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1. Introduction
The SI proposal “New SID Proposal: Study on New Radio Access Technology” was approved in RAN plenary #71. 
In RAN1 meeting #84bis, following agreement was achieved 

· Largest component carrier bandwidth not smaller than 80 MHz for at least one numerology is supported

· Waveform is based on OFDM 

· Study frame structure(s) supporting at least 

· Study flexible/dynamic TDD, including both downlink and uplink transmissions in the same subframe interval

· Study enhanced massive MIMO analog/digital/hybrid beam-forming 

· Study multiple access mechanisms including UL-grant less transmission, contention-based transmission, non-orthogonal multiple access

· Study flexible duplex

In this document, our preliminary viewpoints regarding the enhancement of massive MIMO is presented in detail.
2. Discussion
As is well-known, current radio spectrum in use has already been so crowded. In order to accommodate the increasing wireless traffic and emerging new services, we have to explore higher frequency and wider bandwidth, e.g. centimeter wave, millimeter wave. For this reason, numerous studies and measurements have been performed. Relatively, higher frequency can be characterized by two remarkable features, severe attenuation in the propagation and shorter wavelength. On one hand, transmission over higher frequency suffers larger path loss due to the absorption by the air and vapor. Consequently, the transmission distance is very limited. On other hand, shorter wavelength enables the deployment of more antenna elements with a given aperture size. In other words, a large number of antenna elements, a.k.a. large-scale MIMO or massive MIMO, can be equipped at the transmitter and/or receiver. In this case, remarkable beamforming gain can be achieved, which can be utilized to compensate the seriously path loss. In this sense, higher frequency enables the deployment of massive MIMO, while massive MIMO can extend the transmission distance of higher frequency.
Observation #1: Higher frequency enables the deployment of massive MIMO, while massive MIMO can extend the transmission distance of higher frequency.

Generally speaking, there are a couple of beamforming schemes, analog beamforming and digital beamforming. The former is performed in the RF frontend, while the latter is achieved in the baseband backend. Analog beamforming is simply realized by a series of phase shifters. Compared to digital beamforming, the control of analog beamforming is less flexible and coarser, e.g. wideband-wise other than subcarrier-wise control granularity. Despite that digital beamforming can achieve higher precision and larger flexibility in the beam steering, considering the huge number of antenna elements, it is not feasible in practice to drive a massive MIMO system using pure digital beamforming, i.e. configure a separate TXRU for each antenna element, due to the intolerable cost and power consumption. Weighing the pros and cons of the both beam steering methods, a compromise scheme should be considered, e.g. each TXRU can drive a groups of antenna elements. In this way, the beamforming is achieved by the close cooperation of the analog RF frontend and digital baseband, i.e. hybrid beamforming. Evidently, hybrid beamforming seems the most promising beam steering strategy for massive MIMO systems, and should be supported.
Proposal #1: Hybrid beamforming seems the most promising beam steering strategy for massive MIMO systems, and should be supported.
For the sake of as large beamforming gain as possible, close loop beamforming is clearly preferred. Therefore, CSIT (Channel State Information at the Transmitter) is indispensable. What is more, CSIT, especially a priori knowledge in spatial domain, must be provided with higher precision and accuracy than that for current spectral range, since the formed beams are extremely directive with very narrow beam width, and the beamforming gain obtained reduces seriously as the spatial deviation from the beam axis, i.e. beamforming impairment, grows. In a word, hybrid beamforming operating over higher frequency is fairly sensitive to the beam steering imperfection, and consequently highly precise CSIT, especially the spatial information, is mandatory for hybrid beamforming system.
Observation #2: Hybrid beamforming operating over at higher frequencies is fairly sensitive to beam steering imperfections.

Proposal #2: Highly precise CSIT (Channel State Information at the Transmitter), especially the spatial information, is essential for hybrid beamforming systems.

Compared to the pure digital beamforming, the newly introduced but extremely limited flexibility in analog beamforming makes the CSIT acquisition rather more complex than ever before. For PMI-based scheme, the corresponding analog beamforming vector, which corresponds to the reported PMI, must be explicitly indicated. Moreover, based on different analog beamforming vectors, the most favorable PMI may be different. Considering the fact that in hybrid beamforming the majority of the gain is provided by analog part, analog beamforming vector must be carefully calculated. As illustrated in Figure 1, once analog beamforming vector is selected, irrespective how digital beamforming vector varies, the formed beam can only be steered within an analog beamforming vector dependent envelope. To this end, traversing all the candidate vectors for analog beamforming is necessary. The traversing can be performed in a serial way in time domain or alternatively in a parallel manner, e.g. different analog beamforming vectors for different TXRU’s. In the cast that different UE’s favor different analog beamforming vectors, the PMI measurement and computing can only be conducted in a TDM way. For CRI-based mechanism, considering the flexible mapping between antenna port and TXRU, different numbers of TXRU corresponding to one antenna port can produce beams with different beam widths and beamforming gains, especially for the non-full-connection TXRU virtualizations, e.g. see Figure 2. As we can imagine, traversing the analog and digital beamforming vectors will definitely consume a large number of CSI processes. The corresponding signaling overhead will also increase. In a word, current conventions for CSIT acquisition are not so efficient for hybrid beamforming. Necessary enhancements or new methods should be considered for CSIT acquisition.
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Figure 1. The relationship between analog beamforming vector and digital beamforming vector
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Figure 2. Beamforming with one antenna port mapping to different number of TXRU’s

Observation #3: Current conventions for CSIT acquisition are not so efficient for hybrid beamforming.

Proposal 3: Consider necessary enhancements or new methods for CSIT acquisition.
From a spectral efficiency perspective, MIMO transmission should be prioritized and utilized as much as possible, especially for MU-MIMO with ideal i.i.d. channel links. Considering the broadcast property of the downlink channel, the multiuser interference must be kept below the tolerance. In hybrid beamforming, however, multiple UE’s can be co-scheduled for MU-MIMO transmission in two possible scenarios: 1) the co-scheduled UE’s prefer the same analog beamforming vector; and 2) the paired UE’s favor different analog beamforming vectors, which can radiate spatially well-separated analog beams, i.e. the envelop of the formed beams when digital beamforming vector varies. Comparing the both cases, the first case can provide larger beamforming gain and should be prioritized. Owing to the constraint in analog beamforming vector, to some extent, the achievable multiuser diversity gain will be reduced. Thus, necessary enhancements to MU-MIMO could be taken into account.
Observation #4: MIMO transmission, especially for MU-MIMO should be prioritized and utilized as much as possible.

Proposal #4: Necessary enhancements to MU-MIMO could be taken into account.

3. Conclusions
In this document, massive MIMO related issues, especially hybrid beamforming were discussed in detail. Based on the discussion, we have following observations and proposals.

Observation #1: Higher frequency enables the deployment of massive MIMO, while massive MIMO can extend the transmission distance of higher frequency.

Observation #2: Hybrid beamforming operating at higher frequencies is fairly sensitive to beam steering imperfections.
Observation #3: Current conventions for CSIT acquisition are not so efficient for hybrid beamforming.
Observation #4: MIMO transmission, especially for MU-MIMO should be prioritized and utilized as much as possible.

Proposal #1: Hybrid beamforming seems the most promising beam steering strategy for massive MIMO systems, and should be supported.
Proposal #2: Highly precise CSIT (Channel State Information at the Transmitter), especially the spatial information, is essential for hybrid beamforming systems.
Proposal 3: Consider necessary enhancements or new methods for CSIT acquisition.

Proposal #4: Necessary enhancements to MU-MIMO could be taken into account.
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