
3GPP TSG-RAN WG1 Meeting #95                                                                      R1-1812806
Spokane, USA, November 12th – 16th, 2018

Source:
OPPO
Title:
Enhancements on type II CSI feedback for MU-MIMO
Agenda Item:
7.2.8.1
Document for:
Discussion and Decision

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 RAN1#94bis meeting, the work plan for the above enhancements was discussed with following agreements:

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 the enhancement on type II CSI feedback for overhead reduction as well as higher rank extension based on the work plan.
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 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. It should be very careful to use the ratio between throughput and feedback overhead as a metric.
Proposal 1: The overhead reduction should not lead to large performance loss, and significant gain over type I codebook should be ensured.
It should be noticed that the enhancement for type II CSI feedback is “Enhancements on MU-MIMO support” according to the WID. We should not focus on technologies that can only provide gain in SU-MIMO scenarios and without gain in MU-MIMO scenarios. Specification enhancement not targeting MU-MIMO should be precluded which is out of the scope of WID.
For evaluation of the necessity of rank extension, system level simulation based on MU-MIMO assumption with SU/MU adaptation is needed. For FTP model with low RU (e.g. 20%), though the reported rank can be higher than two, the probability of MU-pairing may be low, in which case type I CSI feedback may be sufficient. For FTP model with medium RU (e.g. 50%), the possibility of MU pairing can be higher, but the reported rank would be lowered due to higher interference. 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 2: Both the probability of MU-MIMO pairing and the probability of rank 3/4 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

According to the FL summary of overhead reduction for type II CSI feedback in past meeting, two category schemes, frequency-domain compression and time-domain compression, are categorized. The idea of both schemes is similar: to transform from frequency to time domain with sparse and de-correlated coefficients and to achieve compression in time domain. From Figure 1 which shows the frequency selective characteristic, it can be found that eigenvectors are highly correlated in frequency domain. Efficient compression in frequency domain could be considered in Rel-16.
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Figure 1: frequency correlation of evgenvectors in differnet subcairriers
For Type II codebook in Rel-15, a codeword could be expressed in frequency domain as:
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where
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 is W2 in Rel-15 type 2 codebook for each subband m per layer. Since the concatenated coefficients are correlated in frequency domain, FFT transformation and CSI report in time domain could be more efficient than in frequency domain. In matrix form, concatenated codebook could further express as:
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Where 
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 is the DFT vector for subband m and 
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and N is the FFT size.

Overall, type II codebook could be written as:
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Both time-domain (TD) compression and frequency-domain (FD) compression schemes could be expressed via matrix multiplication as 
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, where 
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 is space beam matrix in Rel-15 and 
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 is DFT matrix, which are well structured via space and transformation basis respectively, and
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is the quantized combination coefficients. Some additional restriction can be applied to
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 for TD compression scheme: 
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 could be considered as diagonal form (one space beam maps to one delay tap physically), or other low density form with different positions for non-zero-entry in each row (different delay taps share a part of space beams). In this case, FD compression scheme is more general than TD compression. The relationship of Fourier transformation of precoder (not channel) and tap delay is not straightforward in TD scheme. The overhead can be reduced from 2L*M to 2L*K with additional overhead for the selected DFT basis, which is equivalent to the delay of each tap in TD compression scheme. The overhead compression ratio is about K/M compared to R15 scheme.
With the compression, general procedure of CSI reporting can be:

1. For each layer, UE perform R15 type II codebook calculation on each subband, concatenate W2
2. Perform N point FFT (or project the concatenated W2 on some unitary matrix), and find K strongest basis and 2L*K principle coefficients corresponding to the selected basis.

