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1. Introduction
Multi-antenna is one of the most important elements that stimulate the evolutionary process of wireless technology and standards in the past two decades. For the next generation NR [1], it is still going to be the driving force from technology perspective. With recent academic and industrial development, it becomes possible to implement large scale MIMO systems. The claimed gains of large scale MIMO system mainly lies in the following aspects: 
· Spectral efficiency: with increasing number of antenna elements, more UE could be multiplexed in the same resources, spectral efficiency would be largely increased;
· Energy efficiency: with increasing number of antenna elements, the transmitted beam would become narrower, thus for the same signal strength at the receiver, it would need less transmit power; this is beneficial from the perspective of energy efficiency;
· Interference mitigation: with increasing number of antenna elements, simple MRC (maximum ratio combination) and MRT (maximum ratio transmission) schemes would approach non-interfered system;
But to achieve the above claimed gains, assumptions are made like perfect CSI at the transmitter, digital TRXU at every antenna element, etc. These assumptions are hard to satisfy in practical system, if not impossible. In this contribution, we list our considerations on NR MIMO design based on practical deployment scenarios. 
2. Scenarios
Three usage scenarios for NR are identified as eMBB, mMTC and URLLC in Recommendation ITU-R M.2083. In the ongoing RAN study on scenarios and requirements for NR[2], deployment scenarios for each usage scenario is further elaborated. The expected number of antennas and corresponding carrier frequency is listed in the following table. Note that the following number of antennas is still working assumption, RAN1 still “needs to strive to meet the target with typical antenna configurations.” Also note that in the latest RAN1 email discussion, people are expecting even greater number of antennas to be deployed. Some companies believe the maximum number of antenna element should be set to 1024 in 30 GHz and 70GHz. 

	Scenarios
	Carrier frequency
	Expected number of antennas of eNB
	Expected number of antennas of UE

	Indoor hotspot
	Around 30GHz or Around 70GHz
	Up to 256 Tx and Rx antenna elements
	Up to 32 Tx and Rx antenna elements

	
	Around 4GHz
	Up to 256 Tx and Rx antenna elements
	Up to 8 Tx and Rx antenna elements

	Dense Urban
	Around 30GHz
	Up to 256 Tx and Rx antenna elements
	Up to 32 Tx and Rx antenna elements

	
	Around 4GHz
	Up to 256 Tx and Rx antenna elements
	Up to 8 Tx and Rx antenna elements

	Rural
	Around 4GHz
	Up to 256 Tx and Rx antenna elements
	Up to 8 Tx and Rx antenna elements

	
	Around 700MHz
	Up to 64 Tx and Rx antenna elements
	Up to 4 Tx and Rx antenna elements

	Urban Macro
	Around 30GHz
	Up to 256 Tx and Rx antenna elements
	Up to 32 Tx and Rx antenna elements

	
	Around 4GHz or Around 2GHz
	Up to 256 Tx and Rx antenna elements
	Up to 8 Tx and Rx antenna elements

	High Speed
	Around 30GHz
	Up to 256 Tx and Rx antenna elements
	Relay left to RAN1 study
Up to 32 Tx and Rx antenna elements

	
	Around 4GHz or Around 2GHz
	Up to 256 Tx and Rx antenna elements
	Relay left to RAN1 study
Up to 8 Tx and Rx antenna elements

	[bookmark: OLE_LINK10]Urban coverage for massive connection
	700MHz, 2100 MHz as an option
	Left to RAN1 study

	Left to RAN1 study


	Highway Scenario
	Around 6 GHz
	Still under discussion
Tx: Up to [32 Tx]
Rx: Up to [32 Rx] 

	RSU Tx: Up to [32 Tx]
RSU Rx: Up to [32 Rx]
Vehicle Tx: Up to [8 Tx]
Vehicle Rx: Up to [8 Rx]

	Urban Grid for Connected Car
	Around 6 GHz
	Still under discussion
Tx: Up to [32 Tx]
Rx: Up to [32 Rx]
	Vehicle Tx: Up to [8 Tx]
Vehicle Rx: Up to [8 Rx]
Pedestrian/bicycle Tx: Up to [8 Tx]
Pedestrian/bicycle Rx: Up to [8 Rx]



