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1  Introduction
The continuing growth in demand for better mobile broadband experiences drives the wireless communication technologies to evolve. The 5G as the next generation of wireless networks is envisioned to achieve the goals of significantly faster data speeds, ultra-low latency, and billions of connected devices. In [1], the typical scenarios and requirements for 5G are identified and described. The usage scenario covers a range of cases, including wide-area coverage and hotspot, each with its different requirements. In addition, new frequency spectrum ranging from sub 6GHz to 100GHz are also included to cope with the challenges of explosive data volume increase. To meet with all these requirements in the different identified scenarios, a new SI [2] on new radio access technology (RAT) was agreed in RAN#71 to identify and develop the key technology components for the new radio (NR).
Technologies of MIMO and coordinated multi-point (CoMP) transmission have been playing an important role in LTE/LTE-A. In the era of 5G NR, massive MIMO is continuously important to address the ever-increasing requirements on data rate and spectrum efficiency from the market and mobile communication society, targeting much wider frequency spectrum and various scenarios. In addition, different from LTE/LTE-A, the network side can dynamically determine the optimal serving TRP set that follows the UE when UE moves. The combination of massive MIMO and multi-TRP coordination is becoming a potential technology to cope with the TRP coordination issue and improve user experience in the NR.
In this contribution, we present our views on the motivation for the adoption of massive MIMO for 5G and discuss the different standardization aspects of massive MIMO. 
2 Motivation of massive MIMO 
From [1], we can see that the typical deployment scenarios for eMBB of NR include indoor hotspot, dense urban, rural, urban macro, and high speed. For the different scenarios, the KPI in terms of data rate, spectrum efficiency, and coverage have also been identified. With massive MIMO, the performance gains and enhancements are: 
· Data rate enhancement
In the typical scenarios of NR (i.e. dense urban, urban macro), it usually requires very high area traffic capacity. Massive MIMO implemented with large number of antenna array is an enabling technology to boost the capacity though both SU MIMO and MU MIMO. Urban scenarios are usually rich scattered environment, and the number of spatial streams for SU MIMO can be increased when a large scale of antenna array is deployed in both TRP and UE. Thus, SU MIMO throughput performance (i.e. peak data rate and peak spectral efficiency) can be improved. 

On the other hand, as the density of UE in the dense scenario is extremely high, it is beneficial to increase the MU MIMO dimension to fully exploit the spatial multiplexing capability. However, it will be challenging to distinguish the UEs in spatial domain and increase the number of the MU pairing users when the UEs are densely distributed. Massive MIMO can increase spatial resolution because narrower beam provides more degrees of freedom for the MU pairing.
· Coverage enhancement 

The coverage enhancement is highly desired, especially as the carrier frequency increases.  The preliminary link-budget analysis shows that large gap between 2GHz and 4GHz in terms of coverage, e.g. about 26dB[3] difference in received signal strength  could result. Massive MIMO can take advantage of large scale antenna array to provide the beamforming gain to compensate for the propagation loss, in order to improve the coverage. 
· Energy efficiency
Spectral efficiency (SE) has been pursued for several decades in the design of wireless communication systems. However, operators put more attention onto energy efficiency in order to reduce OPEX. Energy efficiency (EE) is defined as the sum data rate divided by the transmit power. 

Massive MIMO system built on extremely cheap and low-power RF amplifiers is expected to be more energy efficient, since the transmit power can be significantly reduced owing to the large array gain and multi-user multiplexing gain [4]. It was shown in [4] that for the TRP equipped with M antennas, to achieve the same sum rate as a single antenna system, the transmit power reduces proportionally to 1/M of that needed by TRP, if the TRP perfect CSI is available. Therefore, massive MIMO system is beneficial from the perspective of energy efficiency. 
3 Standardization Considerations 
3.1 MIMO Configuration and Dimension
Massive MIMO at the TRP can be designed with up to 256 antenna elements[1] to achieve high beamforming gain and/or multiplexing gain. The former improves the control/data plane coverage and the latter improves the data throughput. For data plane, there are two crucial procedures for massive MIMO: One is the channel measurement procedure which influences the degree of spatial dimension available at the TRP; the other one is the data transmission and demodulation procedure which determines the capability of data transmission from TRP to the UEs. So the following aspects related to the dimension of massive MIMO such as the number of antenna ports for CSI measurement, the total number of transmission layers for MU-MIMO and the number of transmission layers for SU-MIMO are important specification aspects and they should be studied carefully. 
It is also desirable to increase the UE receive antenna number to improve received SINR and the degree of spatial multiplexing. As the hardware technologies are developing, the minimum UE receive antenna number of four is becoming more popular. As a forward thinking for 5G, the larger number of UE receive antennas should be taken into account in the design of the new air interface.
Proposal 1: In comparison with LTE, the higher-dimensional MIMO at both TRP and UE should be supported to boost capacity and coverage for the new radio. 
3.2 Frame Structure consideration related to massive MIMO
In full digital beamforming, a distinct radio-frequency chain is needed for each antenna element. However, for massive MIMO, it will leads to prohibitively high cost and power consumption. A hybrid beamforming structure can reduce the number of RF chains in order to save cost and power consumption. The overall architecture of hybrid beamforming consists of analog RF beamforming using phase shifters and baseband digital beamforming of reduced dimensions.
The analog beamforming requires the ramp-down time for its beam switching operation, where data transmission and reception is unavailable during the analog beam switiching time. The frame structure design should take this into consideration: either a null CP or a guard time would be needed. This will also impact the data rate matching in data channel.
Furthermore, the channel measurement results show that the beamforming has impacts on the channel characteristics [5]. The delay spread measured with steerable directional antennas is significantly different to the results measured by using the omni antenna. Thus, the length of CP or guard time in the frame structure should take the impacts of beamforming into consideration.
Proposal 2: Design of frame structure should take the effects of massive MIMO into account.
3.3 CSI acquisition framework

