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1. Introduction

We compared the performance between 2 and 4 codewords (CW)  in 4x4 MIMO for unicast from a single UE perspective. We also considered signalling aspects. 
2. Numerical analysis
2.1. Simulation assumptions
Following assumptions are used.

- Antenna configuration: 4x4 and 2x2
- UE receiver algorithm: MMSE-SIC
- Modulation and coding rate are allocated according to estimated SINR using MMSE weight [3].

- The target PER is 20% for first transmission. The power, transmit antenna and MCS for each codeword are also same in the retransmissions. 

- Continuous 50 sub-carriers are allocated to one UE.

-  Incremental redundancy with non-adaptive, non-synchronous control is used.

Regarding codeword allocation,

- 4 codeword for 4x4 configuration and 2 codeword for 2x2 configuration [3]

- Each codeword uses time-frequency resource of 1 antenna and is mapped to each 1 antenna

- 2 codeword for 4x4 configuration

- Following 3 cases are evaluated.

1) Each codeword uses time-frequency resource of 2 antennas and is mapped to fixed 2 antennas (fixed group).
2) Each codeword uses time-frequency resource of 2 antennas and is mapped to 2 antennas according to group selection by UE (group selection).
3) Each codeword uses time-frequency resource of 1 antenna and is mapped to 1 antenna according to selection by UE (selection diversity).
Other simulation assumptions are shown in Table 1.
Table 1. Simulation assumptions

	Transmission BW
	10MHz

	Sub-frame duration and TTI length
	0.5 ms

	Sub-carrier spacing
	15kHz

	Sampling frequency 
	15.36 MHz

	FFT size
	1024

	Number of occupied sub-carriers
	601 (DC sub-carrier is null)

	Number of OFDM symbols per sub-frame
	7

	Channel coding
	Turbo code, R=1/3

	Modulation and coding rate
	[QPSK, R=1/8] 

[QPSK, R=1/4] 

[QPSK, R=1/3] 

[QPSK, R=1/2]

[16QAM, R=1/2] 

[16QAM, R=2/3] 

[64QAM, R=2/3] 
[64QAM, R=3/4]

	Channel environments
	Typical Urban (3km/h), using Kronecker model for spatial extension

	Antenna correlation 
	Transmit antenna: 0.5

Receive antenna: 0.0

	Channel estimation
	Ideal

	Pilot/signalling overhead
	2CW: 20.4%
2CW with group selection: 20.7%
4CW: 25.2%

	FEC Decoder algorithm
	Max-Log-MAP with 8 iterations

	CQI reporting delay
	3ms delay without feedback error

	HARQ
	Non-blanking based IR with maximum 4 transmission 

(non-adaptive, synchronous in time and freq. domain: use same sub-carriers with a period of 3ms)


2.2. Simulation results
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Figure 1. Simulation results
Figure 1 shows comparison of the spectral efficiency. It shows 2 codeword transmission with fixed antenna mapping (fixed group) for 4x4 configuration achieves modest performance loss up to 1 dB compared to 4 codeword transmission even though it has same downlink signalling amount as that of 2x2. It also shows maximum 2 codeword transmission can improve its performance by adaptive group selection with additional feedback signalling for group selection, while selection diversity with increased feedback for antenna selection has severe performance degradation compared to 4 codeword transmission. As a conclusion for this evaluation, 4 codeword transmission and 2 codeword transmission with fixed antenna mapping serve almost same performance. Considering feedback overhead for both methods, latter is preferable.
2.3. Consideration on signalling

Downlink signalling

There are several approaches for downlink signalling for multiple codewords. One extreme side is each codeword has control signal of category 1, 2 and 3. This have all flexibility of resource assignment, modulation, RV, HARQ handling. The other is one control signal contains all multiple codewords information. Of course, the combination of two extreme approach is possible like category 1 is common to all codewords and the remaining category 2/3 are separately transmitted for each codewords. In any cases, 2 codeword transmission can reduce signalling.
CQI feedback
CQI feedback also has several approaches for multiple codewords. For example, if CQI feedback indicates resource block ID like best M average scheme [5], one way would be to indicate best M resource blocks common to all antennas and also indicate which codewords is preference within one resource block. Further analysis would be necessary. In any cases, 2 codeword transmission can reduce signalling.
Ack/Nack

To allow 4 codewords usually means 4 Ack/Nack. As Ack/Nack is one of difficult channels in the uplink, careful consideration is necessary. Two codeword transmission can reduce signalling.
3. Conclusion
The simulation results show 2 codeword transmission achieves modest performance loss compared to 4 codeword for 4x4 configuration. Two codeword transmission has benefit also in the signalling. Therefore, we propose to allow 2 codeword transmission for 4x4 configuration in order to save signalling. 
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