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1 Introduction 
During RAN1#86, the following agreements are made for DL multi-antenna transmission schemes [1]:
Agreements:
· RAN1 to study transmit diversity for both data and control channels
· Aspects to related to QCL (if any), # of ports, polarizations, etc.

· Demodulation reference signal for transmit diversity, if supported, could be

· UE-specific RS (if supported by NR)

· Shared (by two or more UEs)-RS (if supported by NR)
· Other types of RS are not precluded

Agreements:
· Strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and redundant (equally performing) configurations, while still covering a wide variety of use cases and frequency bands
· Coupling/Decoupling (e.g. fixed timing relationships, joint configuration) between the following functions should be studied
· RS transmission used for CSI acquisition (CSI-RS transmitted in DL and SRS transmitted in UL)

· Use of other RS(s) is not precluded (e.g., DMRS)

· Note that CSI-RS and SRS may or may not have the same physical signal design

· Note that the reference signal naming can be revisited later
· CSI measurement/reporting
· Multi-antenna transmission method/scheme
· Downlink control signaling

· Study flexible scheduling/configuration of  CSI-RS, CSI report and transmission method/scheme for data and control

· DL DMRS and UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported
· FFS: Necessity of sidelink spatial multiplexing
· At least 8 orthogonal DL DMRS ports is supported for SU-MIMO scheduling
· At least 8 orthogonal DL DMRS ports is supported for MU-MIMO scheduling
· Support dynamic switching between transmission methods/schemes, e.g. between

· Transmit diversity

· Spatial multiplexing
In this contribution, we discuss the high-level MIMO design principles in NR based on the above agreements.
2 Discussions
In LTE, various multi-antenna transmission schemes have been utilized to enhance system performance. The applicability of each transmission scheme depends on the deployment scenario and availability of channel state information (CSI) at the eNB. The NR system is expected to support a wide range of deployment scenarios and frequency bands ranging from sub-6GHz to 100GHz. Thus it is natural that NR should support MIMO transmission schemes currently in use in LTE, and potentially additional schemes for new application scenarios and frequency bands.
2.1 Close-loop MIMO
Close-loop MIMO can increase data rate by delivering multiple data layers to single or multiple users on the same frequency and time resources. UEs have to measure the CSI and feedback to eNB. In LTE Rel-8, the CSI measurement is based on CRS, which is a cell-specific wideband signal and is transmitted in every subframe. The drawback of CRS is its always-on and high density characteristic, which results in large overhead. Thus in Rel-10, CSI-RS is introduced. Compared with CRS, CSI-RS have a significantly lower time/frequency density and can be configured in UE-specific manner. However, as the number of antennas increases, even the CSI-RS overhead can be inevitably large. In current on-going eFD-MIMO WI, the reduction of CSI-RS density to less than 1 RE/RB/port is also discussed. In case of Rel-13 Class B CSI-RS, the UE-specific beamforming also incurs large CSI-RS overhead when the number of UEs is large. Considering NR should support at least the same number of antenna port as LTE (from 2 to 32) and various transmission schemes, the reference signal for CSI measurement in NR shall be of low density and UE-specifically configured. In addition, it should be flexible enough to support various density and periodicity, and aperiodic transmission for the CSI measurement reference signal.
The CSI measurement and channel estimation for demodulation are decoupled by using CSI-RS and DM-RS in LTE. This notion provides more possibilities for optimization and higher flexibility, and should continue to be used in NR. UE-specific DM-RS enables the flexibility of using arbitrary precoding matrix at eNB. Therefore the precoding for data transmission is transparent to UE, and the UE only has to estimation the DMRS port for data demodulation, which enables precoder optimization and also reduces demodulation complexity for UE. Thus we propose NR shall support DL close-loop MIMO using UE-specific reference signal for data demodulation. Regarding the precoding granularity, the minimum precoding granularity is a single RB in LTE. Further refining the granularity to a single RE may have the potential to achieve better beamforming gain. However, the reference signal should also be transmitted in a per-RE manner, which may result in larger overhead. Thus the performance benefit of per-RE precoding granularity should be carefully studied compared with per-RB precoding granularity for NR.
The SU/MU-MIMO operation is transparent in LTE. In case of MU-MIMO, the eNB has to estimate multi-user interference and compute multi-user precoding matrix based on UE’s CSI feedback under SU-MIMO assumption. To improve MU-MIMO performance, additional CSI feedback for MU-MIMO such as MU CQI may be considered. Regarding the transparency of MU-MIMO, the non-transparent MU-MIMO requires the resource allocation of co-scheduled UEs to be aligned, and needs additional signaling such as total rank and DM-RS ports of co-scheduled UEs. Considering the constraint of scheduling flexibility and signaling overhead, it is preferred to maintain the SU/MU-MIMO transparency in NR unless clear benefit is shown.
Proposal 1: The reference signals for CSI measurement and demodulation are decoupled in NR DL MIMO.
Proposal 2: The reference signals for CSI measurement shall be of low density and UE-specifically configured. In addition, it should be flexible enough to support various density and periodicity, and aperiodic transmission for the reference signal.

