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1. [bookmark: _GoBack]Introduction
Higher spectral efficiency is one the important targets for fifth generation (5G) communications. Retransmissions required to recover a lost data transport block (TB) will occupy transmission resource and cause spectral efficiency loss. 
When the TB size becomes larger, the penalty will increase accordingly. Because of the common agreement of large carrier BW and high order MIMO for 5G, the transport block size is expected to be significantly scaled w.r.t. the increased data RE number and spatial layer number. There thus exhibits a strong demand on enhanced handing for error transmissions in 5G.
In this document, directions to fundamentally improve legacy LTE retransmission design will be discussion and suggested. In addition to reducing retransmission penalty, proposals to achieve better resource utilization are also provided.

2. Inefficiency of legacy LTE HARQ
Below is an illustration on the principle of LTE retransmission design. A bean in the diagram illustrates part of data in a TB, and the red bean denotes the error data that cannot be successfully recovered by UE. Due to the limitation of a single ACK/NCK per TB, eNodeB has to reserve resource for retransmitting all TB data (in a proper redundancy version). When TB size becomes large for much higher data rate in 5G, the retransmission penalty can be significant. Therefore, we have the following observation.
Observation 1: Single HARQ partition per TB in LTE will suffer large retransmission penalty for future large TB sizes. 
[image: ]


3. Directions of Enhancement
In this section, two major enhancement directions will be presented. 
1 
2 
3 
Finer ACK/NACK Partition and HARQ Multiplexing
One straight solution to resolve the inefficiency in LTE retransmission design is to allow finer ACK/NACK partition inside a TB. Below is an illustration where TB data can be factored into two partitions with independent ACK/NACK. It can be readily seen, with the finer ACK/NACK partition, eNodeB can save retransmissions on correct data. This gives the following proposal
Proposal 1: Finer ACK/NACK partition in a TB for the chance of eliminating retransmissions of correct data in a TB.
[image: ]
For a finer partition, the following one immediate possibility
Possibility: Finer ACK/NACK partition over codeblocks. Codeblock CRC can be used for the indication. Proper codeblock grouping may be required to limit overall ACK/NACK amount.

When the physical channel is able to carry more data than the reduced retransmission data, we further propose to multiplex retransmission data with new transmission data of another HARQ in the same transmission. Below is an illustration, where blue beans represent new data of another HARQ. In this way, the efficiency of each transmission can be enhanced. This gives our proposal 2.
Proposal 2: Allow retransmission data of a HARQ process to be multiplexed with new data of another HARQ process in the same transmission.
[image: ]
With proposals 1 & 2, inefficiency issue of legacy LTE can be improved. For even better spectral efficiency, the following enhancement is further suggested.
Retransmission to Help New Transmission Efficiency
Since the retransmission data can benefit from combining gain, it is likely to contribute to better decoding of the new transmission data multiplexed in the same transmission provided that the encoder outputs of the retransmission and new transmission are properly correlated. Below is an illustration on the extra operation to impose the correlation. Note that, network coding HARQ [1] is one example of such design. But, there is limitation on the code rate of new transmission, and modification is required to accommodate arbitrary new transmission code rates.
Proposal 3: Impose proper correlation between the encoder outputs of retransmission data and new transmission data multiplexed in the same transmission so that new transmission data volume can be increased by partly leveraging retransmission combing gain.
[image: ]

5. Summary
Seeing that inefficiency of legacy LTE retransmission design can suffer large spectral efficiency loss in further 5G setting, enhancements to resolve the issue are presented in this document. We highline the following:
Observation 1: Single HARQ partition per TB in LTE will suffer large retransmission penalty for future large TB sizes. 
Proposal 1: Finer ACK/NACK partition in a TB for the chance of eliminating retransmissions of correct data in a TB.
Proposal 2: Allow retransmission data of a HARQ process to be multiplexed with new data of another HARQ process in the same transmission.
Proposal 3: Impose proper correlation between the encoder outputs of retransmission data and new transmission data multiplexed in the same transmission so that new transmission data volume can be increased by partly leveraging retransmission combing gain.
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