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1. Introduction

In this contribution, we proposed an enhanced LDPC-based adaptive AMC- HARQ scheme, which has the advantage of both data puncturing IR-scheme and parity-check puncturing IR-scheme for type II HARQ protocols using LDPC codes. We informed the enhanced LDPC-based adaptive AMC- HARQ schemes, which can be used to increase the utilization of hardware, save the power consumption and guarantee a better performance in the worst channel condition.
2. Fundamental principles of two schemes of HARQ

2.1 HARQ scheme based on Parity-Check Puncturing
HARQ scheme based on Parity-Check Puncturing can be divided into three stages:
The first stage: initial transmission and reception. First, in the transmitter, the information bits are sent into a low-code-rate encoder; second, the encoder punctures some of the parity bits according to the code rate; third, the transmitter sends the information bits and the parity bits after puncturing to the receiver. Puncturing scheme is as follows: First, pick up parity bits from special parity positions (the positions are known by both transmitter and receiver in advance); second, save the parity bits together with their special positions; third, delete these parity bits from the encoded codeword directly. When the receiver receives the codeword, the decoder will decode the received data. If the decoding process is unsuccessful, the receiver will send a NACK signal to the transmitter to call for retransmission. At the same time, all the initially received codeword will be stored for later use.

The second stage: retransmission. When the transmitter receives the NACK signal, it will transmit the whole or part of the parity bits according to the given puncturing scheme. The parity bits retransmitted are the ones which have not been transmitted in the first stage.

The third stage: re-decoding. When the receiver gets the new parity bits, it will combine the new parity bits with the preceding stored codeword, that is, to insert the new gotten information into the proper position in the preserved code word. Afterward, the decoder will perform the decoding process. 
This scheme of HARQ can guarantee a better performance in the worst channel condition, but the disadvantage is that it has a poor efficiency in the use of hardware.
2.2 HARQ scheme based on Data Puncturing
The basic flow chart of HARQ scheme based on Data Puncturing is illustrated in Fig. 2.1
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Fig.2.1 System scheme of HARQ based on Data Puncturing.
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The technique works as follows: 
The first stage: initial transmission and reception. In the transmitter, information bits are sent into a high-code-rate encoder, and then the encoded bits(including information bits and parity-check bits) are transmitted. When the receiver receives the codeword, the decoder will carry out the decoding process. If the decoding process is unsuccessful, a retransmission signal (i.e. NACK signal) will be returned to the transmitter to call for retransmission. Besides, all the initially received codeword will be stored for later use, where the parity bits will be reserved and the information bits will be updated with the following retransmissions.
The second stage: retransmission. After receiving the NACK signal, some of the information bits will be set zero (0) bits according to a given puncturing scheme at first, then the information bits sequence is encoded in the same encoder. Only the parity bits are sent over the channel. In every retransmission, the transmitter and the receiver can set different zero-pattern information bits by the agreement in advance.

The third stage: re-decoding. The receiver carries out the two-step decoding process after it gets the new parity bits.

The first step of decoding: the receiver decodes the punctured codeword with the new parity bits. First, withdraw the information bits from the codeword which have been stored at the first stage, and set some information bits in the corresponding zero positions to a large constant, according to the agreement known to both transmitter and receiver. Then decode it with the new parity bits. After decoding process, the extrinsic LLRs of the information bits which are not set zero can be obtained.

