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 Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. The following agreements were made in RAN1#89 meeting for diversity transmission 
Agreements:
· One of the following UL codebook design principles is down-selected until next meeting.
· Alt1:
· NR supports UL codebook at least for a single panel. 
· Note: This does not preclude the use of components of single panel UL codebook for multi-panel.
· FFS on multi-panel UL codebook
· Whether or not support additional components (e.g., panel co-phase)  
· NR supports a UL codebook optimized for single-panel and support multi-panel via indicating multiple TPMIs
· Focus on single panel based UL codebook design first, then support multi-panel via selecting a panel via SRI or indicating TPMI per SRS resource.
· Alt 2: 
· Focus on designing a common framework UL codebook for single-panel and multi-panel
· Alt 3: 
· Design different UL codebooks for single-panel and multi-panel, respectively.
· Codebook details are FFS 
· Existing LTE codebooks should be considered as baseline.

Agreements:
· When the number of transmission ports is less than or equal to 2, frequency selective precoding is not supported for both schemes A and B
· When the number of transmission ports is >2, frequency selective precoding for CP-OFDM can be configured by gNB for both schemes A and B
· FFS how to support/indicate frequency selective precoding (including potentially spec-transparent support)
Note: frequency-selective TPMI is to be discussed separately
In RAN1 Adhoc#2, the following conclusions were made 
Conclusion:
· To better understand the tradeoff of uplink cell throughput gain vs. the overhead of control signalling for down-selection, determine the control signalling for frequency-selective precoding after the codebook is defined

In this contribution we describe our views on Uplink MIMO.
 Views on Uplink MIMO 
2.1 Codebook for 2 TX antennas
[bookmark: _Ref378529477]In our view, in NR two transmit antennas at the UE will be widely deployed for uplink MIMO.  We envision the two antennas will be on a single panel.  For accelerate the work on the codebook, we prefer to agree on Alternative 1, i.e. supporting UL codebook at least for a single panel.   With the single panel, we envision two scenarios, when the antennas are cross polarized and the scenario when they have co-polarized. We prefer to design the codebook for supporting both the scenarios. 

Proposal 1: NR should support UL codebook at least for a single panel. 


2.2 Fall back Mechanism

In NR, DFT-s-OFDM is a complimentary waveform for uplink in addition to CP-OFDM. Since DFT-s-OFDM is used only in coverage limited UEs, we envision most of the UEs use CP-OFDM for transmitting the uplink control channel and data channel.   As a fall back mechanism to DFT-S-OFDM dynamic switching is supported. For the dynamic transition between CP-OFDM and DFT-S-OFDM, we prefer to use downlink control channel to indicate to the UE about the transition.    
Proposal 2:  Dynamic switching between CP-OFDM and DFT-S-OFDM should be supported

2.3 Frequency selective precoding 

It is well known that frequency selective precoding gives significant gains in some scenarios. For example when the UE is moving at a slow speed etc. However the overhead due to sub band PMI is huge. Hence we prefer to support frequency selective precoding as an additional feature where the network can switch on and off based on channel conditions.
Proposal 3:  Frequency selective precoding should be supported where the network can switch on and off this feature to reduce the signalling overhead  

2.4 DCI design with frequency selective precoding 

Note that, with frequency selective precoding the network needs to indicate the sub band PMIs dynamically. The size of sub band PMIs might change based on the scheduling decisions. In this case, the size of DCI will vary in each scheduling interval.  In our view, we can minimize this overhead based on a two stage DCI design, where we can use the second stage to indicate the sub band PMIs, while the length of the first stage is fixed.
Proposal 4:  Two stage DCI design should be used for indicating sub band PMIs when frequency selective scheduling is enabled. 
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In this contribution, we provide our views on codebook based MIMO schemes for uplink. Based on our observations, we have the following proposal:
Proposal 1: NR should support UL codebook at least for a single panel. 
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Proposal 3:  Frequency selective precoding should be supported where the network can switch on and off this feature to reduce the signalling overhead  
 
Proposal 4:  Two stage DCI design should be used for indicating sub band PMIs when frequency selective scheduling is enabled. 
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