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1 Introduction

At the RAN1 #61bis meeting, the following methods for ACK/NACK multiplexing were agreed for both FDD and TDD in LTE-A [1]:
· For Rel-10 UEs that support up to 4 A/N bits: 

PUCCH format 1b with channel selection

· For Rel-10 UEs that support more than 4 A/N bits: 
DFT-S-OFDM

However, the coding scheme for DFT-S-OFDM was not formally discussed. In [2], we presented our views on possible coding schemes for DFT-S-OFDM. In this contribution, we will give some specific coding schemes based on the discussion in [2] and provide the corresponding performance. 
2 Coding Schemes for DFT-S-OFDM 

According to the assumed channel structure for DFT-S-OFDM in [2], it can carry 48 coded bits. As described in [2], Reed-Muller code is the best choice at least for the case that the total number of information bit is less than 13. And based on the discussion in [2], some specific coding schemes listed as bellow are considered in this contribution. 
· Based on the (32,O) codebook in LTE  
· Repetition Pattern 1: {0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15}
· Repetition Pattern 2: {0, 6, 18, 2, 16, 7, 13, 9, 8, 15, 11, 12, 10, 5, 1, 17}

· Repetition Pattern 3: {18, 2, 10, 5, 13, 9, 14, 3, 8, 15, 11, 12, 16, 7, 1, 17}   

· Repetition Pattern 4: {11, 12, 8, 19, 14, 13, 10, 4, 3, 15, 18, 2, 16, 7, 1, 17}  

· Repetition Pattern 5: {0, 6, 18, 2, 16, 7, 13, 9, 14, 3, 11, 12, 10, 5, 1, 17} 

· Repetition Pattern 6: {0, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 15, 16, 18,19}
· Based on (48, 10) codebook in TD-SCDMA
· Without Interleaving 
· Interleaver 1: {1，20，39，10，29，0，19，38，9，28，47，18，37，8，27，46，17，36，7，26，45，16，35，6，25，44，15，34，5，24，43，14，33，4，23，42，13，32，3，22，41，12，31，2，21，40，11，30}  

· Interleaver 2: {46，4，24，30，13，22，20，10，7，39，11，12，17，42，26，40，16，37，1，9，2，14，27，45，41，21，15，32，23，25，35，38，6，34，33，28，3，19，5，29，8，44，36，43，31，18，0，47}  
· Interleaver 3: {1，12，23，34，45，8，19，30，41，4，15，26，37，0，11，22，33，44，7，18，29，40，3，14，25，36，47，10，21，32，43，6，17，28，39，2，13，24，35，46，9，20，31，42，5，16，27，38}  

· Interleaver 4: {38，20，24，6，41，14，4，2，11，27，31，12，13，18，34，8，32，17，29，21，10，22，15，9，37，33，3，16，43，5，7，46，30，26，45，44，39，23，1，25，40，28，36，47，35，42，0，19}  

· Interleaver 5: {23，30，7，41，20，24，14，26，29，38，25，1，28，21，43，15，18，35，47，9，32，6，34，3，45，37，27，2，10，39，42，46，13，31，5，11，22，8，44，40，36，4，19，17，12，33，16，0}  

The interleavers for coding schemes based on (48, 10) codebook are obtained according to the rules in [2]. For example, interleaver 1 and interleaver 3 are generated based on the formula 
[image: image1.wmf](19n+1)mod 48

 and 
[image: image2.wmf] (11n+1)mod 48

 respectively, interleave 2 is generated based on the formula 
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 for 
[image: image4.wmf]n=1,2,...,46

 with adding 46 and 47 to the head and tail of the generated sequence, interleaver 5 is randomly generated by computer.
3 Simulation Parameters and Results 
In this section, the performance of the coding schemes described in section 2 is evaluated and compared. Two metrics of Pr(ACK->DTX or NACK) and Pr(NACK->ACK) are evaluated for each scheme. The related simulation assumptions and detailed simulation results can be found in Appendix A and B. 

