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1. Introduction

Efficient dynamic switching between SU-MIMO and MU-MIMO is essential to obtain the full benefits of MIMO. In Release 10, there is no support for enhanced CQI for efficient dynamic switching; i.e. the UE CQI calculation is always based on SUMIMO hypothesis. However it is well known that CQI based on SU-MIMO hypothesis suffers significant performance degradation for MU-MIMO transmission [1-6]. Further, SU CQI relies heavily on outer loop link adaptation to make CQI corrections in multiuser transmission mode which is not always possible.
While the CQI computation at the UE is straightforward for the SU-MIMO hypothesis, the UE is unaware of the potential intra-cell interference for the MU-MIMO hypothesis. The CQI computation process without considering the intra-user interference is inefficient for MU-MIMO. In this contribution, we provide a framework for computing MU-CQI.  We provide system level results to highlight the benefits of enhanced CQI for the two prioritized cases: Scenario A and Scenario C. We show that when the outer loop link adaptation is not reliable, as in the case of finite buffer traffic, SU CQI suffers significant performance degradation and the gain of MU CQI over SU-CQI is quite large.
2. MU CQI Refinement

Our proposal for CQI enhancement for MU-MIMO is to feed back rank 1 MU-CQI regardless of the reported rank. In addition, when the SU rank is greater than 1, a rank 1 MU PMI/CQI is added to the report. Further, the feedback rate for MU CQI can be lower than SU CQI to keep the overhead small. 
2.1. UE computation

For rank=1, let v0 be the NTx1 precoder corresponding to the SU-PMI. Then, the UE computes the MU CQI assuming that the eNB transmits NT-1 interference layers with all the precoders being mutually orthogonal. The resulting receiver-dependent SNR can be generally written as 
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where KTotal is the effective noise covariance matrix (including the potential intra-cell interference), and  r is the ratio of power in the signal layer to the total transmit power as assumed by the UE. For example,  the power allocation for 4Tx will be  
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The MU CQI calculation is the same as for SU CQI except that an intra-cell interference covariance term is added to the noise covariance as follows:
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where KN captures the inter-cell interference and thermal noise, and S is the set of interfering precoders. When v0 and S together form an orthonormal basis, the interference covariance matrix can be written as  
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which is independent of the actual precoders in S. 

With the modified covariance matrix, the SNR is calculated similarly to the SU case, depending on the type of receiver.  For MMSE receiver
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while for MRC receiver, 

   
[image: image6.wmf]0

'

'

0

4

0

Hv

K

H

v

rP

Hv

MUSNR

Total

=

                                                               (5)

2.2. eNB Scheduling
The eNB (or the central controller) estimates MU SNR from the reported MCS, correcting for the actual number of scheduled layers. For example, when grouping G UEs together for MU transmission, the eNB estimates the SNR by
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where SNR(mu cqi) is the SNR corresponding to the reported MU-CQI.

3. Simulation Results

In this section, we provide system level performance for Scenarios A and C for full buffer and FTP cases. 
3.1. Effect of OLLA in Scenario A

In practical non full-buffer traffic cases we expect that the OLLA would be less efficient, and hence the eNB would gain even more from an accurate link prediction due to MU-CQI. This is confirmed by the results below in Table 1.

	4x2 XPOL, 0.5 Lambda

MUMIMO, PUSCH 3-1
	No outer loop CQI correction
Avg/Edge in (b/s/Hz)
	Outer loop CQI correction

Avg/Edge in (b/s/Hz)

	SU PMI/CQI
	1.93/0.083
	2.47/0.102

	MU CQI r=0.25
	1.29/0.037
	2.42/0.066

	MU CQI r=0.50
	2.63/0.100
	2.75/0.100


	4x2 ULA, 0.5 Lambda

MUMIMO, PUSCH 3-1
	No outer loop CQI correction
Avg/Edge in (b/s/Hz)
	Outer loop CQI correction

Avg/Edge in (b/s/Hz)

