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1. Introduction
Enhanced Multi-User MIMO (MU-MIMO) has been identified as an important feature of LTE Advanced (LTE-A) system that can significantly improve the system throughput performance, thereby satisfying the IMT-Advanced requirements. 
Actually, MU-MIMO should have been an essential property for modern commercial mobile communications networks, because of the unbalance antenna deployment, such as 4Tx-1Rx and 4Tx-2Rx antenna configurations in Rel.8, and 8Tx-1Rx, 8Tx-2Rx and 8Tx-4Rx antenna configurations in Rel. 10.  
In Rel. 8, the codebook based MU-MIMO together with the insufficient information in DL control signaling shows marginal throughput enhancement compared with the SU-MIMO.  While in Rel. 10,  DM-RS used for LTE-A PDSCH transmissions enables the non-codebook based precoding schemes, aided by the advanced feedback mechanisms.
In the last Jeju meeting, lots of companies show their considerations on MU-MIMO [1].  In this contribution, we will show MU-MIMO performance in different antenna deployment scenarios compared with SU-MIMO, and give our proposal on MU-MIMO dimensioning and MU-MIMO feedback.  
2. MU-MIMO Algorithms
Suppose that 
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 is the user number of one MU-MIMO processing.
2.1. Zero-Forcing Beamforming
Suppose that
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The ZFBF is 
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is a scale value to normalize the precoding power.
2.2. Block Diagonalization
Suppose that
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is the effective right-singular vectors of user 
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So, in BD algorithm, the precoding matrix of user 
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3. Performance Investigation of MU-MIMO
In this section, we mainly investigate the system performance in different antenna deployment scenarios which are listed in Table 1.
Table 1: Simulation parameters
	Parameter Sets
	Tx Number
	Tx Space
	Tx Slanted Dipole
	Rx Number
	Rx Space
	MU Number
	MU Algorithm

	Set A
	4
	4
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	Set B
	4
	4
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	Set C
	8
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3.1. Performance investigation for parameter set A
Figure 1 and Figure 2 show the throughput performance of MU-MIMO and SU-MIMO for parameter set A and ideal uncorrelated antenna deployment, respectively.
	Parameter Sets
	Tx Number
	Tx Space
	Tx Slanted Dipole
	Rx Number
	Rx Space
	MU Number
	MU Algorithm

	Set A
	4
	4
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Figure 1: Throughput Performance MU/SU-MIMO, Parameter Set A
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Figure 2: Throughput Performance MU/SU-MIMO, Uncorrelated Channel
Observations:

· MU-MIMO shows much more throughput than SU-MIMO in high SNR area because of its full rank transmission ability.
· For 4-user MU-MIMO with per-rank transmission for one user, full rank CDI feedback is better than 1 rank CDI feedback, about 3dB gain.
· 2-user MU-MIMO with 2-rank transmission for one user shows similar throughput performance as 4-user MU-MIMO.

· 4-user full rank MU-MIMO shows better performance than 2-user full rank MU-MIMO because of its more multiuser diversity gain.
3.2. Performance investigation for parameter set B
Figure 3 and Figure 4 show the throughput performance of MU-MIMO and SU-MIMO for parameter set B and ideal uncorrelated antenna deployment, respectively.
	Parameter Sets
	Tx Number
	Tx Space
	Tx Slanted Dipole
	Rx Number
	Rx Space
	MU Number
	MU Algorithm

	Set B
	4
	4
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Figure 3: Throughput Performance of MU/SU-MIMO, Parameter Set B
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Figure 4: Throughput Performance of MU/SU-MIMO, Uncorrelated Channel
Observations:

· Full rank CDI feedback based MU-MIMO shows more throughput than full rank SU-MIMO because of its multiuser diversity gain.
· For 4-user MU-MIMO with per-rank transmission for one user, full rank CDI feedback is better than 1 rank CDI feedback.

· 2-user MU-MIMO with 2-rank transmission for one user shows similar throughput performance as 4-user MU-MIMO.

· For 2-user MU-MIMO with 2-rank transmission for one user, full rank CDI feedback shows better performance than 2-rank (half-full) CDI feedback, but the difference is marginal.
· 1 rank CDI based 4-user MU-MIMO shows inferior throughput performance even compared with SU-MIMO because of the multiuser interference.
3.3. Performance investigation for parameter set C
Figure 5 and Figure 6 show the throughput performance of MU-MIMO and SU-MIMO for parameter set C and ideal uncorrelated antenna deployment, respectively.
	Parameter Sets
	Tx Number
	Tx Space
	Tx Slanted Dipole
	Rx Number
	Rx Space
	MU Number
	MU Algorithm

	Set C
	8
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Figure 5: Throughput Performance of MU/SU-MIMO, Parameter Set C
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Figure 6: Throughput Performance of MU/SU-MIMO, Uncorrelated Channel
Observations:

· MU-MIMO shows much more throughput than SU-MIMO in high SNR area because of its full rank transmission ability.

