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1. Introduction

As an important enhancement for LTE-A system, MU-MIMO has attracted significant attention and has been discussed intensively through contributions proposed by various companies [1-5]. However there are some limitations in reusing Rel-8 feedback schemes to support enhanced DL MIMO in Rel-10 with single layer per UE.

The first limitation is un-unified feedback scheme for SU-MIMO and MU-MIMO. This makes simultaneous scheduling of SU-MIMO and MU-MIMO difficult. In order to support MU-MIMO efficiently, it is a natural choice to make MU-MIMO as an extension of SU-MIMO, if a unified transmission mode that enables dynamic SU/MU-MIMO switching is feasible.

The second limitation is PMI feedback selection. The Rel-8 PMI feedback which is optimized for single-user precoding is suboptimal for MU-MIMO. So reusing Rel-8 feedback scheme designed mainly for SU-MIMO will inevitably prevent MU-MIMO from achieving the throughput predicted by the theory. Thus, the SU-MIMO and MU-MIMO transmission schemes should be optimized independently. 

To overcome these problems, Multi-PMI feedback scheme is proposed, in order to enhance the performance of PMI feedback in LTE-A. 

2. Multi-PMI Feedback


In the Multi-PMI feedback scheme, two PMIs are fed back to the eNodeB. The first PMI is optimal for SU-MIMO operation and RI indicates the rank of SU-MIMO. The second PMI is the first order PMI which is used for MU-MIMO operation. In this scheme, the eNodeB has the optimal feedback for MU-MIMO and SU-MIMO respectively, so dynamic SU/MU-MIMO switching can be easily implemented. To enhance the MU-MIMO feedback, the feedback content can be adjusted base on the rank of the channel matrix. The detailed Multi-PMI feedback scheme is shown as follows.
2.1. First order feedback


If the channel matrix is rank-1, it is important to enhance MU-MIMO performance as the MU-MIMO operation adopts this rank. 


The first PMI feedback is the index of the quantized codebook of the channel information according to the minimum distance criterion:
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where 
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 is the rank-1 precoding matrix selected from the codebook; 
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is the downlink channel matrix. This feedback can be used as the precoding matrix for SU-MIMO, and it can also be used to calculate the precoding matrix for MU-MIMO.

The second PMI is used to increase the quantification accuracy of the channel matrix. In this step, an additional rank-1 PMI is fed back to the eNodeB . 
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where 
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 is the precoding matrix indicated by the first PMI; 
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is a static or semi-static parameter. This feedback is used for MU-MIMO operation, and the feedback matrix is 
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. It means the quantization precision of the channel matrix is extended into 8 bits (256 orders) from 4 bits (16 orders). 

Although the matrix 
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 is a non-unitary matrix, it has no influence on the channel capacity because the Zero-Forcing (ZF) beamforming for MU-MIMO does not need a unitary precoding matrix. In the ZF beamforming method, quantization precision of the channel matrix is an important factor, so the performance of MU-MIMO will be enhanced by the second PMI feedback. 

2.2. High order feedback

If the rank of channel matrix is higher than 1, SU-MIMO operation is important and the feedback for MU-MIMO operation should feed the rank-1 codebook instead of high order codebook.

The first PMI is the optimal precoding matrix for SU-MIMO operation, which will be selected from the high-order codebook and RI will indicate the actual rank. The pre-coder selection criterion can be Metric-based selection or Quantization-based selection. It will be decided by the receiver algorithm. For the normal case, the max throughput criterion is adopted in this proposal:


[image: image9.wmf]11

1

1

1,...,

argmax|logdet()|

HH

bb

bB

T

P

bIHwwH

N

=

=+


The second PMI is the optimal matrix indication for MU-MIMO operation. Because MU-MIMO operation needs the rank-1 feedback, the rank-1 codebook should be retained from the high order channel matrix. To utilize the diversity of the multiple antennas, we assume that the Equal Gain Combining (EGC) is applied to the receiver while the UE is in MU-MIMO mode. The feedback PMI is: 
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where 
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is the i-th row of the channel matrix; 
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is the number of receive antennas. The downlink channel is equal to the first order channel: 
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3. Simulation

Link level and system level simulations are performed. Closed-loop precoding is based on the LTE codebook [6]. 

