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1 Introduction

Massive MIMO with hundreds of antenna elements is a promising technology to boost high spectral efficiency and energy efficiency for the new radio. In 3GPP RAN1#84bis, the following working assumption was agreed for the study of massive MIMO in New Radio (NR) [1]:

“Study enhanced massive MIMO analog/digital/hybrid beam-forming”
Although EB/FD-MIMO was developed in LTE Rel-13, only up to 64 antenna elements were studied for MIMO transmission, no more than 16 antenna ports were supported, and 8 layers at maximum for multi-user (MU) spatial multiplexing. Therefore the benefits of massive MIMO with more than 16 TXRUs cannot be fully achieved.
This contribution discusses the potential CSI acquisition framework for DL massive MIMO in NR, including discussion on transmission mode and CSI-acquisition, precoding scheme for data transmission, CSI-RS for channel measurement, interference measurement and CSI feedback.
2 Discussion on Transmission Mode and CSI acquisition

In LTE, up to 10 transmission modes have been specified until Rel.13. As a result, excessive CSI-RS configuration information for CSI-RS process and CSI-RS resource, and the large amount of CSI feedback modes with the overlapped functionality are designed to deal with so many transmission modes. For instance, PUCCH feedback modes 1-0, 2-0 are associated with transmission modes 1~3, and PUCCH 1-1, 2-1 are associated to transmission modes 4~6. The configuration/reconfiguration of MIMO transmission mode or transmission scheme is thus inevitable, in order to approach Shannon bound for different SINR regions, mobility scenarios or reliability requirements. In addition, LTE MIMO transmission mode is semi-statically configured through high layer RRC signaling. 
It is beneficial to dropping the huge amount of transmission modes, while still preserving necessary multi-antenna transmission schemes. Accordingly, the associated feedback modes with different CSI-RS process and CSI-RS resource configurations/reconfigurations should be simplified to efficiently support CSI acquisition. In this case, it should strive for a simplified and lean CSI acquisition framework in NR.

Observation1: In NR, it should strive for a simplified and lean CSI acquisition framework.
3 Precoding Scheme for Data Transmission

In order to utilize the spatial degree of freedom of large antenna arrays, the number of antenna ports for CSI measurement should be as large as possible. However, simply increasing the number of antenna ports requires enhancements on corresponding CSI-RS and CSI reporting, leading to complexity and overhead issues. Therefore, the selection of port number should consider the trade-off between performance and complexity/overhead.  
In General, the number of antenna ports S should be limited and much less than the number of TXRU MTXRU in NR. Massive MIMO at sub-6GHz frequency band is usually deployed with a larger number of TXRUs. Hence, transmission strategy with efficient spatial dimension reduction should be studied. Analog beamforming (ABF) could be adopted in TXRU virtualization to achieve vertical beamforming gain, which could be assumed static as in LTE Rel-13. In Fig. 1, a two-stage precoding scheme considering the reduction of spatial dimension is proposed for data transmission, in which the precoding matrix has the following form
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· Dynamic spatial dimension reduction (DSDR): 
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). It can be designed based on the wideband and long-term channel statistics information of all served users. It is therefore cell specific and slow varying. It represents a common beam space for all served users in each cell, and can be dynamically adjusted to the variations of users’ spatial directions. 
· Multi-stream interference cancellation: 
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 denotes the number of data streams from one or multiple users transmitted on the same time-frequency resources. Dynamic switching between SU-MIMO and MU-MIMO is usually utilized to achieve maximum capacity, so 
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 can be obtained according to the precoding algorithms of SU-MIMO or MU-MIMO based on the measurement of subband and short-term effective channel 
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 in a lower dimension.
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Fig. 1 Precoding Scheme of NR Massive MIMO
Proposal 1: Transmission strategy for efficient spatial dimension reduction should be investigated for NR massive MIMO. 
4 CSI Measurement Resources

