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1. Introduction 

In RAN1#61bis, the need of clarification on the exact interpretation of “Replica” for HARQ-ACK/RI was discussed [1]-[4]. Then, three options of “Replica” were described in the processing chain of transmitter in case of SU-MIMO[1]. 

· Option A) Replicate before Channel Coding 

· Option B) Replicate after Channel Coding 

· Option C) Replicate after Scrambling

Below, we discuss the processing chain of transmitter in case of SU-MIMO. 

2. Processing chain for HARQ-ACK/RI and data multiplexing 
It is preferable to reuse Rel.8 processing chain of transmitter as much as possible. Therefore, we suggest the processing chain illustrated in Figure 1 where Rel.8 processing chain is reused for each code word. This corresponds to Option A. 
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Figure 1 processing chain of transmitter for SU-MIMO

Regarding the scrambling, layer specific or code word specific scrambling should be used for data to randomize the inter-layer interference. For HARQ-ACK/RI on SU-MIMO, the scrambling method would depend on the receiver type [1]. We discuss the receiver types below. 

· Type 1:Receive HARQ-ACK/RI on different layers as combined signal (Rank 1 equalization in [1])
HARQ-ACK/RI is dealt as Rank 1 signal in the receiver. In details, the received HARQ-ACK/RI is equalized in frequency domain using combined channel estimate. For this receiver, inter-layer interference does not exist on HARQ-ACK/RI. However, inter-symbol interference between data and HARQ-ACK/RI exists since the combined channel estimate used for the frequency domain equalization is only valid for HARQ-ACK/RI. 

· Type 2:Receive HARQ-ACK/RI on different layers as separated signal (Rank N equalization in [1])
HARQ-ACK/RI is separately demodulated per layer, i.e. same as data reception. Then, detected HARQ-ACK/RI signals are combined afterward. For this receiver, inter-symbol interference does not exist. However, inter-layer interference exists. 

If type 2 receiver is used, HARQ-ACK/RI can also reuse the same scrambling as data. If type 1 receiver is used, HARQ-ACK/RI needs to use the same scrambling among multiple layers to receive them as Rank 1 signal.  
According to our simulation results in appendix A, type 2 receiver shows better BER of HARQ-ACK/RI compared to type 1 receiver in high SNR region while slightly worse in low SNR region in case of EPA channel model. Moreover, type 2 receiver shows similar performance even in low SNR region in case of TU channel model. Considering SU-MIMO transmission is likely to be used in high SNR region, use of type 2 receiver would be suitable. In addition, type 2 receiver is simpler for demodulation perspective due to similar design as Rel.8. 
We prefer option A as processing chain of transmitter. Additionally, HARQ-ACK/RI and data use the same scrambling sequence. 

3. Conclusion

We discussed the processing chain of transmitter for HARQ-ACK/RI in case of SU-MIMO. Our preference is follow. 

· Option A: Replicate before Channel Coding 

· HARQ-ACK/RI and data use the same scrambling sequence 
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Appendix A 
Figure 2 and Figure 3 show SNR vs. BER of HARQ-ACK/RI for type 1 receiver and type 2 receiver in the condition of EPA/TU channel model. The simulation parameters are shown in Table 1. 
· Type 1: Receive HARQ-ACK/RI on different layers as combined signal
· Type 2: Receive HARQ-ACK/RI on different layers as separated signal 
From the results, type 2 receiver shows a slightly worse BER in low SNR region while better BER in high SNR region compared to type 1 receiver in the condition of EPA channel model. Moreover, type 2 receiver shows similar BER in low SNR region while has better BER in high SNR region compared to type 1 receiver in the condition of TU channel model. 
Table 1: Simulation parameters
	Parameter
	Assumption

	System bandwidth
	10 MHz

	Waveform
	SC-FDMA

	MIMO scheme
	Full-rank SU-MIMO

	Tx / Rx Antenna configuration
	2Tx /2Rx 

	Frequency allocation
	4 RBs, no channel-dependent scheduling

	Data modulation and coding rate
	QPSK, 16QAM, R=1/3, 2/3

	ACK/NACK resources
	Calculated according to Alt1 in [5]

	Compensation factor (β)
	2.0 

	ACK/NACK modulation
	QPSK

	Precoder randomization (PVS) 
	ON

	Scrambling for ACK/NACK
	OFF

	Channel model
	EPA / TU, 3km/h

	MIMO receiver 
	MMSE

	Channel estimation
	Actual
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Figure 2 BER of HARQ-ACK for type 1/ type 2 receiver (EPA channel model)
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Figure 3 BER of HARQ-ACK for type 1/ type 2 receiver (TU channel model)
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