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Introduction
In RAN1#85, the discussion on multi-antenna scheme for new radio interface have been kicked-off.  It is agreed that [1]
· 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
In this contribution, we discuss some details about single-point DL MIMO transmission schemes in NR.
Discussion
It has been demonstrated in LTE that the system can be benefit from various MIMO schemes including close-loop spatial multiplexing, open-loop spatial multiplexing, transmit diversity, etc., depending on the availability of channel station information (CSI) at the eNB.  The NR system shall be able to use a wide range of frequency bands, from sub-6GHz to 100GHz, including both FDD spectrum and TDD spectrum.  The NR system is expected to improve user experience in versatile deployment scenarios with a wide range of UE speed.  In order to fully exploit the multiple antennas in NR, various MIMO transmission schemes shall be considered.
Close-loop spatial multiplexing
The close-loop spatial multiplexing (CLSM) yields increased data rate by delivering one or more data layers to a single UE or to multiple UEs on the same time-frequency resource.  CLSM using antenna ports with DMRS has been extensively discussed and well specified in LTE.  In this transmission scheme, the UE reports PMI/RI and corresponding CQI based on CSI-RS.  In case of Rel-13 CLASS B CSI-RS with K > 1, a CRI is also reported to indicate which CSI-RS resource is selected as the reference resource for CSI feedback.  The PMI reporting is based on predefined PMI codebook.  The codebook is for CSI feedback only.  The precoding for data transmission, which is transparent to the UE, can be different from that indicated by the PMI.  The eNB has the flexibility to use arbitrary precoding matrix.  It also reduces the UE demodulation complexity as the UE just need to perform channel estimation on UE RS ports instead of on the ports to which the precoding actually apply.  Given the benefits of UE RS based CLSM, we propose to take UE RS based CLSM as a starting point.
Proposal 1: The NR DL MIMO shall support CLSM using antenna ports with UE RSs.
It is not difficult to see that if the precoding granularity can be reduced to a single RE, one may get most of the beamforming gain the system could provide.  In LTE, the minimum precoding granularity is a single RB rather than a single RE.  This is due to the UE RS pattern in LTE.  In NR DL MIMO, more flexible precoding granularity may be supported for CLSM.  The UE RS channel estimation complexity may also be reduced if there’s no sudden jumps in the phase of the per-RE precoding matrix. Per-RE precoding matrices with such a property could potentially be derived by smoothing a set of precoding matrices of lower granularity, for example a set of subband precoding matrices.
Proposal 2: For CLSM, the precoding granularity can be a single RE.
Open-loop spatial multiplexing
The performance gain of close-loop spatial multiplexing relies on the accurate CSI feedback.  In some scenarios, accurate CSI feedback may be challenge.  For example, in high mobility scenarios, the precoding matrix indicated by a short-term/subband PMI may be outdated due to the latency in PMI reporting and the channel decorrelation.  Open-loop spatial multiplexing provides an alternative to exploit the degrees of freedom brought by the multiple antennas.  It worth noting that although accurate short-term CSI feedback is difficult in some cases, the long-term CSI feedback, e.g., RI and long-term/wideband PMI may still be utilized.  Essentially, we may consider two open-loop spatial multiplexing schemes:
· Opt-1 Open-loop spatial multiplexing using implicit precoding
· Opt-2 Open-loop spatial multiplexing using explicit precoding
As shown in Figure 1, Opt-1 is similar to CLSM using antenna ports with UE RSs, where the precoding is transparent to the UE.  The same precoding matrix is applied for both data and UE RS.  The UE RS can serve as DMRS without any knowledge of the precoding matrix.  
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Figure 1.  Open-loop spatial multiplexing using implicit precoding
In Opt-2, each layer is mapped to multiple UE RS ports by precoding, as shown in Figure 2.  To recover the transmitted data at the UE, the knowledge of the precoding matrix is required.  
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Figure 2. Open-loop spatial multiplexing using explicit precoding
For both options, the UE may assume precoding matrix cycling over a predefined codebook to compute CQI.  The UE may further report a long-term RI and/or long-term/wideband PMI to the TRP.  
For both options, the precoding matrix can be cycled on a per-RE or per-RB basis.  One way to achieve RE level cycling for Opt-1 is to utilize small cyclic delay diversity (SCDD).  In this approach, the precoding matrix is gradually varied across subcarriers via applying different (small) cyclic delays on different antennas.  The UE may also derive CQI based on the same cyclic delay assumption.  The use of SCDD enables better channel estimation while still using implicit precoding.
