by November (if needed). 

In this contribution, we will discuss this open issue further and give our observations. 
2 Discussion
There are many contributions discussing beam related requirement. Here we will discuss the EIRP envelope curve and beam steering speed requirement based on our simulation result.
EIRP envelope curve
For EIRP envelope curve, it is related to the following questions:
1) What coverage area (or angle range or direction range) can be used to define EIRP envelope curve core requirement?

2) What parameter (or equation) can be used to represent the EIRP envelope curve performance in coverage area? And how to test this parameter?
Coverage area for EIRP envelope curve
In the typical 3-sector deployment, each sector angle range in horizontal plane is 120degree, but the 120degree sector coverage is covered by a typical horizontal HPBW 65 degree cell specific beam. Generally, the HPBW and Ripple in HPBW angle range of this typical 65 degree cell specific beam are strictly required. The EIRP performance in HPBW angle range (such as horizontal plane 65degree) is very important. So, the HPBW angle range of typical cell specific beam for typical 3-sector deployment can be considered for coverage area for defining EIRP envelope curve core requirement of beam switching.  A normalized 65 degree cell specific beam (black line) of The 4 column 15dBi dual polarized smart antenna is shown in Figure 1. The 4 column 15dBi dual polarized smart antenna is modelled in Table A-1, Table A-2 and Table A-3 in Appendix.  Based on above discussion, we can give an observation,
Observation1:
The HPBW angle range of typical cell specific beam for typical 3-sector deployment can be considered for coverage area for defining EIRP envelope curve core requirement of beam switching.
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Figure 1, normalized EIRP pattern of the cell specific beam and beam0 and beam1
Parameter representing the EIRP envelope curve performance
For beam switching, the coincidence point between beam and beam is very important for the EIRP envelope curve. It is difficult to find (or calculate) the coincidence point between the one beam peak direction and another beam peak direction because the two adjacent beams do not exist at the same time. 
If beam switching step size is X, we can define the coincidence point is X/2 shown in Figure1. The [gap](the name can be FFS) between EIRP of beam0 at beam0 peak direction and EIRP of beam1 at X/2 direction can be defined as following, beam0 and beam1 are shown in Figure1, We can use the following equation to describe the EIRP envelope curve performance in coverage area.
   Gap = EIRP_beam0 at beam0 peak direction – EIRP_beam1 at X/2 direction.                                                 Equation1
The beam0 (red line) shown in Figure1 is the normalized UE-specific beam steered at maximum peak EIRP direction. The 1dBBW, 2dBBW, 3dBBW, and 4dBBWof beam0 are calculated and shown in Table 1. 
Table 1 different dB beamwidth of beam0 (red line)
	
	1dBBW
	2dBBW
	3dBBW
	4dBBW

	Beam width
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It’s obvious that the envelope of the beam switching is affected by the beam switching steps. To evaluate the envelope, the XdB Beam widths of beam 0 (which can be considered as beam at reference beam direction) used as angle step size of beam switching. Figure 2-5 show the evaluation results for different beam switching steps. In Figure 2, the gap is -1.105dB @-7degree for beam switching with 15degree step size (1dBBW of beam0). In Figure 3,  the gap is -2.083@-11degree for beam switching with 22degree step size (2dBBW of beam0). In Figure 4, the gap is -2.867@-13degree for beam switching with 26degree step size (3dBBW of beam0). In Figure 5, the gap is -3.748@-15degree for beam switching with step size 30degree (4dBBW of beam0).  The details are concluded and shown in Table 2. 
Table 2 gap with different beam switching step size
	
	1dBBW
	2dBBW
	3dBBW
	4dBBW

	Beam width (degree)
	15
	22
	26  
	30
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(degree)
	-7.5
	-11
	-13
	-15

	Gap
	-1.105dB @-7degree
	-2.083dB@-11degree
	-2.867dB@-13degree
	-3.748dB@-15degree


Based on the above beam switching result, we can find the gap is related with the XdBBW of max EIRP beam (beam0). The [X] dB can be used for gap defined in equation1 for representing EIRP envelope curve and [X]dB beam width of beam can be defined as beam switching step sie and declared by vendor. 
Observation 2:
[X]dB can be used for gap defined in equation 1 for representing EIRP envelope curve, [X]dB beam width of beam at reference beam direction can be defined as beam switching step size and  declared by vendor
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   Figure 2,  Beam switching with step size 15degree equal to 1dBBW of beam0
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   Figure 3, Beam switching with step size 22degree equal to 2dBBW of beam0
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Figure 4, Beam switching with step size 26degree equal to 3dBBW of beam0
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Figure 5, Beam switching with step size 30degree equal to 4dBBW of beam0
Beam switching speed
Beam switching speed highly depends on the BS implementation in terms of digital beam switching and analog beam switching.

The full digital beam switching of an AAS BS is usually digitally controlled in baseband of the BS. he Beam switching time for this kind of BS is very short, and can be ignored. So the Beam switching speed of  BS with full digital beam forming capability  need not to be considered. 
But for some BS above 6GHz, the beam switching may need to be done by analog beam forming. In this case, the beam switched delay of a digitally controlled analog phase shifter (belonging to a passive device), and the control delay of the interface circuit between the digital controller and the analog phase shifter will affect the beam switching time. Beam switching time requirement may need to be considered for this kind of BS otherwise the beam management performance may be impacted. So we obtain observation.
Observation 3:
Beam switching speed highly depends on the BS implementation. Requirements may need to be defined for the AAS BS with analog beam forming.
3 Conclusion
This contribution provides some observation based on beam switching simulation results.
Observation1:
The HPBW angle range of typical cell specific beam for typical 3-sector deployment can be considered for coverage area for defining EIRP envelope curve core requirement of beam switching.

Observation 2:
[X]dB can be used for gap defined in equation 1 for representing EIRP envelope curve, [X]dB beam width of beam at reference beam direction can be defined as beam switching step size and declared by vendor
Observation 3:
Beam switching speed highly depends on the BS implementation. Requirements may need to be defined for the AAS BS with analog beam forming.
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5 Appendix 
Table A-1: composite element pattern for antenna array model[4]
	Horizontal Radiation Pattern
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	Horizontal half-power bandwidth of single array element
	For multi-column antenna: 90º

	Front-to-back ratio
	Am  = 30

	Composite Element Gain without antenna losses
	For multi-column antenna: GE,max = 15 dBi


Table A-2: Array radiation pattern for UE specific beamforming [4]
	Configuration
	Multiple columns (1xNH elements)

	Array radiation pattern in dB 
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	For beam:
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the super position vector is given by:
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the weighting is given by:
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	Configuration of Multiple columns (composite elements) per poloarization (Row×Column)
	(Row×Column)=(1x4)
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	Horizontal radiating element spacing dH/ λ 
	0.5


                                     Table A-3: Array radiation pattern for cell- specific beamforming[4]
	Configuration
	Multiple columns (1xNH elements)

	Array radiation pattern in dB 
[image: image14.wmf](

)

A

A

f


	For beam:
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the super position vector is given by:
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the weighting is given by:
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	Configuration of Multiple columns (composite elements) per poloarization (Row×Column)
	(Row×Column)=(1x4)

[image: image18.wmf]4

H

N

=



	Horizontal radiating element spacing dH/ λ 
	0.5
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