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1. Introduction
The new radio interface (NR) SI approved in [1] will consider frequency ranges up to 100 GHz with the objective of a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 [2],  including
· Enhanced mobile broadband

· Massive machine-type-communications
· Ultra reliable and low latency communications 

Multi-antenna technique has always been an essential component to meet the spectral efficiency and link robustness requirements of wireless communication. The benefits of MIMO technique can be well summarized in the form of spatial multiplexing gain and spatial diversity gain. With spatial multiplexing, independent data streams are simultaneously transmitted over the same time/frequency resources resulting in a multi-fold increase of spectral efficiency that scales linearly with the number of transmit/receive antennas. Spatial diversity gain on the other hand benefits link robustness by transmitting multiple versions of the same data over different antennas, improving the signal reception quality and coverage. A tradeoff between spatial multiplexing gain and diversity gain is important to address different use cases. For instance LTE control channel is built on spatial diversity due to the need of link robustness and cell wide coverage, while LTE data channel exploits both spatial multiplexing and diversity by choosing the appropriate transmission rank and precoding matrices. 
Over the course of LTE evolution MIMO has been an active standardization area, with at least one MIMO enhancement in each release. In light of the performance requirements on high spectral efficiency, wide cell coverage, massive device connectivity and ultra-reliability low-latency communication in NR, MIMO is expected to play an even more critical role in the new radio. This contribution presents our high-level views on multi-antenna design for NR.
2. General views
The NR interface is expected to support a single technical framework addressing all usage scenarios, requirements and deployment scenarios including eMBB, mMTC and URLLC. The single technical framework is also expected to support different frequency bands including from sub-6GHz up to 100GHz. To avoid technology fragmentation, reduce specification efforts and implementation cost, a single unified MIMO framework that can be adapted to support a wide range of diverse use cases is also desirable for NR. Under the common framework, MIMO transmission can be optimized for different frequency bands, deployment and usage scenarios by choosing differently optimized numerologies, e.g. CSI quantization granularity, feedback delay and as such. 
Proposal 1: A single unified MIMO framework for all frequency bands, deployment scenarios and usage scenarios in NR is desirable, with differently optimized numerologies under the common framework.
2.1. Downlink MIMO
Massive vs. non-massive MIMO

The propagation condition of >6GHz frequency band is more challenging than the current LTE bands due to more severe large and small scale fading loss. Forming narrow digital/analog beams with strong beamforming gain using massive antenna array is a promising technology to mitigate such propagation loss. From this perspective massive MIMO is particularly relevant to high-frequency operation. Meanwhile, legacy non-massive MIMO with a smaller number of digital/RF chains (e.g. <8) is also important, which is applicable to both low frequency bands and high frequency bands. Hence, both massive MIMO and non-massive MIMO shall be considered for NR.
Proposal 2: Both massive and non-massive MIMO shall be studied for NR.

Non-massive MIMO can be supported on both high frequency band and low frequency band with the same massive MIMO framework.  In this case the number of antenna ports can be equal to the number of physical antennas (e.g. wide beam) or smaller than the number of physical antennas (e.g. narrow beam). Hence, both narrow beams and wide beams will be supported, by proper design of RS and measurement behavior corresponding to each beam. Fortunately, whether the RS is beamformed and whether the beam is wide or narrow is transparent to the UE. From 3GPP specification perspective, once the number of antenna ports for a RS resource is defined, the number of physical antennas and digital components is entirely implementation and standard transparent, and only pilot configuration and UE measurement procedures are to be defined. As such, the same feedback and transmission framework can be used to support both massive MIMO and non-massive MIMO deployments, avoiding fragmented specification.

Proposal 3: Support massive MIMO and non-massive MIMO with the same high-level framework.
Non-precoded vs. beamformed RS
Standardization of massive MIMO has been undergoing in LTE in Rel.13 and Rel.14. Although the air interface of LTE and NR are different, NR MIMO should strive to leverage the existing LTE massive MIMO framework, as the fundamental air interface of LTE and NR are both OFDM based. LTE has two different paths of supporting massive antennas, namely, non-precoded RS and beamformed RS. 
· With non-precoded RS, each digital TX chain can be mapped to a unique antenna port. The number of antenna ports ranges from 8 up to 32 in LTE. The advantage of non-precoded RS is that CSI feedback may rely on the traditional codebook-based implicit feedback framework, where a single RI/PMI/CQI report provides complete channel information. Disadvantages of non-precoded RS include very large RS overhead, difficulty in fully using transmit power, reduced cell size, gigantic codebook size and UE implementation complexity. Due to these challenges, non-precoded RS is considered acceptable when the number of digital TX chains is not very high (e.g. max 16 ports in Rel.13, and 32 ports in Rel.14).
· With beamformed RS, digital TX chains are virtualized to a smaller number of “beamformed” antenna ports on which the UE performs CSI measurement. The observed channel at the UE is therefore the “virtualized” effective channel, while the selection of virtualization is entirely an eNB implementation issue (e.g. based on cell topology and UE distribution). In LTE the number of beamformed antenna ports ranges from 1 to 8, and the UE can be configured to measure multiple CSI-RS resources. As the number of antenna ports seen by the UE is capped at a rather small value (e.g. max 8 ports), it is relatively easier to maintain a low RS overhead, full power utilization, low feedback overhead and UE complexity. 
Both non-precoded RS and beamform RS have their pros/cons and should be studied for NR. Considering that the number of antennas may keep increasing in the future (e.g. 1024 in the agreed simulation assumption), beamformed RS might be more future proof as it obviates the need of repeatedly designing new pilot and codebook for each new antenna configuration. This means that the maximum number of antenna ports shall be capped at a reasonably small value.
Proposal 4: Maximum number of antenna port shall be capped at a small value, by beamformed RS. 
Leverage beamformed RS framework in LTE