The second step of decoding: The extrinsic LLRs of the not-set-zero information bits are added with the stored LLRs of the information bits. Then the original received parity bits can be used to recover the entire codeword. If the decoding process is successful, a successful signal (i.e. the ACK signal) will be returned to the transmitter, otherwise, a NACK signal will be returned. Actually, this scheme of HARQ is to utilize the retransmission to update the information bits unceasingly.
The main advantage of this scheme is: efficient utilization of the hardware (the entire system only needs one pair of encoder and decoder), low energy consumption and low circuit complexity. Compared with the Parity-Check Puncturing scheme, when the block length (K) is equal, the number of required parity bits(M) of Data Puncturing scheme is smaller, so the parity-check matrix and the size of the corresponding decoder become smaller, which can reduce the decoding complexity. In addition, in high signal-to-noise conditions, for the Parity-Check Puncturing scheme, the decoder set initial zero to the LLR of the punctured parity-check bits, and then in the iterative decoding process, it needs more iteration number for the entire codeword to converge. So the number of iterations of Parity-Check Puncturing scheme is larger than that of Data Puncturing scheme. Thus, as a whole, in high signal-to-noise conditions, the decoding complexity of Data Puncturing scheme is much lower than the Parity-Check Puncturing scheme. Obviously, Data Puncturing scheme also has its shortcomings: in low signal-to-noise conditions, the error correction ability of Parity-Check Puncturing scheme outperforms that of the Data Puncturing scheme, which leads to higher throughout for Parity-Check Puncturing scheme. Therefore, we found that the two technologies complement each other, and then proposed the following enhanced adaptive retransmission method.
2.3 Enhanced LDPC-based adaptive AMC- HARQ 

We presented HARQ scheme based on Parity-Check Puncturing and HARQ scheme based on Data Puncturing in the previous sections. These two schemes have their pros and cons. We propose Enhanced LDPC-based adaptive AMC- HARQ in this section.

Therefore, A few LDPC codes with different code rates can be used for the AMC- HARQ procession., when the channel is bad (e.g., the SNR is low), the low-code-rate LDPC code is chosen, and the parity-check-puncturing IR HARQ should be used for the retransmission. When the channel is good (e.g. the SNR is high), the high-code-rate LDPC is selected, and the data-puncturing IR HARQ should be utilized. An example is shown as follows:
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Fig 2 Enhanced LDPC-based adaptive AMC- HARQ scheme flow chart

The Enhanced LDPC-based adaptive AMC- HARQ scheme includes the following steps ：

Step1: The first transmission for the transmitter: send the request signals to measure the channel condition, so that the transmitter can choose appropriate adaptive encoding mode according to feedback of channel state, and then initialize and send the first block of data.
This step1 includes the following specific operating elements: 
(11) The transmitter judges whether the data blocks to be sent is the first data block for the first transmission, if yes, carry out steps (12); otherwise, end the process and jump to Step 2; 
(12) The transmitter sends a channel evaluation request signal, requesting the receiver to assess the channel state; 
(13) When the receiver receives the channel evaluation request signal, it feeds back a CSI (channel state information) to the transmitter for the adaptive selection of data encoding;
(14) The transmitter transmits the data blocks initially: select the appropriate encoding method according to feedback CSI. When channel quality is good (as shown in Figure 2: SNR is over the threshold), encode the data block with the high-code-rate encoder, then send encoded data as well as the current frame number and code rate; When channel quality is bad (as shown in Figure 2: SNR is below the threshold), encode the data block with low-code-rate encoder, and store all the parity-check information, then puncture part of its parity bits, at last, send information bits and parity bits after puncturing as well as the current frame number and code rate;
Step2: The transmitter choose appropriate adaptive encoding mode to transmit the initial data blocks according to the feedback CSI, or choose the retransmission scheme according to the feedback signal: data puncturing retransmission or parity-check puncturing retransmission
The steps2 includes the following specific operating elements: 
(21) According to the feedback from the receiver(whether the signal is NACK or ACK), the transmitter select the appropriate retransmission scheme to retransmit the data: If the signal is ACK, then implement steps (22); if the signal is NACK, then execute steps (23); 
(22) Based on feedback CSI, the transmitter selects the appropriate encoding method to transmit the next data block initially: When channel quality is good, encode the next data block with the high-code-rate encoder, then send encoded data as well as the current frame number and transmission code rate; When channel quality is bad, encode the next data block with low-code-rate encoder, and store all the parity-check information, then puncture part of its parity bits, afterward, send information bits and parity bits after puncturing as well as the current frame number and transmission code rate ;finally, end the process; 
(23) The transmitter determines what kind of encoder is used in the initial transmission. If the low-code-rate LDPC code is chosen, the parity-check-puncturing IR HARQ should be used for the retransmission. If the high-code-rate LDPC is selected, the data-puncturing IR HARQ should be utilized. 
Step3: The receiver receives data, and according to the received data type, it chooses the decoding operations from the initial decoding, combining-parity-bit decoding, or two-step decoding. If the decoding process successes, it returns ACK signal and CSI, otherwise it sends the retransmission request NACK signal.

