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1 Introduction

Tail-biting encoding is an encoding technique for convolutional code. It eliminates terminating bits of convolutional code and enhances bandwidth efficiency. Rel’6 turbo encoding can also apply this technology to remove tail-bits. However turbo code applies recursive convolutional code and tail-biting encoding can not encode some kinds of data length. Besides, this encoding method enlarges encoding latency. The detail will be discussed in the following.
2 Tail-biting encoding
2.1 Encoding method
[1] demonstrated the tail-biting encoding for feedback encoders. Keeping the initial state and the end state of convolutional code the same is the tail-biting encoding concept. For non-recursive convolutional encoding, it is simple. For recursive convolutional encoding, it is not. We list important as follows and discuss system influence later.. 
Assume data sequence with length N. Denote by u=(u0,u1,…,uN-1) input data sequence and by x=(x0,x1,…,xN) the state transition during encoding. The state transition can be shown as

[image: image1.wmf]T

t

t

t

Bu

Ax

x

+

=

+

1

,                                                                                                                (1)
where A is the (mxm) state matrix, B is the (mxk) control matrix, k is the number of encoder inputs and m is the number of registers. Denote by 
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 the zero-input solution and the zero-state solution. Eqn. (1) implies

[image: image4.wmf]1

[][](1)[]

00

0

t

zizsttsTtzs

tttst

s

xxxAxABuAxx

-

--

=

=+=+=+

å

.                                                     (2)
To satisfy tail-biting convolutional condition
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, and therefore initial state is 
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2.2 System effect
2.2.1 1/7 data lengths un-encodable
Eq. (3) shows that 
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 should be invertible, i.e. 
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. The control matrix A corresponding to Rel’ 6 turbo coding is
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, and A7=I. This means if data length is equal the multiple of 7 and then data may not be encodable.

Our system supports data length from 40 to 5114 bits. To facilitate the tail-biting technology, we may have to sacrifice some choices, e.g. 420 bits. 
2.2.2 Doubled encoding latency

Eq. (3) shows that the encoding method must encode sequence twice. Double encoding results in double encoding latency. Because of causality of convolutional code encoding, encoder may not encode sequence in parallel. Although this is bit-level operation, parallelism is hard to facilitate and therefore encoding latency is double.
3 Conclusion
Tail-biting encoding is very attractive technology to save redundant bits but it also slightly eliminates system capability. If these special data lengths were not relevant to our system, we could apply this technology without further doubt. If there is, we must solve this problem.

Applying tail-biting encoding doubles the encoding latency. Tail-biting convolutional code encoding can not be separated as the decoding. To satisfy LTE TTI=0.5ms and ARQ requirement, latency issue becomes severe. Encoding latency deserves consideration. Separate encoding can solve the latency problem.
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