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Introduction
At the RAN #71 meeting, a new study item on new radio (NR) access technology was approved [1], which targets at investigating the non-backward-compatible radio technologies that can fulfill the requirement for the next generation cellular system. In order to provide high data rate transmission, on one hand, technologies are developed to further enhance the spectrum utilization efficiency; on the other hand, utilizing new frequency bands, especially using the rich spectrum in high frequency bands is taken into account. In both cases, technologies exploiting larger antenna arrays are considered to be fundamental. In the low frequency band, larger antenna arrays can be used for boosting the capacity by exploiting the spatial diversity and/or high order spatial multiplexing. Technologies can be developed based on the existing LTE specifications, especially the recent Rel. 13 EB/FD-MIMO [2] and the Rel. 14 eFD-MIMO technologies [3]. At the high frequency band, one critical issue is to solve the coverage issue. This may not only impact the data transmission rate, but also the establishment of reliable radio link. In this contribution, we present general views on multi-antenna technologies for NR interface.
Discussion 
2.1 Frequency range above 6 GHz
· Requirements
In RAN1 #84bis and subsequent e-mail discussion [4], there were intensive discussions on antenna configurations for higher frequency bands. It was concluded that eNB installs up to 256 and 1024 antenna elements (AEs) for the carrier frequency of 30 and 70 GHz, respectively. As is well known, eNB can generate beams with large gain according to the increase in the number of AEs. On the other hand, it also means that eNB requires finer CSI in order to determine a precoder with large gain. CSI acquisition schemes for NR should be designed with feasible overhead for downlink/uplink RS and CSI feedback. In addition, the CSI acquisition schemes should be flexible enough to support different deployment scenarios. That includes antenna structures, e.g., number of AEs, arrangement of AEs, virtualization schemes, frequency bands, duplex schemes, etc.
Proposal 1: Following requirements should be considered for NR MIMO design.
· Feasible overhead for DL/UL RSs and feedback
· Versatile technology for different
· Antenna configurations (e.g., number/arrangement of antenna elements and virtualization)
· Frequency bands (e.g., low frequency to mmWave
· Duplex schemes, e.g., FDD/TDD/eTDD
· Data-Plane Channels/Signals
Beamforming, SU-MIMO and MU-MIMO
In the 5G channel modeling SI, we’ve been studying and modeling propagation property for frequency above 6 GHz. One of the notable characteristic is frequency dependency of the pathloss. Fig. A1 shows link budget comparison for 2 and 30 GHz in UMa scenario with major assumptions in Table A1. It is observed that the normalized Rx power is significantly reduced with approx. 46.5 dB due to smaller Tx power density and larger pathloss for 30 GHz case. From the results, we expect large coverage loss especially for NLOS and indoor environments. In order to overcome this inferior propagation property, beamforming with large gain will be fundamental in NR design. Here, three scenarios were identified as potential deployment for higher frequency operation, which are indoor, dense urban and UMa scenarios [5]. These scenarios are generally rich scattered environment and SU-MIMO should be applied as basic NR MIMO technologies together with beamforming. In addition, MU-MIMO may exploit some benefits from dense environments. This is because, it is relatively easier to find co-scheduling UEs, which are spatially separated to each other. In addition, large antenna array for NR has potential for generating MU beams with low inter-user interference. Some technologies for Rel. 13/14 FD-MIMO, e.g., NP/BF CSI-RS, aperiodic CSI-RS, flexible codebook, beam selection, hybrid schemes, MR, etc., can be also studied for NR. Further study for larger array (finer CSI feedback) and reciprocity based CSI acquisition should be also conducted.
Blockage effect
For higher frequency bands, propagation paths are significantly affected by blockage, since diffraction can’t be dominant any more. It is very important that BS-UE connection is maintained, even if the dominant path is blocked by obstacles. In this sense, we need to clarify how severely blockage affects coverage and throughput. Further enhancements can be discussed, if it is identified as necessary. This issue can be solved by switching beams (connections), which can be performed within serving cell and/or with neighboring cells. 
Multi-cell association
In order to resolve increased pathloss and blockage effect, multi-cell association can be studied. The potential scheme includes dynamic point selection (DPS)/dynamic point blanking (DPB), joint transmission (coherent transmission), coordinated scheduling and precoding, and distributed MIMO.
Interference measurement
According to the increase in beamforming gain, interference level fluctuates more significantly and dynamically, i.e., flush-light effect. One of the possible problems is performance degradation due to strong interfering beams. The degradation can be relaxed by not allocating strong interfering beam. Another problem can be degradation of link adaptation, e.g., MCS selection. Further optimization for the interference measurement, which is suitable for dynamic fluctuation, can be considered. In addition, it can be beneficial that RAN1 studies interference measurement scheme for reciprocal systems, which will be more common for higher frequency.
Proposal 2: Beamforming, SU-MIMO and MU-MIMO should be studied for higher frequency NR together with optimization for massive array and reciprocal systems.
Proposal 3: Following issues should be studied for higher frequency.
· Impact of blockage effect and possible solutions
· Effect of multi-cell association technology
· Interference measurement schemes (e.g., flush-light effect and measurement for reciprocal systems)
· Common Channels/Signals
[bookmark: _GoBack]One of the biggest challenge for higher frequency NR is coverage enhamcentnt for common channels/signals such as syncronization signals, physical broadcast channels, etc. It is more problematic for initial connection, where preriminary information regarding network configurations and CSI are not available. One potential solution is to apply beamforming for common channels/signals. In this case, multiple narrow beams are used in order to obtain enough coverage in terms of distance and direction. The details for the beam sweeping such as required number of beams, whether the beam can be reused for data-plane channels/signals, etc. are to be studied. The scheme should be studied with other technologies such as repetition, power boosting and SFN transmission and compared in terms of achievable coverage, signal overhead, control delay, PAPR, etc. Detailed discussion for initial connection is presented in our companion contribution [6].
Proposal 4: For higher frequency, effect of beamforming on common channels/signals should be studied together with other potential technologies such as repetition, power boosting and SFN transmission.

