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1. Introduction

In RAN1#85 and RAN1#86 meeting, WFs on the DL multi-antenna transmissions and CSI acquisition in NR [1][2] are discussed and agreed as follows:
	Agreements:

· The following DL multi-antenna transmissions to be studied for NR

· Closed-loop/(Semi)Open-loop spatial multiplexing

· Single/Multi-point transmissions

· SU/MU-MIMO

· Transmit diversity, 

· e.g., Single/Multi panel spatial diversity

· Combination of above techniques

· Other DL multi-antenna transmissions and related techniques are not precluded

· This does not imply that used transmission technique needs to be known to the UE

Agreements:
· A simplified CSI acquisition framework should be studied in NR, which could support

· CSI measurement based on CSI-RS (if supported)

· Implicit and explicit CSI feedback

· CSI acquisition based on different degree of reciprocity

· Other features to be supported

· The implicit CSI feedback methods should be studied in NR

· Codebook design

· Interference measurement based on interference measurement resource which could be one or more of the following options

· ZP CSI-RS (if supported)

· NZP CSI-RS (if supported)

· DMRS (if supported)

· Other resources are not precluded

· CSI feedback based on DMRS (if supported)

· The explicit CSI feedback methods should be studied in NR

· Feedback of channel covariance matrix

· Feedback of channel matrix 

· Feedback of channel eigenvector

· Both quantized and unquantized/analog feedback

· Other methods are not precluded

· CSI measurement and reporting with the following components should be studied in NR

· Wideband/long-term CSI

· Subband/short-term CSI

· Explicit CSI

· Implicit CSI

· Configuration of the above components individually or jointly is FFS


In this contribution, we present our view on DL MIMO for NR.

2. Discussion on DL MIMO design for NR
The maximum number of supported codewords impacts the physical layer design in many ways. By mapping a separate codeword to each layer, performance gains would be possibly achieved by using SIC in a receiver side. Also, codeword-wise link adaptation can be supported while such a mapping leads to more signalling overhead both for CQI reporting, and for HARQ ACK/NACK feedback. Considering a tradeoff between the link adaptation flexibility and an increase of signalling overhead, it seems to be reasonable to support at most two codewords for DL MIMO by default in NR as in LTE. However, further studies to increase the maximum number of codewords more than two may be considered to support independent layer JT across multi-TRP more efficiently (i.e., one codeword per TRP)
Proposal 1: By default, support up to two codewords for DL MIMO in NR.
Along with the maximum number of codewords, codeword-to-layer mapping should be studied for NR. For a single beam single-TRP transmission, we see no strong motivation to increase the number of codewords and thus it would be reasonable to adopt codeword-to-layer mapping of LTE in NR. On the other hand, if SU-MIMO transmission across multiple beams from intra/inter-TRP is supported in NR, more flexible codeword-to-layer mapping can be considered to reflect propagation characteristics (e.g., large-scale fading) of TRPs and beams. For example, we can consider a multi-TRP transmission with 2 codewords where the first codeword is mapped to spatial layers of multiple TRPs with similar propagation environments, and the second codeword is used to transmit layers of TRP with entirely different propagation characteristics from previous TRPs.
Observation 1: Codeword-to-layer mapping of LTE can be a baseline for NR for single TRP transmission and more flexible mapping can also be considered for SU-MIMO transmission across multi-beam/panel/TRP.
In RAN1#86 meeting, it is agreed to study both implicit and explicit feedback for NR MIMO. Especially, for the implicit feedback, a feedback overhead has become one of key issues for codebook design in NR due to the large number of antenna ports at eNB. Therefore, we can consider decoupling of CSI into multiple components and controlling reporting period/frequency of each component. Also, a hierarchical codebook structure (e.g., dual-stage codebook in LTE-A) can be considered to support this CSI decoupling. One example is to decouple long term CSI and short term CSI reporting, which is analogous to the CSI reporting in LTE-A. Another example is to decouple coarse beam selection and fine beam selection related reporting. It is clear that the overall payload size for CSI reporting can be reduced since the feedback related to coarse beam or long-term CSI can be triggered less frequently.