3.1. Link level simulation of Multi-PMI Feedback

In the link level simulation, eNodeB uses 4 antennas and UE uses 1 antenna. The simulation parameters are shown in Table 1. The performance enhancement for the rank-1 MU-MIMO feedback in the Multi-PMI Feedback scheme is evaluated compared to Rel-8 feedback. In the simulation results, the performance curves with different number of users and different SNR conditions are given. 
Table 1. Link-Level Simulation Assumptions

	Number of transmit antennas
	M = 4

	Element spacing
	10 wavelength

	Number of antennas per UE
	N = 1

	Beamforming techniques
	Zero-Forcing

	Channel model
	SCM 

	Center Frequency
	2 GHz

	System Bandwidth
	10M

	Channel feedback bits
	B = 4/8

	Alpha value
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	Number of UEs per cell
	K = 5/10/20/30


For different number of users per cell, the results are shown in Figure 1 through Figure 4. The Multi-PMI Feedback scheme which provides two PMI feedbacks for rank-1 MU-MIMO brings large throughput enhancement compared to Rel-8 feedback.
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Figure 1. Throughput of 5 users per cell       Figure 2. Throughput of 10 users per cell
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Figure 3. Throughput of 20 users per cell      Figure 4. Throughput of 30 users per cell

For different alpha values, Figure 5 through Figure 7 show the histogram of throughputs when SNR is equal to 10, 14 and 18 respectively. From the figures, it can be seen that the different alpha values affect the throughput largely. Large and small alpha values are less effective than the middle alpha values. Alpha values from 0.5 to 0.7 have better performance for all SNR regions. So alpha is recommended to be selected from this region for our proposed scheme. 
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Figure 5. Throughput of different alpha value while SNR=10.
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Figure 6. Throughput of different alpha value while SNR=14.
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Figure 7. Throughput of different alpha value while SNR=18.

3.2. System level simulation of Multi-PMI Feedback

In the system level simulation, eNodeB uses 4 antennas and UE uses 1 or 2 antennas. The detailed parameters are shown in Table 2. Performance enhancements are evaluated for the Multi-PMI Feedback compared to Rel-8 feedback.
Table 2. System Simulation Assumptions

	Parameter
	Assumption

	Inter-site distances (m)
	500

	Number of cells
	7

	Average number of UEs per cell
	5/10/20

	Number of antennas (Tx, Rx)
	(4, 1)/(4,2)

	Distance-dependent path loss
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	Lognormal Shadowing
	8dB

	System Noise
	-174dbm/Hz

	Centre Frequency
	2 GHz

	System Bandwidth
	10M

	Alpha value
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=0.5

	Scheduler
	Fixed resource allocation (2RBs per user)


The results are listed in Table 3.
Table 3. Average Cell Throughputs of Multi-PMI Feedback Scheme (Kbps)

	Average Users per cell
	Average throughputs (without MU-MIMO)
	Average throughput (MU-MIMO mode with Rel-8 feedback)
	Average throughput (MU-MIMO mode with Multi-PMI feedback)
	Throughputs gain (Multi-PMI feedback/Rel-8 feedback)

	5
	2103.3
	2656.8
	2801.3
	105.4%

	10
	4013.9
	5301.3
	5643.9
	106.5%

	20
	7818.7
	10651.5
	11930.2
	112.0%



From Table 3, we can see that the average cell throughputs can be enhanced about 10% by the Multi-PMI feedback scheme.

4. Conclusions

In this contribution, we propose Multi-PMI Feedback scheme to improve Rel-8 PMI feedback that enhances the DL MIMO throughput performance and support dynamic SU/MU-MIMO switching. For the rank-1 feedback, the recommended region for the alpha value of 0.5 to 0.7 is given based on the simulation results.

5. References
[1] R1-094278, “Considerations on Downlink MU-MIMO”, Ericsson, ST-Ericsson

[2] R1-093773, “Single-cell MU-MIMO for LTE-A”, Alcatel-Lucent, Alcatel-Lucent Shanghai Bell

[3] R1-094215, “DL MU-MIMO operation in LTE-A”, Qualcomm Europe

[4] R1-093986, “Overview of single cell MU-MIMO schemes”, Motorola

[5] R1-093842, “Discussion on DL MU-MIMO in LTE-A”, Huawei

[6] 3GPP TSG-RAN TR 36.211, “Evolved Universal Terrestrial Radio Access (E-UTRA); Physical channels and modulation”, 

_1325914050.unknown

_1325914119.unknown

_1325914178.unknown

_1327140456.unknown

_1325914166.unknown

_1325914053.unknown

_1322896030.unknown

_1325900217.unknown

_1325900577.unknown

_1322896252.unknown

_1325897954.xls
Chart2

		1.2247411299

		1.2545817293

		1.2871278374

		1.2816760909

		1.2872668139

		1.3001310016

		1.298998179

		1.2855922727

		1.2739995187

		1.2915881546

		1.2890168172



alpha

Throughputs(bits/Hz)

Throughput(SNR=10)

LTE

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1



Sheet1

		1.2247411299		1.3845218036		1.517131906		1.623582577		1.7268528529

		1.2545817293		1.4203916331		1.5824198087		1.6826615825		1.7849574127

		1.2871278374		1.4563003608		1.6140759571		1.7145027259		1.8258631977

		1.2816760909		1.4746320389		1.6176933044		1.7617178749		1.8441880269

		1.2872668139		1.4749522474		1.6165016755		1.7387776411		1.8503126066

		1.3001310016		1.4694985377		1.6326477939		1.7799629299		1.8560258991

		1.298998179		1.4778053586		1.6040517393		1.7759342863		1.8782882571

		1.2855922727		1.4728714152		1.6283802938		1.7749639901		1.8645969182

		1.2739995187		1.4528993846		1.6075300201		1.7749533959		1.8442702565

		1.2915881546		1.4588077634		1.5954792222		1.7361420426		1.8521806119

		1.2890168172		1.4710935051		1.5806848093		1.7244288155		1.8393390537





Sheet1

		



alpha

Throughputs(bits/Hz)

