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Introduction
[bookmark: _GoBack]In RAN#71, the technology study item for 5G new RAT (NR) has been approved [1]. For the New Radio Access Technology (NR), there is potential to improve the channel coding across performance and computational complexity while efficiently addressing both blocklength scaling and rate compatibility, including incremental redundancy (IR) HARQ.
Here we bring to consideration the tailbiting convolutional codes from [2] for consideration in NR. For short blocklengths and with enhancements, this technique can provide very good performance. The rate compatibility of these codes and the corresponding enhancements are described.
Discussion
Tail biting convolutional is a variant of the conventional convolutional code with the modification that the tail of the data bits with the length constraintLength-1 are prepended to the data bits prior to the encoding process and no-zero tail bits are used, the purpose of which is to reduce the overhead of termination while improving the decoding performance. 
Rate compatibility could be easily supported through puncturing, either through periodic puncturing, or through sequential reading from a cyclic buffer with interleaved parity streams. 
IR HARQ would be necessary for energy-efficient data transmission. For TBCC or CC, IR HARQ could be supported by (1) using heavily punctured version in the first transmission, and then extending to lower rate by transmitting the remaining bits; or (2) using 1~2 parity streams for the first transmission, and then generating more parity streams for retransmissions. 
The LTE specification nominally separates CRC attachment for the purpose of protecting against false alarm and miss-detection. Here we additional show how performance can be improved if the CRC further enables list decoding at the receiver. Note that the design of CRC to balance the false alarm and miss-detection requirements are not covered here, but the overall gains in BLER suggest potential enhancements to convolutions codes with CRC.
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[bookmark: _Ref447274687]Figure 1 the performance of Convolutional Code (24,120) + 16bit CRC with variable list sizes	
The performance of convolutional code (24,120) with variable list sizes using the list-Viterbi algorithm is provided in Figure 1. The generating matrix conforms to the LTE spec, and a 16bit CRC is appended to the data bits. From the figure we can see that as we increase the list size, the performance keeps improving. 
Besides the conventional LVA, in Figure 1, we also evaluated the performance of the per-stage list-Viterbi algorithm (PSLVA), the procedure of which is illustrated in Figure 2. 
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[bookmark: _Ref447274757]Figure 2 Conventional LVA and Per-stage LVA (PSLVA)

Proposal 1: TBCC with per code-block CRC should be considered for 5G SI.
Proposal 2: TBCC rate compatibility can be supported through puncturing and repetition similar to the specification in [2].

Conclusions
Proposal 1: TBCC with per code-block CRC should be considered for 5G SI.
Proposal 2: TBCC rate compatibility can be supported through puncturing and repetition similar to the specification in [2].
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