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1. Introduction

At the RAN1 #71 meeting, a number of contributions were submitted to identify the reasons for diverse performance evaluation results in the SI for DL MIMO enhancement [1] and new simulation assumptions for the WI [2] were determined in the subsequent email discussion. In this contribution, we update our evaluation results to align with the new simulation assumptions and investigate the system-level performance of CSI feedback mode 3-2 and the potential gains of a codebook enhancement from Rel. 8 4-Tx codebook for MU-MIMO.
2. System Performance Evaluations for Feedback Enhancement 
2.1
Comparisons of Feedback Mode 3-1 and Mode 3-2 Assuming Rel. 8 Codebook
Table I gives performance comparisons of PUSCH feedback mode 3-1 and mode 3-2 with SU/MU-MIMO dynamic switching for 4 Tx antenna ports with various antenna configurations, i.e., cross-polarized array (CPA) and uniform linear array (ULA). Other detailed simulation assumptions are given in the Appendices I and II.
Table I. System Performance of Feedback Mode 3-1 and Mode 3-2 for Rel. 8 Codebook
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configuration

Mode 3-1 Mode 3-2

Avg. Cell 

Thr. (Mbps)

5%-UE Thr. 

(Mbps)

Avg. Cell 

Thr. (Mbps)

Gain over 

Mode 3-1

5%-UE Thr. 

(Mbps)

Gain over 

Mode 3-1

CPA 26.3 0.590 26.8 1.9% 0.611 3.6%

ULA 28.2 0.751 28.4 0.7% 0.758 0.9%


Observation from performance evaluation:
· In the case of the Rel. 8 4-Tx codebook, compared to PUSCH feedback mode 3-1, PUSCH feedback mode 3-2 provides gains of 0.7% - 1.9% and 0.9% - 3.6% in terms of the cell-average throughput and 5% cell-edge UE throughput, respectively. 
Proposal 1: There is no need to introduce PUSCH feedback mode 3-2 if the Rel. 8 codebook is used.
2.2
System Performance Using SVD Precoder with Infinite Feedback Bits
In this section, ideal feedback with an SVD precoder as shown in Appendix III is evaluated to show the potential improvement in throughput using an enhanced codebook. We consider SU/MU-MIMO dynamic switching for 4-Tx antenna ports with various antenna configurations. System throughput performance of the SVD precoder and Rel. 8 codebook are shown in Table II with both PUSCH feedback mode 3-1 and mode 3-2. In addition, performance gain of the SVD precoder compared to the Rel. 8 codebook is shown as a reference. For SVD precoding, only the precoder has ideal feedback and the other parameters are the same as those in the Rel. 8 codebook evaluation in Section 2.1, e.g., the CQI is quantized and the channel estimation error and interference measurement error are assumed.
Table II. System Performance of SVD Precoder
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Configuration

Codebook

Mode 3-1 Mode 3-2

Avg. Cell 

Thr. (Mbps)

5%-UE Thr. 

(Mbps)

Avg. Cell 

Thr. (Mbps)

5%-UE Thr. 

(Mbps)

CPA

Rel. 8 26.3 0.590 26.8 0.611

SVD 29.8 0.666 33.8 0.708

Gain over Rel. 8 (13.3%) (12.9%) (26.1%) (15.9%)

ULA

Rel. 8 28.2 0.751 28.4 0.758

SVD 34.4 0.816 37.8 0.861

Gain over Rel. 8 (22.0%) (8.7%) (33.1%) (13.6%)


Observations from performance evaluation:
· With PUSCH feedback mode 3-1, the SVD based precoder achieves gains of 13.3% - 22.0% in terms of the cell-average throughput and 8.7% - 12.9% in terms of the 5% cell-edge UE throughput compared to the Rel. 8 4-Tx codebook. 
· With PUSCH feedback mode 3-2, the SVD based precoder achieves gains of 26.1% - 33.1% in terms of the cell-average throughput and 13.6% - 15.9% in terms of the 5% cell-edge UE throughput compared to the Rel. 8 4-Tx codebook.
Based on these observations from the system performance evaluations, we obtain the following observation and proposal.
Observation: We see the potential for a system-throughput performance gain with codebook enhancement assuming an MMSE Wishart IRC receiver and high Tx antenna correlation scenario (0.5 )
Proposal 2: Investigate further the 4 Tx MIMO enhancement, such as codebook enhancement or finer granularity. 
3. Conclusion
In this contribution, we investigated the system-level simulation performance of CSI feedback mode 3-2 and potential gains of a codebook enhancement from Rel. 8 4-Tx codebook. Based on the system performance evaluations, we observed the following.
Observations from performance evaluation:
· In the case of the Rel. 8 4-Tx codebook, compared to PUSCH feedback mode 3-1, PUSCH feedback mode 3-2 provides gains of 0.7% - 1.9% and 0.9% - 3.6% in terms of the cell-average throughput and 5% cell-edge UE throughput, respectively. 
· With PUSCH feedback mode 3-1, the SVD based precoder achieves gains of 13.3% - 22.0% in terms of the cell-average throughput and 8.7% - 12.9% in terms of the 5% cell-edge UE throughput compared to the Rel. 8 4-Tx codebook. 
· With PUSCH feedback mode 3-2, the SVD based precoder achieves gains of 26.1% - 33.1% in terms of the cell-average throughput and 13.6% - 15.9% in terms of the 5% cell-edge UE throughput compared to the Rel. 8 4-Tx codebook.
Based on these observations from the system performance evaluations, we observe the following observation and make a proposal.
Observation: We see the potential for a system-throughput performance gain with codebook enhancement assuming an MMSE Wishart IRC receiver and high Tx antenna correlation scenario (0.5 )
Proposal 1: There is no need to introduce PUSCH feedback mode 3-2 if the Rel. 8 codebook is used.
Proposal 2: Investigate further the 4 Tx MIMO enhancement such as codebook enhancement or finer granularity. 
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Appendix I: Simulation Assumptions for System-Level Evaluations in Section 2
Table AI. Simulation Assumptions
[image: image3.emf]Carrier frequency 2 GHz

