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Introduction
A basic structure for Type I CSI feedback was agreed in RAN1#87:
Agreements:
· For Type I CSI, PMI codebook has at least two stages W = W1W2
· W1 codebook comprises of beam groups/vectors 
· FFS structure and configuration of W1 codebook, e.g. number of ports, grid of beams, orthogonal, non-orthogonal, beam broadening, etc
· FFS frequency granularity of W1 and W2 reporting
· FFS on additional support of W3 (location of W3 matrix is FFS), e.g. multi-panel support, analog beam selection
· Note multi-panel support may be captured in W1, W2 and/or W3

In this contribution we develop more details of Type I CSI feedback, considering its requirements in contrast with Type II CSI feedback, and the shortcomings of Rel-13 LTE CSI in light of these requirements.  This leads to a proposal supporting both open loop and semi-open loop operation.  Note that this contribution addresses single panel configurations; extension to the multi-panel case is discussed in [1].
[bookmark: _Ref178064866]Discussion
In order to make use of Type I and II feedback definitions, it is first useful to discuss the motivations for defining these two types.  SU-MIMO does not require extremely high resolution CSI feedback, as can be seen from the modest gains of the subband beam selection in Configs 2-4 over Config 1 in the Rel-13 Class A codebooks [2].  This is because SU-MIMO principally relies on the UE to suppress inter-layer interference.  Consequently, schemes where a single beam is selected in wideband and/or subband feedback (as in Rel-10 to Rel-13 dual stage codebook designs), or where a single wideband coefficient is used per layer.(as in Rel-8 2 and 4 port single stage codebook designs) are sufficient. 
On the other hand, high resolution CSI feedback is quite beneficial for MU-MIMO operation, as can be seen from the Rel-14 advanced CSI studies [3].  Since MU-MIMO uses multiple antennas at eNB to spatially suppress interference to different UEs, this higher resolution CSI feedback enables more precise nullforming at eNB, thereby substantially improving MU-MIMO performance.  Furthermore, such high resolution feedback needs to be frequency selective in order to provide the best performance [4].  In order to avoid very high overhead from this frequency selective feedback, long term channel properties can be used.  A high resolution version of the W1/W2 framework used in Rel-10 through Rel-13 is well suited to this task, wherein wideband reduced space channel approximation / parameterizations are combined using multiple non-zero amplitude combining weights.  This approach has been adopted for LTE Rel-14 advanced CSI, and is described in detail in [5].
Observations:
Type I CSI feedback should: 
· Be optimized for SU-MIMO operation.
· Require low overhead 
Type II CSI feedback should: 
· Be optimized for MU-MIMO operation
· Require more overhead, but efficiently represent the channel
· Wideband, long term channel knowledge should be used to reduce overhead
· Provide accurate subband approximations of the channel
Proposal
· A single DFT beam is selected in wideband and/or subband CSI feedback, or where a single wideband (co-phasing) coefficient is used per layer.

Given that it uses wideband beam selection, the Rel-13/14 Config 1 codebook is a good starting point for NR Type 1 CSI feedback.  There are a couple of small extensions or areas of improvement, however:

1. Additional (N1,N2) combinations are needed to {2,4,8,12,16,24,32,[64]} ports in NR.
a. 2 ports can be supported by using Config 1’s W2, without defining a W1
b. For >2 ports, Config 1 can be straightforwardly extended to support all (N1,1) and (N1,N2>1) combinations for 2*N1*N2=P ports
i. New (N1,N2) values = {(1,1),(2,1),(4,1),(6,1),[(32,1)],[(16,2)],[(8,4)],[(4,8)],[(2,16)]} are needed
ii. For rank r>2, adjacent orthogonal beams along i1and/or i2 are used
2. Rank 2 cophasing can be optimized
a. Config 1 uses QPSK cophasing, which does not provide better performance than BPSK

Proposals:
· Type I CSI feedback uses Rel-14 eFD-MIMO Config 1, except:
· All (N1,1) and (N1,N2>1) combinations are supported for P=2*N1*N2 CSI-RS port codebook
· Ranks {1,2,3,4,5-8} have {2,1,1,1,0} bit cophasing for single panel case
· W1 is not defined for a 2 port CSI-RS codebook
[bookmark: _GoBack]If semi-open loop operation is specified for use with PDSCH, then cophasing is not needed.  For rank 1 operation with SFBC, a single non-linear precoder is used instead of linear cophasing, and it is not actually possible to compute the cophasing.  For rank 2 or higher, if a single codeword is used as proposed in [6], it is possible to compute a wideband value for cophasing, or to use codebook subset restriction to limit the cophasing to a fixed value.  Single codeword operation can then be seen as a middle ground between pure open loop and closed loop operation, since it obtains diversity for a codeword across MIMO layers, while still achieving some array gain from precoding.  Assuming that wideband precoding uses only one bit, and since codebook subset restriction can be used to fix the assumed precoder when the CSI is excessively stale (e.g. when UE velocity is too high) for even wideband CSI to track the channel, there seems to be no need to redefine Config 1 W2 for rank > 2.  Consequently, the only change needed to support (semi-)open loop operation is to make W2 undefined when reporting CSI for SFBC.

Observations:
· It is not possible to compute cophasing for SFBC
· Single codeword operation provides both diversity and precoding gain
· Codebook subset restriction can be used to fix the assumed W2 when CSI is excessively stale

Proposal:
· If SFBC is specified, W2 is not defined when reporting CSI for SFBC

Conclusions
In this contribution we have considered the characteristics of Type I in contrast with Type II CSI feedback, making the following observations:
· Type I CSI feedback should: 
· Be optimized for SU-MIMO operation.
· Require little overhead 
· Type II CSI feedback should: 
· Be optimized for MU-MIMO operation
· Require more overhead, but efficiently represent the channel
· Wideband, long term channel knowledge should be used to reduce overhead
· Provide accurate subband approximations of the channel
Given this low overhead, SU-MIMO targeted operation, we found that Config 1 is a good starting point for NR Type I CSI.  However, Config 1 has some limitations, and needs to be extended to more port layouts, optimized slightly for rank 2 cophasing, and tweaked for compatibility in case SFBC is defined for PDSCH.  We therefore propose:

Proposals:
· Type I CSI feedback uses Rel-14 eFD-MIMO Config 1 for single panel operation, except:
· All (N1,1) and (N1,N2>1) combinations are supported for P=2*N1*N2 CSI-RS port codebook
· Ranks {1,2,3,4,5-8} have {2,1,1,1,0} bit cophasing for single panel case
· W1 is not defined for a 2 port CSI-RS codebook
· If SFBC is specified, W2 is not defined when reporting CSI for SFBC 
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