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1. Introduction 

In RAN1#62, the following is agreed for HARQ-ACK/RI replication schemes. 

· Choose one of the following schemes:

· Option A) Replicate before channel coding

· Option B) Replicate after channel coding 

· Option C) Combination of replication and Alamoutti mapping  as shown in R1-104697
· Evaluate between

· Combined use of layer (or transport block) specific scrambler and/or corner constellation point of modulation symbols 

· Use all constellation points of the associated PUSCH modulation size( QPSK, 16QAM and 64QAM)
· Final decision should be made considering the following points

· Performance of  {2, 4, 6 and 10} bits HARQ-ACK and RI 

· Higher payload may be considered, depending on CA session TDD discussion

· Commonality with Rel-8

In this contribution, we discuss the processing chain for transmission of HARQ-ACK and RI on PUSCH for 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. Although option C may improve the performance of UCI error rate, it would cause a  large change on the specification and would reduce the reuse of release 8/9 design.  
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Figure 1 processing chain of transmitter for SU-MIMO

Regarding the scrambling, layer specific or transport block 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. 
The gain of the layer specific scrambling is evaluated in Figure 2. In case of β=2.0 and 4.0, the gain of 2.3 dB and 3.5 dB are seen for 0.1% BER. From the performance and complexity point of view, the layer specific scrambling should be applied to both HARQ-ACK/RI and data with the same scrambling sequence. 
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Figure 2 Effect of the layer specific scrambling
3. Constellation points for HARQ-ACK/RI
Regarding the constellation points for the UCI, in case the number of HARQ-ACK/RI bits is equal or less than 2 bits, QPSK constellation should be used as in Rel.8. For the case with more than 2 bits, where (32, O) block coding [6] is used, the two cases are considered: 
· Alt 1: Use of corner constellation (i.e. QPSK constellation)
· Alt 2: Use all constellation points of the associated PUSCH modulation size (QPSK, 16QAM and 64QAM)
In Rel.8 TDD, Alt 2 is used for more than 2 HARQ-ACK bits. Alt 1 has a good property of the Euclid distance. On the other hand, Alt 2 has a merit of coding gain because the number of coded bits increases depending on the PUSCH modulation size. 
The required SNR to meet BER=0.1% for Alt1 and Alt2 is evaluated under the assumption listed in Table 1. We evaluated with three sets of data MCS levels for TB1 and TB2.

Set 1: {QPSK R=1/2, QPSK R=1/2}, 

Set 2: {QPSK R=1/2, 16QAM R=1/2},
 
Set 3: {QPSK R=1/2, 64QAM R=3/4},
The simulation results for 4-bit, 6-bit and 10-bit HARQ-ACK are shown in Figure 3, Figure 4 and Figure 5, respectively. 
For 4-bit HARQ-ACK, as seen in Figure 3, Alt 2 shows better performance in case of set 3 while similar performance in case of set 1 and set 2. This is because the channel coding gain for Alt 1 is poor in set 3 due to the smaller number of coded bits resulting from higher PUSCH spectrum efficiency. 

For 6 and 10-bit cases, performance difference of Alt1 and Alt2 is not so large except β=2 in 10bits where Alt2 has 3dB gain. Note that in the figures it is not plotted the cases with small β and high PUSCH spectrum efficiency, e.g. {β=2, set 3}, where the coding rate exceed 1. Also, note that for 6-bit HARQ-ACK it is not possible to decode if the number of coded bits are less than 11 according to the structure of (32, O) block coding in [6]. Therefore, the points with β=2 in set 2 and β=2, 4 in set 3 for Alt 1 are not plotted in Figure 4.  
From above results, we propose to adopt Alt 2. 
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Figure 3 Comparison of constellation point for UCI (4-bit HARQ-ACK)
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Figure 4 Comparison of constellation point for UCI (6-bit HARQ-ACK)
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Figure 5 Comparison of constellation point for UCI (10-bit HARQ-ACK)

Table 1 Simulation assumption
	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 MCS
	{TB1,TB2}

Set 1: {QPSK R=1/2, QPSK R=1/2}
Set 2: {QPSK R=1/2, 16QAM R=1/2}

Set 3: {QPSK R=1/2, 64QAM R=3/4}

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

	β offset 
	2.0, 4.0, 6.25, 8.0

	Channel model
	EPA, 3km/h

	MIMO receiver 
	MMSE

	Channel estimation
	Actual


4. Conclusion

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

· Option A: Replicate before Channel Coding 

· Layer specific scrambling is applied to both HARQ-ACK/RI and data with the same scrambling sequence. 
· For equal or less than 2 bits HARQ-ACK/RI, use corner constellation. For more than 2 bits (i.e. use of block coding), use all constellation points of the associated PUSCH modulation size. 
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Appendix A 
Figure 6 and Figure 7 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 2. 
· 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 2: 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

	Channel model
	EPA / TU, 3km/h

	MIMO receiver 
	MMSE

	Channel estimation
	Actual
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Figure 6 BER of HARQ-ACK for type 1/ type 2 receiver (EPA channel model) 
2bits HARQ-ACK, β=2.0
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Figure 7 BER of HARQ-ACK for type 1/ type 2 receiver (TU channel model) 
2bits HARQ-ACK, β=2.0
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