The deployment scenario for large scale MIMO would be various in NR. The KPI requirement of different scenarios are also quite different for those different deployment scenarios (including different carrier frequencies from 700MHz to 70GHz). Thus design considerations would be different. However, it is highly preferred that MIMO solutions for different scenarios should be designed under the same forward compatible framework. This is the objective of this study item. It is highly possible that part of the eMBB scenarios would be addressed in the first release (R15) of NR while some other scenarios like URLLC and mMTC would be addressed later, or sub-6GHz scenarios could be addressed first then in R16 over-6GHz scenarios are further enhanced. It is not known at this stage which route the standardization process would follow. Thus it’s important that a universal MIMO framework is established for the compatibility of the two processes. 
Proposal 1: A universal MIMO framework should be established in the study item for the compatibility of the two-phase standardization process. 
· The universal framework should accommodate requirements for different scenarios, including over-6GHz and sub-6GHz deployment.
3. Antenna Modelling and Transceiver Architecture
3.1  Antenna Modelling 
In the RAN1 channel modelling SI, antenna modelling has already been discussed and the following generalized 2D antenna array is constructed, which is called uniform rectangular panel array (URPA). 


However, NR MIMO should not limit the possibility of other types of antennas, like cylindrical AA and spherical AA. Some other form of irregular antenna array should not be precluded. It is possible that out of aesthetics, public health and commercial deployment concern that the antenna elements would be embedded to the surrounding environment and become invisible to the public. The famous “Zhong” antenna proposed by CMCC is one of such examples (the name is from the form of the antenna which is like the Chinese character “Zhong”). In the established framework, the possibility of deploying such antennas should not be precluded.
Proposal 2: Antenna modelling within the NR MIMO framework should not limit the possibility of applying other types of antennas besides URPA.
3.2  Transceiver Architecture
In large scale MIMO, it becomes impossible to connect each antenna elements with one digital transceiver units (TXRU) from the perspective of implementation cost and complexity. In [4], TXRU virtualization model is categorized into two types: sub-array partition and full connection.
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The above two virtualization models don’t fully cover all the possible cases. In high frequency band, analog beamforming is needed due to large number of antenna elements. With limited number of digital chains, each TXRU is mapped to multiple antenna elements. However, the main drawback of analog beamforming is that it is only possible to direct the wideband signal with one weight vector. Thus when the number of UEs grows, it is not possible to discrete two UEs with analog beamforming. The possibility of multiple (typically two) TXRUs fully connected to the same subarray provides more dimensions of hybrid beamforming and increases precoding flexibility. 


