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1. Introduction

In RAN1#84bis, Uniform 1D/2D rectangular panel array (Panel Model 1) has been introduced for antenna model for NR evaluations [1].
· Define the 1D/2D antenna array as in TR 36.897 as an antenna panel
· Containing (M,N,P) antenna elements following FD-MIMO TR 36.897
· Panel Model 1: Uniform 1D/2D rectangular panel array is illustrated below:
· The antenna panel array has (Mg,Ng) antenna panels per column and row respectively and uniform (dg,H, dg,V) panel spacing 
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2. Needs for more generalized antenna model for UE
Panel model 1 is a good starting point for TRP and UE antenna model. The antenna array model can maximize beamforming gain so that it can compensate severe pathloss at high frequency bands. However, the model itself is too restrictive to represent typical UE antennas with following reasons. 
·  Performance robustness 
· UE rotation/movement: Radiation of panel model 1 is limited to the front direction of the panel so that it cannot capture signals from the rear of the device. Thus, the performance will fluctuate seriously or even connection could be lost when UE rotates.
· Signal blocking by user’s hand or face: If all UE antennas are located in a certain small space, the performance will be very sensitive to blocking by hand, face, or other obstacles. In this regard, typical UE antennas are rather distributed.

·  UE implementation aspects

· In typical UE implementations, various H/W components (e.g. camera, processors, sensors, etc.) should be packed into a small area as well as antennas. In addition, design aspect is also very important. Regarding this, it would not be feasible to have enough ‘square-shaped’ space for UE antennas in some cases because the size of one antenna panel will be a few centimeter square at least.
Observation: Panel model 1 is too restrictive to represent UE antennas, especially when we consider handset type of mobile devices.
3. Proposed UE antenna model 

In this section, we first introduce our idea how we can generalize Panel Model 1 to accommodate abovementioned requirements. Then, we propose a simplified model by focusing on phone-type devices.
In order to resolve the performance robustness issue of Panel Model 1, we can consider attaching multiple panel arrays to different sides of a device. For example, a cube panel array model can be considered as illustrated below. This model is composed of 6 panel arrays where each panel array may consist of uniform 1D/2D array (Panel Model 1). Since each panel array can capture signals from different directions, the performance is expected to be much more robust when UE rotates. Also, some panels can be removed as indicated in dotted lines below to address UE implementation aspects. In summary, this model extends Panel Model 1 from the following two aspects:
1.  Extension to multiple panel arrays to capture/transmit signals from different sides of a device

2.  Give a freedom to exclude some panels to reflect realistic UE antenna implementations
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Figure1. Cube Panel Array
If we focus more on phone-type devices which is most common currently, cube panel array model can be simplified further to bidirectional panel model having only two panel arrays. Bidirectional panel model is introduced and illustrated below.
Bidirectional Panel Model

·  There exist two antenna panel arrays having opposite orientations: a front panel array and a back panel array.
· The distance between panel arrays can be assumed to be zero for simplicity.
·  Each antenna panel array has (Mg, Ng) candidate antenna panels per column and row respectively and uniform (dg,H, dg,V) panel spacing . The existence of antenna panels are given by an Mg by Ng matrix Iq (q=0, 1), a panel selection matrix whose elements are either one or zero. Index q corresponds to the antenna panel array index; q=0 corresponds to front panel and q=1 to back panel.
· Note that (i, j)-th candidate antenna panels of both front panel and back panel have same antenna element positions but opposite antenna radiation patterns.

· Note that panel model 1 corresponds to a special case of this model: I0 is all-ones matrix and I1 is zero matrix.
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Figure2. Bidirectional Panel Array
Several examples of bidirectional panel array are shown in figure 3.
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Figure3. Examples of Bidirectional Panel Array
The bidirectional panel model tackles the performance robustness issue by adapting two panel arrays having opposite orientations. Also, in order to model relatively far and irregularly distributed antenna panels due to hardware design issues, we introduced a panel selection matrix on top of Panel Model 1. The panel model could be still imperfect if we consider various new IoT devices (e.g. cars), however, we believe this model can represent phone-type devices much better than panel model 1 at least.
Proposal: Introduce Bidirectional Panel Model as a baseline for the UE antenna model for NR evaluations.
4. Conclusions

In this contribution, we propose a generalized panel model for UE antenna modeling which can tackle the issues of performance robustness to UE rotation and hand gripping as well as UE hardware implementation issues. 
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