As there are different performance requirements for the above two cases, the required SNR for each scheme shall fulfill all the two requirements which are assumed to be:

· Pr(ACK->DTX or NACK)≤10-2
· Pr(NACK->ACK)≤10-3
For comparison, the required SNR [dB] fulfilling all these requirements for each scheme, respectively, is summarized in the following tables. In the following tables or figures, RP is abbreviation of repetition pattern and Int. is abbreviation of interleaver.  
Required SNR for coding schemes based on (32, O) codebook
Table-1: The required SNR for Pr(NACK → ACK) = 10e-3 
	
	5 bits
	6 bits
	7 bits
	8 bits
	9 bits
	10 bits
	11 bits
	12 bits
	13 bits

	RP 1
	-7
	-5.62
	-4.5
	-3.7
	-3.05
	-2.35
	-1.7
	-1.35
	-0.6

	RP 2
	-7.1
	-5.86
	-4.73
	-3.7
	-3.36
	-2.56
	-1.9
	-1.3
	-0.8

	RP 3
	-7.1
	-5.66
	-4.73
	-3.76
	-3.08
	-2.62
	-1.92
	-1.5
	-0.72

	RP 4
	-6.8
	-6.12
	-4.5
	-3.83
	-3.17
	-2.47
	-1.7
	-1.46
	-0.82

	RP 5
	-7.13
	-5.88
	-4.73
	-3.75
	-3.2
	-2.45
	-1.95
	-1.34
	-0.88

	RP 6
	-6.88
	-5.72
	-4.62
	-3.9
	-3.35
	-2.24
	-2
	-1.42
	-0.61


Table-2: The required SNR for Pr(ACK → NACK or DTX) = 10e-2 

	
	5 bits
	6 bits
	7 bits
	8 bits
	9 bits
	10 bits
	11 bits
	12 bits
	13 bits

	RP 1
	-4.7
	-4.65
	-4.6
	-4.5
	-4.5
	-4.5
	-4.3
	-4.0
	-3.9

	RP 2
	-4.7
	-4.65
	-4.6
	-4.55
	-4.55
	-4.45
	-4.3
	-4.1
	-4.1

	RP 3
	-4.7
	-4.6
	-4.55
	-4.55
	-4.5
	-4.5
	-4.3
	-4.1
	-4

	RP 4
	-4.7
	-4.65
	-4.6
	-4.55
	-4.5
	-4.5
	-4.3
	-4.1
	-4

	RP 5
	-4.7
	-4.65
	-4.65
	-4.55
	-4.55
	-4.4
	-4.3
	-4.1
	-4

	RP 6
	-4.65
	-4.65
	-4.65
	-4.55
	-4.55
	-4.35
	-4.3
	-4.1
	-4


From Table 1 and Table 2, we can see that choosing the repetition pattern carefully can bring performance gain. And the performance comparison between cyclic repetition and repetition pattern 3 which has the best performance considering all the A/N bits is summarized in Table 3. 
Table-3: The required SNR for Pr(ACK → NACK or DTX) ≤ 10e-2 and Pr(NACK → ACK) ≤10e-3   

	
	5bits
	6bits
	7bits
	8bits
	9bits
	10bits
	11bits
	12bits
	13bits

	Cyclic repetition
	-4.7
	-4.65
	-4.5
	-3.7
	-3.05
	-2.35
	-1.7
	-1.35
	-0.6

	Repetition pattern 3
	-4.7
	-4.6
	-4.55
	-3.76
	-3.08
	-2.62
	-1.92
	-1.5
	-0.72


Required SNR for coding schemes based on (48, 10) codebook
Table-4: The required SNR for Pr(NACK → ACK) = 10e-3 

