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1 Introduction
We kicked off the discussion on coexistence study for NR in [1], in which we provided our views on how RAN4 should carry out the 5G coexistence study, ranging from methodology, scenarios and assumptions, etc. It was generally agreed that beamforming, which is required to compensate the additional path loss for the high frequencies, needs to be modeled in the coexistence study. It also seemed agreeable that the same coexistence methodology as used for UMTS or LTE, i.e. the Monte-Carlo snapshot based simulation, should be reused. In this contribution, we discuss how beamforming can be modeled in the Monte-Carlo simulation. 
2 Discussion
2.1 Applicable frequency 

As 5G is concerned with frequency up to 100GHz including both below 6GHz and above 6GHz spectrums, it is reasonable to consider if beamforming is needed for both. In general, because of the relatively small difference in path loss and channel characteristics for below 6GHz, it seems ok to conclude beamforming is not necessarily required for coverage. Furthermore, if MIMO techniques are used, the main application scenario is MU-MIMO or spatial multiplexing, i.e. not for compensating the additional path loss. 
In addition, with the introduction of R13 LAA to be deployed in band 46 covering frequency between 5150 MHz and 5925 MHz, it is expected that methodology of defining RF requirements for NR for below 6 GHz could share lots of similarities with that used for LTE. As the purpose of coexistence study is to help define the RF requirements, it is reasonable not to simulate beamforming.
Proposal 1: No beamforming is modeled for below 6GHz frequency in the coexistence simulation.
2.2 Beamforming for above 6GHz frequency 

2.2.1 Beamforming architecture 

Extensive research in both academia and wireless industry has led to a general consensus that the so called “hybrid beamforming” architecture will be adopted to compensate the additional large path loss and at the same being able to contain the implementation complexity to a reasonable level. This hybrid beamforming consists of analog beamforming and digital beamforming, as shown in Fig. 1.
In such architecture, the antennas are considered to be organized into a 2D antenna array. As to how to map the RF chains to each antenna element, there are two TXRU virtualization models, namely sub-array partition and full-connection, considered for EBF/FD-MIMO, as shown in [2]. It is expected similar models are still valid for hybrid beamforming, or massive MIMO in a more general way, in high frequency. 

The number of antenna elements in each array can be referred to [3] and is shown as follows. Note there could be even more antenna elements considered for 70GHz. 
· ~30 GHz & 70 GHz

· NB: Up to 256 Tx and Rx antenna elements

· UE: Up to 32 Tx and Rx antenna elements

· ~4 GHz

· NB: Up to 256 Tx and Rx antenna elements

· UE: Up to 8 Tx and Rx antenna elements

· Sub 1 GHz

· NB: Up to 64 Tx and Rx antenna elements

· UE: Up to 4 Tx and Rx antenna elements
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Figure 1.    Block diagram of hybrid beamforming
Given the large number of antenna elements, the question becomes how we can simulate the beamforming behavior in a way that strikes a balance between accurate modeling of the NR system and some sort of simplification of the simulation to avoid overly complicating the simulation efforts.
2.2.2 Beamforming modeling 

Because of the above two virtualization models and the many possible designs of codebooks, there could be many variations on the resulting beamforming patterns. On top of this, because the resulting beams are very narrow, e.g. with a beam width in the range of 10 degree depending on the number of antenna elements used to form the beam, we also need to consider the scanning pattern in both horizontal and vertical domain. More specifically, the BS needs to switch the beam directions until it covers all the cell area. This is because if a UE is not in the main lobe of a beam transmitted from an interfering BS, it will experience little interference from that interfering BS. It is understood that this scanning pattern may have to be decided in RAN1 after taking into account other design issues such as reference signal design, frame structure, etc.

Overall, it can be seen that the simulation of beam width and the scanning pattern will greatly affect the performance degradation of the victim system. 
To simplify the simulation work while being able to capture the essence of beamforming behavior, we propose to consider the very simple and straightforward codebook design, which is DFT-based beamforming weight-vector codebook. Each codeword can be understood to be representing a beam. Of course, the resolution of the weight-vector codewords and their intended spatial coverage area, both horizontally and vertically, need to be carefully considered. In this way, once the transmitter goes through all the codewords in the codebook, the beam will finish scanning the targeted coverage. 
In each beam direction, we can calculate the gain for a UE that falls into the main lobe from its associated serving BS and obtain the signal power. And if the UE also falls into the main lobe of an interfering BS, the corresponding interference from that BS can also be calculated. Therefore, the SINR can be obtained and throughput can subsequently be obtained through mapping as done before. 
While this method of beamforming is not the only nor the final design choice from RAN1, it should be sufficient for RAN4 coexistence study where the absolute throughput performance matters less than the relative throughput degradation.
Proposal 2: Consider using DFT based codebook as a baseline to simulate the beamforming behavior for above 6GHz frequency in the coexistence simulation. Details are FFS.
2.3 Other issues
There are also some other critical issues to consider that are related to the final detailed beamforming assumption to be agreed on. They include cell layout and size, large scale path loss model, channel bandwidth, etc. Each of them may warrant further detailed discussion.
3 Conclusion

In this contribution, we focus our discussion on whether and how to model the beamforming in the coexistence study for both below and above 6GHz frequencies. There seems no need to model beamforming for below 6GHz spectrum. For above 6GHz spectrum, we propose a simple way to model the beamforming behavior based on our understanding of the hybrid beamforming architecture. In particular, we have the following two proposals: 
Proposal 1: No beamforming is modeled for below 6GHz frequency in the coexistence simulation.
Proposal 2: Consider using DFT based codebook as a baseline to simulate the beamforming behavior for above 6GHz frequency in the coexistence simulation. Details are FFS.
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