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1. Introduction

The new WID [1] for NR MIMO was agreed in RAN #80 meeting. The enhancement of type II codebook can be considered in Rel-16 from the following aspects:
· Extend specification support in the following areas [RAN1]

· Enhancements on MU-MIMO support:

· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
In this contribution, we study the enhancement on type II CSI feedback for overhead reduction and higher rank.
2. Discussion
2.1. Methodology on type II CSI feedback enhancement
Type II CSI feedback can achieve significant performance gain over type I CSI feedback at the cost of very high feedback overhead. The feedback overhead can be reduced by lowered resolution, e.g. in frequency domain. At the same time, some performance loss is expected along with the reduced overhead. In our opinion, a basic principle for overhead reduction is that significant gain over type I CSI feedback especially for MU-MIMO scenarios should be maintained. Overhead reduction at the cost of performance degradation is not expected.
Proposal 1: The overhead reduction should not lead to large performance loss, and significant gain over type I codebook should be ensured.
Type II CSI feedback is designed mainly for MU-MIMO transmission. Considering the interference among multiplexed UEs/layers and high SINR requirement for high rank transmission, a UE is not likely to be scheduled as MU-MIMO without rank reduction when it reports a very high rank. Also, only few UE can support/report a rank larger than 4. It is not needed to support rank >4 transmission for a UE scheduled as MU-MIMO, and the study of rank extension for type II CSI feedback should be only restricted to rank 3/4 in Rel-16.
Proposal 2: Extension of type II CSI feedback to rank > 4 is not considered in Rel-16.
For evaluation of the necessity of rank extension, system level simulation based on MU-MIMO assumption is needed. However, different traffic models may lead to different conclusions. For full-buffer case, which is the typical application scenario for MU-MIMO, the reported rank by UE is usually low since the interference is strong. For FTP traffic model, though the reported rank can be much higher with less interference, the probability of MU-pairing would be lowered, in which case type I CSI feedback may be sufficient. Hence, to evaluate the necessity of rank extension for type II CSI feedback, both rank distribution and the probability of MU-MIMO pairing and should be considered.
Proposal 3: Both the probability of MU-MIMO pairing and the probability of rank>2 report should be considered to evaluate the necessity to support higher rank for type II CSI feedback.
2.2. Overhead reduction for type II CSI feedback

In current type II CSI feedback, most overhead comes from amplitude coefficient and phase for subbands. With CSI omission, UE can only report subband coefficients for half of the subbands, but the overhead is still huge. During the discussion of type II CSI feedback in Rel-15, some overhead reduction schemes are proposed by companies, mostly based on frequency domain feedback compression. With frequency correlation among subbands, UE doesn’t need to respectively report amplitude and phase for each subband. Without modification of Rel-15 quantization mechanism and report, overhead can be simply reduced via differential encoding among subbands, partial subbands reporting etc. To further reduce the overhead, new quantization and feedback mechanism can be studied, e.g. DFT or SVD based eigenvector quantization. Though these schemes can reduce overhead significantly, some issues should also be considered, e.g. UE complexity, specification effort, backward compatibility and performance loss. Further evaluation is needed to find a good tradeoff among these factors for frequency domain compression.
Spatial domain feedback compression is another possible way to reduce feedback overhead. On one hand, the beam number L can be configured more flexibly, e.g. different value may be used in different layer (especially if rank 3/4 codebook is introduced), for different subbands or different report instances. With joint frequency and spatial domain feedback compression, the overhead can be further reduced. 
Proposal 4: Frequency/spatial domain feedback compression can be considered for overhead reduction of type II CSI feedback.
2.3. Support of rank 3/4 for type II CSI feedback

