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1	Introduction
This contribution provides text capturing some of the conclusions in [2] in which SNR equalization is seen as a feasible solution to deal with the handover and beam switching problems when UE is moving in the direction opposite to the pointing direction RRH TX beams. It can be used to extend coverage in areas near to RRH. 
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6.3.8	Beam dwelling time
<Unmodified text omitted >

6.3.8.2	Beam coverage analysis from Nokia
In HST deployment scenarios, the footprint of an RRH beam can be represented by an ellipse as shown in figure 6.3.8.2-1. It is assumed that UE aboard an HST is moving with constant velocity  and its trajectory is a straight line. An RRH is located at the point  in which its antenna array boresight for the th beam is oriented towards a point  which is along the trajectory of UE. 
[image: ]
Figure 6.3.8.2-1: RRH beam footprint
The ellipse centred at  can be expressed as 
           
where
,     
 
,    ,       
From trigonometry,  can be derived from the elevation HPBW , elevation pointing angle , semimajor axis  and the magnitude of  as follows 
 
[bookmark: _Hlk77750708]In the equation of the semi-minor axis,  is the angle between the vectors  and , which can be expressed in terms of the semi-major axis , elevation HPBW  and elevation pointing angle . 
 
Referring to figure 6.3.8.2-1, the segment length of the UE’s trajectory covered by the footprint of beam  is the line segment joining the points  and , which are the intersection points of the ellipse with the line , . In determining these two points, rewriting the ellipse equation as a quadratic equation for  gives
 
where the coefficients are
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The two solutions to the quadratic equation are 
,	 
The segment length  (in metres) of the UE’s trajectory covered by beam  is given by
 
Thus, the dwelling time  (in seconds) for beam  is defined by 
 
In order to determine the width of the footprint provided by beam , it is the points of intersection of the ellipse with a straight line passing through  perpendicular to the line , . The width  (in metres) of the footprint defined by beam  is expressed as 
 
where
,	 
 
 
 
 
Table 6.3.8.2-1 shows the coverage length, width and dwelling time for 3 beams where the boresight is pointing to different positions along the UE’s trajectory for Scenario A. 
Table 6.3.8.2-1: Beam coverage length, width and dwelling time
	,      ,    

	Beam 
	
	
	
	

	0
	
	57 m
	14 m
	0.6 s

	1
	
	244 m
	31 m
	2.5 s

	2
	
	813 m
	60 m
	8.4 s



As can be observed in table 6.3.8.2-1, the beam coverage length shrinks as  decreases, resulting in non-uniform beam coverage. A beam with very short beam segment length  is not useful for HST because the UE may not be able detect it before moving to the adjacent beam. As such, the number of useful beams per RRH can be limited, which depends on deployment scenarios. Referring to the equation of the ellipse, the beam footprint size is a function of the semimajor axis  and semiminor axis . It can be observed from the equation that one key parameter that influences the magnitude of  and  is the elevation HPBW  and azimuth HPBW . This means, those beams with a short segment length can be increased by widening the HPBW. However, it is important to note that antenna array directivity is inversely proportional to the HPBW; that is, a wider HPBW leads to lower antenna-array directivity. As the RRH typically employs uniform rectangular antenna arrays, the directivity  can be expressed in terms of the elevation and azimuth HPBW as [2]
 
For Beam , if  and  are widened by a factor of  and , respectively, the resultant directivity  is
 
Let  denote the original directivity of Beam 0 (where the HPBW is not widened) and dividing it by  yields
     
As compared with ,  is now dropped by the product of  and , where both terms are real numbers. In order to ensure the link budget (or performance) of Beam  is not worse than Beam  as a consequence of using lower directivity, the product () should be bounded by the condition 
,      
where the term  is the ratio of the free space path loss between Beams  and , and for , and . Beam  serves as a baseline beam whose directivity equals the original unenlarged HPBW. When  the drop in directivity for Beam  is equalized by the decrease in free space path loss with reference to Beam . 
Widening the HPBW of beams with a short segment length in coverage areas near to the RRH provides an alternative solution to mitigate the problem identified in clause 6.3.4.1 for unidirectional deployment scenarios, where the UE is moving in the opposite direction to the pointing direction of RRH Tx beams. It can also be used to extend coverage in areas near to RRH in bi-directional deployment scenarios, and to reduce the large propagation delay jump, which causes uplink timing issues.
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