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1 Introduction

The continuing growth in demand for better mobile communication experiences drives the evolution of wireless communication technologies. New radio (NR) as the next generation of wireless networks is envisioned to achieve the goals of high data rate, ultra-low latency, and billions devices connection. In [1], the typical scenarios and requirements for NR are identified. 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 is also included to deal 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 NR.
MIMO plays an important role in LTE/LTE-A. In NR, massive MIMO is still important to satisfy the increasing requirements on high data rate and spectrum efficiency from the market and mobile communication. In addition, different from LTE/LTE-A, the network side can dynamically determine the optimal serving TRP set that follows the UE when the UE moves. The combination of massive MIMO and multi-TRP coordination is a promising becoming a potential technology to cope with the TRP coordination issue and improve user experience in NR.
In this contribution, we discuss the motivations for introducing massive MIMO in NR and give our standard considerations on massive MIMO in NR. 
2 Motivations of Massive MIMO 
From [1], we can see that the typical deployment scenarios for eMBB in 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 in NR, the benefits include: 

· 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 a 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 more but narrower beam provides higher degree of freedom (DOF) for the MU pairing.
· Coverage enhancement 
The coverage enhancement is highly desired, especially as the carrier frequency increases. The preliminary link-budget analysis shows the large gap between 2GHz and 4GHz in terms of coverage, e.g., about 28dB [3]. Massive MIMO can take advantage of large scale antenna array to provide the beamforming gain to compensate for the propagation loss, and improve the coverage. 
· Energy efficiency enhancement
Spectral efficiency (SE) has been pursued for several decades in the design of wireless communication systems. However, operators have started to focus on energy efficiency in order to reduce OPEX. Energy efficiency (EE) is defined as the sum data rate divided by the transmit power. 

The Energy efficiency will be enhanced in Massive MIMO system, due to the efficiency of transmit power can be significantly enhanced with the large array gain and multi-user multiplexing gain. 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 Full Digital Beamforming or Hybrid Beamforming
For massive MIMO at a lower carrier frequency (e.g., 4 GHz), the best manner is to exploit a high spatial DOF by using a RF chain behind each antenna element, which is a general architecture in existing deployment. This architecture is feasible when the number of antenna elements deployed is not too large. Following this architecture, frequency-selective beamforming could be operated in baseband digital domain, known as full digital beamforming. However, as the number of antenna elements increases gradually (e.g., up to 256 or even higher), it would be more and more uneconomic to always employ this architecture in terms of costs of RF chains and the constraints in practical deployment. A promising alternative is to use less RF chains than antenna elements, each driving multiple antenna elements with static/non-static analog weights. Thus the beamforming in this architecture is the combination of an analog beamforming and a digital beamforming, named as hybrid beamforming. Under the promise of economy, RF chains to be selected should be as many as possible in order to retain most spatial multiplexing gain for lower carrier frequency. Fig.1 shows a block diagram of hybrid beamforming in a “sub-array” structure, each RF chain is only connected to partial disjoint antenna elements. Different from digital beamforming, analog beamforming is normally implemented by phase shifters with limited resolutions in amplitude and phase, resulting in a wider beamforming.  
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Fig. 1    Block diagram of hybrid beamforming
At higher carrier frequency, due to its unique channel characteristics such as high propagation loss, massive MIMO with even larger number of antenna elements (e.g., up to 256@30GHz and 1024@70GHz) can be used to compensate the channel propagation loss that would result in coverage issues. Considering the implementation costs at TRP and UE side, hybrid array architecture as well as hybrid beamforming is beneficial for higher carrier frequency, in which much less RF chains will be deployed compared with lower carrier frequency.
Proposal 1: Different beamforming types, including full digital and hybrid beamforming should be considered in NR. 
Various array architectures need to be supported for different usage scenarios, however, from the specification point of view, it’s unnecessary that the physical layer procedure is especially designed for a specific array architecture. For example, while a given UE accesses to one beam, it should be transparent to UE that beamforming at TRP is conducted in an analog/digital/hybrid way. UE is expected to operate irrespective of whether full digital or hybrid beamforming is deployed at TRP side. 
Proposal 2: The physical layer procedure design for NR should be agnostic as much as possible to the beamforming type employed at TRP.
3.2 MIMO Configuration and Dimension
Massive MIMO at the TRP can be designed with up to 1024 antenna elements [1] to achieve high beamforming gain and/or multiplexing gain. The beamforming gain improves the control/data plane coverage and the multiplexing gain 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 is the data transmission and demodulation procedure which determines the capability of data transmission from TRP to the UEs. So the massive MIMO dimension related issues, 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 should be carefully studied. 
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, enhancement of receiver capability at UE side is becoming more popular. For NR, the larger number of UE receive antennas should be taken into account in the design of the new air interface.
Proposal 3: Higher-dimensional MIMO at both TRP and UE should be supported to boost capacity and coverage for NR. 
3.3 Frame Structure Consideration Related to Massive MIMO
As mentioned in subsection 3.1, a hybrid beamforming structure is preferable especially for high frequency due to costs consideration, consisting of analog beamforming realized by phase shifters and baseband digital beamforming with reduced dimension.
The analog beamforming requires the ramp-down time for its beam switching operation, where data transmission and reception is unavailable during the analog beam switching time. The frame structure design should take this into consideration: either introduce a guard time or considered into the CP design. This will also impact the data rate matching in user plane channel.
On the other hand, due to high path loss for above-6GHz, the transmission is beam based and hence the key issue is beam alignment between TRP and UE. A potential two-level beam alignment might be considered for coarse and fine alignment, which could be used for initial synchronization and data transmission respectively. In general, how often a certain analog beam needs to be switched depends on how quickly UEs need to acquire the corresponding control/data information while attaching in the cell. In the beam alignment stage, a few candidate beams should be quickly switched, and in the data transmission stage, in contrast,  beam switching will only happen at the beginning of a TTU or subframe. In consequence, from the specification point of view, some dedicated frame structure design should be considered separately for control channel and data channel for above 6GHz. 
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 on the channel characteristics into consideration.