	SU PMI/CQI
	2.70/0.128
	3.26/0.149

	MU CQI r=0.25
	2.38/0.073
	3.38/0.101

	MU CQI r=0.50
	3.43/0.147
	3.53/0.152


Table 1: MU CQI vs SU CQI in Scenario A Full buffer traffic
Observations:

1. There is a 20% loss for the SU CQI case when OLLA is turned off compared to with OLLA.
2. Even with accurate OLLA, there is a gain of about 10% in average throughput without much degradation in the cell edge performance for both XPOL and ULA with 0.5 lambda antenna spacing.

3. MU CQI with r=0.5 is not sensitive to OLLA and provides the best performance among all the schemes. The performance is almost the same with and without OLLA. 

4. The gain from MU CQI over SU CQI in the absence of OLLA is more than 25%.

3.2. Finite buffer traffic results for Scenarios A and C:
In this section, we provide results for Scenarios A and C with FTP 2 traffic model. 
	Scenario A

MU-MIMO, XPOL 0.5lambda 
	Served thput (Mbps)
	Mean user

data rate (Mbps)
	50% user

data rate (Mbps)
	5% user

data rate (Mbps)

	2 Tx SU CQI
	13.47
	3.32
	1.85
	0.58

	2 Tx MU CQI
	14.97
	4.21
	2.45
	0.67

	4 Tx SU CQI
	16.20
	4.87
	2.88
	0.84

	4 Tx MU CQI
	17.53
	5.92
	3.75
	1.01


Table 2: Performance of SU CQI and MU CQI for Scenario A in FTP2 model
	Scenario C

MUMIMO,

XPOL 0.5lambda 
	Served thput (Mbps)
	Mean user

data rate (Mbps)
	50% user

data rate (Mbps)
	5% user

data rate (Mbps)

	2 Tx SU  CQI
	19.09
	9.66
	6.20
	1.21

	2 Tx MU CQI
	19.43
	10.55
	7.27
	1.40


Table 3: Performance comparison of SU CQI and MU CQI in Scenario C 

From Tables 2 and 3, it can be clearly seen that MU CQI provides better performance in all the metrics compared to SU CQI. Importantly, there is a gain of about 16% in the edge throughput in Scenario C. In Scenario A, MU CQI provides 15% and 20% gain in cell edge throughput for 2Tx and 4 Tx respectively.
4. Conclusions

We proposed a rank restricted MU-CQI feedback that is general for both heterogeneous and homogeneous networks. Significant performance gain is observed across all network performance metrics in Scenarios A and C. Further, the CQI structure is amenable to RAN4 testing.
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6. Appendix: 
6.1. Simulation Assumptions
	Parameter
	Assumption

	Antenna Configuration
	2Tx, 4 Tx eNB 0. 5  lambda XPOL , ULA
2 Rx at UE 0.5 lambda  XPOL, ULA

	Deployment Model 
	Scenario A according to 36.819
Scenario C : 36.819 Conf 4b (30 Ues per macro areas)

	Traffic Model
	Full Buffer

Finite Buffer, FTP traffic model 2, 0.5MB file size

	Duplex method 
	FDD 10MHz

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	UE Feedback
	Implicit 

	Feedback Granularity
	Subband CQI/PMI  1 Subband=5RBs

	Feedback Impairments
	Reporting period: 5 ms for PMI/CQI.   

Delay: 5 ms

	DM-RS
	Ideal

	CSI-RS 
	Ideal 

	Scheduler Type
	Proportional fair

	MUMIMO Precoder
	Zeroforcing

	Scheduling
	Based on the chordal distance between the precoders

	HARQ Scheme
	Chase Combining 

	Maximum number of retransmissions
	3

	OLLA
	ON (with Target BLER=20% and warm-up time=1s)

& OFF

	Receiver 
	MMSE with IRC

	Inter-cell interference modelling
	6 strongest interfering cells are explicitly modelled.
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