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1. Introduction

In the RAN #51 meeting, it was agreed to use joint coding for CQI and ACK/NACK multiplexing on PUCCH with extended cyclic prefix. In this case, the ACK/NACK is encoded using a sub-code prior to joint coding for CQI+ACK/NACK bits. Different ACK/NACK sub-code designs have been discussed in [1] and [2] such as repetition code, simplex code and combination of above two kinds of sub-codes. However exact performance was not checked at that time. In this contribution we will discuss remaining issues about sub-code of ACK/NACK for joint coding scheme including performance comparison in extended CP on PUCCH.
2. Joint coding scheme for extended CP
Figure 1 shows that ACK/NACK is encoded by a sub-code with codeword length Nd which is multiplexed with CQI and encoded jointly. In this section we focus on the position of the ACK/NACK. We simulated to show BER performance of each bit position without sub-code for different CQI+ACK/NACK configurations as shown in the Figure 2. As you can see in the Figure 2 each of bit information seems to be equally protected so ACK/NACK position may be freely located without large difference of performance. However if we fix the position of the ACK/NACK to last part of bit information, eNB can easily decode the CQI part irrespective of whether ACK/NACK is incorporated or not.
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Figure 1: Joint coding structure for extended CP
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Figure 2: The evaluated performance for each bit position
3. Performance verification of ACK/NACK sub-code in Joint Scheme
The point we have to discuss is the performance comparison of sub-codes in TS 36.212 [3] for ACK/NACK. If we look at the table 7.2.2-3 in TS 36.213 [4], the listed range of CQI information bits to be transmitted on PUCCH is from 4 bits to 11 bits. Either 1-bit or 2-bits ACK/NACK is also assumed to multiplex with CQI. In this section the AWGN link level performance comparison of each NCQI + Nd bit is simulated based on ML decoding of which number of candidate is 
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. The performance comparisons of SIMO (4bit CQI + 1bit A/N, Rank=1) and MIMO (11bit CQI + 2bit A/N, Rank>1) are shown in Figure 3 and Figure 4, representatively. 
For SIMO, 1 bit ACK/NACK is sub-coded by repeating 5 times (simple repetition (5, 1) code) while for MIMO 2 bits ACK/NACK are sub-coded by (3, 2) simplex code. For reference, we also simulated identity sub-code in which ACK/NACK is just concatenated with CQI then ACK/NACK + CQI is simply encoded (20, NCQI + NACK/NACK) PUCCH coding instead of (20, NCQI + Nd). The performance of other different CQI+ACK/NACK configurations and used sub-coded code for each case will be continued at Appendix.
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Figure 3: Performance comparison between w sub-code and w/o sub-code for CQI (4bits) +A/N (1bit)
In Figure 3, 
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denote the CQI BLER while 
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denote the ACK/NACK BLER. The subscript 
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 in above mentioned legends means ACK/NACK sub-code with repeating 5 times while 
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 means ACK/NACK sub-code with identity code. As shown in above Figure 3, we can observe that the sub-code in TS 36.212 [3] seems not to be beneficial to the both CQI and ACK/NACK performance compared to identity sub-code. Moreover identity sub-code case has better performance with respect to both CQI and ACK/NACK. This is because the joint code with longer Nd increases the number of information bit for inner (20,k) code so that the minimum distance of inner (20,k) code decrease .
The performance of CQI and ACK/NACK configuration for MIMO in Figure 4 also shows the similar tendency. From performance comparison, it seems desirable to adopt the joint code without sub-code for extended CP.
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Figure 4: Performance comparison between w sub-code and w/o sub-code for CQI (11bits) +A/N (2bits)
4. Conclusion

In this contribution, we evaluated the performance of joint code of CQI + ACK/NACK with ACK/NACK sub-code on PUCCH for extended cyclic prefix. Based on the performance comparison by different CQI + ACK/NACK configuration simulation, we can observe the two issues as follows;
·  Regarding the ACK/NACK position, the fixed ACK/NACK position which is located on last part of bit information seems to be useful.
· With respect to the subcode for ACK/NACK, the joint code without sub-code looks beneficial to the performance of both ACK/NACK and CQI for extend CP.
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Appendix

The different CQI+ACK/NACK configurations and used sub-code for each case that not handled at main section will be summarized at Table A-1. Listed range of CQI + ACK/NACK bits to be transmitted on PUCCH is based on TS 36.212 [3].
Table A-1 CQI+ACK/NACK configurations and ACK/NACK sub-code for different bits
	
	With Sub-Sode
	Without Sub-Code

	
	# of CQI
	# of A/N
	Sub-Code
	# of CQI
	# of A/N

	RI = 1
	5
	1
	Repetition code (5,1)
	5
	1

	
	6
	1
	Repetition code (5,1)
	6
	1

	RI > 1
	8
	2
	Simplex code (3,2)
	8
	2

	
	
	
	Hamming code (5,2)
	
	

	
	9
	2
	Simplex code (3,2)
	9
	2

	
	
	
	Hamming code (5,2)
	
	


     From Figure A-1 to Figure A-4 show the AWGN link level performance comparison of different CQI + ACK/NACK configurations. In Figure A-3 and Figure A-4, 
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 denotes the (5, 2) ACK/NACK sub-code for MIMO in which can be considered as two time repetition of (3, 2) simplex code with 1 last bit puncturing. The (5, 2) ACK/NACK sub-code is also interpreted as combination of (3,2) simplex code and 2bit systematic code. As following figures show, the longer sub-code length Nd , the worse is the performance of CQI and ACK/NACK. That is mainly because the joint code with longer Nd increases the number of information bit for inner (20,k) code so that the minimum distance of inner (20,k) code decrease which results in the poor performance of both ACK/NACK and CQI.
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Figure A- 1: Performance comparison between w sub-code and w/o sub-code for CQI (5bits) +A/N (1bit)
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Figure A- 2: Performance comparison between w sub-code and w/o sub-code for CQI (6bits) +A/N (1bit)
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Figure A- 3: Performance comparison between w sub-code and w/o sub-code for CQI (8bits) +A/N (2bit)
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Figure A- 4: Performance comparison between w sub-code and w/o sub-code for CQI (9bits) +A/N (2bit)
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