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Introduction
The study item (SI) “Next Generation New Radio Access Technology” was approved at the RAN #71 [1]. The SI aims to develop new radio technologies satisfying the requirements of the 5G wireless networks for the usage scenarios of eMBB, mMTC, and URLLC. The frequency bands that the new radio will use vary from scenario to scenario. For example, carrier frequencies around 4 GHz, 30 GHz, and 70 GHz are assumed for the indoor hotspot deployment scenario. For the dense urban and high speed scenarios, both around 4 GHz and 30 GHz are assumed [2].
Since propagation and channel environments are quite different among the frequency bands, the NR MIMO technology is required to consider the diverse propagation and channel characteristics. In this contribution, the polarized MIMO is suggested for enhancing spectral efficiency of the NR.
Discussion
The multiple-input multiple-output (MIMO) technology enables more reliable and efficient use of wireless resources through spatial diversity and spatial multiplexing, thereby providing significant coverage and capacity gains. One concern of MIMO techniques is that the capacity is highly dependent on the correlation among the antenna elements and the presence of rich scattering environment leading to full channel rank. The channel rank deficiency problem becomes more significant in mmWave bands where line-of-sight (LOS) components dominate the channel. In this situation, antenna polarization can be exploited in MIMO systems to decorrelate between the channels.
Polarization as a wireless resource
The polarization of electromagnetic waves can be used as a wireless resource for improving channel capacity especially in a strong LOS environment where spatial-domain MIMO techniques performs poor. Measurement results show that vertically and horizontally polarized electromagnetic waves maintain their orthogonality with each other in a LOS environment and fade almost independently in many non-LOS (NLOS) environments [3]. Another benefit of using dual-polarized MIMO is the realization of more compact form factor, i.e., the two orthogonally polarized antenna elements can be co-located resulting in zero antenna spacing. 
The evaluation of the dual-polarized MIMO system whether it has potential to achieve higher capacity compared to the conventional single-polarized MIMO system highly depends on the propagation and channel environment such as the degree of antenna correlation, cross-polarization isolation, and NLOS components. Hence, accurate and tractable modeling of polarized MIMO channel is required.
Polarization channel modeling
Actual polarized MIMO channel has many deficiencies such as cross-polarization antenna coupling, channel depolarization effect, cross-polarization power imbalance, and NLOS effect. These effects are characterized by the cross-polarization discrimination (XPD), co-polarization ratio (CPR), and Rician K factor, which will be discussed below. Assuming dual-polarized antennas with horizontally and vertically polarized antenna elements at the transmitter and receiver, these factors will be defined using the following 2-by-2 channel gain matrix:
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Effect of XPD 
XPD is defined as the average channel power gain ratio between the co-polarization and cross-polarization components. The XPD can be represented for each horizontal and vertical polarization components:

According to measurement campaigns, XPD values are between 15 and 19 dB in LOS urban and rural areas and between 4 and 8 dB in NLOS outdoor areas, respectively [4]. There are several reasons of these non-ideal XPD values. In an orthogonal dual-polarized antenna, there is some leakage through antenna surface and RF ports unless the two polarization components are physically separated. Channel depolarization due to the polarization-dependent reflection and scattering is also a major factor contributing to the XPD. Antenna tilting also affects the XPD value.
Assuming identical average channel power gains between the horizontal and vertical polarization components, i.e., , the XPD can be redefined using a single parameter :

Using the XPD parameter, the channel matrix can be represented by [5], [6]:

where

Effect of CPR 
CPR is defined as a measure of the average channel power gain ratio between the two co-polarization components:

Actual measurement results show that the CPR values varies between -4 and 6 dB in indoor environments and between 0 and 6 dB in outdoor environments [4]. 
Effect of NLOS fading
Different from the Rayleigh fading channel, when there exists a LOS component between the transmitter and receiver, the channel matrix can be described as a combination of a fixed (LOS) component  and a random (NLOS) component  using the Rician -factor, as follows [5], [6]:

Capacity comparison: Single-polarized MIMO vs. Dual-polarized MIMO
The capacity evaluation of the dual-polarized MIMO channel can be done by using the generalized MIMO capacity formula [5], [6]:

Using the above defined channel model and capacity formula, we can compare the capacity achieved by the single-polarized MIMO and dual-polarized MIMO systems. The numbers of transmit and receive antennas are . The ergodic capacity results are obtained using the Monte Carlo simulation with 1,000 samples.
Figure 1 shows the ergodic capacity as a function of SNR for single- and dual-polarized MIMO systems. The ergodic capacity with independent and identically distributed MIMO channel is also plotted for a reference. We assumed the following channel related parameters: , , and . We can see that the single-polarized MIMO outperforms the dual-polarized MIMO in the low SNR region, and the dual-polarized MIMO outperforms in the high SNR region. The reasons are [3][6]:
· In the low SNR region, the power loss due to the channel depolarization becomes severe for the dual-polarized MIMO system.
· In the high SNR region, the antenna correlation effect for the dual-polarized MIMO system is significantly reduced.
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[bookmark: _Ref450861503]Figure 1. Capacity vs. SNR for single- and dual-polarized MIMO systems
Observation 1: In terms of ergodic capacity, single-polarized MIMO is preferable in the low SNR region and dual-polarized MIMO is preferable in the high SNR region.
Figure 2 depicts the ergodic capacity as a function of Rician -factor for single- and dual-polarized MIMO systems. The following parameters are assumed: , , and . We can see that the ergodic capacity of the dual-polarized MIMO system increases with -factor while that of the single-polarized MIMO system decreases with -factor. The reason is obvious: as  increases the LOS component becomes more dominant, which is advantageous for the dual-polarized MIMO system but disadvantageous for the single-polarized MIMO system.
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[bookmark: _Ref450864499]Figure 2. Capacity vs. K-factor for single- and dual-polarized MIMO systems
Observation 2: As Rician -factor increases, the ergodic capacity of dual-polarized MIMO increases while that of single-polarized MIMO decreases.
Considering the above capacity comparison results, we have the following proposals:
Proposal 1: The use of dual-polarized MIMO as well as single-polarized MIMO should be considered for the NR for capacity enhancement.
Proposal 2: The selection of MIMO configuration between single- and dual-polarized MIMO should be done based on the specific channel model parameters such as SNR, XPD, and Rician K-factor.
Standardization considerations
Due the use of mmWave frequency bands in the NR, the need for the dual-polarized MIMO transmission is more getting evident. Therefore, more elaboration should be done on the standardization of NR considering standardization impacts of the dual-polarized MIMO.
CSI acquisition
For the support of dual-polarized MIMO, the CSI measurement and feedback procedure should consider some polarization-related information such as XPD, CPR, K-factor, and polarization mismatch due to UE rotation. Since these values do not vary frequently, additional overhead will not be significant.
Precoder design 
New precoder design is required to better support the dual-polarized MIMO, which should be different from the LTE precoder design optimized for the single-polarized MIMO under the rich scattering environment.
Reference signal design
Reference signals of the NR should be designed so as to enable the above CSI acquisition procedure and better support the dual-polarized MIMO as well as the single-polarized MIMO.
Proposal 3: In order to better support the dual-polarized MIMO as well as single-polarized MIMO, some standardization considerations including CSI acquisition, precoder design, and reference signal design should be considered.
Summary
In this contribution, we discuss the use of polarized MIMO for the new radio in various channel environments. We have the following observations and proposals:
Observation 1: In terms of ergodic capacity, single-polarized MIMO is preferable in the low SNR region and dual-polarized MIMO is preferable in the high SNR region.
Observation 2: As Rician -factor increases, the ergodic capacity of dual-polarized MIMO increases while that of single-polarized MIMO decreases.
Proposal 1: The use of dual-polarized MIMO as well as single-polarized MIMO should be considered for the NR for capacity maximization.
Proposal 2: The selection of MIMO configuration between single- and dual-polarized MIMO should be done based on the specific channel model parameters such as SNR, XPD, and Rician K-factor.
Proposal 3: In order to better support the dual-polarized MIMO as well as single-polarized MIMO, some standardization considerations including CSI acquisition, precoder design, and reference signal design should be considered.
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