The steps3 includes the following specific operating elements: 
(31)The receiver determines whether the received data block is the retransmission block or not according to the received frame number; If the data block is not the retransmission frame, carry out the implementation of steps (32),otherwise, jump to steps (33); 
(32) According to the code rate of the initial transmission, the receiver selects the appropriate decoder for decoding. After that; jump to steps (34); 
(33)The receiver selects the appropriate decoding method based on the received data rate: If it is the higher rate, then use a two-step decoding approach; if it is a lower code rate, then utilize combining-parity- bit decoding method; 
(34) The receiver determines whether decoding result is correct or not; if decoding result is incorrect, then a NACK signal is returned to the transmitter to ask for retransmission; Otherwise, the receiver will get the decoded data, return an ACK signal to confirm the decoding result and CSI. At last, end the process.

3. Performance of enhanced LDPC-based adaptive AMC- HARQ
In this section, we will show the merits of our method through the comparisons between data puncturing scheme and parity check puncturing scheme at the circumstances of AWGN channel, Rayleigh fading channel with high-order modulations.

Scheme 1: HARQ scheme based on Parity-Check Puncturing. The puncturing locations are given in Fig3.1.

Deep colored blocks denote the information-bit data, light colored blocks denote the parity-bit data, and blank blocks denote the bits that are all 0. The circled blocks denote the data that are to be sent. At the beginning, all the bits are transmitted. In the first retransmission, half of the information bits in the front block are set 0 and the rest half ones are remained for encoding, then the party bits are sent over the channel. In the second retransmission, half of the information bits in the front block are remained and the rest half ones are set 0, and then the parity bits established are transmitted. The mother code is low density parity check codes of rate 3/4, which is from WIMAX_802.16e.

Parity-check matrix is as follow:

H=
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Fig 3.1 the locations of punctured bits in data puncturing scheme

Scheme 2: HARQ scheme based on Data Puncturing. We use our proposed half-rate QC-LDPC codes, and the parity-check matrix is as follow:
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Deep colored blocks denote the information-bit data; light colored blocks denote the parity-check data. D+P1 is firstly transmitted, P2 is first retransmitted, and the second retransmission is P3.
P1, P2, P3 is set up as follows: 
First of all, the mother code is divided into 
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The 22nd block bits are divided into two words, the first half accounts for 1/3 rate, recorded as K1, the second half accounts for 2 / 3 rate, recorded as K2.

In accordance with principles of the transmission of the initial rate 3 / 4, the first retransmission is rate2 / 3, the second retransmission after the corresponding rate 1 / 2 P1, P2, P3 are designed as follows:
P1= [16, 20, 26, 28, 30, K1]；P2 = [18, K2, 24]；P3 = [17, 19, 21, 23, 25, 27, 29, 31]
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Fig 3.2 The locations of punctured bits in parity-check puncturing scheme

The decoding operations of LDPC codes per iteration is as follow according to the reference [6] [7]

The decoding operations of LDPC codes per iteration＝ 20E-N-36M，
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We define the data throughput as the ratio of successfully decoded information bits to the total number of sent coded bits. Then we define the number of operations as follow:
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Table 3.1 gives the parameters used in the comparisons.
Table 3.1 Parameters
	Parameters
	Value

	Information block size(k)
	576

	Initial transmission rate
	3/4

	Modulation scheme
	BPSK QPSK 16QAM 64QAM

	Channel model
	AWGN & Independent Rayleigh fading channel

	Decoding scheme
	Log-BP Max Iteration=100

	Maximum retransmission number
	2
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Fig 3.3 Comparison of throughput in AWGN
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Fig 3.4 Comparison of number of operations in AWGN
[image: image28.emf]-5 0 5 10 15 20 25

