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1. Introduction

In the ordinary HARQ system, once a retransmission is in request, the transmitter has to assign a full packet based on the current channel realization, which in general costs too much channel resource. Statistically, 20-30% packets need to be recovered by HARQ retransmission process in mixed channel model, while the most packets only require a little bit additional energy or redundancy particularly under a low speed circumstance. This extremely wastes the channel resource, directly causing the system performance loss. To resolve this problem, one research on turbo coded HARQ (TC-HARQ) has been proposed [1] that is concerned with HARQ behaviors in conjunction with LLR of turbo codes. The motivation of the TC-HARQ is to potentially increase system throughput with more sophisticated use of log-likelihood ratio (LLR), but compensatively at the cost of large amount of control channels.
In this contribution, we propose a new HARQ scheme by harmonizing the channel coding and HARQ, which may reap a substantial throughput gain to meet the fairly aggressive performance targets in terms of sector throughput and cell coverage [2]. The proposed HARQ so called grouping based H-ARQ (G-HARQ) is to group the bit portions from several failed packets and the new bit portion from new transmit packet encoded by turbo code, which gradually recovers the failed packets by a small amount of energy or redundancy. In the G-HARQ system, what is most interesting is that at the receiver the iterative decoding process helps to decode the encoded packet by sophisticatedly updating the bit LLR in each iterative step, which may achieve a promising HARQ coding gain for all the retransmit packets
The link level simulation confirms that with 60% retransmit portion, 2.2~4.3dB signal-to-noise ratio (SNR) gain can be obtained to recover the failed packet, which is the same gain as Chase-combining does. In addition, 1.14dB SNR gain and 40% throughput gain can be simultaneously achieved for the new packet.
2. Packet Grouping based HARQ
G-HARQ is concerned with a partial HARQ process by grouping K portions from K failed packets and an additional portion from the new packet, in order to form an encoded retransmit packet with a certain number of parity check bits depending on the available code rate. The intention is to recover the failed packets and simultaneously deliver a certain number of new information bits. As a high level concept, G-HARQ uses a small redundant portion to gradually recover the failed packets so that the system throughput can be maximized by sacrificing negligible transmission latency and costing certain tolerant additional memory.
Figure 1 depicts the retransmit packet format consisting of K retransmit portions, new information portion, and parity check bit portion, encoded by turbo code. It is noted that the bits in the retransmit packet are virtually positioned and could be located either contiguously or distributively.
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Figure 1: Retransmit packet format for G-HARQ.
2.1. Some Definitions

In what follows, some terminologies and parameters defined for G-HARQ are utilized throughout this contribution:
· Retransmit portion: a portion from the information bits of the failed packet, which is used to recover the unsuccessful packet. The retransmit portion needs to be either contiguously or distributively embedded in the retransmit packet.
· New information portion: a portion from the information bits of the new data traffic.

· Retransmit packet: a packet formed by all retransmit portions and new information portion, turbo-encoded with parity check bits.
· Failed packet: a packet which is failed in the first initial transmission, and needed for retransmission.
· K: the number of the retransmit portions in retransmit packet.

· k: the index of the retransmit portion in retransmit packet, and 
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: the number of information bits in the k-th retransmit portion.

· 
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: the number of information bits in the new information portion. In special case, 
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· R: the code rate for the transmit packet.

· 
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: the ratio of the information bits from the k-th retransmit portion to all the information bits in the retransmit packet, which is defined by
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2.2. High Level Concept for G-HARQ

