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1
Introduction
The Rel-8 HARQ scheme can be classified as synchronous/asynchronous and adaptive/non-adaptive according to the retransmission timing and the adaptation of the modulation and coding scheme (MCS). For downlink HARQ operations, the asynchronous adaptive HARQ scheme is adopted as it provides better flexibility and spectral efficiency [1]. In asynchronous adaptive HARQ schemes, the MCS during retransmission is determined by the instantaneous channel quality only, while the actual demand of retransmission resource at the decoder is not taken into account. Precise allocation of the retransmission resource taking both instantaneous channel quality and the demand at the receiver into account is expected to cut the excess resource and reduce the number of required retransmissions and thus improves the spectral efficiency. In this contribution, a damage information-assisted HARQ scheme is proposed for LTE-A. Simulation results show that an effective throughput gain of up to 15% can be provided by the proposed scheme.
2
Discussions
2.1 Rel-8 Downlink HARQ Scheme
In Rel-8 DL HARQ, the mechanism of circular buffer rate matching is adopted for the determination of the redundancy versions (RVs) used for each transmission/retransmission [2]. Four RVs with explicit starting points are defined as shown in Fig 1. The length of each RV is determined by rate matching. For DL HARQ operations, the asynchronous adaptive HARQ scheme is adopted. The modulation and coding scheme (MCS) is determined by the instantaneous channel quality which is estimated at the UE side and then fed back to the eNB in the form of a 4-bit channel quality indicator (CQI) [3], which is an indicator of the MCS suggested by the UE. 
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Fig. 1. Rel-8 circular buffer rate matching mechanism for DL HARQ operations.
2.2 Damage Information-assisted HARQ Scheme
In Rel-8 DL HARQ operations, the length of redundancy versions during retransmissions is determined by the instantaneous channel quality only, while the actual amount of deficient resource at the decoder is not taken into account. Intuitively, the more perturbation the failed payload undergoes, the more retransmission resource is needed to fix the previous transmission. Precise allocation of the retransmission resource taking both instantaneous channel quality and the degree of the payload damage at the UE into account is expected to cut excess resource and reduce the number of required retransmissions and thus improves the spectral efficiency.
Accordingly, we propose a damage information-assisted (DI-assisted) HARQ scheme. In the proposed scheme, a new type of information termed Damage Information (DI) is defined and is required to be fed back to the eNB side. DI provides the quantized information of the degree of damage taken by the failed previous transmission. Much like the idea of CQI, DI can itself be an indicator of the suggested amount of retransmission resource and can actually be combined with CQI to form an extended CQI table incorporating the damage information. Based on the fed back CQI and DI, the eNB then adaptively adjusts the RV length.
The signalling process of the proposed HARQ scheme is shown in Fig. 2. If the DL transmission failed, the UE performs damage evaluation on the received packet. Then the UE feeds back ACK/NACK, DI, and CQI to the eNB. At the next retransmission, the eNB makes adjustment on allocation of the retransmission resource. One should note that the proposed DI-assisted HARQ scheme is applicable for each retransmission, where the UE performs damage evaluation on the combined received packet, and suggests an MCS for the next retransmission. 
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Fig. 2. Signalling process of the proposed DI-assisted HARQ scheme.
3
Simulation Results 

Table. 1 Simulation Parameters

	Encoder
	Rel-8 turbo encoder

	Decoder
	Max-log-map decoder with 8 iterations

	Channel
	Block fading

	Frame Length
	6144 bits

	Channel Estimation
	Perfect

	CQI Table
	Rel-8 4-bit CQI table [3]

	DI
	1 bit


To show the performance improvement of the proposed DI-assisted HARQ scheme, simulation results of the effective throughput are provided in this section. The damage information (DI) is quantized to 1 bit, which is used to indicate the suggested code rate (2 candidates) for the next retransmission. Specifically, the length of the redundancy version (RV) is first determined by the 4-bit CQI suggested by the UE. After that, another adjustment on the RV is made depends on the DI. In our current setup, the code rate is multiplied by a constant k1 = 2.5 when DI = 1, which signifies that the previous packet is damaged slightly; the code rate is multiplied by a constant k2 = 0.9, when DI = 0, which means that the previous packet is slightly badly. After these two steps, the length of RV is determined. The detailed parameters are listed in Table 1.

In Fig. 3, we plot the effective throughput of both the Rel-8 HARQ scheme and the proposed HARQ schemes. We plot the calculated throughput gain based on Fig. 3 in Fig. 4. It is observed that the proposed HARQ scheme is capable of providing an average throughput of up to 15%.
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Fig. 3. The comparison of the effective throughput of Rel-8 HARQ scheme and the proposed scheme.
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Fig. 4. Achieved throughput gain of the proposed HARQ scheme.
In Fig. 5, we plot the average number of retransmissions of the Rel-8 HARQ scheme and the proposed HARQ scheme. It is observed that the average number of retransmissions are almost indentical for the two schemes; the proposed scheme does not introduce extra latenty. It is thus inferred that the main benefit provided by the DI-assisted HARQ scheme under the current simulation setup is the cut of excess retransmission resource instead of making up deficient parts.
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Fig. 5. The comparison of the number of retransmissions of Rel-8 HARQ scheme and the proposed scheme.
4
Conclusions 
In this contribution, we have proposed a damage information-assisted HARQ scheme for LTE-A. Simulation results show that an effective throughput gain of up to 15% can be achieved by the proposed scheme with only an additional feedback of 1 bit information. Based on the discussions and the simulation results obtained, we propose that

· A new type of information for feedback termed Damage Information (DI)
· An improved HARQ scheme assisted by the DI
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