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1 Introduction
Circular buffer based rate matching schemes have been proposed for LTE [2-6] because of its simplicity and good performance. In this contribution, we propose a harmonized design based on the previous contributions.
In Release 6 [1], rate matching is done in two stages. The first-stage rate matching limits the amount of buffering at the TX and RX side; the second-stage rate matching selects the coded bits for each transmission. Note the channel interleaving function is also included in the second-stage rate matching as the second interleaving. 
Whether 1st stage rate-matching is needed for LTE and how it should be done if needed are still under discussion. In addition, channel interleaving will be treated as a separate issue. The circular buffer rate matching in this proposal provides a way to select coded bits for each transmission. In other words, this contribution addresses issues corresponding to the 2nd stage rate matching in Release 6. 
2 Rate matching process for LTE
As agreed in RAN1 Malta meeting, rate matching is done per code block basis. For each code block, a circular buffer is constructed to facilitate TX and RX functions for HARQ operation. 
The TX operation of a circular buffer rate matching is shown in Figure 1. There are three bit streams for each code block at the turbo encoder output, namely, the systematic bit stream S, the first parity stream P1, and the second parity stream P2. The rate matching consists of the following steps:

1. Each of the three streams is interleaved separately by a sub-block interleaver. 
2. The interleaved systematic bits are written into the buffer in sequence, with the first bit of the interleaved systematic bit stream at the beginning of the buffer. 
3. The interleaved P1 and P2 streams are interlaced bit by bit. The interleaved and interlaced parity bit streams is written into the buffer in sequence, with the first bit of the stream next to the last bit of the interleaved systematic bit stream.
4. Eight redundancy versions (RV) are defined, each of which specifies a starting bit index in the buffer. The transmitter chooses one RV for each HARQ transmission. The transmitter reads a block of coded bits from the buffer, starting from the bit index specified by a chosen RV. If the end of the buffer is reached and more coded bits are needed for transmission, the transmitter wraps around and continues at the beginning of the buffer, hence the term of “circular buffer”. 
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Figure 1. Circular buffer rate matching
2.1 Sub-block interleaver
The sub-block interleaver is similar to the channel interleaver (2nd interleaving of 2nd stage rate matching) in Release 6. It is a row-column interleaver with the number of columns C = 32. Define K as the code block size, including information bits and tail bits. In other words, K = X + 4 where X is the number of information bits in each code block. The number of rows of the sub-block interleaver is specified as R = (K/32( . The operation of the interleaver can be described as follows:

· Starting from the 0-th row and the 0-th column, write in row by row, i.e., increase column index first.
· Fill up the R(C rectangle with dummy bits, if needed. The number of dummy bits Y = R(C – K.
· Permute the column with the following pattern

· 0, 16, 8, 24, 4, 20, 12, 28, 2, 18, 10, 26, 6, 22, 14, 30, 1, 17, 9, 25, 5, 21, 13, 29, 3, 19, 11, 27, 7, 23, 15, 31

· Starting from the 0-th row and the 0-th column, read out column by column, i.e., increase row index first.
2.2 Redundancy version definition

Eight redundancy versions are defined in the circular buffer. With the index of the first bit in the circular buffer being 0, the starting position of redundancy version i is set at ((6(i+1)(K/16(, i = 0, 1, …, 7. Again, K = X+4 is the code block size, including both information bits and tail bits. 
When RV = 0 is used, 1/16 of systematic bit puncturing is achieved, if the code bit selection does not reach the end of the circular buffer and wrap around. It is recommended that RV = 0 should be used for the first transmission if the code rate of the first transmission is higher than 0.7. Otherwise, RV = 7 should be used. By doing so, systematic bit puncturing can be achieved for high code rate transmissions. 
2.3 For-further-study items

The following aspects of the circular buffer design have been identified as FFS items:

· Further optimization of sub-block interleaver for potential performance improvement. For example, an offset may be applied to the the sub-block interleaver for Parity 2. 
· Further optimization of the redundancy version definition for potential performance improvement and complexity reduction.
· First-stage rate matching, i.e., whether to remove some parity bits to reduce the circular buffer size. This may potentially reduce the buffer requirement.
· Additional consideration to accommodate partial depadding.
3 Conclusion
In this contribution, we proposed a circular buffer based rate matching scheme. The key features of the proposal can be summarized as follows:
· Circular buffer based rate matching for each code block

· The systematic bit stream, Parity 1 bit stream, and Parity 2 bit stream are interleaved separately, each by a 32-column sub-block interleaver. The interleaved Parity 1 bit stream and Parity 2 bit stream are interlaced.
· Interleaved systematic bits are written in a contiguous region in the circular buffer. So are the interleaved and interlaced parity bits

· Eight redundancy versions are defined. Systematic bit puncturing can be enabled by using some of the RVs.
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