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1. Introduction

In RAN1 #94bis meeting, following were agreed on CSI enhancement for MU-MIMO support [1]:
Agreement 

On the issue of Type II overhead reduction (rank 1, 2), to further progress, interested companies are to submit evaluation results (especially performance-overhead tradeoff) in RAN1#95 once the evaluation methodology is finalized in RAN1#94B.

· Focus on proposals based on linear combination codebook as in Rel-15

· Also investigate potential common ground between frequency domain and time domain approaches, e.g. merging these two into one category

Agreement

The study and, if needed, work on Type II higher rank extension is performed as follows:

· Only for rank 3 and 4 by taking into account the outcome of Type II overhead reduction for rank 1-2

· Simple extension of Rel.15 Type II without any additional optimization (which results in ~3-4x overhead over rank-1) is ruled out

In this contribution, we discuss our considerations and proposals on Type II CSI overhead reduction.
2. Background
In Rel-15 NR MIMO, Type I and Type II CSI feedback are specified. Type II CSI feedback is targeting finer granularity in CSI feedback, consequently incurs large feedback overhead. Based on the idea of linear combination (LC), UE selects L orthogonal DFT beams and feeds back their combinatorial coefficients. With rank 1 and 2 with L=2, 3 and 4 supported, Type II CSI feedback contents include wideband coefficients and subband coefficients, e.g. 2L-1 wideband amplitude coefficients per layer, K out of 2L subband amplitude coefficients per layer, 2L-1 subband phase coefficients per layer etc. It is clear that large part of feedback overhead is coming from subband coefficients especially subband phase coefficients.
3. Discussion on MU-MIMO CSI enhancement 
In this section, we provide some frequency-domain compression methods.

3.1 Frequency-domain compression and time-domain compression
In [2], several schemes towards Type II overhead reduction for rank 1 and 2 are listed, mainly including frequency-domain (FD) compression and time-domain (TD) compression. For FD compression, correlation among subband precoding coefficients (“W2”) across adjacent subbands is exploited using a set of compression functions (e.g. DFT, dominant eigenvector(s) of “W2” across subbands, linear function) to potentially attain improved performance-overhead tradeoff than choosing a larger subband size.

For TD compression, limited/relative short channel delay spread permits sparse representation of the precoding coefficients in time domain. Therefore, time-domain compression schemes, e.g. for sparse Toeplitz matrix, can be used. What’s more, the sparsity and delay characteristics can be utilized to help TD compression.
3.2 Subband segmentation
As depicted in Figure 1, in order to exploit frequency-domain correlation, all of the subbands can be divided into a small number of subband segments according to the channel variation or precoding matrix variation, where the subbands in each segment have similar CSI. At least one full CSI, i.e., with full Type II amplitudes and phases, is fed back per subband segment. While differential CSI relative to the full CSI can be fed back for other subbands within each subband segment to let the gNB derive the CSI of all subbands. Or gNB derives the CSI of other subbands by interpolation. Adaptive subband segmentation is able to match the channel state dynamically. A number of predefined subband segmentation patterns can be used by the UE to select the optimal one that matches its channel.
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Figure 1: Illustration of subband segmentation
Proposal 1: CSI feedback with subband segmentation where each segment comprises of consecutive subbands with close CSI can be considered for overhead reduction.
3.3 Differential CSI feedback
In [3], differential coding of subband phases is proposed, where the reported subband phase of one subband represents the difference of its phase and the phase of its neighboring subband. 
We investigate the phase difference of the combinatorial coefficients between neighboring subbands. As shown in Figure 2, if 8PSK is used for phase angle difference quantization, about 30% phase difference are quantized to +π/16 and 30% phase difference are quantized to -π/16, about 10% are quantized to +3π/16 and 10% are quantized to -3π/16, and about 5% is for each quantized value +/-5π/16, +/-7π/16. Sometimes one bit for phase difference quantization may not catch up with the channel variation. Therefore, unequal number of quantization bits for differential feedback can be considered with limited feedback overhead increase.
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Figure 2: Phase difference of the combinatorial coefficients between neighboring subbands
Observation 1: For the phase difference of the Type II combinatorial coefficients between neighboring subbands, if 8PSK is used for phase difference quantization, about 30% phase difference are quantized to +π/16 and 30% phase difference are quantized to -π/16, about 10% are quantized to +3π/16 and 10% are quantized to -3π/16, and about 5% is for each quantized value +/-5π/16, +/-7π/16.
Proposal 2: Differential feedback with unequal quantization bits can be considered for overhead reduction to tradeoff between performance and overhead.
Differential phases are not only apply for neighboring subbands, but also can be used with other FD compression methods. For example, by taking the above-mentioned DFT-based FD compression, the differential information can be the difference between decompressed coefficients and the real ones. Another example is to apply differential feedback to interpolation, where the differential information is the difference between interpolated coefficients and the real ones. By doing this, the gap between the decompressed or interpolated coefficients can be compensated with the differential information, which would improve the performance of other compression methods.
Proposal 3: Differential feedback can work with other compression methods to improve performance.
4. Conclusions
In this contribution we discuss some schemes for overhead reduction for Type II CSI feedback. We have following observations and proposals:
Observation 1: For the phase difference of the Type II combinatorial coefficients between neighboring subbands, if 8PSK is used for phase difference quantization, about 30% phase difference are quantized to +π/16 and 30% phase difference are quantized to -π/16, about 10% are quantized to +3π/16 and 10% are quantized to -3π/16, and about 5% is for each quantized value +/-5π/16, +/-7π/16.
Proposal 1: CSI feedback with subband segmentation where each segment comprises of consecutive subbands with close CSI can be considered for overhead reduction.
Proposal 2: Differential feedback with unequal quantization bits can be considered for overhead reduction to tradeoff between performance and overhead.
Proposal 3: Differential feedback can work with other compression methods to improve performance.
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