[bookmark: OLE_LINK1]3GPP TSG-RAN WG1#87	R1-1612355
Reno, USA 14th - 18th November 2016

Source:	Ericsson
[bookmark: Title]Title:	Categorizing Type I and II CSI Feedback
[bookmark: Source]Agenda Item:	7.1.3.3
[bookmark: DocumentFor]Document for:	Discussion and Decision

Introduction
In RAN1#85, the following high level framework was agreed for NR CSI reporting:
Agreements:
· NR supports CSI reporting with two types of spatial information feedback
· Type I feedback: Normal 
· Codebook-based PMI feedback with normal spatial resolution
· Type II feedback: Enhanced 
· “Explicit” feedback and/or codebook-based feedback with higher spatial resolution 
· For Type I and II, CSI feedback per subband as well as wideband feedback are supported
· For Type I and II, beam-related feedback can be included

In this contribution, we provide an overview of Type I and Type II CSI feedback, and suggest how they can be defined.
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 [1].  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 [2].  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 [3].  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.  A detailed description of this framework is given in [4].
Observations:
Type I CSI feedback should: 
· Be optimized for SU-MIMO operation.
· Require less 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
Proposals
· Type I schemes are those where a single DFT beam is selected in wideband and/or subband feedback, or where a single wideband coefficient is used per layer.
· Type II schemes are those where each subband is represented as combination of wideband basis / channel approximation using multiple non-zero amplitude combining weights.
Conclusions
In this contribution, we have discussed how techniques for Type I and Type II can be defined We made the following observations:

Observations:
Type I CSI feedback should: 
· Be optimized for SU-MIMO operation.
· Require less 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
Based on these observations, we propose:
Proposals:
· Type I schemes are those where a single DFT beam is selected in wideband and/or subband feedback, or where a single wideband coefficient is used per layer.
· Type II schemes are those where each subband is represented as combination of wideband basis / channel approximation using multiple non-zero amplitude combining weights.
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