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In this contribution, we discuss the potential enhancements to Type II CSI overhead reduction, as well as the high rank Type II CSI for MU-MIMO support.
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In Rel.15 NR-MIMO, the Type II CSI feedback, as illustrated in Figure 1, was designed mainly to improve MU-MIMO performance. To reduce the feedback payload of the codebook, a linear combination codebook with orthogonal DFT beam basis was introduced to reduce the spatial domain redundancy. Other designs such as differential level amplitude weighting, wideband amplitude dependent quantization level, zero-amplitude based overhead omission partially help reduce PMI payload. In general, these mechanisms are still based on a subband level granularity codebook structure. It can be observed that the payload size increase almost linear with subband size, the number of rank, and number of linear combination beams.
Another issue with Type II CSI’s large payload is the difficulty for gNB to allocation sufficient resource. The issue was addressed subband level part-2 CSI omission. Although the reconstruction is possible on base stations side, such omission will still reduce the Type II CSI performance. 
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[bookmark: _Ref525986670]Figure 1: Rel.15 Type-II with spatial domain compression
It has been explored in [2][3] that subband level-based PMI feedback can be omitted or transformed. The key for subband level PMI compression is to identify the correlations of combination coefficients between subbands.  To summarize the difference of the compression schemes, we categorize them into two alternatives
· Alt-1: spatial-frequency domain compression
As shown in Figure 2, it’s intuitive that the precoder after spatial compression can be further compressed, based on well-known techniques such as dominant component analysis. Similar approaches have been proposed in [2][3], that new basis for frequency domain combination is derived from the dominant eigen vectors of spatial-compressed precoder, and the projection of the original precoder to new basis becomes the residual subband feedback components. 
The granularity of the frequency domain compressed CSI depends on the number new basis. Ideally, if the dominant one or several components are strong enough (by simply check it’s correspondence eigen value), then the PMI recovery performance can be well justified. In contrary, the performance needs to be improves by increase the number of frequency domain combining basis. 
The key of overhead reduction relies on the spatial-frequency compression matrices. The spatial compression part can share the same definition as Rel.15 Type II codebook design, where a set of orthogonal DFT vectors formulates the matrix. The frequency compression process computes a set of principal components of the correlated coefficients and obtains a set of uncorrelated coefficients based on the matrix projection. Nothing comes for free, additional calculation such as SVD is needed to compute the  matrix and the associated uncorrelated combination coefficients. Complexity increase on UE side needs to be considered in the overhead reduction enhancements as well.
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· Alt-2: spatial-time domain compression
Instead of the ‘calculated basis’ approach as indicated in spatial-frequency compression, it’s also intuitive to transform the channel or precoder into time domain, where only limited taps are included. This can also be interpreted as using ‘known DFT basis’ for frequency domain compression. Compared with Alt-1, the compression basis does not need to be explicitly feedback, hence large overhead can be get rid of. The main challenge is to capture the location of useful taps to reconstruct the channel or precoder. If designed properly, the payload size of Alt-2 shall be lower than Alt-1, with similar or slight lower performance gain.  
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[bookmark: _Ref525986629]Figure 2: Spatial-frequency domain compression
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[bookmark: _Ref525986571]Figure 3: spatial-time domain compression


