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Introduction
In RAN#84bis, it is agreed that 
· Directional antenna is considered for UE with parameters shown in Table 1.
[bookmark: _Ref450810310]Table 1 Antenna element pattern for UE


· For number of UE antenna elements, over-6GHz (30GHz, 70GHz)
· 30GHz: Up to 32 Tx /Rx antenna elements 
· 70GHz: Up to 32 Tx /Rx antenna elements
· Other panel models, including placements and orientation of the antenna panels in the model, are FFS
· [bookmark: _GoBack]For example when the UE antennas are modeled with panels
· For example non uniform panel array for the UE covering different directions
· For example when panels of UE are pointing in different directions
This contribution proposes details for modeling antenna panel placement, UE orientation as well as UE TXRU mapping.
UE antenna modelling
In general, UE antenna is described by Figure 1 where the array comprises MgNg panels.
· Mg: number of panels in a column
· Ng: number of panels in a row
· dg,H: panels horizontal spacing 
· dg,V: panels vertical spacing 
· Each panel is parameterized by (M,N,P). 




[bookmark: _Ref450811223]Figure 1 UE antenna modelling for >6GHz
In order to support UE antenna configuration where antenna panels point to different directions, additional panel orientation parameters are needed for each of the panels. To simplify notation, one could define the UE orientation  as the orientation of the first panel, e.g., , and all other panels’ orientations are defined relative to the first panel, as shown in Figure 2. Specifically, define  as the panel orientation for the panel , , , where  correspond to relative azimuth angle and zenith angle, respectively.
[image: ]
[bookmark: _Ref450815186]Figure 2 Definition of panel orientation w.r.t. to UE orientation/first panel orientation.
When all panels point to the same direction, (, as shown on the left side in Figure 3. By configuring (, panels’ orientations can point to any direction, where an example is given on the right side in Figure 3. Panel spacing dg,H and dg,V  remain unchanged even if non-zero  is configured. Also, note that dg,H and dg,V  can be set to zero to model the case where two panels are completely overlap (and possible point to different directions).
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[bookmark: _Ref450813688]Figure 3 UE panel orientation and UE orientation modelling
Proposal 1: Introduce  for orientation of the panel , , ,  which are defined relative to the first panel . UE orientation is defined as the first panel’s orientation. 
Proposal 2: Panel spacing  remains uniform even if panels are configured to point to different directions.
1.1 UE antenna configuration for simulation
The following configurations are proposed for simulation evaluations. 
Configuration 1): Mg=2, Ng=1,dg,H=0,  dg,V=0, , , (M,N,P) = (4,2,2), dH=[0.6] λ,  dV=[0.6] λ.
In this configuration, two panels are overlapped to each other, and the second panel points to the opposite direction as the first panel. Within each panel, cross-polarized antennas are considered, with 4 columns and 2 rows, totalling 16 elements per panel. Each antenna element is either  polarized or  polarized. Within each panel, the antennas have the same polarization are connected to a same TXRU and each panel connects to 2 TXRUs. So, in this configuration, the UE is configured with 4 TXRUs in total.
[image: ]
Figure 4 UE antenna configuration 1
Configuration 2): Mg=2, Ng=1,dg,H=0,  dg,V=0, , , (M,N,P) = (4,4,1), dH=[0.6] λ,  dV=[0.6] λ.
In this configuration, two panels are overlapped to each other, and the second panel points to the opposite direction as the first panel. Within each panel, single-polarized antennas are considered, with 4 columns and 4 rows, totalling 16 elements per panel. Each antenna element is either  polarized or  polarized. Each panel is connected to a TXRU and the UE is configured with 2 TXRUs in total.
[image: ]
Figure 5 UE antenna configuration 2
Proposal 3: Adopt Configuration 1 and 2 as baseline for simulation evaluations. 
Channel generation for UE antennas
When all panels point to the same direction, one global to local coordinate transformation is needed to generate channel coefficients [1], where the transformation is a function of the orientation for the entire antenna array (in case of eNB, it depends on sector angle and mechanical downtilt angle).  When panels possibly point to different directions, each panel requires a global to local coordination and channel coefficient shall be generated per panel basis. In this case, the channel generation for each panel is similar to that for one sector belonging to a same site. 
Proposal 4: For each UE antenna panel, generate channel coefficients by treating the panel as a sector in a site. 
Conclusion
Proposal 1: Introduce  for orientation of the panel , , ,  which are defined relative to the first panel . UE orientation is defined as the first panel’s orientation. 
Proposal 2:  remains uniform even if panels are configured to point to different directions.
Proposal 3: Adopt Configuration 1 and 2 as baseline for simulation evaluations. 
Proposal 4: For each UE antenna panel, generate channel coefficients by treating the panel as a sector in a site. 
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UE antenna radiation pattern model 1
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		Combining method for 3D antenna element pattern (dB)
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Note:  are in local coordinate system.
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UE a ntenna radiation pattern   model 1  


