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1 Introduction
As to LTE-A UL ACK/NACK transmission format, it was agreed on RAN1 #61bis meeting that [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 details related to DFT-S-OFDM have not been formally discussed. Among these related details, coding scheme is one of the most important aspects. In this contribution, the coding schemes for DFT-S-OFDM are discussed.
2 Working assumption
Since the structure shown in figure 1 has already been agreed and used for evaluation [4], our discussion and simulation in companion paper [5] will be based on this structure.
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Figure 1 PUCCH format based on DFT-S-OFDM with SF=5, where {
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3 RM coding schemes
When DFT-S-OFDM is used, ACK/NACK bits need to be encoded into 48 bits. However, how many bits (not only ACK/NACK bits) at most need to be transmitted using DFT-S-OFDM have not been decided. One requirement from ACK/NACK feedback in TDD suggests at least 12 bits need to be supported [6]. Furthermore, joint coding of ACK/NACK bits and SRI bit may be supported [7, 12], so supporting up to 13 bits can be considered when selecting the coding scheme.  

Like what RAN1 did at last meeting when evaluating the performance of DFT-S-OFDM, RM codebook based coding scheme is a good choice with good performance under small number of bits and easier to be implemented as it was supported at 3G system. On the other hand, it is proved in [8, 9] that ML decoding such as joint Data+RS receiving scheme can improve the performance significantly and thus it is desired to be used in practice. However, if the number of payload is too large, the performance of RM code and complexity of ML decoding will be a problem. Combining these factors, using RM based code to support at most 13 bits is reasonable. Hence, we propose: 

Proposal 1: At most 13 bits need to be supported by RM codebook for DFT-S-OFDM based ACK/NACK transmission. 
As to the RM based coding method, more investment and evaluation are needed although cyclical repetition based on (32, O) codebook in LTE [1, 4] had been used for evaluation. Currently, two approaches are evaluated and investigated at this contribution:

· Based on (32, O) codebook in LTE [1];

· Based on (48,10) codebook in TD-SCDMA [2];

3.1 Based on (32, O) codebook in LTE
For the (32, O) codebook, two issues should be resolved:

1. How to expand the (32, O) to support up to 13 bits? 

2. How to expand (32, O) to (48, O)?
For the first issue, in LTE, when discussing the codebook for CQI, there was a (32, k) codebook proposed to support up to 14 bits in [10]. And the (32, O) codebook in [1] is just a sub-codebook of this (32, k) codebook. So, to support up to 13 bits, this codebook can be reused with the last column removed as shown in table 1.  

For the second issue, one approach to obtain the codewords with length 48 could be by repetition based on the (32, 13) codebook. However, different repetition pattern (R.P.) may have different performance. It is desirable to search for a repetition pattern with the best performance.  

For different repetition pattern, the difference among the minimum distance distribution is very small. Thus, in theory, the pure coding performance, i.e., the performance under AWGN, of different repetition pattern will not have much difference, so the performance difference will mainly come from diversity gain in fading channel, i.e., certain repetition pattern may be especially advantageous in exploring diversity gain in fading channel. However, it is hard to figure out the explicit and correct characteristics of such a repetition pattern. When searching for a most likely better repetition pattern, some rough rules are used in our searching process. 

·  Not choose too many bits to which the corresponding rows in the (32,13) codebook contain too many 0s in each row; 

· Make sure the sub-codebook consisting of the chosen rows will not have too many consecutive 0s in certain columns, etc. 

Based on these rules, we found out several candidates of repetition pattern as shown in [5] and we also evaluated these patterns with details therein. 
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10
	Mi,11
	Mi,12