1.1 Channel Measurement for Channel-State Information

A two level CSI-RS configuration is required for the proposed precoding scheme, each level corresponding to one of the two precoding stages:
· First-level CSI-RS configuration and CSI reporting
TRP configures CSI-RS measurement on wideband and long-term channel statistics information, then UE estimates and reports the corresponding explicit CSI, such as channel covariance matrix.
· Second-level CSI-RS configuration and CSI reporting
TRP configures CSI-RS measurement on subband/short-term instantaneous channel with a reduced dimension based on DSDR, then UE estimates and reports the corresponding CSI, either in implicit or explicit feedback.
CSI-RS configurations supported in LTE Rel-13 are categorized into two types, non-precoded CSI-RS and beamformed CSI-RS. To achieve sufficient performance benefits for massive MIMO with large number of TXRUs, non-precoded CSI-RS requires supporting large number of antenna ports, leading to huge complexity and overhead. Therefore beamformed CSI-RS is more effective in maintaining moderate number of antenna ports, so it could be adopted for massive MIMO in NR. 
Following the proposed two-stage precoding scheme in Section 3, hybrid CSI-RS configuration should be further studied as well for sub-6GHz, by utilizing non-precoded CSI-RS for the first-level CSI-RS configuration and beamformed CSI-RS for the second-level CSI-RS configuration. 
Proposal 2: In NR massive MIMO, hybrid non-precoded/beamformed CSI-RS should be further studied in NR for sub-6GHz.
For above 6GHz, due to the link budget issues which becomes progressively worse as frequency increases, non-precoded CSI-RS will no longer be required. In this case, beamformed CSI-RS is more beneficial to mitigate the significant path loss for beam training/tracking.
Proposal 3: Beamformed CSI-RS should be considered for above 6GHz. 
1.2 Interference Measurement for Channel-State Information

Interference measurement is crucial to scheduling and link adaptation quality. It is the very important part of CSI acquisition framework, even for reciprocity-based CSI acquisition, since DL interference knowledge can only be acquired at UE side. For massive MIMO in NR, MU-MIMO can be a major transmission mode suitable for a wide range of usage/scenarios. As a result, inter-UE interference measurement can directly influence the accuracy of channel state information, which will significantly limit the benefits from massive MIMO. Therefore, we propose that enhanced interference measurement schemes should be studied at the early stage of massive MIMO in NR.

Proposal 4: Interference measurement scheme should be studied at the start stage of system design in NR.
5 CSI Reporting 

1.3 Explicit or Implicit Feedback

The feedback types have been discussed extensively in LTE-A to effectively support DL MIMO and CoMP operations. Based on definitions in TR 36.814, it has been generally acknowledged to split MIMO feedback types into two categories: implicit and explicit feedback. Explicit feedback can be defined as CSI reporting as observed by the receiver without assuming any transmission or reception strategies. Implicit feedback on the other hand makes hypotheses of transmission and/or reception strategies at the time of CSI report. In LTE, implicit feedback (i.e. CQI/PMI/RI) assuming SU-MIMO has been used since LTE Rel-8. 
Explicit feedback paradigm includes direct channel feedback, compressed channel feedback, channel eigen-vector feedback, or covariance matrix feedback. Without the restriction of SU-MIMO in implicit feedback, full channel information can be accurately obtained at TRP side with explicit feedback, which is especially beneficial for MU-MIMO performance.
Proposal 5: Proper design of implicit and explicit CSI feedback should be studied for NR.
1.4 Feedback Mechanism
There are two major feedback mechanisms, including channel reciprocity based method (e.g. uplink sounding) and downlink RS measurement based method (e.g. quantized feedback and analog feedback [2-5]). 
In TDD systems, as the downlink channel and uplink channel share the same frequency band, the reciprocity can be exploited for downlink CSI acquisition at TRP side. However, NR systems pose great challenges in the CSI acquisition by exploiting reciprocity. 
First of all, for the cases when UE is equipped with more receive antennas than the transmit antennas, only partial downlink channel information can be obtained. Secondly, for large numbers of antennas and RF chains in higher frequency, calibration may require too many additional circuits or excessive system overhead for utilizing reciprocity. Thirdly, the measurement accuracy based on SRS will be impacted by UE’s transmit power limitation. Wideband SRS transmission is not feasible considering the large bandwidth and high propagation loss for the NR, especially for power limited UE. Subband SRS transmission has to be used to guarantee the high power spectrum density for sufficient channel estimation accuracy. To capture the channel characteristic of the entire bandwidth to aid the TRP to perform frequency selective scheduling, SRS hopping in frequency is usually configured by TRP. However, it takes relatively long period to swipe all the bandwidth and make the TRP hardly capture the instantaneous channel effectively according to the LTE mechanism. Therefore, a new measurement mechanism based on SRS should be investigated for NR.
Proposal 6: A new measurement mechanism based on SRS should be investigated in NR.
The other feedback mechanism is firstly to conduct the channel measurement at UE side from a set of downlink RS and then feedback the channel information on the uplink physical channel, which includes quantized feedback and non-quantized feedback as well. 
Quantized feedback, which is also known as codebook based feedback, is generally robust to low SINR. However, MIMO performance of codebook based feedback is very sensitive to quantization accuracy. The DFT vectors and Kronecker product codebook feature was introduced in LTE Rel-13 to improve feedback accuracy. The improved feedback accuracy also means larger codebook to design, more uplink feedback bits and larger UE CQI/PMI/PI derivation complexity. 
Moreover, state-of-the-art vector quantization in LTE (DFT codebook) is still designed and optimized with the assumption of simplified “one cluster” propagation channel modeling. It has been verified that the DFT vectors and KP structure codebook can preserves the channel correlation characteristics, which may benefit the feedback resolution for “one cluster” channel assumption. However, multiple clusters are usually needed to reflect real world propagation channel with angle and delay spread, it means accuracy of DFT codebook is further limited by the coarse “one cluster” modeling itself. In other words, simple oversampling of DFT codebook with increasing codebook size can no longer enhance MIMO performance when oversampling rate in the DFT codebook is above certain threshold. 
Therefore, to well reflect the realistic propagation channel with multiple clusters, a robust codebook structure based on the combination of multiple beams is worthy to be studied, which could be adaptive to various antenna configurations and channel properties.

