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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#91 meeting for uplink MIMO transmission using codebook.
Agreement:
· For 4 Tx with wideband TPMI, use at least single stage DCI
· FFS for 2 stage DCI
· For wideband TPMI, for NR 4 Tx codebook for CP-OFDM, downselect one of:
· Alt 1: Rel-10 UL, possibly with additional entries: 
· Alt 2: Rel-15 DL, possibly with additional entries: 
· Alt 3: Rel-8 DL, possibly with additional entries
· Evaluate performance of candidate codebooks & decide by RAN1#91
· Codebook details are FFS 
· Existing LTE codebooks should be considered as baseline.

Agreement:
· NR supports 3 levels of UE capability for UL MIMO transmission 
· Full coherence
All ports can be transmitted coherently
· Partial coherence
Port pairs can be transmitted coherently
· Non-coherence
No port pairs can be transmitted coherently
TPMI codewords from the codebook are used by gNB accordingly
Agreement:
For 1 SRS resource
· Full coherence
· All ports corresponding to ports in an SRS resource can be transmitted coherently
· Non-coherence
· All ports corresponding to ports in an SRS resource are not transmitted coherently
· Partial coherence
· Ports pairs corresponding to ports in an SRS resource can be transmitted coherently
Agreement:
· In RAN1#91, decision will be made whether, in addition to codebook based transmission using one SRS resource, codebook based transmission using multiple SRS resource including non-coherent inter-SRS resource transmission is supported
· Non-coherent inter-SRS resource transmission: 
· FFS: use of two DCI, with one TPMI per DCI
· One TPMI/TRI per SRS resource is signaled 
· Note: Indication of selection of multiple SRS resources was agreed

Working assumption:
1. For UL codebook based transmission with one SRS resource and a given number of SRS ports, NR supports overhead reduction for TPMI and TPMI related signaling.
0. Note: TPMI is indicated in uplink DCI
0. Note: Joint or separate encoding of TPMI with TRI and/or SRI is a separate issue
1. Other details are FFS
In this contribution we describe our views on Uplink MIMO.
 Views on Uplink MIMO 
2.1 Codebook for 4 TX antennas
[bookmark: _Ref378529477]The codebook for 4 TX antennas with CP-OFDM is still under discussion. The three alternatives are 
· Alternative 1: Rel-10 UL, possibly with additional entries
· Alternative 2:  Rel-15 DL, possibly with additional entries Alt 1: Rel-10 UL, possibly with additional entries: 
· Alternative 1: Rel-8 DL, possibly with additional entries
Although, we don’t have any strong preference of any alternative, but from simulations, we observed that the performance difference between different alternatives is relatively very small. However, the DCI overhead for different alternatives varies based on the codebook chosen, hence we prefer to choose a simple scheme with less overhead.  In addition, we would like to minimize the complexity of TPMI/TRI search. Based on these above observations, we prefer to Release 8 DL codebook as the precoding codebook for uplink transmission as the feedback overhead is very small among all the alternatives. Note that Release 8 DL codebook is thoroughly studied and system designers have a proper understanding which precoder codebook entries are suitable for a given antenna configuration. 

Proposal 1: NR should support Release – 8 DL codebook for 4 TX antennas

2.2 Uplink Codebook Subset Restriction

During the email discussion on TPMI size reduction, it was agreed to have a feature for reducing the TPMI size indication using DCI. In our understanding codebook subset restriction for uplink reduces the TPMI size indication.  In our view, this is a good feature which can provide significant benefits terms of signalling as well as the complexity reduction for TPMI search from the codebook. Hence we strongly support 
Proposal 2:  Codebook subset restriction should be supported for Uplink  


2.3 Frequency selective precoding 

[bookmark: _GoBack]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. 

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
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 Release – 8 DL codebook for 4 TX antennas

[bookmark: _Ref450342757]Proposal 2:  Codebook subset restriction should be supported for Uplink  

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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