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Introduction
The study item on new radio access technology was agreed in [1] and RAN1 has kicked off the study on multi-antenna technique as an essential part of the whole new generation of radio access technology. In this contribution, we give our high-level views on the antenna configuration for above 6 GHz in 5G New Radio (NR).
Antenna array model
A 2D planar uniformly spaced antenna array model has been used for FD-MIMO in Rel.13 [2], which is represented by (M, N, P), where M is the number of antenna elements with the same polarization in each column, N is the number of columns and P is the number of polarizations..A configuration supporting hybrid digital-analog beamforming was adopted with TXRU virtualization model. A TXRU model configuration corresponding to an antenna array model configuration (M, N, P) is represented by (MTXRU, NTXRU, P), where MTXRU is the number of vertical TXRUs per polarization, NTXRU is the number of horizontal TXRUs per polarization. Subarray partition model and full-connection model, both of which can be 1D or 2D TXRU virtualization, were commonly used as depicted in Fig 1. The TXRU performs the digital to analog conversion (DAC), upconversion to RF signals, filtering, etc. The TXRU virtualization weights are static or semi-static and often implemented by analog phase shifting forming a wideband beam.
[image: ]
Fig.1 Antenna array model represented by (M, N, P)
The antenna array structures for above 6GHz NR system is captured in [3]. As illustrated in Fig. 2, BS antenna model is a uniform rectangular panel array, comprising MgNg panels, where Mg is number of panels in a column and Ng is number of panels in a row. Antenna panels are uniformly spaced with a spacing of dg,H in the horizontal direction and with a spacing of dg,V in the vertical direction. On each antenna panel, antenna elements are placed in the vertical and horizontal direction, where N is the number of columns, M is the number of antenna elements with the same polarization in each column, and P is the number of polarization dimensions.


Fig. 2 Antenna model for above 6 GHz
The aforementioned modularized antenna structure is easy to implement with any multiples of the antenna element number in one antenna panel, MN, by stacking the panels vertically and horizontally. Hybrid beamforming with both digital precoding/beamforming and analog beamforming is a potential solution for such high dimensional antenna elements. The digital precoding/beamforming is realized in baseband while the analog counterpart can be implemented in every antenna panel. The number of TXRUs in one antenna panel is still under discussion. At least 2 TXRUs, one TXRU per polarization, can be taken as a starting point. In this case, within a panel one TXRU is fully connected to all the antenna elements per polarization to achieve high analog beamforming gain.
Proposal:
· At least 2 TXRUs, one TXRU per polarization, can be a starting point of TXRU number in one antenna panel. In this case, full-connection is employed between one TXRU and all the antenna elements per polarization in one antenna panel.
Antenna panel configurations
In this section, we discuss potential designs for a single antenna panel. 
Single TXRU per polarization
The simplest configuration is one antenna panel with 2 TXRUs, one per polarization. In such a case, a single analog phase shifter group is fully connected to the antenna elements per polarization in one antenna panel to form one beam pattern, as shown in Fig. 3. The analog phase shifter group generates one wideband analog beam at one instant, and changes weights to switch another analog beam pattern in TDM manner. However, analog beam switching time may not be ignored with single analog phase shifter group which may have impact on the frame structure design [4].


Fig. 3 Single TXRU per polarization per antenna panel with full connection model 
Multiple TXRUs per polarization
A more complicated configuration is to integrate multiple TXRUs (K>1) into one antenna panel by means of subarray partition or full-connection, as shown in Fig.4 and Fig. 5. The weights of each phase shifter group can be altered individually. With multiple TXRUs and phase shifter groups, more flexible beam utilization can be achieved. For example, multiple beam patterns can be simultaneously formed to realize multi-beam transmission.


Fig. 4 Multiple TXRUs per polarization per antenna panel with full connection model


Fig. 5 Multiple TXRUs per polarization per antenna panel with subarray partition model
Different from full-connection model, one TXRU in the subarray partition model connects partial antenna elements per polarization in one antenna panel by one phase shifter group. As the number of the antenna elements forming the analog beam is less than that in the full-connection model, the beam pattern becomes wider. But the hardware cost is lower compared with full-connection model, as the phase shifter size is reduced and the combiners are omitted.
Proposal:
· 2K (K>1) TXRUs per antenna panel with both subarray partition model and full-connection model can be considered in NR MIMO study.
Conclusions
This contribution discusses the antenna configuration for NR MIMO and proposes the antenna configuration for above 6 GHz NR. We have the following proposals:
Proposal:
· At least 2 TXRUs, one TXRU per polarization, can be a starting point of TXRU number in one antenna panel. In this case, full-connection is employed between one TXRU and all the antenna elements per polarization in one antenna panel.
· 2K (K>1) TXRUs per antenna panel with both subarray partition model and full-connection model can be considered in NR MIMO study.
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