Observation 2: The codebooks with DFT&KP structure are beneficial to representing the correlated channels.
Proposal 7: A robust codebook structure based on the combination of multiple beams should be considered for NR MIMO. 
Unlike quantized feedback, the content of analog feedback is unquantized and uncoded. UE estimates downlink channel based on downlink CSI-RS and then modulate downlink CSI (e.g. Eigen vector) onto a certain sequences [2]. TRP detects those sequences and obtain downlink CSI. Analog feedback is a viable strategy for conventional MU-MIMO systems [3] and for the MIMO interference channel [4]. 
In addition, the aforementioned combination of multiple beams can map the channel inforamtion (e.g eigen vectors) into a weighted-sum of multiple basic beams, which contains a few best beams. In this case, the weights for the selected beams include amplitudes and phases, which are a kind of analog contents of CSI and can be directly feedback in an analog way. It is a viable strategy for MU-MIMO systems and for the MIMO interference channel. The major benefit is that the feedback accuracy can be steadily improved while much of the transmission payloads are significantly reduced.
Proposal 8: Analog feedback should be supported in NR.
1.5 Feedback Channel design
For NR massive MIMO systems, as the number of antennas, the number of users, and the available bandwidth resources increase, the reliable and efficient transmission of CSI information becomes critically important.

In current 3GPP LTE, a typical PUCCH format 2 allows periodic CSI reporting over 11 information bits with a (20, A) block coding and QPSK modulation, i.e., only 10 QPSK symbols to be transmitted. This limited resources and fixed modulation/coding scheme obviously cannot support larger antenna ports for high resolution CSI feedback in NR massive MIMO systems. 

For CSI reporting over PUSCH, the following restrictions also applies

a) QPSK, 16QAM, 64QAM
b) (32,O) block coding, (1/3) Tailing biting convolutional coding
Although it is reasonable to impose the above restrictions for current systems with relatively limited number of antennas, number of users, and bandwidth resources, it is not at all feasible for NR massive MIMO systems to restrict users with highly diversified capabilities, deployment scenarios and CSI resolution requirements, into such monotonic choice of feedback channel transmission configurations.

In order to facilitate the high resolution CSI feedback for NR massive MIMO systems, dedicated uplink feedback channel design should be supported, which features in flexible configurations of coding and modulation, large antenna array reception, and non-orthogonal training, among other things. 

Significant gains can thus be achieved at TRP, which leads to improved uplink channel estimate, as well as improved operating point of uplink transmission for high resolution CSI feedback. It is therefore beneficial to the aforementioned feedback approaches, since 1) the quality of unquantized and uncoded analog transmission relies heavily upon the accuracy of uplink channel estimates, and 2) the spectral efficiency and reliability of codebook-based quantized and coded digital transmission can also be significantly improved by adopting appropriately selected coding and modulation schemes.

Proposal 9: The feedback channel in uplink should be appropriately designed to facilitate the massive MIMO CSI acquisition.
6 Conclusion

This contribution discusses potential enhancements on CSI acquisition framework for massive MIMO in NR and concludes with the following proposals:
Observation 1: In NR, it should strive for a simplified and lean CSI acquisition framework.
Observation 2: The codebooks with DFT&KP structure are beneficial to representing the correlated channels.
Proposal 1: Transmission strategy for efficient spatial dimension reduction should be investigated for NR massive MIMO.
Proposal 2: In NR massive MIMO, hybrid non-precoded/beamformed CSI-RS should be further studied in NR for sub-6GHz.
Proposal 3: Beamformed CSI-RS should be considered for above 6GHz.
Proposal 4: Interference measurement scheme should be studied at the start stage of system design in NR.
Proposal 5: Proper design of implicit and explicit CSI feedback should be studied for NR.
Proposal 6: A new measurement mechanism based on SRS should be investigated in NR.
Proposal 7: A robust codebook structure based on the combination of multiple beams should be considered for NR MIMO. 
Proposal 8: Analog feedback should be supported in NR.
Proposal 9: The feedback channel in uplink should be appropriately designed to facilitate the massive MIMO CSI acquisition.
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