· For 8-user MU-MIMO with per-rank transmission for one user, full rank CDI feedback is better than 1 rank CDI feedback, about 4-5dB gain.

· For un-correlated channel, 4-user MU-MIMO with 2-rank transmission for one user shows similar throughput performance as 8-user MU-MIMO.

· For high correlated cross-polarized antenna deployment, 4-user MU-MIMO with 2-rank transmission for one user shows much better throughput performance than 8-user MU-MIMO, because of the less multiuser interference suppressing of BD algorithms.
3.4. Performance investigation for parameter set D
Figure 7 and Figure 8 show the throughput performance of MU-MIMO and SU-MIMO for parameter set D and ideal uncorrelated antenna deployment, respectively.
	Parameter Sets
	Tx Number
	Tx Space
	Tx Slanted Dipole
	Rx Number
	Rx Space
	MU Number
	MU Algorithm

	Set D
	8
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Figure 7: Throughput Performance of MU/SU-MIMO, Parameter Set D
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Figure 8: Throughput Performance of MU/SU-MIMO, Uncorrelated Channel
Observations:

· MU-MIMO shows much more throughput than SU-MIMO in high SNR area because of its full rank transmission ability.

· For 8-user MU-MIMO with per-rank transmission for one user, full rank CDI feedback is better than 1 rank CDI feedback, more than 5dB gain.

· For 4-user MU-MIMO with 2-rank transmission for one user, full rank CDI feedback has less than 1dB gain compared with than 2-rank CDI feedback.

· 2-user MU-MIMO with full-rank transmission for one user also shows clearly large SNR gain over SU-MIMO, both in correlated channel and un-correlated channel.
· For un-correlated channel, 4-user MU-MIMO with 2-rank transmission for one user shows better throughput performance than 8-user MU-MIMO, but the difference is marginal.
· For high correlated cross-polarized antenna deployment, 4-user MU-MIMO with 2-rank transmission for one user shows much better throughput performance than 8-user MU-MIMO, because of the less multiuser interference depressing of BD algorithms.

4. Conclusions on MU-MIMO Dimensioning
Based on the simulation results for different antenna deployments and the observations, we can draw some conclusions on MU-MIMO dimension:
· For linear receiver, two main factors affect the performance of MU-MIMO, which are multiuser diversity and multiuser interferences.
· More users in MU-MIMO means less ranks per user, more multi-user diversity but more multiuser interferences to be suppressed.
· Less users in MU-MIMO means more ranks per user, less multi-user diversity but less multiuser interferences to be suppressed.

· MU-MIMO dimensioning should be decided by the channel instance conditions, there should be no further constrains on MU-MIMO dimensioning.

· Full rank MU-MIMO transmission in eNB should be supported.
· Up to 8 rank MU-MIMO transmission in eNB.

· Full rank transmission in UE should be supported in MU-MIMO.

· Up to 4 rank transmission in UE.

· No rank constrains on MU-MIMO feedback

· The same rank as SU-MIMO is recommended.

· Full rank feedback for MU-MIMO is supported, for full rank transmission of UE in MU-MIMO.
· MU-MIMO feedback can be used for SU-MIMO
5. Appendix
5.1. Link Level Simulation
The relevant link level simulation assumptions are listed in Table 2
Table 2: link level simulation assumptions.
	Parameter 
	Explanation/Assumption

	Bandwidth
	5 MHz

	Antennas Configurations
	4x2，4x4, 8x2, 8x4

	Receiver Type
	LMMSE/SIC

	Fading model
	SCM-C

	Spatial channel model
	System-level SCM Urban Macro
2 pairs of XP antennas

	MCS Set
	MCS 0-27

	Coding Scheme
	Turbo Coding

	Allocated RBs
	2

	HARQ scheme
	OFF

	Sampling frequency
	7.68 MHz

	FFT size
	512

	Number of useful sub-carriers
	300

	Number of OFDMA symbols per TTI
	14

	Number of sub-carriers per RB
	12

	Overhead
	3 symbols

	Processing delay 
	4 subframe (4ms)

	Channel estimation for demodulation
	Ideal 
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