Beamformed RS has evolved over two releases in LTE (i.e. Rel.13 and Rel.14). Beamformed RS is currently being enhanced in Rel.14, focusing on aperiodic CSI-RS/CSI-IM, hybrid CSI, and (semi)open-loop MIMO. NR MIMO design should leverage the existing LTE beamformed RS features, to benefit from past studies and expedite NR MIMO progress.
Proposal 5: Leverage existing beamformed RS functionality in LTE for NR.
Analog and hybrid beamforming

Beamforming may be performed in digital domain on TXRU at narrowband basis, or in analog domain on phase shifters at wideband basis. TXRU components are more expensive and power-consuming than antenna and analog components. To keep low implement cost while still benefit from massive antenna array, it is attractive to study analog beamforming. As analog beamforming can only be conducted on a wideband basis, adapting the analog beam directions can only be done in a TDM fashion through time-domain switching/sweeping. More studies on efficient analog beamforming or hybrid analog/digital beamforming are necessary for massive MIMO. 
Proposal 6: Study analog beamforming for very large antenna array, e.g. beam switching and sweeping. 
Open-loop MIMO for emerging business opportunities
LTE has been heavily focused on close-loop beamforming, where CSI feedback naturally breaks down when UE speed increases. For NR, practical robustness under high-speed scenarios with open-loop transmission should not be overlooked. High-speed applications are increasingly important for emerging mobile devices and business opportunities as such connected automotives, V2X, and drones for civil and law enforcement, where high-speed robustness is critical.
Proposal 7: Support both close-loop and open-loop MIMO in NR.
Open-loop and close-loop MIMO are separately designed in different transmission modes in LTE, i.e., TM3 and TM4/TM9/TM10. eNB has to choose appropriate transmission mode for UE according to moving speed, robustness requirements, etc. As transmission mode is semi-statically switched, it may not be able to fast track the environment variation. In addition, separate design makes it difficult to achieve robustness and efficiency simultaneously.  Hence, it is desirable to design open-loop MIMO and close-loop MIMO under the same transmission, CSI feedback, and RS framework.
Proposal 8:  Design open-loop MIMO and close-loop MIMO under the same framework.
MIMO for dedicated control 

Accurate CSI at the transmitter is crucial to harness the gain of MIMO. In LTE, CSI feedback and fast link adaptation is only supported for data channel. For dedicated control channel, there is no corresponding CSI feedback, and control channel link adaptation can only be conducted at a slow pace, based on crude long-term channel statistics. For NR, supporting fast link adaptation to dedicated control channel can be considered to improve the control transmission efficiency, reduce inter-cell interference and increase the control channel capacity for massive device connectivity. This can be done by two separate CSI feedback for dedicated control channel and data channel, or alternatively a single unified CSI feedback to accommodate both control and data channel link adaptation. The latter alternative is attractive from UE complexity and eNB scheduling perspective and allows a unified CSI feedback design. To achieve this end, applying the same MIMO transmission scheme and/or pilot reuse for dedicated control channel and data channel may be exploited. 
Proposal 9: Consider fast link adaptation for dedicated control channel, e.g. common CSI feedback and transmission scheme for data and control channel. 
2.2. Uplink MIMO
LTE supports single antenna port and close-loop spatial multiplexing in the uplink. UL precoding matrix is determined by eNB based on SRS measurement, and indicated to the UE via uplink grant. The number of SRS, PUSCH and DMRS ports can be 1, 2 or 4.
With emerging business opportunities in connected automotives, drones, home appliances, data center and security monitoring, UL MIMO could be a very interesting value-adding feature for NR in the next decade. For instance high-order UL MIMO for connected cars is attracting a growing amount of interest, as conventional implementation challenges such as form factor, power consumption, device cost for conventional hand-held devices are much alleviated for cars. In addition to close-loop, open-loop MIMO should not be overlooked. 
Proposal 10: Study up to 8 layer uplink beamforming for close and open-loop transmission.
LTE UL-MIMO is based on close-loop where the precoding vector is selected by the eNB based on SRS measurement. For future eMBB deployment with a massive number of mobile devices this can impose a challenging computational burden on the eNB. As an alternative solution, and especially at high frequency bands where TDD is expected to be more prevalent, UL-MIMO based on channel reciprocity could be studied. In brief the uplink beamforming vector may be determined by the UE by measuring the DL channel. 
Proposal 11: Study uplink beamforming based on TDD reciprocity, especially for high-frequency bands.  

3. Conclusions
In this contribution, our high-level views on NR MIMO design were provided. Following proposals are given:
Proposal 1: A single unified MIMO framework for all frequency bands, deployment scenarios and usage scenarios in NR is desirable, with differently optimized numerologies under the common framework.
Proposal 2: Both massive and non-massive MIMO shall be studied for NR.

Proposal 3: Support massive MIMO and non-massive MIMO with the same high-level framework.
Proposal 4: Maximum number of antenna port shall be capped at a small value, by beamformed RS.
Proposal 5: Leverage existing beamformed RS functionality in LTE for NR.
Proposal 6: Study analog beamforming for very large antenna array, e.g. beam switching and sweeping. 
Proposal 7: Support both close-loop and open-loop MIMO in NR.

Proposal 8:  Design open-loop MIMO and close-loop MIMO under the same framework.
Proposal 9: Consider fast link adaptation for dedicated control channel, e.g. common CSI feedback and transmission scheme for data and control channel. 

Proposal 10: Study up to 8 layer uplink beamforming for close and open-loop transmission.

Proposal 11: Study uplink beamforming based on TDD reciprocity, especially for high-frequency bands.
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