Proposal 3: The NR MIMO shall support open-loop spatial multiplexing using antenna ports with UE RSs. 
Proposal 4: Study performance benefit of UE RS based open-loop spatial multiplexing with precoder cycling and small cyclic delay diversity.
Proposal 5: Study performance benefit of UE RS based open-loop spatial multiplexing with implicit and explicit precoding.
Transmit diversity
Transmit diversity (TxD) is another open-loop transmission scheme where only one layer is transmitted to a UE.  In LTE, TxD can only be applied to CRS ports.  In NR MIMO, TxD over UE RS ports shall be considered.  Similar to open-loop spatial multiplexing, the UE may report long-term CSI in terms of long-term/wideband PMI.  The TRP may utilize the long-term CSI feedback to form several UE RS beams.  Each beam contains two UE RS ports.  The TxD can be based on SFBC and FSTD.  There could be two options depending on the existence of FSTD.
· Opt-1 SFBC.  As shown in Figure 3, the SFBC is operating on two UE RS ports.  The precoding granularity of the UE RS port can be a single RB.  The precoding of UE RS port is transparent to UE.  
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Figure 3.  UE RS based SFBC with transparent FSTD
· Opt-2 SFBC with non-transparent FSTD.  As shown in Figure 4, RE-pair level FSTD can be performed in this option, which may provide more diversity gain than RB-level FSTD in Opt-1.  But it comes at the price of UE RS overhead.  At least four UE RS ports need to be configured for a UE.  It worth noting that the two UE RS ports for SFBC may either come from two different beams or belong to the same beam. 
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Figure 4.  UE RS based SFBC with non-transparent FSTD.
Proposal 6: The NR MIMO shall support transmit diversity using antenna ports with UE RSs. 
Proposal 7: Study performance benefit of UE RS based SFBC with and without non-transparent FSTD.
Reciprocity based transmission
The transmission schemes discussed in previous sections can operate with or without UL-DL reciprocity.  When it is available, the UL-DL reciprocity can be exploited to provide knowledge of the DL channel at the TRP.  The reciprocity based CSI may be more accurate than that reported by UE with a PMI codebook.  For example, with PMI reporting, the TRP may only have subband-wise knowledge of the DL channel due to the feedback overhead constraint.  With UL-DL reciprocity, the per-RE channel estimation may be available at the TRP.  The finer frequency granularity of CSI may allow flexible precoding granularity in frequency.  Instead of RB-wise precoding, RE-wise precoding may be considered.  
Proposal 8: The NR MIMO shall support reciprocity based spatial multiplexing using antenna ports with UE RS.
Proposal 9: For reciprocity based spatial multiplexing, the precoding granularity can be a single RE.
[bookmark: _Ref378529477]Dynamic switching between transmission schemes
In LTE, for spatial multiplexing schemes there is a possibility for falling back to transmit diversity dynamically.  The switching between close-loop and open-loop transmission has to be configured via RRC signalling.  UE may suffer due to the latency of semi-static signaling.  In NR, enabling the dynamic switching between close-loop and open-loop operation may provide more flexibility to the TRP and improve the user experience.
Proposal 10: The NR MIMO may consider dynamic switching between close-loop and open-loop operations in addition to dynamic switching between spatial multiplexing and transmit diversity.
Conclusions
In summary, we discuss high-level procedures of various DL MIMO transmission schemes.  We propose
Proposal 1: The NR DL MIMO shall support CLSM using antenna ports with UE RSs.
Proposal 2: For CLSM, the precoding granularity can be a single RE.
Proposal 3: The NR MIMO shall support open-loop spatial multiplexing using antenna ports with UE RSs. 
Proposal 4: Study performance benefit of UE RS based open-loop spatial multiplexing with precoder cycling and small cyclic delay diversity.
Proposal 5: Study performance benefit of UE RS based open-loop spatial multiplexing with implicit and explicit precoding.
Proposal 6: The NR MIMO shall support transmit diversity using antenna ports with UE RSs. 
Proposal 7: Study performance benefit of UE RS based SFBC with transparent FSTD and non-transparent FSTD.
Proposal 8: The NR MIMO shall support reciprocity based spatial multiplexing using antenna ports with UE RS.
Proposal 9: For reciprocity based spatial multiplexing, the precoding granularity can be a single RE.
Proposal 10: The NR MIMO may consider dynamic switching between close-loop and open-loop operations in addition to dynamic switching between spatial multiplexing and transmit diversity.
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