Parameter  Values  


Antenna element   radiation  pattern  in  ?? ''   dim  (dB)  ?? ?? , ?? ?? '' = - ?????? 12 ?? '' - 90 0 ?? 3 ???? 2 , ?????? ?? , ?? 3 ???? = 90 0 , ?????? ?? = 25  


Antenna element   radiation  pattern  in  ?? ''   dim  (dB)  ?? ?? , ?? ?? '' = - ?????? 12 ?? '' ?? 3 ???? 2 , ?? ?? , ?? 3 ???? = 90 0 , ?? ?? = 25  


Combining method for 3D  antenna element pattern (dB)  ?? '' ?? '' , ?? '' = - ?????? - ?? ?? , ?? ?? '' + ?? ?? , ?? ?? '' , ?? ??  


Maximum directional gain of an  antenna element  G E,max  5   dBi  


  Note:    ( ?? '' , ?? '' )   are in local coordinate system.  
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UE a ntenna radiation pattern   model 1  

Parameter  Values  

Antenna element   radiation  pattern  in  𝜃 ′′   dim  (dB)  𝐴 𝐸 , 𝑉 ሺ 𝜃 ′′ ሻ = − 𝑚𝑖𝑛 ൥ 12 ቆ 𝜃 ′′ − 90 0 𝜃 3 𝑑𝐵 ቇ 2 , 𝑆𝐿𝐴 𝑉 ൩ , 𝜃 3 𝑑𝐵 = 90 0 , 𝑆𝐿𝐴 𝑉 = 25  

Antenna element   radiation  pattern  in  𝜑 ′′   dim  (dB)  𝐴 𝐸 , 𝐻 ሺ 𝜑 ′′ ሻ = − 𝑚𝑖𝑛 ൥ 12 ቆ 𝜑 ′′ 𝜑 3 𝑑𝐵 ቇ 2 , 𝐴 𝑚 ൩ , 𝜑 3 𝑑𝐵 = 90 0 , 𝐴 𝑚 = 25  

Combining method for 3D  antenna element pattern (dB)  𝐴 ′′ ሺ 𝜃 ′′ , 𝜑 ′′ ሻ = − 𝑚𝑖𝑛 ൛ − ൣ 𝐴 𝐸 , 𝑉 ሺ 𝜃 ′′ ሻ + 𝐴 𝐸 , 𝐻 ሺ 𝜑 ′′ ሻ ൧ , 𝐴 𝑚 ൟ  

Maximum directional gain of an  antenna element  G E,max  5   dBi  

  Note:    ( 𝜃 ′′ , 𝜑 ′′ )   are in local coordinate system.  
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UE a ntenna radiation pattern   model 1  

Parameter  Values  

Antenna element   radiation  pattern  in  ?? ''   dim  (dB)  ?? ?? , ?? ?? '' = - ?????? 12 ?? '' - 90 0 ?? 3 ???? 2 , ?????? ?? , ?? 3 ???? = 90 0 , ?????? ?? = 25  

Antenna element   radiation  pattern  in  ?? ''   dim  (dB)  ?? ?? , ?? ?? '' = - ?????? 12 ?? '' ?? 3 ???? 2 , ?? ?? , ?? 3 ???? = 90 0 , ?? ?? = 25  

Combining method for 3D  antenna element pattern (dB)  ?? '' ?? '' , ?? '' = - ?????? - ?? ?? , ?? ?? '' + ?? ?? , ?? ?? '' , ?? ??  

Maximum directional gain of an  antenna element  G E,max  5   dBi  

  Note:    ( ?? '' , ?? '' )   are in local coordinate system.  

     For n umber of  UE   antenna elements , o ver - 6GHz   (30GHz, 70GHz)   o   30GHz: Up to 32 Tx /Rx antenna elements    o   70GHz: Up to 32 Tx /Rx antenna elements      Other panel models, including placements and orientation of the antenna panels in the model, are FFS   o   For example   when the UE antennas are  modeled   with panels   o   For example non uniform panel array for the UE covering different directions   o   For example when panels of UE are pointing in different directions   This contribution proposes details for modeling antenna panel  placement, UE orientation as well as UE TXRU  mapping.   2   UE antenna modelling   In general, UE antenna is described by  Figure  1   where the   array   compris es   M g N g  panels .      M g :  number of panels in a column      N g :  number of panels in a row      d g,H :  panels  horizontal   spac ing        d g,V :  panels  vertical   spac ing        Each   panel is parameterized by ( M,N,P ).     