In order to simplify the description, we focus on the Chase-combining based G-HARQ (CC-G-HARQ) although the incremental redundancy based H-ARQ (IR-HARQ) properly works as well. Without loss of generality, it is simply assumed that the number of retransmit portions is two, i.e., K = 2. This means that once the number of the cumulated failed packets in the transmitter buffer reaches two, the G-HARQ based retransmit packet is subsequently generated. 
Figure 2 exemplifies the formulation of retransmit packets in case of K = 2 for G-HARQ. In the example, the transmission buffers contain failed packet-1 and packet-2. The retransmit packet is formed by grouping the portion from each failed packet in the buffer and an additional new information portion from the new packet. 
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Figure 2: Formulation for retransmit packet with G-HARQ.
Figure 3 exemplifies the packet reception with the unique G-HARQ combining. In the example, the retransmit packet corrupted by the channel noise is recovered hierarchically. To detect all the corresponding packets, three decoding processes are taken into account. Firstly, the retransmit portions from the received retransmit packet are combined with the retransmit portions from the failed packets which are stored in the receiver buffer, whereby the SNR for retransmit packet is enhanced, aiming to reduce its block error rate (BLER). Secondly, the correctly decoded first retransmit portion is used to beneficially recover the previous failed packet in the first buffer. Thirdly, the correctly decoded second retransmit portion, similarly, is used to beneficially recover the previous failed packet in the second buffer. By performing this unique G-HARQ decoding process, all the packets are able to be efficiently recovered in the same TTI.
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Figure 3: Packet reception with G-HARQ.

2.3. SNR Gain for G-HARQ based Packet

For the sake of simplicity, all the received packets including failed packets and retransmit packet experience the same SNR. Thus, the SNR gain for the retransmit packet 
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With regard to the SNR gain for the failed packet, it depends on whether the retransmit packet is correctly detected or not. If the packet detection is succeeded in the receiver, the SNR gain could be significant, which has to be confirmed by link level simulation as will be discussed in section-4. If the packet is detected in error by cyclic redundancy check (CRC), the SNR gain, considered as a minimum SNR gain, can be obtained by simply combining the retransmit portion with the failed packet in the buffer. In this case, the SNR gain for the k-th failed packet 
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2.4. G-HARQ Retransmission Flow

Figure 4 exemplifies a retransmission flow with G-HARQ process based on Chase combining. In the example, we simply assume that the G-HARQ operation is implemented by combining two retransmit portions (K = 2) and one new information portion in 4-channel HARQ process. In the flow, the packet #1 and packet #2 are initially transmitted in the first TTI and the second TTI, and both corresponding NAKs are received. Thus, the two portions from the failed packet #1 and #2 and the new portion are grouped and encoded from each other by using a pre-configurable embedding pattern, to form a retransmit packet. Thanks to four TTI channel delay for acknowledgment, the resultant retransmit packet has the first opportunity to be transmitted in the 6th TTI. This G-HARQ process is contiguously operated until either the packet is successfully delivered or the maximum retransmission number is finally reached.
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Figure 4: Chase-combining based G-HARQ retransmission flow.
2.5. G-HARQ based Transmitter

Here, we attempt to give more details of procedure of the specific G-HARQ at the transmitter. In case of K = 2, two steps are taken into account for the G-HARQ process.

Step-1: Keep counting the number of the failed packets which is confirmed by the corresponding feedback ACK/NAK. If the number reaches K, move to step-2.
Step-2: Group 
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 bits of the k-th retransmit portion from the k-th failed packet and 
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 bits of the new information portion to encode a retransmit packet protected by CRC. The encoded retransmit packet consists of K retransmit portions, the new information portion and a certain number of parity check bits depending on the available code rate.
Figure 5 depicts the simplified transmitter block diagram for G-HARQ, which is composed of a normal packet block, a retransmission buffer used to store the failed packets, a transmitter controller, a G-HARQ encoder, a modulator, and a radio frequency circuitry. The function of the transmitter controller is to control the retransmit packet and determine whether a normal packet or G-HARQ based retransmit packet is generated based on the states of the acknowledgement as well as the number of the failed packets in the buffer.
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Figure 5: Simplified transmitter block diagram for G-HARQ.
2.6. G-HARQ based Receiver

