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1 Introduction
In the RAN1#71 meeting and subsequent e-mail communications [1, 2], evaluation assumptions for DL MIMO enhancements were discussed and agreed.  In our companion contribution in R1-130287 [3], we propose several candidate feedback schemes for DL MIMO enhancement, which include the multi-component feedback scheme using the rank-restricted feedback [4].  In this contribution, we provide system level performance evaluation results to illustrate the benefits of this multi-component feedback scheme.     
2 Evaluation assumptions and results
In this section, we perform system level evaluation for the rank restricted feedback scheme. In order to make a fair comparison, we compare two SU/MU-MIMO systems both with improved feedback accuracy:

· Base SU/MU-MIMO system (SU/MU-MIMO System 1): UE periodically feeds back PMI/CQI/RI with improved feedback accuracy. The improved feedback accuracy is modelled by using codebook with larger payload size. For example, instead of 4-bit codebook, a 6-bit codebook is used to.

Accordingly, the network will perform SU/MU-MIMO for the UEs which feed back either rank 1 or rank 2 PMI/CQI and will perform SU-MIMO for the UEs which feed back rank r PMI/CQI (r > 2).

· Multi-component SU/MU-MIMO system (SU/MU-MIMO System 2): UE periodically feeds back both rank non-restricted CQI/PMI/RI and rank restricted CQI/PMI/RI as suggested in Figure 1.
Accordingly, the network will perform SU/MU-MIMO for the all the UEs in the system. 
Based on the feedback information, dynamic SU/MU operation switching can be enabled using the UE pairing scheduler. 
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Figure 1: Multiplex PMI/CQI/RI Based Feedback.  
The CDF of the user throughput of SU/MU-MIMO system is shown in Figure 1.
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Figure 1: System Level Evaluation for SU/MU-MIMO

The average cell throughput together with the cell-edge user throughput can be seen most clearly in Table 1.

Table 1: Throughput Comparison of Different SU/MU-MIMO Systems

	
	SU/MU-MIMO based on 

multiplexing two component feedback
	SU/MU-MIMO based on 

rank non-restricted feedback 

	Cell-edge User 
Throughput
	0.0978
	0.0993

	Average Cell 
Throughput
	2.2083
	2.1053


In the table, throughput results are computed based on the agreed overhead of 0.2472 while assuming L = 2 for control region. Other system parameters for the simulation can be found in Table 2.

Table 2: Simulation Assumptions 

	Parameters
	Setting

	Bandwidth 
	10MHz

	Channel model
	ITU UMi  

	eNB antenna configuration
	4 vertically polarized antennas with 1/2 ( spacing

	UE antenna configuration
	4 vertically polarized antennas with 1/2 ( spacing

	Downlink scheduler
	Proportional Scheduling

	Feedback codebook
	6-bit Codebook for the effects of improved feedback accuracy

	Rank-adaptation
	Rank 1 to 4 transmission for SU-MIMO 

2 UEs with each Rank 1/2 transmission in MU-MIMO

	Scheduling delay
	3 ms

	Receiver algorithm
	MMSE

	UE Density
	10 UEs per cell


From the result we can see that multiplexing two feedback components especially using rank restriction for MU-MIMO feedback component can lead to around 5% perform gain in terms of average cell throughput. This gain is mainly achieved through 

· better scheduling flexibility at the eNB

· eNB could switch high rank SU-MIMO transmission with rank 1/2 MU-MIMO operation which could be beneficial for average cell-throughput

· better MU-CQI prediction 

Combination of rank-restricted feedback and rank non-restricted feedback provides finer resolution of the spatial spaces of the channel for the dominant channel directions. Furthermore, combination of these feedbacks provides eNB additional information about the UE for scheduling purpose and MU-CQI prediction purpose. For example, if the UE’s SU-MIMO feedback rank is high, then assigning that UE in MU-MIMO mode will be beneficial for average cell throughput. 
3 Conclusion
This contribution presents system level performance evaluation results on a multi-component feedback scheme using rank-restricted feedback for MU-MIMO operation. As compared to the baseline system that relies completely on the single-component Rel-8 type feedback for SU/MU-MIMO operations, there is around 5% gain in terms of average cell throughput.
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