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1. Introduction

In the Kobe meeting, the circular buffer based rate matching algorithm for turbo codes was adopted. Given current estimates of the number of HARQ channels R1-072674 and the amount of required UE memory R1-072136, it is likely that 1st stage rate-matching will have to be supported. This contribution discusses the impact of first stage rate-matching on the redundancy versions. 
2. RV definition options with 1st stage rate matching 
First stage rate matching techniques may be needed when the receiver has a limited amount of soft buffer size. In the 1st stage rate matching, the transmitter may have knowledge of the soft buffer capability of the receiver, and hence it is permitted to only transmit the code bits that can be stored in receiver’s soft buffer.

The maximum soft buffer size imposes constraints on the rate matching with the circular buffer. If the circular buffer is not large enough to take all the code bits, the wrap around in the circular buffer occurs at an earlier point than the end of the circular buffer, as illustrated in Figure 1. Since the rate matching is performed on a codeword-by-codeword base, it is expected that 1st stage rate matching, if included, will be performed on a codeword-by-codeword base as well.  The circular buffer size for each code word is limited to Ncw, where Ncw<3×Kstream, and 3×Kstream = 3×K+12 is the full circular buffer size before 1st stage rate matching. Note that when Ncw  ≥ 3×Kstream, the first stage RM is transparent.  The summation of size Ncw  for all codewords (from all transport blocks) cannot exceed NIR , which is defined in 3GPP TS 25.212 as the soft buffer size of all TBs. Instead of taking NIR as input to the 1st stage RM algorithm as in 25.212, the 1st stage RM of the per code word RM in LTE can take Ncw as input. 

[image: image1]
Figure 1.
Turbo code rate matching with 1st stage rate matching.
There are several options for defining Ncw for individual codewords, including:

1. Limit the buffer to a set maximum value NIR for the UE class (over all TBs, all codewords of a given TTI). Determine the per TB and per codeword limit from NIR via scaling. For example, Ncw =floor(NIR/C), where C is the number of turbo codewords for the concatenated TBs, determined by the code block segmentation rule. In fact, the per-codeword limit can be determined in a manner similar to the code-block segmentation rule. 
2. Limit the buffer to a set maximum value N’IR for the UE class (set the limit per TB). Determine the per codeword limit from this maximum via scaling. 
3. Limit the buffer to a set maximum value per codeword for the UE class.
Option 1 is most similar to current 3GPP TS 25.212 1st stage rate matching operation, and is directly tied to the actual implementation buffer limits. With any of these three options, the per codeword limit may be defined by deleting entire columns from the virtual circular buffer. 

For RV definitions, the choices include:
Scheme 1. Only allow a subset of possible RVs. If Y RVs are defined without 1st stage rate matching (i.e., 1st rate matching is transparent), then Y’ RVs out of the Y available RVs may be kept when 1st stage rate matching is not transparent, Y’<=Y.  For example, RV-i, i=0, 1, …, Y’-1, are used, where starting point of RV-Y’ is less than Ncw.
Scheme 2. Redefine the RVs such that a full set of Y RVs is available inside the allowed maximum circular buffer size. The RVs are redefined such that they start at top of columns of the circular buffer with dummy bits inserted. The amount of systematic bit puncturing is unchanged, such that RV 0 starts in the same position for all UE classes. For example, if Ncol columns of the dummy-padded circular buffer (containing 3×Nc columns before 1st stage rate matching) remain after 1st stage rate matching, then the Y RVs can start at column tops of column index floor((Ncol-2)/Y)×i+2, i=0,1,…,Y-1.
3. RV Definition with 1st Stage Rate Matching in LTE
The current LTE RV definition is for 8 RVs and 2 columns of systematic bit puncturing over 3×Nc=96 columns. The virtual circular buffer (or the dummy padded circular buffer) in this case has a total of Nr rows and 3×Nc columns (see R1-072604, [2]). The bits of this virtual circular buffer are read out columnwise and placed in a sequence format (one-dimensional circular buffer). Without 1st stage rate matching, RV-i starts with position Nr ( (Nc (3/8(i+2)= Nr ((12(i+2) = (Kstream/32((12(i+2), Nr = (Kstream/32(, i = 0, 1, …, 7,  in this dummy-padded circular buffer of sequence format. After 1st stage rate matching is used, the circular buffer contains bits of position j, 0 ( j ( Ncw -1. 
· With RV definition Scheme 1, the 8 RV starting positions may be kept but not necessarily used always. Only the original RV starting positions that lie within the range (0 ( j ( Ncw -1) in the circular buffer may be allowed. This can also be stated using the following condition: only RV-i with Nr(2<= Nr(12(i+2)<= Ncw -1 are used, resulting in possibly fewer than 8 RVs in some cases. The last RV index i allowed is thus floor(((Ncw -1)/ Nr-2)/12).
· With RV definition Scheme 2, 8 RVs are still needed (in all cases), then RV starting positions can be Nr(C(i+2),  i = 0, 1, …, 7, where C is the maximum integer such that  Nr (C(i+2)<= Ncw -1.  In other words, C = floor( ((Ncw -1)/ Nr-2)/7).
Similar RV modification can be applied if other number (e.g., 4) of RVs are defined before 1st stage rate matching. For example, with 4 RVs and a different amount of systematic bit puncturing, the following expressions may be used.
Without 1st stage rate matching, RV-i starts with position Nr ( (Nc (3/4(i+2)= Nr ((24(i+2), i = 0, 1, 2, 3, in dummy-padded circular buffer of sequence format. After 1st stage rate matching is used, the circular buffer contains bits of position j, where 0 ( j ( Ncw -1. 
· With RV definition Scheme 1, the 4 RV starting positions are kept, then only RV-i with Nr (2<= Nr((24(i+2)<= Ncw -1 are used, resulting in possibly fewer than 4 RVs.
· With RV definition Scheme 2, 4 RVs are still needed, then RV starting positions can be Nr( (C(i+2),  i = 0, 1, 2, 3, where C is the maximum integer such that  Nr ( (C(i+2)<= Ncw -1.

Conclusions 
This contribution discusses how to modify the circular buffer based rate matching algorithm when 1st stage rate matching is used. 
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