To fully utilize the spatial multiplexing gains and the array gains of massive MIMO, knowledge of channel state information at the transmitter is essential. In TDD systems, the CSI can be obtained by exploiting the channel reciprocity using sounding. In FDD system, the CSI has to be obtained through UE measurement and reporting. Compared with traditional MIMO systems, the issue of channel acquisition is much more challenging in massive MIMO systems due to the tremendous channel dimension. Hence, a new CSI acquisition framework should be investigated to resolve this problem.  

As known in LTE, in order to sufficiently utilize the spatial degree of freedom of massive MIMO systems, the number of antenna ports for CSI measurement should be as large as possible. However, simply increasing the number of antenna ports requires RS and CSI reporting design correspondingly, leading to high complexity and overhead issues. Therefore, the selection of the number of antenna port should consider the trade-off between performance and complexity/overhead, and transmission strategy with efficient spatial dimension reduction requires further investigation. To support moderate number of antenna ports, beamformed RS is one natural evolution path for massive MIMO. In addition, hybrid non-precoded and beamformed RS could be another promising way and worth study as well. 

The accuracy of CSI significantly influences how much benefits can be really achieved from large number of antennas. So codebook should be well designed by taking both performance and feedback overhead into consideration. For example, the concept of basis expansion [6] may be adopted to have a robust codebook design. In terms of codebook size, undoubtedly it is preferred to be as large as possible, however, storing, searching over a large-scale codebook and the huge feedback overhead make it unfeasible. In order to reduce these requirements, advanced vector quantization approaches could be considered to search for a best CSI quantization. Another aspect worth investigating is the interference measurement. To achieve better link adaptation than that of LTE, specified UE behavior and appropriate reference signal for interference measurement could be investigated in 5G new radio. In addition, flexible feedback mechanism needs to be studied as well, such as traditional digital feedback, analog feedback or hybrid digital/analog approach, and flexible modulation and coding configuration, etc., in order to support variant requirements on feedback overhead, which is determined by many factors, such as deployment scenarios, the quality of feedback channel, available resources for feedback, the delay tolerance, etc.
 Proposal 3: A new CSI acquisition framework should be introduced to obtain more accurate channel state and interference information with higher efficiency.

3.4 Distributed massive MIMO
The objective of distributed massive MIMO is to reap all the benefits of conventional distributed MIMO but on a much larger scale. Considered as a distributed MIMO technology, CoMP was introduced in LTE-A as a tool to improve the coverage of high data rates, the cell-edge throughput, and also to increase system throughput [7]. 
For Rel-11 DL CoMP, UE performance requirements on the timing offset in the range [-0.5, 2] [7] is currently a limiting factor on the feasible coordination among transmission points out of this range. Due to various deployed scenarios, channel status, and etc., timing offsets out of the required range are very likely to occur. As the enhancement on the receiving capability of UEs, such limitation might be relaxed or even not needed. By such flexibility, it is expected that more distributed TPs can be exploited in a coordinated manner and form a distributed massive MIMO that jointly brings huge improvement in both data rate and system throughput. 
Furthermore, in massive MIMO systems, the beam width becomes narrower, which provides more-refined beamforming. In such case, the multi-point coordination evolves to be a kind of beam-directed coordination. By such transmission, UEs in anywhere of the cell, even for those cell edge UEs, can be served by multiple directed beams from different TPs and experience ubiquitous high data rate. Moreover, the inter-beam interference will become an important issue that needs to be concerned, since it influences performance gains that can be really achieved from the beam-directed coordinated transmission. So how to coordinate and schedule the large numbers of distributed beams in order to suppress the inter-beam interference should be investigated. 
Proposal 4: Advanced distributed multi-antenna technologies should be exploited to meet the new and challenging requirements for 5G.

4 Conclusion
In this contribution, we discuss the motivation to introduce massive MIMO for the NR and its potential key standardization impacts. The following are our proposals:
Proposal 1: In comparison with LTE, the higher-dimensional MIMO at both TRP and UE should be supported to boost capacity and coverage for the new radio. 
Proposal 2: Design of frame structure should take the effects of massive MIMO into account.
Proposal 3: A new CSI acquisition framework should be introduced to obtain more accurate channel state and interference information with higher efficiency.

Proposal 4: Advanced distributed multi-antenna technologies should be exploited to meet the new and challenging requirements for 5G.
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