	
	5 bits
	6 bits
	7 bits
	8 bits
	9 bits
	10 bits
	11 bits
	12 bits
	13 bits

	w/o int.
	-7.0
	-3.8
	-2.0
	-2.0
	-2.0
	-1.7
	-1.4
	-1.2
	-1.0

	Int. 1
	-6.85
	-5.5
	-4.9
	-3.9
	-3.3
	-2.6
	-2.1
	-1.8
	-1.3

	Int. 2
	-6.3
	-5.45
	-4.9
	-3.8
	-3.2
	-2.8
	-2
	-1.6
	-1.3

	Int. 3
	-7.0
	-5.45
	-4.8
	-3.8
	-3.2
	-2.8
	-2.2
	-1.8
	-1.2

	Int. 4
	-6.3
	-5.5
	-5.2
	-3.9
	-3.2
	-2.8
	-2.4
	-1.8
	-1.1

	Int. 5
	-6.75
	-5.5
	-4.8
	-3.9
	-3.2
	-2.8
	-2.2
	-1.8
	-1.3


Table-5: The required SNR for Pr(ACK → NACK or DTX) = 10e-2 

	
	5 bits
	6 bits
	7 bits
	8 bits
	9 bits
	10 bits
	11 bits
	12 bits
	13 bits

	w/o int.
	-4.6
	-4.5
	-4.35
	-4.3
	-4.3
	-4.2
	-4.2
	-4.0
	-3.9

	Int. 1
	-4.65
	-4.6
	-4.6
	-4.5
	-4.5
	-4.4
	-4.2
	-4.1
	-3.9

	Int. 2
	-4.6
	-4.6
	-4.6
	-4.5
	-4.5
	-4.4
	-4.2
	-4.1
	-3.9

	Int. 3
	-4.6
	-4.6
	-4.55
	-4.5
	-4.5
	-4.4
	-4.3
	-4.1
	-3.9

	Int. 4
	-4.7
	-4.6
	-4.6
	-4.5
	-4.5
	-4.4
	-4.3
	-4.1
	-3.9

	Int. 5
	-4.6
	-4.6
	-4.6
	-4.5
	-4.5
	-4.4
	-4.2
	-4.1
	-3.9


From Table 4 and Table 5, we can see that interleaving can bring performance gain. And the performance comparison between (48, 13) without interleaver and (48, 13) with interleaver 4 which has the best performance considering all the A/N bits is summarized in Table 6.

Table-6: The required SNR for Pr(ACK → NACK or DTX) ≤ 10e-2 and Pr(NACK → ACK) ≤10e-3   
	
	5bits
	6bits
	7bits
	8bits
	9bits
	10bits
	11bits
	12bits
	13bits

	(48,13) w/o int.
	-4.6
	-3.8
	-2.0
	-2.0
	-2.0
	-1.7
	-1.4
	-1.2
	-1.0

	(48,13) with int. 4
	-4.7
	-4.6
	-4.6
	-3.9
	-3.2
	-2.8
	-2.4
	-1.8
	-1.1


4 Conclusion 
In this contribution, we evaluated the performance of the possible coding schemes for DFT-S-OFDM. According to the simulation results, we can see that for the coding schemes based on (32, O) codebook, choosing the repetition pattern carefully can bring performance gain. For the coding schemes based on (48, 10) codebook, interleaving can bring performance gain. Hence, we recommend coding schemes based on (48, 10) codebook with interleaving or (32, O) codebook with choosing the repletion pattern carefully for DFT-S-OFDM.   
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Appendix A

Simulation Assumptions 

Table 1 Simulation Assumptions 

	Parameter
	Value

	Carrier frequency
	2GHz

	Channel model
	ETU/5MHz,

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna configuration
	1x2

	RX antenna correlation
	Uncorrelated

	CP
	Normal

	Signal bandwidth
	180kHz

	RX false alarm detection threshold
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	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	Receiver Type
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Appendix B

Link-level Simulation Results 

In this section, the performance of each possible coding scheme is shown in the following figures. 
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(1-a) Performance for 5 A/N bit                                    (1-b) Performance for 6 A/N bit
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(1-c) Performance for 7 A/N bit                                    (1-d) Performance for 8 A/N bit
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(1-e) Performance for 9 A/N bit                                       (1-f) Performance for 10 A/N bit
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(1-g) Performance for 11 A/N bit                                       (1-h) Performance for 12 A/N bit
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Figure 1 Performance for coding schemes based on (32, O) codebook 
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(2-a) Performance for 5 A/N bit                                    (2-b) Performance for 6 A/N bit
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(2-c) Performance for 7 A/N bit                                    (2-d) Performance for 8 A/N bit
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(2-e) Performance for 9 A/N bit                                    (2-f) Performance for 10 A/N bit
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(2-g) Performance for 11 A/N bit                                    (2-h) Performance for 12 A/N bit
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(2-i) Performance for 13 A/N bit
Figure 2 Performance for coding schemes based on (48, 10) codebook 
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