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1 Introduction

In [1] – [4], a MU-MIMO scheme with precoded spatial multiplexing was introduced, as Per User Unitary Rate Control (PU2RC). In [4], we showed that using 2x2 antenna systems MU-MIMO outperforms SU-MIMO with almost the same feedback overhead while the MU-MIMO uses a simple MMSE receiver and SU-MIMO uses a more complicated SIC receiver, respectively. In [4], CQI feedback overhead was set to be the same for both MU-MIMO and SU-MIMO, and the additional 1-bit precoding index was used for MU-MIMO. In this contribution, we provide the link level throughput performances based on 4x4 MIMO systems for SU-MIMO (SCW/MCW) and PU2RC. We will show that compared to SU-MIMO, MU-MIMO not only requires a simpler MMSE receiver, it also shows almost no performance degradation when we reduce the number of reported CQI’s from 4 to 1. 
2 Simulation Assumptions
We compare the link level results of SU-MIMO (SCW/MCW) and PU2RC. Two different scenarios are considered based on the feedback overhead. 
1. 1 CQI feedback and an additional 3-bit feedback of precoding indexes

2. 4 CQI feedback and an additional 1-bit feedback of precoding index

The link performance measure is throughput, in the isolated cell. 
Table 1. OFDMA parameters

	Parameter
	Assumption

	Bandwidth
	5 MHz

	Carrier frequency
	2.19 GHz

	OFDM sub-carriers
	301

	Carrier spacing
	15 kHz

	OFDM symbol duration
	0.5/6 ms

	TTI duration
	6 OFDM symbols (0.5 ms)

	Number of RBs
	12 (0.375 MHz per RBs)

	MCS
	QPSK (R = 1/3, ½, 3/4)

16QAM (R = 1/2, 3/4)

64QAM (R = 3/4)


Table 2. Simulation assumptions
	Parameter
	Assumption

	Channel model
	Typical urban

	Scheduling
	Proportional fair

	Target BLER
	10%

	Antenna configuration
	4 x 4

	Spatial correlation
	0.5

	Traffic model
	Full buffer traffic

	MIMO detector
	MMSE

	UE speed
	3 km/h

	Feedback delay
	2 TTI

	Number of users
	10

	HARQ
	Chase combining (Max. ReTx: 8)


3 Simulation Results
In Figs. 1 and 2, we show the performance comparisons between SU-MIMO and MU-MIMO for the TU channel model. In Figure 1, we assume 4 CQIs feedback, while an additional 1-bit feedback is required for PU2RC. In Figure 2, we assume 1 CQI feedback while an additional 3-bit feedback is required for PU2RC.
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Figure 1. Link level throughput of 4 CQI feedback (4x4 MIMO)
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Figure 2. Link level throughput of 1 CQI feedback (4x4 MIMO)
4 Conclusions
In this contribution, we compare the throughput performances of SU-MIMO (SCW/MCW) and PU2RC based on link level assumptions. We have shown that MU-MIMO with precoding (PU2RC with codebook size = 2) outperforms non-precoded MU-MIMO (PU2RC with codebook size = 1) as well as SU-MIMO when MMSE receiver is applied to all cases. For 4 CQI feedback, PU2RC (codebook size = 2) requires an additional 1-bit feedback and has about 24% and 12% gain (G = 15dB) over SU-MIMO (MCW) and PU2RC (codebook size = 1), respectively. For 1 CQI feedback, PU2RC (codebook size = 2) requires an additional 3-bit feedback and has about 55% and 14% gain (G = 15dB) over SU-MIMO (SCW) and PU2RC (codebook size = 1), respectively. The gain comes from precoding and multi-user selection diversity. Conclusively, MU-MIMO with precoding can achieve higher throughput performance over SU-MIMO using almost the same feedback overhead.
We have shown, that SU-MIMO is very sensitive when the reported CQI’s are reduced from 4 to 1, while MU-MIMO showed almost no performance degradation. 
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