Proposal 2: Consider a hierarchical codebook structure for NR MIMO (e.g., dual-stage codebook of LTE-A). Hierarchy for the codebook design can be considered based on measurement time duration (long-term/short-term), beam width (coarse beam/fine beam), etc.,
Generally, inter-cell interference mitigation can be achieved by the codebook subset restriction. In Rel-13, the codebook subset restriction can be configured by a bit map of overall 2D beams, then the certain vertical beams generating strong interference to other cell can be switched off. Such kind interference handling mechanism is still important in NR especially considering sharpened beamforming environments. We can consider a priority-control (i.e., power or weight adjustment) for each element of codebook subset in NR rather than adopting the codebook subset restriction of LTE with a binary decision for more precise control of interference. The priority of precoder containing certain beams generating strong interference to other cell/TRP can be lowered to alleviate inter-cell interference. 
Proposal 3: To mitigate the inter-cell/TRP interference, priority-control (e.g., power adjustment) per codebook subset can be considered.
Implicit CSI feedback paradigm of legacy LTE MIMO is quite suitable for all practical purposes since it is SU-centric while avoiding PAPR imbalance. Thus a constant modulus codebook based implicit feedback can also be considered as baseline in NR at least for SU-MIMO. For MU-MIMO based on the implicit CSI feedback, however, further studies on non-constant modulus codebook such as a linear combination type codebook, or a transform-based (e.g., householder) are needed in order to enhance MU-MIMO performance through better channel quantization. 
Proposal 4: For SU-MIMO, a constant modulus codebook based implicit CSI feedback can be considered as baseline.
With regard to transmission technique, various DL MIMO transmission schemes such as SU/MU-MIMO, CoMP, (Semi) OL/CL spatial multiplexing, and transmit diversity can be supported in NR, where most of them can be transparent to UE by following precoded DMRS based transmission principle adopted in TM9/TM10 in LTE. Especially, considering severe channel aging effect of NR at high frequency bands, both OL techniques with no precoder information signalled to network from UE and semi-OL techniques with partial feedback information signalled to network from UE shall be essential techniques as well as conventional closed loop techniques with full information of precoder (e.g. PMI and RI) signalled to network from UE. In addition, CSI acquisition framework for OL and semi-OL MIMO can also be utilized when full or partial DL/UL reciprocity is valid in TDD. Various diversity schemes utilizing multi-antennas can be considered in NR. In LTE system, TxD and LD CDD can provide stable DL service, even in high Doppler scenario. Additionally, in Rel-14 eFD-MIMO work item, several semi-OL MIMO techniques are under discussion as an enhanced diversity scheme based on DMRS so that those can also be considered in NR study as well. OL and semi-OL techniques can also be useful for data transmission for high mobility UEs at low frequency bands. In addition, CoMP scenario 4 like operation can be considered in NR where multiple TRPs belong to the same cell where no RRM procedure such as handover is required for UE moving within the group of TRPs. It can reduce RRM overhead and enable efficient handling of inter-TRP interference. Interference handling aspect is important in NR because interference condition is expected to be much more complicated in NR by considering multi-beam based operations. Advanced CoMP techniques being discussed in LTE FeCoMP can also be considered to be adopted in NR. By considering CRS is hardly introduced in NR, study should be based on other RS, e.g., DMRS.
Proposal 5: Support OL MIMO, semi-OL MIMO and CoMP techniques operated under the same cell with high priority in NR.
Furthermore, it is desirable to minimize the number of transmission modes to simplify the system design and increase the flexibility to fit for different application scenarios. For example, similar to TM-10 of LTE, a transmission mode which operates with multiple feedback mode corresponding to different transmission schemes can be targeted. To this end, further studies for more generic DL MIMO design including CSI feedback, reference signal, and DCI structure are required.
3. Conclusions

In this contribution we discussed general design principle of DL MIMO for NR and we propose the following:
Observation 1: Codeword-to-layer mapping of LTE can be a baseline for NR for single TRP transmission and more flexible mapping can also be considered for SU-MIMO transmission across multi-beam/panel/TRP.
Proposal 1: By default, support up to two codewords for DL MIMO in NR.
Proposal 2: Consider a hierarchical codebook structure for NR MIMO (e.g., dual-stage codebook of LTE-A). Hierarchy for the codebook design can be considered based on measurement time duration (long-term/short-term), beam width (coarse beam/fine beam), etc.,

Proposal 3: To mitigate the inter-cell/TRP interference, priority-control (e.g., power adjustment) per codebook subset can be considered.
Proposal 4: For SU-MIMO, a constant modulus codebook based implicit CSI feedback can be considered as baseline.
Proposal 5: Support OL MIMO, semi-OL MIMO and CoMP techniques operated under the same cell with high priority in NR.
4. Reference

[1] R1-165946 WF on DL multi-antenna transmissions for NR 
[2] R1-168179 WF on CSI measurement and reporting in NR 
