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Introduction
In RAN1#85, a WF on NR UL MIMO [1] has been discussed.  It is agreed that [2]
· The following techniques are studied for NR UL MIMO
· Uplink transmission/reception schemes for data channels
· Non reciprocity based UL MIMO (e.g. PMI based) 
· Reciprocity based UL MIMO. E.g. UE derives precoder based on downlink RS measurement (including partial reciprocity)
· Support of MU-MIMO
· Open-loop/Close-loop single/Multi point spatial multiplexing
· e.g. for multi point SM, multi layer is received either jointly or independently by different TRPs
· Note: for multi point SM, multiple point may have coordination
· Single/Multi panel spatial diversity
· Uplink antenna/panel switching (UE side)
· UL beamforming management for analog implementation
· Combination of above techniques
· UL RS design considering the below functions
· Sounding
· Demodulation
· Phase noise compensation
· UL transmit power/timing advance control in the context of UL MIMO
· Transmission scheme(s) for carrying UL control information
· Other UL MIMO and related techniques are not precluded
In this contribution, we discuss some details about uplink MIMO transmission schemes in NR.
Discussion
The LTE system has specified support for the use of various MIMO schemes for uplink MIMO such as closed spatial multiplexing.  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 a variety of scenarios. Various MIMO transmission schemes shall be considered for NR for the uplink in an effort to provide improved user experience. 
Closed-loop spatial multiplexing
In closed-loop spatial multiplexing (CLSM), the UE transmits an uplink reference signal such as SRS in order to sound the channel.  Based on this reference signal, the network estimates the uplink channel between the UE and the TRP.  Further, potentially using an estimate of the uplink interference covariance matrix, the TRP selects the precoding matrix, rank and MCS for uplink data transmission. 
The network may also multiplex one or more data layers of a single UE or multiple UEs on the same time-frequency resource, allowing for multi-user MIMO.  The selected precoding information is indicated to the scheduled UEs.  The network transmits a grant message to every scheduled UE to convey the uplink resource allocation.  The grant message contains the precoding matrix index.  This index is then used by the UEs to apply the precoding for uplink data transmission.
Closed-loop spatial multiplexing allows the TRP to select the scheduled set of UEs and their precoding as well as MCS in a centralized manner.  This can help to better manage interference between different spatial layers.
Proposal 1: NR UL MIMO shall support CLSM using antenna ports with DMRS.
Open-loop spatial multiplexing
In some scenarios, the PMI selected by the TRP based on SRS may not be suitable for forthcoming UL transmission.  For example, in high mobility scenarios, the precoding matrix selected by the TRP may be outdated when UE receives the UL grant and transmits using the indicated PMI due to channel decorrelation.  In such scenarios, open-loop MIMO can provide a means to benefit from the degrees-of-freedom provided by multiple antennas.  The UE may perform a random precoding.  The random precoding may be implemented either by cycling precoding matrices over a predefined codebook, or by cyclic delay diversity (CDD), as shown in Figure 1.  The TRP shall determine the number of layers and indicate it to the UE in the UL grant.  The TRP may determine the MCS for each codeword based on the UL channel estimation on SRS.  The SRS transmission may or may not be precoded.  If SRS is not precoded, the TRP may assume the UL transmission including a predetermined precoding matrix cycling or CDD to derive the MCS.
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Figure 1. UL open-loop spatial multiplexing using antenna ports associated with DMRS.
Proposal 2: NR UL MIMO shall support open-loop spatial multiplexing using antenna ports with DMRS.  Precoding matrix cycling and cyclic delay diversity can be considered.
Single antenna port scheme
[bookmark: _GoBack]The single antenna port case has been specified in LTE as transmission mode 1 for uplink SIMO.  The single antenna port scheme can be useful for cell-edge UEs.  Beamforming can be applied to multiple UE transmit antennas to for the single antenna port.  The UE may determine the beamforming vector based on DL channel measurement.  The beamforming vector can be transparent to the TRP by transmit the UL sounding signal on the single antenna port, as show in Figure 2.  The single antenna port scheme may serve as a fall back scheme for close- or open-loop spatial multiplexing. 
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Figure 2.  Single antenna port scheme.
Proposal 3: NR UL MIMO shall support single antenna port transmission.
Transmit diversity
In LTE, spatial orthogonal-resource transmit diversity (SORTD) can be applied to PUCCH.  In NR, the transmit diversity may also be considered for UL data transmission using antenna port associated with DMRS.  The UL transmit diversity may be achieve by SFBC/FSTD.  If a UE is equipped with multiple antenna subarrays, the UL transmit diversity may also achieved by subarray selection/cycling.  Joint operation of SFBC/FSTD and subarray selection/cycling may be studied, where the antenna ports for SFBC may be mapped to different subarrays.  
Proposal 4: NR UL MIMO may consider to support transmit diversity using antenna ports with DMRS.  Subarray selection/cycling may be supported.
Conclusions 
To summarize, we discussed several uplink MIMO transmission schemes. We propose the following:
Proposal 1: NR UL MIMO shall support CLSM using antenna ports with DMRS.
Proposal 2: NR UL MIMO shall support open-loop spatial multiplexing using antenna ports with DMRS.  Precoding matrix cycling and cyclic delay diversity can be considered.
Proposal 3: NR UL MIMO shall support single antenna port transmission.
Proposal 4: NR UL MIMO may consider to support transmit diversity using antenna ports with DMRS.  Subarray selection/cycling may be supported.
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