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1. Introduction

In the RAN1#60 meeting, we’ve finalized 4Tx codebook set from rank-1 to 4 for UL SU-MIMO [1]. Furthermore, it was agreed that rank-2 codebook proposed in [2] could be adopted if significant performance benefit is observed. In this contribution, we provide link level simulation according to proposed rank-2 codebook sets for LTE-Advanced uplink. 
2. Performance evaluation
In this section, we provide the link level throughput performance of rank-2 codebook as shown in table 1 in order to see whether increasing the number of elements provides performance benefit. In this simulation, to make enough random channel samples, we generate random phase for spatial channel at every CQI updating period. The link level simulation parameters are listed in table 2. 
Table 1. Agreed 16-element in [3] and additional 8-elements in [2] for rank-2 codebook
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Figure 1 and 2 show the link throughput performance of agreed rank-2 codebook set and proposed codebook sets under low correlated channel environment. In this figure, it is shown that two codebook sets have similar performance, which implies that the enough precoding gain is exploited with 16-size codebook. 
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Figure 1. Link throughput performance under TU channel with low spatial correlation
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Figure 2. Link throughput performance under SCM-C channel with low spatial correlation
Figure 3 shows the link throughput performance under highly correlated channel environment. Even in correlate channel environment, it is hard to see the additional beamforming gain from the further inclusion of 8 elements. 
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Figure 3. Link throughput performance under Ped-A channel with high spatial correlation
3. Conclusions
In this contribution, the rank-2 codebook sets are evaluated. From the evaluation results, we can conclude as follows:
· There seems no strong motivation to adopt additional 8 elements for rank-2 codebook since no significant gain is observed.
· From the observations, it is preferred to keep the current rank-2 codebook as it is
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Appendix:
Table 2. Simulation Assumption

	Parameter
	Assumption

	Multiple Access Scheme
	SC-FDMA

	Carrier Frequency
	2GHz

	System Bandwidth
	5 MHz

	Subframe length
	1.0 ms

	Resource Allocation
	Localized Mode (4 RBs)

	Frequency Hopping
	Slot Hopping OFF

	Modulation and Coding Rate
	27 MCS

	Channel Coding
	Turbo code: max-log-MAP

	Channel Models
	TU-6, SCM-C and Ped-A

	Mobile Speed (km/h)
	3 km/h

	Channel Estimation
	Perfect channel estimation

	Antenna configuration
	4 transmitter and 4 receiver (4Tx, 4Rx)

	Number of codeword
	2

	Transmission Scheme
	Close-loop Spatial Multiplexing 

	Codebook
	16-elements (Agreed rank-2 codebook [3])

24-elements (Proposed in [2])

	Precoding
	Single PMI for an allocated band

	PMI update period
	5 ms

	Receiver Type
	MMSE receiver
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