At the receiver, in case of K = 2, three steps are taken into account for the G-HARQ process.
Step1: Once the retransmit packet is received, combine retransmit portions from failed packets into the retransmit packet and then detect whether it succeeds or not.
Step2: Combine the first retransmit portion from retransmit packet into the first failed packet and then detect whether it succeeds or not.
Step3: Combine the second retransmit portion from retransmit packet into the second failed packet and then detect whether it succeeds or not.
It should be noted that the steps from 1 to 3 are only the initial G-HARQ process, and some more efficient processes can be performed with the iterative decoding manner, which may aim at potentially obtaining the system performance gain. The details pertaining to the iterative decoding will be discussed in section-3.
Figure 6 illustrates the receiver block diagram, which consists of a radio frequency, an HARQ buffer which is used to store the failed packets, a new packet detector and a retransmit packet detector. Furthermore, the new packet detector is composed of a packet combiner and a decoder, and the retransmit packet detector is composed of a HARQ combiner and a decoder. With regard to the decoding process, the decoder first detects the retransmit packet to strip the new information portion and retransmit portions, whereby the stored failed packets are able to be sufficiently recovered thereafter. With the iterative decoding process, the detected and recovered portions may beneficially help each other. The decoding operation is iteratively continued until no improvement can be offered.
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Figure 6: Simplified receiver block diagram for G-HARQ.
3. Iterative Decoding for G-HARQ

The system performance of convolutional Turbo code (CTC) or convolutional code (CC) relies strongly upon the value of log-likelihood ratio (LLR) of each bit. The larger the LLR is the lower the BLER is. The key concept of iterative decoding for G-HARQ is to keep up-dating the LLR of soft combined bits for the limited portions from one decoding step to others so that the LLR value can be sophisticatedly utilized in decoding process, only by occupying a small amount of channel resource.
In order to explicitly explain how the iterative decoding works properly with G-HARQ, we give an intuitive example with K = 2 as depicted in Figure 7, considering four iterative decoding steps:
Step1: It is assume that there are two transmit packets which are all failed in the initial transmissions (denoted Packet-1 and Packet-2). To recover these failed packets, two retransmit packets (denoted ReTx-1 and ReTx-2) are sent out, where the first one is failed whereas the second one is survived.
Step2: Since the ReTx-2 is successfully delivered, the LLR values of the all bits belonging to the second retransmit portions which are encoded in ReTx-2 become infinite. This could improve the decoding reliability for Packet-1 and Packet-2. Here, we assume only Packet-1 decoding is succeeded.
Step3: Again, since Packet-1 is successfully recovered, the LLR values of the all bits belonging to the first retransmit portion which are encoded in ReTx-1 become infinite. This could improve the decoding reliability for ReTx-1. Here, we assume ReTx-1 decoding is succeeded.
Step4: Finally, due to successful decoding in ReTx-1, the LLR values of the all bits belonging to the first retransmit portion which are encoded in ReTx-1 become infinite. This could improve the decoding reliability for Packet-2.
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Figure 7: An example of iterative decoding for G-HARQ.
It is worthwhile noting that as the number of grouping packets increases, preferably, G-HARQ is able to further improve the system performance. Here, we summarize the advantages and disadvantages of G-HARQ in consideration of the iterative decoding mechanism as follows:
· Unlike ordinary HARQ, G-HARQ does not cost too much channel resources for HARQ process. It utilizes the small portion of channel resource to gradually recover the failed packet.
· Unlike ordinary HARQ, G-HARQ using iterative decoding manner efficiently combines all the failed transmit packets and retransmit packets, and gradually obtains the H-ARQ coding gain.
· When the number of grouping packets becomes larger, the throughput gain can be asymptotically improved while the transmission latency, the required buffer size and the control channel amount are all linearly increased. Therefore, the practical the number of the retransmit portions K should be no more than 2.

· With regard to the number of bits in retransmit portions and ratio 
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 for retransmission, we believe that it is the optimum number that we always can adaptively control in order to maximize the system performance.
4. Performance Evaluation

The performance evaluation relies on a link level simulation according to the simulation scenarios listed in Table 1. The intention of our evaluation is to provide the solid justifications, and demonstrate the SNR gain as well as throughput gain achieved by G-HARQ.

Table 1: Simulation scenarios.