Proposal 3: NR shall support DL close-loop MIMO using UE-specific reference signal for data demodulation.
Proposal 4: The precoding granularity for NR close-loop MIMO shall be further studied.

Proposal 5: It is preferred to maintain the SU/MU-MIMO transparency in NR unless clear benefit is shown.
2.2 Open-loop MIMO
Open-loop MIMO is often used when accurate CSI is not available. It can provide robust performance against fast fading in practical deployment, and is widely deployed in commercial LTE network. In LTE TM3, open-loop MIMO is based on CRS. Open-loop spatial multiplexing is achieved by cycling the predefined precoders. In case of rank-1 transmission, space frequency block coding (SFBC) is used for two antenna ports, and the combination of SFBC and frequency-switched transmit diversity (FSTD) is used for four antenna ports. To reduce CRS overhead and enable flexible precoding with large antenna array, in eFD-MIMO WI, open-loop MIMO based on DM-RS is considered. The types of DM-RS based open-loop MIMO can be further classified considering the following factors:
· Transparency of the precoding matrix

In case of transparent open-loop MIMO, the same precoding matrices are applied to data and DM-RS. Thus UE only needs to estimate the channel based on DM-RS for data demodulation. In contrast, non-transparent open-loop MIMO requires additional signalling to indicate the precoding pattern. However, it can provide more flexibility in precoding pattern selection and may have higher beamforming gain.
· Precoding granularity

Similar to close-loop MIMO discussion, the precoding granularity can also be considered to be per-RB or per-RE. Different from close-loop MIMO, the precoding is done by cycling a set of predefined precoding matrices. It is not necessary to derive the precoding matrix by DM-RS. In this case, RE-level precoding may be more preferable since it provides higher diversity gain.
· Whether no PMI feedback or only partial PMI is available at eNB

Typically, open-loop MIMO does not require PMI feedback from the UE. However, some long-term CSI may be valid for some time period. Especially, the long-term CSI such as a group of beams or a coarse beam can indicate the rough beam direction. Thus by utilizing such kind of long-term CSI feedback, better beamforming gain can be achieved in semi-open-loop MIMO. In this regard, NR shall be able to support both pure open-loop MIMO and semi-open-loop MIMO.
Considering both close-loop and open-loop MIMO are necessary and shall be supported in NR. To enable more efficient operation, dynamic switching between open-loop and close-loop MIMO shall be supported. From this point of view, it is desirable to have a common CSI feedback framework and reference signal design for close-loop and open-loop MIMO. Considering common reference signal design and the benefit, it is proposed UE-specific reference signal for data demodulation is also supported for DL open-loop MIMO in NR.
Proposal 6: NR shall support DL open-loop MIMO using UE-specific reference signal for data demodulation.
Proposal 7: Study the performance of UE-specific reference signal based DL open-loop MIMO considering the precoding transparency, precoding granularity, and the availability of partial PMI.
2.3 Multi-TRP transmission
NR aims to support a wide range of frequency bands including sub-6GHz and up to 100GHz. As the carrier frequency increases, large propagation loss and penetration loss are envisioned, which requires large antenna array to provide high beamforming gains to compensate the losses. However, large beamforming gains often refers to narrow beam width. The highly directive antenna beam may be easily blocked by a single barrier or human body, and may be hard to maintain connectivity in case of mobility. LTE supports coordinated multi-point (CoMP) transmission from Rel-11. Similar mechanism can also be considered in NR, especially for transmissions in high frequency bands. However, due to the stringent requirement on backhaul delay, CoMP is not widely deployed in practical network. Thus it is proposed NR shall support coordinated multi-point transmission/reception considering practical backhaul delay requirement.
Proposal 8: NR shall support coordinated multi-point transmission/reception considering practical backhaul delay requirement.
3 Conclusion

In this contribution, we have discussed high-level views on the DL MIMO design for NR, and we have the following proposals. 
Proposal 1: The reference signals for CSI measurement and demodulation are decoupled in NR DL MIMO.
Proposal 2: The reference signals for CSI measurement shall be of low density and UE-specifically configured. In addition, it should be flexible enough to support various density and periodicity, and aperiodic transmission for the reference signal.

Proposal 3: NR shall support DL close-loop MIMO using UE-specific reference signal for data demodulation.
Proposal 4: The precoding granularity for NR close-loop MIMO shall be further studied.

Proposal 5: It is preferred to maintain the SU/MU-MIMO transparency in NR unless clear benefit is shown.
Proposal 6: NR shall support DL open-loop MIMO using UE-specific reference signal for data demodulation.

Proposal 7: Study the performance of UE-specific reference signal based DL open-loop MIMO considering the precoding transparency, precoding granularity, and the availability of partial PMI.
Proposal 8: NR shall support coordinated multi-point transmission/reception considering practical backhaul delay requirement.
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