Proposal 4: The impacts of massive MIMO should be taken into account in the frame structure design, including analog beamforming switching time and delay spread after directional beamforming.
3.4 Common Channel Consideration with Massive MIMO
With the increasing of the antenna element number and the extension of the carrier frequency in NR, it brings significant challenges for air interface design such as the coverage issue. For a lower carrier frequency for example at 4GHz , the challenge from the coverage could be on how to provide similar coverage (no need of new base station site acquisitions) as LTE without increasing TRP power for successful roll out of NR. Preliminary link budget analysis indicates that additional gain is needed for NR with a large number of antennas to achieve similar coverage as the LTE systems [3]. For a higher carrier frequency, the main challenge from the coverage is how to compensate the large path loss to guarantee the coverage and the robustness to user mobility.
As a result, the common control channel/signal should be considered with power boosting and beam-based solutions to guarantee the wide coverage by massive MIMO technology. On one hand, wider beam with moderate beamforming gain could cover more area, introduce less overhead of beam scanning and have better performance on user mobility, which is preferable for common control channel. On the other hand, the UE-specific control channel can be steered by the dedicated directional beam with higher beamforming gain, which can further improve the spectral efficiency for control channel. Therefore, beamformed common/UE-specific control channel should be considered in NR. 
 Proposal 5: Beamformed common/UE-specific control channel should be considered.
3.5 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 DOF 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 CSI-RS is one natural evolution path for massive MIMO. In addition, hybrid non-precoded and beamformed CSI-RS could be a 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 NR. In addition, flexible feedback-related mechanism needs to be studied as well, such as traditional digital CSI feedback, analog CSI feedback or hybrid digital/analog approach, and flexible modulation and coding configuration, etc., in order to support the different 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 6: A new CSI acquisition framework should be introduced to obtain more accurate channel state and interference information with higher efficiency.
3.6 High reliability Transmission with Massive MIMO
As discussed in subsection 3.1, hybrid beamforming is suggested for higher carrier frequency. The coverage of one cell could be improved by the utilization of multiple beams. But unfortunately, new mobility issue among virtualized cells (i.e. beams) may emerge with beam based service in NR. In the beam based massive MIMO systems, due to the mobility, the switching or hand over on serving beams will be more frequent. Subsequently unstable directed transmission and even outage problem become more severe. Due to the outage issue brought by frequent switching between beams, the reliability at higher carrier frequency needs to be studied. 

In LTE systems, diversity scheme (e.g. SFBC, FSTD etc.) in time/frequency domain had been widely adopted for robustness, especially for the cases with high mobility. In NR, to address the aforementioned problem, a new beam based diversity scheme is also worth to be studied. 

In addition, beam directed common channels/signals and thereby beam directed cell search/synchronization will be important for NR. Reliability requirement for these channels/signals will be more urgent. Another new diversity scheme in connection aspect can also be considered in NR whereby one UE can simultaneously connect/access to multiple virtual cells with different beam directions. 

Proposal 7: Beam based transmission/connection diversity with massive MIMO should be considered for reliability enhancement in NR.
 In the non-standalone systems, the transmission reliability for higher carrier frequency can further be enhanced by coordination with lower carrier frequency services. In order to avoid frequent handover between beams in higher carrier frequency, some assisted information, e.g. cross-carrier scheduling information can be carried at control channel in lower carrier frequency.   

Proposal 8: Coordination between higher carrier frequency and lower carrier frequency should be considered to enhance beam based reliability in NR.
4 Conclusion
In this contribution, we discuss the motivations of introducing massive MIMO as a key technology in NR and its potential main specification impacts. And there are following observations and proposals,

Proposal 1: Different beamforming types, including full digital and hybrid beamforming should be considered in NR. 
Proposal 2: The physical layer procedure design for NR should be agnostic as much as possible to the beamforming type employed at TRP.
Proposal 3: Higher-dimensional MIMO at both TRP and UE should be supported to boost capacity and coverage for NR. 
Proposal 4: The impacts of massive MIMO should be taken into account in the frame structure design, including analog beam switching time and delay spread after directional beamforming.
Proposal 5: Beamformed common/UE-specific control channel should be considered.
Proposal 6: A new CSI acquisition framework should be introduced to obtain more accurate channel state and interference information with higher efficiency.
Proposal 7: Beam based transmission/connection diversity with massive MIMO should be considered for reliability enhancement in NR.
Proposal 8: Coordination between higher carrier frequency and lower carrier frequency should be considered to enhance beam based reliability in NR.
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