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1. Introduction

The contribution R1-071322 showed that existing Rel6-RM performs fairly well with QPP at lower coding rates and shows some degradation at some sizes at higher coding rates [1]. It also showed that an alternate RM method based on circular-buffer (CB) can improve performance at high coding rates. This contribution describes the details of the alternate RM algorithm used in R1-071322.
2. Rate Matching Algorithm Based on Circular Buffer 

The input to the circular buffer based RM is the same as the input to the Rel-6 RM block, which comprise the bit streams generated by the turbo encoder. As defined in [2], the output of Rate-1/3 turbo coder is separated into three streams, corresponding to the systematic bit stream and the two parity streams. Each of the two component convolutional encoders generates a parity stream. The 12 tail bits are uniformly distributed in the three streams.

As an alternate to the Rel-6 RM, circular buffer-based rate-matching (RM) provides a simple method of generating puncturing patterns with good performance [3]. In the circular buffer method, each stream is rearranged with its own sub-block interleaver. Then, a single output buffer is formed by placing the rearranged systematic bits in the beginning followed by interlacing the two rearranged parity streams (see Figure 1). 

For a desired code rate of operation, the number of coded bits Ndata to be selected for transmission is calculated and passed to the RM block as an input. The bit selection step of the CB RM simply reads out the first Ndata bits beginning from the start of the buffer. In general, the bits to be selected for transmission can be read out starting from any point in the buffer. If the end of the buffer is reached, then the reading continues by wrapping around to the beginning of the buffer (and hence the term circular buffer, CB). Therefore, puncturing and repetition can be achieved using a single method. 
Circular buffer has an advantage in flexibility (in code rates achieved) and also granularity (in streams sizes). Sub-block interleavers based on bit-reversal ordering (BRO) are typically chosen since they facilitate uniform puncturing as much as possible at any desired code rate of operation [3]. For HARQ operation, different redundancy versions (Xrv) can be specified by simply defining different starting points (to start read out) in the CB. Therefore, for IR-based HARQ, orthogonal retransmissions can be easily configured using CB. 

In general, for CB-based channel coding, when the first redundancy version (Xrv = 0) is selected, it is assumed that the bits are read out from the CB starting from the beginning of the systematic portion. In essence, this means that for any code rate R ((1), all systematic bits are always selected for transmission. In other words, puncturing is applied to parity bits only. However, the CB-based operation can be made more flexible by allowing puncturing of some systematic bits also. 

3. Motivation for systematic bit puncturing 
At high coding rates, the effective puncturing pattern with no systematic bits removal (i.e., puncturing parity bits only)can degrade performance. This is primarily because for turbo codes with well-designed interleavers, most of the Hamming weight in the minimum distance (and other terms in the distance spectrum) are due to the parity streams. Therefore, when excessive puncturing is applied on the parity portions, the effective minimum distance of the punctured can degrade significantly. Therefore, to soften the impact, a small amount of systematic bit puncturing has been suggested in literature [5]
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[6]. Systematic bit puncturing was also suggested in a RAN1 contribution (R1-061737, [8]) from June 2006.

Systematic bits puncturing is well-known in the literature. Reference [5] describes partially systematic turbo codes wherein a rate-1/2 code with better performance is obtained by puncturing both systematic and parity bits of a mother rate-1/3 turbo code. Reference [6] shows how a small amount of systematic bit puncturing (e.g., 6% at rate-16/17) improves performace at various different rates for the Rel-6 Turbo coder and a dithered relative prime (DRP) interleaver. 

A complementary conclusion based EXIT chart analysis was described in [7] wherein the performance of non-systematic serial turbo coder was improved by “doping”, i.e.., reinserting a small fraction of systematic bits. 

4. Circular buffer-based RM with systematic bit puncturing

The contribution R1-071589 by Ericsson [9] shows that CB based RM algorithm without systematic puncturing shows some performance deficiency at high coding rates and select sizes. Although further investigations to improve sub-block interleaving could be considered, a simple way of improving performance can be achieved by combining the CB with a small amount of systematic bit puncturing. Following describes the details of the rate matching used in R1-071322.
Instead of taking bits from the beginning of the circular buffer, some systematic bits are dropped at high coding rate to improve performance (see R1-071322, Figure 2). The circular buffer is formed similar to the method as described in R1-061050 (see Figure 1). The three streams S, P0( and P​1( refer to the systematic and two parity streams, respectively. 

         When only RV=0 is considered, the systematic puncturing can be achieved by simply starting read from a different position in the CB. E.g., if 5% systematic bits are to be punctured, the initial 5% of systematic portion in the circular buffer is skipped. The skipped systematic bits can be reinserted at proper locations in the buffer. In other words, the circular buffer can be arranged such that

· For the first transmission with lower code rates (e.g., 1/2 or lower), all systematic bits are transmitted;

· For IR scheme where the first transmission used high code rates (e.g., 5/6), the redundancy versions can be defined such that the retransmissions would sent the systematic bits that are punctured in the first transmission. 
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Figure 1. Rate-matching algorithm based on circular buffer (ABS).  Skip indicates the portion of CB that is punctured (or skipped). This portion should be reinserted in the CB such that lower code rate performance with IR is not compromised (i.e., in the middle or at the end of the parity block)..
In R1-071322, only KFEC defined in the QPP table are studied, therefore depadding is irrelevant. Also, only code rate 5/6 is tested for the CB based RM. The following are some specific design choices used to test the CB based RM in R1-071322. The sub-block interleaver parameter M are selected from Table 1 based on stream size for the sub-block interleavers. 

· All the Ks values in the table are defined for the stream size Ks = KFEC + 4 as defined in [2].  
· For stream sizes (Ks) that are not listed in Table 1, the parameters (M) for next larger stream size is used. The J value is computed using the following formula
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· All three sub-block interleavers use identical M and J values. The sub-block interleaver of 2nd parity stream is offset by an odd value =1 to exploit i) odd-even property of QPP and ii) the property of sub-block interleaver with BRO that naturally puts all the even indices then all the odd indices in the rearranged subblock. Therefore, for index i, if (sys(i) denotes the permutation of the systematic bit sub-block interleaver, then the permutation of the two parity sub-block interleavers are given by (par0(i) = (sys(i), and (par1(i) = ((sys(i)+1) % Ks. 
· A fixed 5% of systematic bits are skipped in the CB at code rate 5/6 for all stream sizes, i.e., the offset is chosen to be approximately round (0.05 × Ks), although exact percentage can be fine tuned. 
Table 1. Parameter M of subblock interleaver.
	KS
	44
	52
	116
	228
	284
	384
	768
	1536
	3072
	6148

	M
	5
	6
	5
	6
	8
	6
	7
	8
	9
	10


 

5. Conclusions
This contribution describes the details of a circular buffer-based RM algorithm with systematic bit puncturing used in contribution R1-0713225. 
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