· Transceiver Architecture
Figure 1 shows three different implementations for the beamforming operation. For LTE/LTE-Advanced, system was designed with the assumption of baseband beam control, i.e., digital beamforming. For higher frequency, however, it may not be feasible to support full digital beamforming due to the cost of hardware implementation. In that sense, analog beamforming or hybrid beamformig shall be considered for NR system design. For analogue beamforming, beam is controlled by dynamically adjusting phase for each antenna. It should be noted that analogue beamforming doesn’t allow frequency-selective precoding, since phase rotation is common for system bandwidth. The NR system should be designed to allow the restriction.
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(a) Digital beamforming                  (b) Analogue beamforming                   (c) Hybrid beamforming
Figure 1: Transeiver architecture
Proposal 5: Multi-antenna technologies for NR should be applicable for hybrid beamforming (or analogue beamforming).
2.2 Frequency range below 6 GHz
We have been studying LTE/LTE-Advanced systems for frequency range below 6 GHz. MIMO technologies should rely on beamforming centric manners, since it has been shown to be efficient for LTE/LTE-A discussion and also aligned to the design above 6 GHz. However some enhancements and modifications are required in order to improve system performance and remove obsolete functionality, which mainly has been left in order to achieve backward compatibility. As an example, CRS can be simplified/eliminated in NR, since the functionality is superseded by CSI-RS and DM-RS. In addition, open-loop scheme can be beneficial for mMTC and URLLC scenarios. 
Proposal 6: For frequencies below 6 GHz, beamforming can be applied both for common and data-plane channels/signals, although details should be discussed together with the design for over 6 GHz. 
Summary
In this contribution, we presented general views on multi-antenna technologies for NR interface. Based on the discussion, we made the following proposals.
Proposal 1: Following requirements should be considered for NR MIMO design.
· Feasible overhead for DL/UL RSs and feedback
· Versatile technology for different
· Antenna configurations (e.g., number/arrangement of antenna elements and virtualization)
· Frequency bands (e.g., low frequency to mmWave
· Duplex schemes, e.g., FDD/TDD/eTDD
Proposal 2: Beamforming, SU-MIMO and MU-MIMO should be studied for higher frequency NR together with optimization for massive array and reciprocal systems.
Proposal 3: Following issues should be studied for higher frequency.
· Impact of blockage effect and possible solutions
· Effect of multi-cell association technology
· Interference measurement schemes (e.g., flush-light effect and measurement for reciprocal systems)
Proposal 4: For higher frequency, effect of beamforming on common channels/signals should be studied together with other potential technologies such as repetition, power boosting and SFN transmission.
Proposal 5: Multi-antenna technologies for NR should be applicable for hybrid beamforming (or analogue beamforming).
Proposal 6: For frequencies below 6 GHz, beamforming can be applied both for common and data-plane channels/signals, although details should be discussed together with the design for over 6 GHz. 
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(a) 2 GHz
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(b) 30 GHz
Fig. A1: Link budget for UMa scenario
Table A1: Simulation assumptions
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Rel. 13 3D-UMa NR UMa

Tx Power (dBm) 49.0 43.0

Carrier frequency (GHz) 2 30

System bandwidth (MHz) 20 1000

Tx Ant. gain + connector loss (dB) 17.0

Penetration loss (dB) 22.4 38.5

Indoor pathloss (dB) 0

Shadow fading N/A


image1.emf
Baseband

precoder

1

S

1

N

D

DAC

DAC

1

DAC

2

N

A

1

Phase shifters

Baseband

precoder

1

S

1

DAC

2

N

A

1

DAC

2

N

A

N

D