	Parameter
	Value

	Modulation
	QPSK, 16QAM, 64QAM

	Code Rate, R
	1/3, 1/2, 3/4

	Number of Failed Packet, K
	1

	Ratio of Information bit, (
	0.2, 0.4, 0.6, 0.8

	Information Bit Combining
	Pseudo-Random

	Channel Model
	AWGN


For simplicity, we assume that the number of the retransmit portions is K = 1 with the ratio of information bits ( = 0.2, 0.4, 0.6 and 0.8. This means that one retransmit portion and one new information portion are bit-combined, pseudo-randomly distributed, and encoded with code rate of 1/3, 1/2, and 3/4. The resultant retransmit packet is modulated with QPSK, 16QAM, and 64QAM, and then delivered on an additive white Gaussian noise (AWGN) channel.

With regard to the retransmit packet, the SNR gain can be easily computed according to the formula in Eq-2. Table 2 summarizes the SNR gain for the retransmit packet and its achievable maximum throughput gain.

Table 2: SNR gain for the retransmit packet and achievable maximum throughput gain.
	(
	SNR gain (dB)
	Max Gain (%) (Throughput)

	
	CR=1/3
	CR=1/2
	CR=3/4
	

	0.2
	0.28
	0.41
	0.61
	80%

	0.4
	0.54
	0.79
	1.14
	60%

	0.6
	0.79
	1.14
	1.61
	40%

	0.8
	1.03
	1.46
	2.04
	20%


As a consequence, G-HARQ may significantly achieve the SNR gain for the retransmit packet, and additionally improve the overall throughput performance.
With regard to the failed packet, in addition, we demonstrate the SNR gain by assuming that the retransmit packet is successfully detected. This is because we believe that the SNR gain summarised in Table 2 may promisingly ensure a fairly low BLER for the retransmit packet.
Figure 8, Figure 9 and Figure 10 show the BLER as a function of SNR for the failed packet before and after G-HARQ soft combining, for QPSK, 16QAM, and 64QAM, respectively. It can be observed that with ( = 0.6, the SNR gain achieved by G-HARQ is between 2.4dB and 4.3dB depending on the code rate and modulation order. This SNR gain is almost the same as the ordinary HARQ Chase combining which in general gives 3dB SNR gain, but costing 100% channel resource.

Figure 11 shows the SNR gain as a function of the ratio of ( for failed data packet at BLER = 0.1 after G-HARQ soft combining. The observation is that the SNR gain increases exponentially as function of the ratio of (. Relying on this performance behavior, we believe, it is favorable to adaptively control the ratio of ( according to the status of the failed packets.
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Figure 8: BLER vs. SNR for retransmit data packet for QPSK and ( = 0.6 after G-HARQ based Chase combining.
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Figure 9: BLER vs. SNR for retransmit data packet for 16QAM after and ( = 0.6 G-HARQ based Chase combining.
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Figure 10: BLER vs. SNR for retransmit data packet for 64QAM and ( = 0.6 after G-HARQ based Chase combining.
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Figure 11: SNR gain vs. ( for failed data packet at BLER = 0.1 after G-HARQ based Chase combining
5. Conclusions

In this contribution, we have proposed a novel G-HARQ scheme by grouping the failed and new packets encoded by turbo code and jointly employing an iterative decoding process. The encoded packet is properly decoded and the relevant soft bits are beneficially combined in conjunction with the failed packets. As a consequence, G-HARQ gradually increases the LLR value for each soft bit, which is expected to potentially not only achieve the SNR gain for all the retransmit packets but also improve the overall throughput performance.
With K = 1 and ( = 0.6, 2.2~4.3dB signal-to-noise ratio (SNR) gain can be obtained to recover the failed packet, which is roughly the same gain as Chase-combining does. In addition, with 1/2 code rate, 1.14dB SNR gain and 40% maximum throughput gain can be simultaneously achieved for the new packet.
Furthermore, the control channel such as ACK/NAK channel should be designed to support G-HARQ process.

Finally, to meet the performance targets in the requirement of LTE-Advanced, we suggest that G-HARQ scheme should be beneficially adopted.
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