	0
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
	1
	0

	1
	1
	1
	1
	0
	0
	0
	0
	0
	0
	1
	1
	1
	0

	2
	1
	0
	0
	1
	0
	0
	1
	0
	1
	1
	1
	1
	1

	3
	1
	0
	1
	1
	0
	0
	0
	0
	1
	0
	1
	1
	1

	4
	1
	1
	1
	1
	0
	0
	0
	1
	0
	0
	1
	1
	1

	5
	1
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1

	6
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1

	7
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1

	8
	1
	1
	0
	1
	1
	0
	0
	1
	0
	1
	1
	1
	1

	9
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	1
	1
	1

	10
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1

	11
	1
	1
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	1

	12
	1
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1
	1

	13
	1
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1

	14
	1
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1

	15
	1
	1
	0
	0
	1
	1
	1
	1
	0
	1
	1
	0
	1

	16
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	0
	1
	1

	17
	1
	0
	0
	1
	1
	1
	0
	0
	1
	0
	0
	1
	1

	18
	1
	1
	0
	1
	1
	1
	1
	1
	0
	0
	0
	0
	0

	19
	1
	0
	0
	0
	0
	1
	1
	0
	0
	0
	0
	0
	0

	20
	1
	0
	1
	0
	0
	0
	1
	0
	0
	0
	1
	0
	1

	21
	1
	1
	0
	1
	0
	0
	0
	0
	0
	1
	1
	1
	0

	22
	1
	0
	0
	0
	1
	0
	0
	1
	1
	0
	1
	0
	1

	23
	1
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1
	1
	0

	24
	1
	1
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1

	25
	1
	1
	0
	0
	0
	1
	1
	1
	0
	0
	1
	1
	1

	26
	1
	0
	1
	1
	0
	1
	0
	0
	1
	1
	0
	0
	0

	27
	1
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0

	28
	1
	0
	1
	0
	1
	1
	1
	0
	1
	0
	0
	1
	0

	29
	1
	0
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1

	30
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1

	31
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0


Table 1 The (32, 13) codebook proposed in [10].
From the simulation results shown in [5], we found that by careful choosing a repetition pattern some gains over straightforward cyclic repetition could be obtained. The performance comparison between straightforward cyclic repetition and the repetition pattern with relative best performance is summarized in table 2. In summary, if (32, O) based approach is used, careful choosing a repetition pattern is needed.
	Payload
	5 bits
	6 bits
	7 bits
	8 bits
	9 bits
	10 bits
	11 bits
	12 bits
	13 bits

	C.R.
	-4.7
	-4.65
	-4.5
	-3.7
	-3.05
	-2.35
	-1.7
	-1.35
	-0.6

	R.P. 3
	-4.7
	-4.6
	-4.55
	-3.76
	-3.08
	-2.62
	-1.92
	-1.5
	-0.72

	Gain on R.P.3 over C.R.
	0
	0.05
	0.05
	0.06
	0.03
	0.27
	0.22
	0.15
	0.12


Table 2 The required SNR satisfying Pr(ACK → NACK or DTX) 
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 10e-3.
Proposal 2: Careful choosing a repetition pattern is needed if the codewords for DFT-S-OFDM are obtained by repetition based on (32, 13) codebook. 
· The repetition pattern 3, i.e., {18，2, 10，5，13，9，14，3，8，15，11，12，16，7，1，17}, is highly recommended.
3.2 Based on (48, 10) codebook in TD-SCDMA
In TD-SCDMA, there is already a (48, 10) codebook for TFCI [2], so this could be also reused and extended to a (48, 13) codebook. In extending this codebook, the principle is to maximize the minimum distance to guarantee the performance and computer-based search is employed. Finally, the following codebook in table 2 is found and its minimum distance distribution is (22, 22, 18, 18, 18, 18, 16, 16, 14) from 5 bits to 13 bits which is very close to the theoretical bound (24，24，22，22，20，19-20，18-20，17-18，16-18) [11].
It should be noted that the 6th column Mi,5 in table 2 is especially not helpful to explore frequency diversity in fading channel, so certain interleaver should be applied to improve its  performance. Several interleaver generating methods, such as prime number based interleaving, column-row interleaving, M-sequence based interleaving, etc., are considered when designing the interleaver.
	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9
	Mi,10
	Mi,11
	Mi,12

