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1 Introduction
In LTE, when ACK and CQI are transmitted within the same subframe on PUCCH for extended CP channels, joint coding of ACK and CQI after repetition coding of ACK have been agreed in 3GPP. ACK and CQI are jointly coded using a Reed Muller code with a code rate of (20, m+n), where m is the payload size of the CQI channel, and (n:1) or (n:2) code is used for ACK channel. Currently, the total number of coded ACK bits hasn’t been decided. In this contribution, we investigate the ACK protection capability with different number of ACK coded bits. The results show that with Reed Muller code (20, m+n), repetition coding of ACK does not provide more protection on ACK. In fact, it may degrade the performance of both ACK and CQI. 
2 Assumptions
This section summarizes the link level simulation assumptions for the comparison of joint ACK and CQI transmission with and without ACK repetition.

The following assumptions are used for this analysis:
· Reed Muller code (20, 14) accepted in 3GPP is used for joint coding. 

· CQI with payload size m= 5, 6, 7, 8 and 10 bits are simulated.  
· (n:1) and (n:2) ACK coding are investigated where m+n<=14.

· AWGN channel is assumed.
3 Simulation Results
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Figure 1: Results for 5 Bits CQI Payload and (n:1) ACK coding
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Figure 2: Results for 5 Bits CQI Payload and (n:2) ACK coding
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Figure 3: Results for 6 Bits CQI Payload and (n:1) ACK coding
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Figure 4: Results for 6 Bits CQI Payload and (n:2) ACK coding
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Figure 5: Results for 7 Bits CQI Payload and (n:1) ACK coding 


[image: image6]
Figure 6: Results for 7 Bits CQI Payload and (n:2) ACK coding
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Figure 7: Results for 8 Bits CQI Payload and (n:1) ACK coding
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Figure 8: Results for 8 Bits CQI Payload and (n:2) ACK coding
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Figure 9: Results for 10 Bits CQI Payload and (n:1) ACK coding
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Figure 10: Results for 10 Bits CQI Payload and (n:2) ACK coding
4 Summary
Based on the above simulation results, the repetition coding of ACK before the Reed Muller code doesn’t provide noticeable protection for ACK. On the other hand, the CQI channel performance may degrade significantly because of the reduced code rate for the Reed Muller code. 

Based on these results, we propose direct Reed Muller coding without ACK repetition when both ACK and CQI have to be transmitted together for extended CP. The resulting code rates for both ACK and CQI are (20, m+1) for SIMO and (20, m+2) for MIMO. 
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