3. Quantize the above coefficient.

In this section, we evaluate FD compression scheme with DFT via system level simulation. Full entries in W2 are reported. R15 scheme w/o compression is used as performance reference. For the evaluation, 64 point FFT and RB level precoding granularity is applied. From the results, it can be found that K= 4-6 DFT beams in time domain could quantize precoder on frequency domain well and provide proximate performance as baseline. Detail simulation assumption can be found in the appendix.
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Figure 2: Performance of type II codebook with different compression ratios
Proposal 3: Space-frequency linear combination codebook 
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 could be used for overhead reduction of type II codebook in Rel-16.
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 layers transmission. For a UE with typical configuration of 4 TXRUs, the channel eigenvalues may 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 for type II CSI feedback. 
We give the eigenvalues distribution in different channel correlation for TDL-A channel model in Figure 3-4. 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. The actual ratio is expected to be between the two values if the antenna correlation is between low and high. In this case, the CQI for rank 3/4 may 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 3: Distribution of eigenvalues for a typical 32x4 antenna configuration (TDL-A, Corr = (0,0))
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Figure 4: Distribution of eigenvalues for a typical 32x4 antenna configuration (TDL-A, Corr = (0.4,0.9))
Observation: Without enhancement on codeword to layer mapping, the benefit to support rank 3/4 for type II CSI feedback is 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 4: 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 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: Both the probability of MU-MIMO pairing and the probability of rank 3/4 report should be considered to evaluate the necessity to support higher rank for type II CSI feedback.
Proposal 3: Space-frequency linear combination codebook 
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 could be used for overhead reduction of type II codebook in Rel-16.
Proposal 4: Further overhead reduction should be considered if rank 3/4 is supported for type II CSI feedback.
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5. Appendix
	Parameter
	Value

	Duplex
	FDD 

	Waveform
	OFDM

	Multiple access 
	OFDMA 

	Scenario
	Dense Urban

	Frequency Range
	4GHz.

	Inter-BS distance
	200m 

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

	Channel model
	According to the TR 38.901 

	Antenna setup and port layouts at gNB
	16 ports: (8,4,2,1,1,2,4), (dH,dV) = (0.5, 0.8)λ for overhead reduction 
32 ports: (8,8,2,1,1,2,8), (dH,dV) = (0.5, 0.8)λ for rank extension

	Antenna setup and port layouts at UE
	2RX: (1,1,2,1,1,1,1), (dH,dV) = (0.5, 0.5)λ for overhead reduction 
4RX: (1,2,2,1,1,1,2), (dH,dV) = (0.5, 0.5)λ for rank extension

	BS Tx power 
	41 dBm

	BS antenna height 
	25m 

	UE antenna height & gain
	Follow TR36.873 

	UE receiver noise figure
	9dB

	Modulation 
	Up to 256QAM 

	Coding on PDSCH 
	LDPC

Max code-block size=8448bit 

	Numerology
	Slot/non-slot 
	14 OFDM symbol slot

	
	SCS 
	15kHz 

	Number of RBs
	52 for 15 kHz SCS

	Simulation bandwidth 
	10 MHz

	Frame structure 
	Slot Format 0 (all downlink) for all slots

	MIMO scheme
	SU/MU-MIMO with rank adaptation

	maximum MU layers
	12

	CSI feedback 
	CSI feedback periodicity (full CSI feedback) :  5 ms, 
Scheduling delay (from CSI feedback to time to apply in scheduling) :  4 ms

	Traffic model
	FTP model 1 with packet size 0.5 Mbytes

	Traffic load (Resource utilization)
	50/70% for CSI overhead reduction

20/50% for high rank extension

	UE distribution
	- 80% indoor (3km/h), 20% outdoor (30km/h) 

	UE receiver
	MMSE-IRC

	Feedback assumption
	Realistic

	Channel estimation
	Realistic

	Baseline for performance evaluation
	Rel-15 Type II Codebook for overhead reduction. 
Rel-15 Type I Codebook for higher rank codebook. 

	Overhead 
	2 PDCCH symbols

DMRS overhead: up to actually scheduled total layers

1 SSB per 20ms

CSI-RS: 32ports, 5ms period, 1RE/port/RB
CSI-IM: 4 REs/PRB, 5ms period
TRS: 12 REs/PRB, 20ms period, maximal bandwidth with 52 PRB
Total overhead: 24.24%
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