	0
	1
	0
	0
	0
	0
	0
	1
	0
	1
	0
	1
	0
	0

	1
	0
	1
	0
	0
	0
	0
	1
	1
	0
	0
	1
	0
	0

	2
	1
	1
	0
	0
	0
	0
	1
	1
	0
	1
	1
	0
	0

	3
	1
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0

	4
	0
	1
	1
	0
	0
	0
	1
	0
	1
	0
	1
	0
	0

	5
	1
	1
	1
	0
	0
	0
	1
	1
	1
	0
	1
	0
	0

	6
	1
	0
	0
	1
	0
	0
	1
	1
	1
	1
	1
	0
	0

	7
	0
	1
	0
	1
	0
	0
	1
	1
	0
	1
	1
	0
	0

	8
	1
	1
	0
	1
	0
	0
	1
	0
	1
	0
	1
	0
	0

	9
	0
	0
	1
	1
	0
	0
	1
	1
	0
	0
	1
	1
	0

	10
	0
	1
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1
	0

	11
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1
	1
	0
	1

	12
	1
	0
	0
	0
	1
	0
	1
	0
	1
	1
	1
	1
	0

	13
	0
	1
	0
	0
	1
	0
	1
	1
	1
	0
	1
	1
	0

	14
	1
	1
	0
	0
	1
	0
	1
	0
	0
	1
	1
	1
	1

	15
	1
	0
	1
	0
	1
	0
	1
	0
	1
	1
	1
	1
	1

	16
	0
	1
	1
	0
	1
	0
	1
	1
	0
	0
	1
	0
	1

	17
	1
	1
	1
	0
	1
	0
	1
	1
	1
	0
	1
	1
	1

	18
	0
	0
	0
	1
	1
	0
	1
	0
	0
	1
	0
	1
	1

	19
	1
	0
	0
	1
	1
	0
	1
	0
	1
	1
	0
	1
	1

	20
	0
	1
	0
	1
	1
	0
	1
	0
	1
	0
	0
	1
	1

	21
	0
	0
	1
	1
	1
	0
	1
	0
	1
	0
	0
	0
	1

	22
	1
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0
	1
	1

	23
	0
	1
	1
	1
	1
	0
	1
	1
	1
	0
	0
	1
	1

	24
	0
	0
	0
	0
	0
	1
	1
	1
	0
	1
	0
	1
	0

	25
	1
	0
	0
	0
	0
	1
	1
	1
	1
	0
	0
	1
	1

	26
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1

	27
	0
	0
	1
	0
	0
	1
	1
	0
	1
	1
	0
	1
	1

	28
	1
	0
	1
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1

	29
	1
	1
	1
	0
	0
	1
	1
	0
	1
	1
	1
	1
	1

	30
	0
	0
	0
	1
	0
	1
	1
	0
	0
	1
	0
	0
	1

	31
	0
	1
	0
	1
	0
	1
	1
	0
	0
	1
	1
	0
	1

	32
	1
	1
	0
	1
	0
	1
	1
	1
	1
	1
	0
	1
	0

	33
	1
	0
	1
	1
	0
	1
	1
	0
	0
	1
	1
	1
	1

	34
	0
	1
	1
	1
	0
	1
	1
	1
	1
	0
	0
	1
	1

	35
	1
	1
	1
	1
	0
	1
	1
	1
	0
	1
	1
	1
	1

	36
	0
	0
	0
	0
	1
	1
	1
	1
	1
	0
	0
	1
	1

	37
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1
	1
	1
	1

	38
	1
	1
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1

	39
	0
	0
	1
	0
	1
	1
	1
	1
	0
	0
	0
	1
	1

	40
	1
	0
	1
	0
	1
	1
	1
	1
	0
	0
	0
	0
	1

	41
	1
	1
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1

	42
	0
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	0
	1

	43
	0
	1
	0
	1
	1
	1
	1
	0
	1
	0
	1
	1
	0

	44
	1
	1
	0
	1
	1
	1
	1
	0
	1
	0
	0
	1
	1

	45
	0
	0
	1
	1
	1
	1
	1
	0
	1
	1
	0
	1
	1

	46
	0
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1
	1

	47
	1
	1
	1
	1
	1
	1
	1
	1
	0
	0
	1
	1
	1


Table 3 The (48,13) codebook extended from (48, 10) codebook in TD-SCDMA [2].
After searching and evaluating, we find the performance of the interleavers shown in [5] is relatively better. And the performance comparison among straightforward cyclic repetition based on (32, 13), (48, 13) without interleaver and (48, 13) with a interleaver of relative best performance is summarized in table 3.  

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

	(32,13) with C.R.
	-4.7
	-4.65
	-4.5
	-3.7
	-3.05
	-2.35
	-1.7
	-1.35
	-0.6

	(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

	Gain on (48,13) with Int. 4 over (48,13) w/o Int.
	0.1
	0.8
	2.6
	1.9
	1.2
	1.1
	1.0
	0.6
	0.1


Table 4 The required SNR satisfying Pr(ACK → NACK or DTX) 
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10e-3.

From the simulation results shown above, we observe there is significant gain for (48, 13) codebook with int. 4 over (32, 13) with cyclic repetition and (48, 13) without interleaver. Therefore, if (48, 10) based codebook is employed, we suggest it should be firstly extended to (48, 13) codebook as in table 2 and interleaving is needed.

Proposal 3: if (48, 10) based codebook is employed, extending to (48, 13) as in table 2 and interleaving should be supported.
· The interleaver Int. 4, i.e., {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}, is highly recommended.
4 Conclusion  

In this contribution, we discussed the coding schemes for DFT-S-OFDM. Based on the discussion, we propose:
Proposal 1: At most 13 bits need to be supported by RM codebook for DFT-S-OFDM based ACK/NACK transmission. 
Proposal 2: Careful choosing a repetition pattern is needed if the codewords for DFT-S-OFDM are obtained by repetition based on (32, O) codebook.
· The repetition pattern 3, i.e., {18，2, 10，5，13，9，14，3，8，15，11，12，16，7，1，17}, is highly recommended.
Proposal 3: if (48, 10) based codebook is employed, extending to (48, 13) as in table 2 and interleaving should be supported.
· The interleaver Int. 4, i.e., {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}, is highly recommended.
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