As illustrated in Figure 3, spatial domain compression is firstly executed similarly like Alt-1. After that, time domain transformation based on DFT operation transform the frequency domain precoder into time domain taps. The transformed matrix  is naturally sparse due to physically limited taps on UE reception. The CSI feedback thus become a sparse matrix compression problem. In the sparse matrix, both the index as well as amplitude/phase have the potential to be compressed. 
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To evaluate the performance of overhead reduction schemes, a system level simulation was performed. Two domain basis and two taps are selected for spatial-frequency domain compression (SFC) and spatial-time domain compression (STC), respectively. It is shown in Figure 4 that the overall performance loss compared with Rel.15 Type II CSI was minimal. And very close performance is achieved with both SFC and STC.
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[bookmark: _Ref525986737]Figure 4: Performance and overhead comparison with overhead reduction schemes
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Extension of Type II CSI to rank > 2
Type II CSI in Rel.15 was firstly motivated by MU-MIMO enhancements. To achieve good performance and overhead trade-off, up to rank 2 codebook was designed. Since the gNB can be equipped with larger antenna array such as 32 Tx ports, higher layer MU pairing such as 4+4 layers is possible to improve the performance. In addition, SU-MIMO performance is also important for certain types of traffic such as bursty traffic. In SU-MIMO case, Rel.15 Type II CSI performance can be bottleneck by its rank 2 structure, and even uncompetitive to Type I CSI, especially cell centre UEs. One way to support SU and MU-MIMO simultaneously is that gNB trigger two CSI reports, one Type I and the other one Type II CSI. The drawback is that one report is likely to be wasted in gNB scheduling, and also requires more UE side calculation. It’s also intuitive to construct a mixed type of codebook, which means Type II PMI is chosen for rank <= 2 and Type I PMI for rank >= 3. To support this mixed codebook, the UE still needs to calculate twice to determine the rank and PMI. From complexity perspective, such mixed codebook structure should be deprioritized in study.
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[bookmark: _Toc525986333][bookmark: _Toc525986455][bookmark: _Toc525986789]Proposal 3:	Mixed Type-I and Type-II codebook structure should be deprioritized for high rank PMI design.
In addition, the overhead issue needs to be addressed if high rank Type II CSI is introduced. Since Rel.15 Type II codebook structure is per layer constructed, it can be easily extended to higher rank, at the cost of larger payload size. It can be calculated that the largest payload size for rank 4 can be nearly 2000 bits in worst case. Such huge payload size needs to be compressed via techniques provided in Type II CSI overhead reduction.
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Enhancement of reciprocity-based CSI
[bookmark: _GoBack]Type II CSI acquisition can be enhanced by leveraging UL SRS transmission. Figure 5 below shows the 4-step procedure. 
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[bookmark: _Ref525854436]Figure 5: SRS-Guided CSI-RS scan
In the first step, the UE transmits SRS on the UL, along a certain number of ports. The gNB, in Step 2, then selects a subset of “M” best beams for each of the “Nbasis” W1 basis sets. These beams may be selected based on a power maximization or another metric. The gNB then transmits the CSI-RS along these basis beams on the DL. The UE computes a Type II CSI in Step 4. 
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Figure 6 below shows preliminary simulation results comparing the DL spectral efficiency obtained with basis pruning vs that obtained without basis pruning at gNB, assuming 0.5 RE/RB for CSI-RS. The simulation was run for UEs at 140 dB total path loss.
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[bookmark: _Ref525856593]Figure 6: Improvement of DL Performance by pruning basis sets at gNB by using SRS reciprocity
[bookmark: _Toc525928478][bookmark: _Toc525986330][bookmark: _Toc525986452][bookmark: _Toc525986786]Observation 7:	Reciprocity-based enhancement of Type II CSI results in reduction of overhead both for CSI-RS and CSI reporting. As a consequence of the overhead reduction, DL throughput improves. 
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Conclusion
In this contribution, we discuss Type II CSI overhead reduction, extension of Type II CSI to rank > 2, and enhancement of reciprocity-based CSI.  We have made the following observation.
Observation 1:	Spatial-frequency domain compression reduce the Type II payload size by exploring the precoder correlation in frequency domain.
Observation 2:	Overhead reduction schemes also increase UE side complexity.
Observation 3:	Spatial-time domain compression has the potential to reduce overhead with sparse matrix compression.
Observation 4:	Both spatial-frequency and spatial-time domain compression has the potential to reduce Type II CSI overhead, with minimal performance loss.
Observation 5:	MU-MIMO as well SU-MIMO performance with rank > 2 for Type II CSI should be considered.
Observation 6:	 Simple extension of Type II CSI to high rank introduce huge CSI overhead.
Observation 7:	Reciprocity-based enhancement of Type II CSI results in reduction of overhead both for CSI-RS and CSI reporting. As a consequence of the overhead reduction, DL throughput improves.
We propose:
Proposal 1:	Study spatial-frequency and spatial-time domain compression for Type II CSI overhead reduction.
Proposal 2:	Study both MU-MIMO and SU-MIMO performance for rank > 2 Type II CSI reporting.
Proposal 3:	Mixed Type-I and Type-II codebook structure should be deprioritized for high rank PMI design.
Proposal 4:	Reuse overhead reduction schemes for high rank Type II CSI reporting.
Proposal 5:	Use reciprocity-based enhancement of Type II CSI for further reduction of overhead for both Type II CSI-RS and CSI report.
 Appendix
Table 1. Simulation assumptions
	Parameters
	Value

	System layout
	57-cell wrap around with 200m ISD

	Tx antenna modeling
	1Vx16Hx2P=32 ports, with 4Vx1H elements per port, dv=0.8λ, dh=0.5λ

	Traffic modeling
	FTP Model 1

	Carrier/bandwidth/subcarrier spacing
	4GHz/10MHz/15kHz

	Channel model
	3D-UMi

	UE receiver modeling
	MMSE/4Rx

	System scheduler
	Proportional fair scheduler with MU-MIMO

	CSI update period and latency
	5ms period, 5ms latency
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