Note that under URPA antenna modelling, definition of full connection and subarray partition TXRU virtualization within one panel would achieve the same goal as the above definition of multiple TXRUs fully connected to the same subarray. But this would imply that TXRU virtualization would not be conducted between panels. This would also limit the flexibility of TXRU virtualization. 
Proposal 3: The possibility of multiple TXRUs fully connected to the same subarray should not be precluded.
4. Design considerations
In this section, we list the potential problems that need to be addressed for the application of large scale MIMO in NR. 
4.1  Broadcast signal 
With potential beamformed gain of large scale MIMO, it is widely understood that there would be coverage imbalance between broadcast signals and dedicated signals. In current LTE design, the initial access procedure would rely heavily on the broadcasted system knowledge to conduct the following steps accordingly. Even for the dedicated data transmission, the control signaling on PDCCH is also broadcasted, although this problem could be partially relieved with EPDCCH. In NR, from the perspective of forward compatible, it is possible that there would be very few always on signal. The amount of system broadcast signal would be largely reduced. This is beneficial also from large scale MIMO perspective: broadcast signal would consume large amount of spatial resources, which are considered to be important to achieve higher system throughput; moreover, in order to achieve the same coverage performance as dedicated signal, broadcast signal might need more time/frequency resources, this would further reduce the available data resources. 
In order to achieve above reduction, novel access procedure and data transmission procedure should be designed with as few broadcast signal as possible. Spatial information should be made use of to the largest extent. Precoding and beamforming could be conducted hierarchically in the sense that at the beginning when coarse information is gained, open loop might be used while later with more precise CSI, very narrow beam could be constructed. 
Observation 1: Reduction of broadcast signal is also beneficial from perspective of large scale MIMO.
Proposal 4: Novel access and data transmission procedure should be designed with as few broadcast signal as possible and facilitate the usage of spatial information.
4.2  Reference signal related issues
With increasing number of antennas, RS overhead would increase linearly if orthogonal resources are allocated to each antenna element. For FDD system, spatial sparsity could be leveraged to reduce this overhead in two ways. On the one hand, schemes like compressive sensing could be used for initial beam training; on the other hand, beamformed reference signal could be multiplexed in the same time and frequency resource for different UE to measure.
In TDD system, it is commonly understood that channel reciprocity could be used to reduce overhead. However, for MIMO with large amount of antennas, especially in high frequency band, without one to one mapping from digital chains to antenna elements, it is impossible for the eNB to gain channel coefficient per antenna element. Thus in TDD system, beam training is still necessary. 
RS contamination is another limiting bottlenecks of TDD based large scale MIMO systems. When UEs in different cells are transmitting uplink reference signal at the same time, eNB would observe interfered reference signal. Then in the following steps, the transmitted downlink signal would incur significant inter-cell interference. Solutions for RS contamination include uplink reference signal design, joint channel estimation at eNB, coordinated SRS transmission etc. Furthermore, if TDD system could be combined with some initial beam training and UE report, eNB could focus on the specific UE and tracks its channel. RS contamination would be largely reduced. 
Proposal 5: Spatial sparsity of channels could be leveraged to reduce RS overhead.
Observation 2: Channel reciprocity in TDD should be carefully invoked, considering the problem of RS contamination and fewer digital chains than antenna elements.
Proposal 6: RS for spatial information is also beneficial in TDD system.
4.3  CSI feedback framework
CSI feedback would still be needed in NR. As discussed above, even in TDD system, it still needs spatial information for hybrid beamforming. The general framework of feedback based on RS measurement should also be introduced in NR. Novel advanced feedback should be studied further considering feedback overhead, computational complexity and some other implementation issues.
Codebook design is related to antenna configurations. As we have stated, besides URPA, other form of antennas should also be considered, including irregular ones. For those antenna arrays, feedback design based on beamformed reference signal should be studied, in which beam combination codebook mainly influence the performance. From our initial analysis and simulation, Householder codebook should be considered as one of the candidates for beam combination.
Proposal 7: Feedback based on RS measurement should be considered as the baseline for NR. Other form of feedback should be compared with the baseline on overhead, complexity and performance.
Proposal 8: For antenna array besides URPA, measurement and feedback framework based on beamformed reference signal should be studied.
4.4  Distributed Large Scale MIMO Based on MRT
It could be envisioned that 5G would still be an interference limited network. The most powerful interference mitigation scheme is to transform other cell signals from interference to useful signals. Coordinated transmission from multiple cells is more promising than ever, with the more and more widely accepted “UE-centric network”. Distributed large scale MIMO should be natively supported and facilitated in the NR MIMO framework. 
Proposal 9: Distributed large scale MIMO should be natively supported and facilitated in the NR MIMO framework. 
The main problem of distributed MIMO lies in the growing amount of CSI exchange when number of participated cells, number of UEs and number of antennas grow. However, with increasing number of antenna arrays, it is observed that the simplest MRT transmission could be invoked due to the fact that the simultaneously transmitted signals for other UEs would be averaged out by the channel itself. The distributed nature of MRT facilitates its possibility of application in practice, especially when the number of antennas approaches 1024 as currently being discussed in RAN1.
Proposal 10: For distributed large scale MIMO, MRT based scheme should be considered as the baseline for further study.
5. Conclusions

Observation 1: Reduction of broadcast signal is also beneficial from perspective of large scale MIMO.
Observation 2: Channel reciprocity in TDD should be carefully invoked, considering the problem of RS contamination and fewer digital chains than antenna elements.

Proposal 1: A universal MIMO framework should be established in the study item for the compatibility of the two-phase standardization process. 
· The universal framework should accommodate requirements for different scenarios, including over-6GHz and sub-6GHz deployment.
Proposal 2: Antenna modelling within the NR MIMO framework should not limit the possibility of applying other types of antennas besides URPA.
Proposal 3: The possibility of multiple TXRUs fully connected to the same subarray should not be precluded.
Proposal 4: Novel access and data transmission procedure should be designed with as few broadcast signal as possible and facilitate the usage of spatial information.
Proposal 5: Spatial sparsity of channels could be leveraged to reduce RS overhead.
Proposal 6: RS for spatial information is also beneficial in TDD system.
Proposal 7: Feedback based on RS measurement should be considered as the baseline for NR. Other form of feedback should compared with the baseline on overhead, complexity and performance.
Proposal 8: For antenna array besides URPA, measurement and feedback framework based on beamformed reference signal should be studied.
Proposal 9: Distributed large scale MIMO should be natively supported and facilitated in the NR MIMO framework. 
Proposal 10: For distributed large scale MIMO, distributed MRT based scheme should be considered as the baseline for further study.
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