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1 Introduction
Circular Buffer based Rate Matching (CBRM) had been agreed for LTE turbo coding rate matching [1]. In CBRM the redundancy versions (RVs) can be defined by certain predefined starting points at the circular buffer. In order to balance the signalling overhead and performance of HARQ transmission, four predefined starting points for four RVs are defined in the CBRM [1]. According to the description, the four reading points are starting at column 2, 26, 50 and 74 respectively at the virtual circular buffer [2]. 
This contribution firstly reviews the original CBRM definition [3], wherein reading each transmission bits continually from the interleaved coded bits. That’s to say the starting point of the current HARQ transmission is just next to the last position of the previous transmitted bits, as a result the starting point of each transmission could be determined by the block lengths of the previous HARQ transmissions, and the predefined starting points is not required. 
Then as a slight modification of the original sequential bit-wise CBRM, sequential column-wise  CBRM, which is based on the virtual circular buffer concept, is proposed to not only inherit the original CBRM form but ease the handling of dummy bits and filling bits which could cause problem at the original sequential bit-wise  CBRM.
2 Rate Matching schemes without signaling
CBRM rearranges the interleaved systematic bits and parity bits into a buffer with header and tail connected, as depicted concisely in Figure 1.  This leads to simplest expression of following text in 36.212.

The starting point can be calculated by,
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Here Ei (i = 0, 1…n-1) is the block length of the previous n transmission; N equals
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is sub-block interleaver size; and R is the row of the sub-block interleavers.

The circular buffer could also be viewed as a virtual circular buffer structure [2], Where the CBRM structure employs three 32-column rectangular interleavers to process the three streams multiplexed from the four outputs of a turbo encoder [4].  The three streams are conveniently referred to as the systematic, parity1 and parity2 streams (though each contains tail bits of different origins).  The length of each stream is given by S+4, where S is a QPP interleaver size not smaller than the information block size K.  To accommodate bits in each stream, the dimension of the sub-block interleaver is set to R×32, where R=ceil((S+4)/32).  Generally, it introduce (D=R×32−(S+4)) dummy bits to fill up each of the interleavers. The interleaved streams along with the appended dummy bits are conceptually organized into a buffer illustrated in Figure 2.  That is, the first 32 columns of the buffer consist of the interleaved systematic stream while the next 64 columns are multiplexed from the interleaved parity1 and parity2 streams.  A number of redundancy versions (RVs) can then be defined as consisting of coded bits starting at certain columns in this buffer [1].When a block of E bits are needed, the coded bits are read from the starting point corresponding to the requested RV in the buffer in a column by column order.  Dummy bits are (of course) not included in the output of the rate matcher.

One alternative RV definition should directly come from the original CBRM implementation [3], where the predefined starting points of each transmission are not required, and each transmission data is continually read out from the interleaved codeword. That’s the reading starting point of the current HARQ transmission is just next to the last position of the previous transmitted bits. As a result, the starting point can be calculated very simply by the block lengths of previous transmissions. The original from of CBRM is illustrated pictorially in Figure 1.
The virtual CBRM concept [2] eases the handling of dummy bits and filling bits, bringing advantage for implementation. In the virtual CBRM, the coded bits are read from the starting point of certain column corresponding to the requested RV in the buffer in a column by column order. 
Therefore, the original sequential bit-wise  form of CBRM is slightly modified to apply virtual CBRM concept. The bits of the current HARQ transmission can start from the column close next to the last column which had been read out by the previous transmissions. Figure 2 gives an illustration. 

A more formal description of the proposal method is as follows.

Assuming the nst transmission needs a block of En bits, and the block length of the previous n transmission is Ei  ( i = 0, 1…n-1).

Then the number of columns of the ist   transmission can be calculated by:
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, where R is the row of the rectangular interleavers. 

Then the total columns transmitted by the previous n transmissions, denoted by Cn, can be calculated by:
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(1)
Thus the starting column index of current nst transmission is ( Cn + delta )%Cmax，
As a result the starting bit point of the current nst transmission is defined by following formula:
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(2)
Here delta denotes the number of columns to be skipped at the first transmission, and Cmax is the number of the total columns in the virtual circular buffer. Note that these two parameters delta and Cmax with a practical value in [1] are 2 and 96   respectively.
Although the Cn can be calculated directly by the previous block lengths with formula (1), it can be calculated recursively from Cn-1 to Cn as well, leading a simpler solution.
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Figure 1 original sequential bit-wise  form of circular buffer rate matching
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Figure 2 sequential column-wise  form of circular buffer rate matching
3 Conclusion

We propose to consider RV definition without fixed starting points. Two possible definitions are illustrated: one is traditional sequential bit-wise, the other is sequential column-wise. It can save RV bits for DL HARQ and archive maximized orthogonal retransmission.
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