In NR, only one CW and single CQI is supported for 1-4 layer transmission. For a UE with typical configuration of 4 TXRUs, the channel eigenvalues differ significantly even with a mount of TXRUs at gNB. Then if type II CSI feedback is used to quantize the channel eigenvectors, corresponding channel gain and SINR for different layers would also vary significantly. In this case, the UE is likely to calculate corresponding CQI based on the lowest SINR among layers to ensure the BLER target during RI/CQI estimation. Finally, the UE would report a low rank with a higher CQI rather than a high rank with a very small CQI to achieve higher spectrum efficiency. This is significantly different from type I CSI feedback, in which case the SINR is proximate among layers. The current codeword to layer mapping restricts the probability of rank 3/4 transmission with type II CSI feedback. 
We give the eigenvalues distribution in different channel correlation for TDL-A channel model. The antenna correlation coefficient at gNB and UE is assumed to be (0,0) for low correlation and (0.4, 0.9) for high correlation. It can be found that the ratio between eigenvalue of the 1st layer and the 4th layer (so-called condition number) is about 5dB for low correlation and 24dB for high correlation, while the ratio between the 1st and the 3rd layer is about 3dB and 17dB respectively. A ratio between the two values is expected if the antenna correlation is between low and high. In this case, the CQI for rank 3/4 would be very low due to the small channel gain of the worst layer, and the UE is likely to report a lower rank.
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Figure 1: Distribution of eigenvalues for a typical 32x4 antenna configuration (TDL-A, Corr = (0,0))
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Figure 2: Distribution of eigenvalues for a typical 32x4 antenna configuration (TDL-A, Corr = (0.4,0.9))
To obtain rank distribution and the probability of MU-MIMO pairing, we also perform system level simulation with full-buffer traffic models. For rank 3/4 transmission with type II CSI feedback, the type II codebook for rank 1/2 is directly extended to rank 3/4 with the same feedback overhead for each layer. No overhead reduction is considered here. The detailed simulation assumption can be found at Appendix.
Table 1: The probability of MU-MIMO pairing and rank 3/4 report for Full-buffer scenario
	Scenarios
	% of MU pairing
	% of rank 1/2 report
	% of rank 3 report
	% of rank 4 report

	Dense-Urban
	90.3%
	87.4%
	9%
	3.6%


From the results, it can be found that though the probability of MU pairing is very high for full-buffer, the probability of rank report with rank 3/4 is very low due to large interference and channel gain difference among layers as discussed above. 
Observation: Without enhancement on codeword to layer mapping, the benefit to support rank 3/4 for type II CSI feedback is very limited.
If rank 3/4 type II codebook is introduced in Rel-16, it is unacceptable that the feedback overhead is linearly increased with rank. Since the beam of 3rd/4th layer is weaker, it is not needed to report as much CSI as 1st/2nd layer. Some further overhead reduction can be considered based on overhead reduction for rank 1/2 codebook. For example, smaller value of beam number L, or larger time/frequency granularity for subband information (even only wideband feedback) for rank3/4 codebook.
Proposal 5: Further overhead reduction should be considered if rank 3/4 is supported for type II CSI feedback.
3. Conclusion

In this contribution, we analyze the overhead reduction and rank extension of Type II CSI feedback with some initial system level evaluation results. Based on the analysis and evaluation, we have the following observation:
Observation: Without enhancement on codeword to layer mapping, the benefit to support rank 3/4 for type II CSI feedback is very limited.

Also, we have the following proposals for further study and evaluation of the enhancement.
Proposal 1: The overhead reduction should not lead to large performance loss, and significant gain over type I codebook should be ensured.
Proposal 2: Extension of type II CSI feedback to rank > 4 is not considered in Rel-16.
Proposal 3: Both the probability of MU-MIMO pairing and the probability of rank>2 report should be considered to evaluate the necessity to support higher rank for type II CSI feedback.
Proposal 4: Frequency/spatial domain feedback compression can be considered for overhead reduction of type II CSI feedback.

Proposal 5: Further overhead reduction should be considered if rank 3/4 is supported for type II CSI feedback.
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5. Appendix
	Parameters
	Value

	Scenario
	Dense Urban

	Carrier frequency
	4GHz

	Subcarrier spacing
	15kHz

	System Bandwidth
	10MHz

	Layout
	Hexagonal grid, 3 sectors per site, 19 macro sites, 570 UEs

	ISD
	200m

	Minimum distance
	10m

	TP antenna height
	25m

	TP Tx power
	41dBm/10MHz

	TP antenna configuration
	X-pol (+/-45), (dH, dV) = (0.5, 0.8) λ,
 (M, N, P, Mg, Ng, Mp, Np) = (8,8,2,1,1,2,8)

	UE antenna configuration
	X-Pol
(M, N, P, Mg, Ng) = (1,2,2,1,1)

	UE antenna pattern
	Omnidirectional

	UE antenna height
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; 
nfl ~ uniform(1,Nfl) where 
Nfl ~ uniform(4,8)

	UE dropping
	indoor UE 80%, outdoor UE 20%

	UE speed
	indoor UE 3km/h, outdoor UE 30km/h

	UE receiver
	MMSE-IRC

	Scheduler
	PF

	Traffic model
	full buffer