Throughput(SNR=10)

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

LTE



Sheet2

		





Sheet3

		






_1325897965.xls
Chart4

		1.7268528529

		1.7849574127

		1.8258631977

		1.8441880269

		1.8503126066

		1.8560258991

		1.8782882571

		1.8645969182

		1.8442702565

		1.8521806119

		1.8393390537



alpha

Throughputs(bits/Hz)

Throughput(SNR=18)

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

LTE



snr=10

		1.2247411299		1.3845218036		1.517131906		1.623582577		1.7268528529

		1.2545817293		1.4203916331		1.5824198087		1.6826615825		1.7849574127

		1.2871278374		1.4563003608		1.6140759571		1.7145027259		1.8258631977

		1.2816760909		1.4746320389		1.6176933044		1.7617178749		1.8441880269

		1.2872668139		1.4749522474		1.6165016755		1.7387776411		1.8503126066

		1.3001310016		1.4694985377		1.6326477939		1.7799629299		1.8560258991

		1.298998179		1.4778053586		1.6040517393		1.7759342863		1.8782882571

		1.2855922727		1.4728714152		1.6283802938		1.7749639901		1.8645969182

		1.2739995187		1.4528993846		1.6075300201		1.7749533959		1.8442702565

		1.2915881546		1.4588077634		1.5954792222		1.7361420426		1.8521806119

		1.2890168172		1.4710935051		1.5806848093		1.7244288155		1.8393390537





snr=10

		



alpha

Throughputs(bits/Hz)

Throughput(SNR=10)

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

LTE



snr=14

		



alpha

Throughputs(bits/Hz)

Throughput(SNR=14)

LTE

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1



snr=18

		



alpha

Throughputs(bits/Hz)

Throughput(SNR=18)

LTE

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1



		1.517131906

		1.5824198087

		1.6140759571

		1.6176933044

		1.6165016755

		1.6326477939

		1.6040517393

		1.6283802938

		1.6075300201

		1.5954792222

		1.5806848093





		1.7268528529

		1.7849574127

		1.8258631977

		1.8441880269

		1.8503126066

		1.8560258991

		1.8782882571

		1.8645969182

		1.8442702565

		1.8521806119

		1.8393390537






_1324100180.xls
Chart3

		1.517131906

		1.5824198087

		1.6140759571

		1.6176933044

		1.6165016755

		1.6326477939

		1.6040517393

		1.6283802938

		1.6075300201

		1.5954792222

		1.5806848093



alpha

Throughputs(bits/Hz)

Throughput(SNR=14)

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

LTE



snr=10

		1.2247411299		1.3845218036		1.517131906		1.623582577		1.7268528529

		1.2545817293		1.4203916331		1.5824198087		1.6826615825		1.7849574127

		1.2871278374		1.4563003608		1.6140759571		1.7145027259		1.8258631977

		1.2816760909		1.4746320389		1.6176933044		1.7617178749		1.8441880269

		1.2872668139		1.4749522474		1.6165016755		1.7387776411		1.8503126066

		1.3001310016		1.4694985377		1.6326477939		1.7799629299		1.8560258991

		1.298998179		1.4778053586		1.6040517393		1.7759342863		1.8782882571

		1.2855922727		1.4728714152		1.6283802938		1.7749639901		1.8645969182

		1.2739995187		1.4528993846		1.6075300201		1.7749533959		1.8442702565

		1.2915881546		1.4588077634		1.5954792222		1.7361420426		1.8521806119

		1.2890168172		1.4710935051		1.5806848093		1.7244288155		1.8393390537





snr=10

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



alpha

Throughputs(bits/Hz)

Throughput(SNR=10)

1

0.9

0.8

0.7

0.6

0.5

0.4

0.3

0.2

0.1

LTE



snr=14

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



alpha

Throughputs(bits/Hz)

Throughput(SNR=14)

LTE

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1



snr=18

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0



alpha

Throughputs(bits/Hz)

Throughput(SNR=18)

LTE

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1



		1.517131906

		1.5824198087

		1.6140759571

		1.6176933044

		1.6165016755

		1.6326477939

		1.6040517393

		1.6283802938

		1.6075300201

		1.5954792222

		1.5806848093





		1.7268528529

		1.7849574127

		1.8258631977

		1.8441880269

		1.8503126066

		1.8560258991

		1.8782882571

		1.8645969182

		1.8442702565

		1.8521806119

		1.8393390537






_1322896158.unknown

_1322892964.unknown

_1322892998.unknown

_1322892823.unknown

_1309601117.unknown