10

0

10

1

10

2

Comparison of average number of iterations in AWGN

SNR（dB）

Average number of iterations

BPSK  PCP HARQ

BPSK  DP HARQ

QPSK  PCP HARQ

QPSK  DP HARQ

16QAM PCP HARQ

16QAM DP HARQ

64QAM PCP HARQ

64QAM DP HARQ


Fig 3.5 Comparison of average number of iterations in AWGN
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Fig 3.6 Comparison of throughput in Rayleigh channel
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Fig 3.7 Comparison of number of operations in Rayleigh channel
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Fig 3.8 Comparison of average number of iterations in Rayleigh channel
Fig 3.3 presents the comparison of throughput of the above two schemes in AWGN channel. When modulation pattern is BPSK and SNR=-1dB, the throughput of scheme 2 is 0.5 but the throughput of scheme 1 is only 0.1, it shows that scheme 2 can guarantee the reliability of transmission .But when SNR=2dB with the same modulation pattern, the throughput of both schemes are 0.75. The high-order modulation system shows the similar performance as what is shown in BPSK modulation system. Fig 3.4 shows the comparison of operation numbers of the above two schemes in AWGN channel. we can see from fig 3.4 that scheme 2 has longer time delay as it has to operate 1586 times when modulation pattern is BPSK and SNR=2dB,but in the same condition, there are only 422 times needed for scheme 1,which is 26% of scheme 2. The case is similar in the high-order modulation systems. Fig 3.5 gives the comparison of average number of iterations in AWGN channel. When BPSK modulation is chosen and SNR=2dB, the average number of iterations for scheme 2 is 13, while the average number of iterations for scheme 1 is 5, just 38% of scheme2. That is, when the SNR is higher, scheme 1 can greatly reduce the time delay .In high-order modulation system, the case is similar.
In practice, when the SNR is higher than 2dB in BPSK modulation system, we consider the adoption of scheme 1 to reduce the average number of operations and the iterations, which saves energy consumption and reduces the time delay. In contrast, when the SNR is lower than 2dB, scheme 2 is more suitable for guaranteeing the transmission. For QPSK, 16QAM, 64QAM modulation, we can select 5dB, 11dB, 16.5dB as the critical values. When the actual SNR is higher than the critical values, scheme 1 is selected; when the SNR is lower than critical values, scheme2 is chosen.

Fig3.6-Fig3.8 shows the performances of both schemes in Rayleigh fading system. The conclusions are similar to the AWGN system. The differences are the critical values. From fig 3.6-Fig3.8,we can conclude that in the Rayleigh fading system, 6dB,9dB,14dB,19dB are the critical values for BPSK, QPSK,16QAM,64QAM modulation system, respectively.

4. Conclusion
As a key technology of B3G, link adaptive technology has become a cutting-edge research area. Based on this technology, our scheme is an effective way to ensure the quality of service with low complexity. It features: when the channel condition is good, we can adopt high code rate LDPC encoder for initial transmission and data puncturing HARQ scheme for retransmission, in order to reduce the number of decoding operations, decrease power consumption significantly and reduce the decoding delay. When the channel condition is poor, we can choose low code rate LDPC encoder to encode the data and parity-check puncturing HARQ scheme to ensure the reliability of transmission.
It should be noted that the new technology we proposed is based on linear block codes like LDPC codes. Regarding the Turbo codes, because it is unable to construct high code rate directly, therefore it can only be obtained by puncturing the low code rate, which will increase the number of iterations and degrade the performance However, LDPC codes can construct high code rate directly, and the data puncturing scheme can further reduce its decoding complexity, which is the advantage of LDPC codes over Turbo codes.
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[In Section 15.3 Insert the following text]
===================Start of Proposed Text====================
15.3.X Channel Coding and HARQ
15.3.X.X An enhanced LDPC-based adaptive AMC- HARQ 

   A few LDPC codes with different code rates can be used for the AMC- HARQ procession. When the channel is bad (e.g., the SNR is low), the low-code-rate LDPC code is chosen, and the parity-puncturing IR HARQ should be used for the retransmission. When the channel is good (e.g. the SNR is high), the high-code-rate LDPC is selected, and the data-puncturing IR HARQ should be utilized. An example is shown as follows:
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