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1. Introduction

In RAN1#72 [1], the following working assumption for calibration was made: 

· For calibration of channel modeling purpose, working assumption is

· K takes two values, 1 and M

· M=10 as baseline, other values FFS

· Vertical antenna spacing is (0.5, 0.8) lambda 

· Complex weight for antenna element m is



where m=1,…,K,        

·     SHAPE  \* MERGEFORMAT 


 is electrical vertical steering angle and the angle is defined between 0° and 180°  (90° represents perpendicular to array).
· The value of  SHAPE  \* MERGEFORMAT 


 is FFS, and taking into account the UE height modeling 

Contrarily in RAN4, the tilting angle in RAN4 specification TR. 37.840 [2] is defined as follows:
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where, 
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 is defined as the down-tilt angle as defined in TR 36.814 (Meaning that for 
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=0 degrees the main beam is pointing perpendicular to the array antenna aperture).
In this contribution, we discuss our views and preferences on how to align RAN1 and RAN4’s coordinate systems. 
2. Position of the Problem
The misalignment of RAN1 and RAN4 definition of tilting angles can be illustrated by the following example:
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These changes significantly impact the definition of array antenna patterns, the definition of elevation angles of departure and arrival, etc. For example:
· AAS weight coefficient in column array pattern in TR. 37.840 [2], p. 27:  
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· Same weight in RAN1#72 [1]: 

 SHAPE  \* MERGEFORMAT 



Thus, there is a need to reconcile both notations in order to avoid confusions and misunderstandings and to keep consistent notations. 

3. Preferred Way-Forward

There are, evidently, two possible approaches to reconcile these discrepancies in the definition of elevation angles in RAN 1 and RAN 4: 

· Alt. 1

· Request from RAN4 to change TR.37.840 and possibly other related specifications, to accommodate the tilting angle definition adopted by RAN 1. 
· Alt. 2
· Have RAN 1 change its current definition of the tilting angle to be aligned with definitions already existent in RAN 4 specs.
Our preference is to Alt. 2, for at least the following reasons: 

· RAN 1’s definition is counter-intuitive as far as tilting angle is concerned, which can be confusing. For instance, a beam with a horizontal maximum beam direction corresponds to a tilting angle of: 
· 0 degrees according to RAN4 conventions.
· 90 degrees according to RAN1 conventions.
· RAN4’s definitions are more meaningful in practice:

· RAN4’s tilting angle definition
· +12 degrees represents a downtilt of 12 degrees

· –12 degrees represents an uptilt of 12 degrees.

· Contrarily in RAN1’s coordinate system:

· 102 degrees represents a downtilt of 12 degrees

· 78 degrees represents an uptilt of 12 degrees.

· Maintaining RAN4’s notations and only making changes to RAN1’s new definition of tilting angle would have almost no impact, because this angle definition has only been used since RAN#72 (2 meetings ago) as a working assumption.
Thus, we propose the following: 

· Proposal:

· Adopt Alt. 2: 

Change (RAN1#72) working assumption definition of electrical tilt angle consisting in viewing the electrical angle as ranging between 0 and 180 degrees to the previous RAN4 definition of elevation angles ranging between -90 and +90 degrees (TR 37.840) with 0 degrees referring to the main beam pinpointing perpendicular to the array antenna aperture.
4. Conclusion

There is a misalignment in the definition of electrical tilt angle between RAN1’s working assumption for calibration of the 3D channel model (RAN1#72) and the RAN4 specification defining the array pattern of an AAS (TR 37.840 [2]): 

· RAN1views the tilting angle as ranging between 0 and 180 degrees, with 90 degrees being the direction “perpendicular to the array” [1]

· RAN4 follows the more intuitive definition of a tilting angle between -90 and +90 degrees, with 0 degrees being the direction perpendicular to the array [2].
To align definitions of tilting angles between RAN1 and RAN4, our preference is to the following: 

· Change (RAN1#72) working assumption definition of electrical tilt angle, consisting in viewing the electrical angle as ranging between 0 and 180 degrees, to the previous RAN4 definition of elevation angles ranging between -90 and +90 degrees (TR 37.840) with 0 degrees referring to the main beam pinpointing perpendicular to the array antenna aperture.
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