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1 Introduction
According to 3GPP RAN1#61bis, following remaining issues will be discussed next meeting[1]: 
· Need to clarify the exact interpretation of “Replica” 
· Option A) Replicate before Channel Coding 

· Option B) Replicate after Channel Coding 

· Option C) Replicate after Scrambling
· Need to clarify which modulation is used  in case of 2 CW transmission

· Mapping schemes for RI and AN
In this contribution, we show our views about these issues.  
2 Interpretation of “Replica”
For Option B and Option C, modulation type of UCI on different layers will be the same. However the modulation type of Data on different layers will be adjusted according to MCS selection. So above schemes may lead to different modulation between UCI and Data. For compatibility of UCI multiplexing mechanism, Option A in which modulation type between UCI and Data is same is preferred. 

3 Transport channel processing scheme 1 for UL-SCH in case of SU-MIMO
Figure 1 shows the transport channel processing for UL-SCH in case of SU-MIMO. We would prefer to adopt option A as the exact interpretation for scheme 1. The scrambler for each CW uses different scrambling sequences, similar to Rel-8 DL. The channel interleaver scheme including ACK/NACK, RI insertion for each CW is the same as Rel-8 UL. The modulation type of HARQ-ACK and RI for each CW is the same as the modulation type of the PUSCH for that CW. When one codeword mapped to one layer, the channel coding scheme of HARQ-ACK and RI for that CW is the same as Rel-8 UL. When one codeword mapped to two layers, the channel coding processing of HARQ-ACK and RI is different from Rel-8 UL, it will be described below.
3.1 Channel coding processing for CW mapping to two layers
For the case that HARQ-ACK consists of more than two bits information, i.e. 
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 is obtained as follows:

Because of the replication across all layers, the bit sequence 
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 where 
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 is the modulation type for this CW. 
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 is the number of coded symbols for HARQ-ACK of this CW. 
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 is multiple of 8 to guarantee that UCI symbols are time-aligned across all layers and is defined in equation (2). The basis sequences Mi,n are defined in Table 5.2.2.6.4-1 (3GPP TS 36.212 V8.8.0).
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To guarantee the processing of channel interleaver is the same as Rel-8 and the processing of layer mapping is the same as Rel-8 DL, we should concatenate the bit sequences of the two layers according to the following:
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After concatenation of the bit sequences, the coded bit sequences for HARQ-ACK of this CW is as follows:
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The vector sequence output of the channel coding for HARQ-ACK information is denoted by
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, and is obtained as follows:

Set i ,k to 0

while 
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end while
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                          Figure 1 Transport channel processing for UL-SCH in case of SU-MIMO
4 Transport channel processing scheme 2 for UL-SCH in case of SU-MIMO
Figure 1 shows the transport channel processing for UL-SCH in case of SU-MIMO. We would prefer to adopt option A as the exact interpretation for scheme 2.  The scrambler for each CW uses different scrambling sequences, similar to Rel-8 DL. The channel interleaver scheme for each CW is the different from Rel-8 UL and will be described below. The modulation type of HARQ-ACK and RI for each CW is the same as the modulation type of the PUSCH for that CW. When one codeword mapped to one layer, the channel coding scheme of HARQ-ACK and RI for that CW is the same as Rel-8 UL. When one codeword mapped to two layers, the channel coding processing of HARQ-ACK and RI is different from Rel-8 UL, it will be described below. 
4.1 Channel coding processing for CW mapping to two layers
For the case that HARQ-ACK consists of more than two bits information, i.e. 
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 where 
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 is the modulation type for this CW. 
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 is the number of coded symbols for each layer. 
[image: image29.wmf]Q

¢

 is defined in equation (5). The basis sequences Mi,n are defined in Table 5.2.2.6.4-1 (3GPP TS 36.212 V8.8.0).
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The vector sequence output of the channel coding for each layer is denoted by
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Set i ,k to 0

while 
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end while
4.2 Channel interleaver scheme for CW mapping to two layers

When one codeword mapped to one layer, the channel interleaver processing is the same as Rel.8. When one codeword mapped to two layers, the different part of the channel interleaver processing from Rel.8 UL is described below:
If HARQ-ACK information is transmitted in this subframe, the vector sequence of each layer 
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 is written onto the columns indicated by Table 5.2.2.8-2 (3GPP TS 36.212 V8.8.0), and by sets of Qm rows starting from the last row and moving upwards according to the following pseudocode. 
For layer 1:
Set i, j to 0.

Set r to 
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end while

For layer 2:
Set i, j to 0.

Set r to 
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5 Conclusions

In this contribution, we propose two schemes of the transport channel processing for HARQ-ACK and RI. They both are applicable for transmission UCI on PUSCH in case of SU-MIMO. They have common characters:
1. Replicate before Channel Coding
2. For each CW  the modulation type of HARQ-ACK and RI is the same as the modulation type of the PUSCH.
3. Mapping schemes for RI and AN of each layer are same as Rel.8.
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