Transmission bandwidth  10 MHz

Subbandbandwidth 1.08 MHz (6 RBs)

Deployment scenario Homogeneous network with ITU UMa

Number of UEs and distribution 10 UEs per cell, 100% outdoor distributed

UEspeed(Max.Doppler freq.) 3km/h(f

D

=5.55 Hz)

Antenna configuration 

eNB: 4 antennas(CPA 0.5 

l

, ULA 0.5 

l

)

UE: 2 antennas 

(

CPA, ULA 0.5 

l

)

Rank adaptation Applied

MIMO scheme

SU/MU-MIMO dynamic switching

SU-MIMO: rank 1 or 2

MU-MIMO: rank 1 per UE, Max. 4 layers

Traffic model Full buffer

Scheduling algorithm Frequency-domain scheduling based on PF

MCS set QPSK (R= 1/8 -5/6), 16QAM (R= 1/2 -5/6),64QAM (R= 3/5 -4/5)

Control delay (scheduling, AMC) 5 ms

HARQ  Chase combining

Round trip delay (HARQ) 8 ms

Granularity of PMI and CQI feedback

PUSCH Mode 3-1: Wideband PMI, subbandCQI

PUSCH Mode 3-2: SubbandPMI, subbandCQI

CQI/PMI feedback interval 5 ms

DM-RS channel estimation Non-ideal

CSI-RS channel estimation Non-ideal without a prioriPDP information

ZP CSI-RS interference estimation Non-ideal

UE receiver assumption MMSE WishartIRC receiver [3]

Modeling of interference outside the area Realistic interference assuming precodingand scheduling at other TPs


Appendix II: Modeling the Interference Measurement Impairment in System-Level Simulation
This section introduces the principle behind the method for modeling the interference measurement impairment using ZP CSI-RS in the system-level simulator. We modeled the interference measurement error according to a large number of samples obtained from a multi-cell link-level simulation. In this case, the interference measurement errors of different schemes are modeled as a Gaussian-distribution with different parameters of mean value and variance. This is the rationale behind our method for modeling the interference measurement error in the system-level simulation. The method can be summarized into the following steps.
1) Obtain a large number of samples (interference measurement errors) based on the multi-cell link-level simulator.
2) Based on the samples obtained in step 1, calculate the parameters (mean value and variance) of the Gaussian distribution.
3) In the system-level simulation, for each interference measurement scheme, a random Gaussian variable is generated as the interference measurement error based on the parameters obtained from step 2. After that, the modeled error is added to the ideal interference measurement value as the measured interference.
Consider the current interference measurement scheme with 4RE ZP CSI-RS, the probability density functions of the actual interference measurement errors and the modeled errors are compared in Fig. A1. Based on the figure, we see that the results of our model agree well with the actual error.
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Figure A1 – PDFs of the actual errors and modeled errors
Appendix III: Feedback Information for SVD Precoder
The UE calculates the eigenvector and corresponding CQI and notifies the eNB. At the UE receiver, covariance matrix 
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 is calculated by averaging 
[image: image6.wmf]H

H

ˆ

ˆ

H

 within a unit of PMI feedback in the frequency domain, i.e., system bandwidth (Mode 3-1) or subband (Mode 3-2), where 
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 is the estimated channel matrix using a CSI-RS. By applying the eigenvalue decomposition (EVD) to the channel covariance matrix as 
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, and the corresponding eigenvectors, U = (u1 u2 u3 u4), are derived. The eigenvector that is related to the highest eigenvalue, i.e., u1, is selected as feedback information. Here, quantization is not applied to the eigenvector in this evaluation. Furthermore, the estimated data rate for each RB is calculated using a precoded channel, i.e., 
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. The values are averaged within a subband and the corresponding CQI is selected as feedback information.
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