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1 Introduction
The TR 28.814 states that multiple codewords MIMO (including single codeword as a special case) that use the same time-frequency(-code) resource and are independently channel-coded with independent CRC should be investigated for LTE. In this contribution, we present link performance comparison of the single codeword (SCW) and multiple codeword (MCW) MIMO schemes. We consider two MCW schemes with one and two CQI feedback (per resource block or any other reporting unit) calculated based on MMSE receiver assumption. The one and two CQI feedback schemes are referred to as MCW-1CQI and MCW-2CQI scheme respectively. The 1CQI scheme not only has the benefit of significant reduction in feedback overhead, it also provides reduction in downlink overhead. For example, there is no need to indicate MCS and transport block size per layer because the same transport block size and MCS is used on all the MIMO layers. In fact, the overhead of the MCW-1CQI scheme is similar to a SCW scheme. However, MCW-1CQI scheme is expected to provide spectral efficiency gains over SCW scheme by using a successive interference cancellation receiver.  The MCW-1CQI scheme also allows for a seamless dynamic switching between single-user and multi-user MIMO [2].
2 Link Performance
2.1 Simulation Assumptions

The link parameters are provided in Table 1. We consider up to 2x2 MIMO for both SCW and MCW. The MIMO Pre-coding consists of a fixed Fourier-based pre-coding matrix. Furthermore, we assume a localized transmissions consisting of eight consecutive resource blocks. The Hybrid ARQ is based on simple symbol-level Chase combining. The MCS for unicast is selected based on effective SINR and AWGN curve look-up.  There are 5 sets of MCS levels used in the simulation. Ideal channel estimation is assumed.
Table 1 Link Simulation Assumptions
	Parameter
	Value

	DL Modulation
	QPSK, 16-QAM,

	Coding for data channel
	Turbo, ½, 2/3, 4/5

	Non-ideal receiver functions
	Ideal and noisy channel estimates

	Subframe duration
	0.5ms

	Transmission BW
	10MHz

	Usable subcarriers
	600

	CP Length 
	64

	Number of OFDM symbols per subframe
	5 (data) + 2 (pilot) 

	RB size
	25 tones, 1 sub-frame

	Block size
	FEC block fills up 8 resource blocks.

	Turbo-Decoding
	Max-Log, 8 iteration

	HARQ
	Symbol-level Chase Combing/ Maxi Re-trans. =3

	Target BLER
	1 %

	MCS selection
	Dynamic based on CQI feedback

	Carrier Frequency 
	2 GHz

	Channel model
	SCM for Unicast

	Antenna Configuration
	10 wavelength spacing

	UE speed
	10 km/h

	Precoding
	Unitary

	CQI delay 
	10 TTI 

	Channel Estimation
	Ideal

	Receiver
	Baseline: MRC

SCW: MMSE

MCW:  MMSE with SIC 


2.2 Link Simulation Results

Figure 1 shows the comparative link performance, in terms of spectral efficiency (bps/Hz), for a baseline system, 2x2 MCW MIMO system and SCW MIMO systems. The baseline is a 1x2 system, while MCW and SCW are 2x2 systems. The results show that both SCW and MCW systems outperforms baseline systems at higher SNR (>3dB) region. The results also show MCW systems with 1CQI and 2CQI outperform SCW systems. It should be noted that MCW MIMO employs a more complex successive interference cancellation receiver. It is also observed that MCW systems with 1CQI not only outperforms SCW systems and can perform very closely to MCW systems with 2CQI.  
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Figure 1 Link Performance of SCW and MCW MIMO schemes
3 Conclusions
In the presentation, we provide the comparative link performance for a baseline system, a MCW MIMO system and a SCW MIMO system. The results generally show that MCW systems outperform both the baseline systems and SCW systems. We also note that MCW with 1CQI can perform very close to MCW systems with 2CQI in a 2x2 MIMO system. Therefore, most of the MIMO gains can be obtained by sending just one CQI (per resource block or any other reporting unit) calculated based on MMSE receiver assumption. The 1CQI scheme not only has the benefit of significant reduction in feedback overhead, it also provides significant reduction in downlink overhead. For example, there is no need to indicate MCS and transport block size per layer because the same transport block size and MCS is used on all the MIMO layers. In fact, the overhead of this 1CQI MCW scheme is similar to a SCW scheme. However, we noted that 1CQI MCW scheme provides significant spectral efficiency gains over SCW scheme. The difference in performance result from the fact that MCW-1CQI scheme allows to employ a SIC receiver.
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