3GPP TSG RAN WG1 Meeting #49bis 
R1-073200
Orlando, USA, June 25 - 29, 2007
Agenda Item:
5.5
Source: 
LG Electronics
Title:
An RV definition scheme with variable starting Positions
Document for:
Discussion and Decision
1 Introduction

In TSG RAN WG1#49 meeting, it has been agreed to use Circular Buffer based Rate Matching (CBRM) algorithm for LTE turbo codes. For further improvement of CBRM, in this contribution, we propose an RV definition scheme with variable starting positions. 
2 RV definition with fixed starting positions

To generate a data packet for HARQ transmission, CBRM algorithm selects the desired number of coded bits starting from a certain position in Circular Buffer (CB). For HARQ transmission, different Redundancy Versions (RVs) are needed in order to increase FEC coding gain.  To generate different RVs, CBRM algorithm simply uses different starting positions in CB. 
The starting positions of RVs can be fixed with equally spaced positions in CB [2]. For the number of RV Nrv, the size of CB N, RV=j represents the starting position Sj as follows.

Sj = j · N / Nrv , where j= 0, 1, ..., Nrv-1


       (1)

If the number of skip bits σ [2, 3] is considered for the initial HARQ transmission, Sj is as follows.
Sj = j · N / Nrv + σ




     (2)

The interval between adjacent starting points is N / Nrv. For example, when N=96, Nrv=4 and σ=4, the starting positions will be S0 = 4, S1 = 28, S2 =52 and S3 =76.

For each HARQ transmission, an RV is selected with following criterion in order to increase FEC coding gain maximally. For the initial HARQ transmission, an RV will be selected in order to transmit systematic bits as many as possible. For the second transmission, an RV which can minimize the overlap between first and second transmitting coded bits will be selected in order to increase FEC coding gain. For third or fourth transmission, an RV will be selected in order to transmit the coded bits which were not included in the previous transmissions. 
3 RV definition with variable starting positions
3.1 General description of the proposed RV definition 

The starting positions of RVs can also be defined with variable positions in CB. More specifically, An RV can be defined with variable starting positions depending on the size of transmitting coded bits. Whenever the size of transmitting coded bits is changed during HARQ transmissions, the starting positions of RVs are redefined. For ith HARQ transmission, if the size of transmitting coded bits is Li, RVi = j represents the starting position Si,j in CB as follows.
Si,j =  j · Li  mod N, where j= 0, 1, ..., Nrv-1
    

     (3)

If the number of skip bits σ [2, 3] is considered for the initial HARQ transmission, Si,j is defined as follows.
Si,j = ( j · Li + σ) mod N



    (4)

Figure 1 shows the RVs with variable starting positions at ith and i’th HARQ transmissions. Even though RVi= RVi’ =j, each of them represents different stating position in CB.
if Li≠Li, Si,j ≠ S i’,j , where j≠0 .
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Figure 1. Variable starting positions at ith and i’th HARQ transmission

For each HARQ transmission, an RV is selected with the same criterion as shown in the last paragraph of section 2. Even though starting positions of each transmission can be changed, however, there exists the best RV which can be selected and maximally increase FEC coding gain for each HARQ transmission. 

3.2 Advantage of proposed RV definition 


Regarding to variations of the size of transmitting coded bits in HARQ transmissions, it is very difficult to see whether the proposed RV definition always outperforms the RV definition with fixed starting positions, vice versa. However, if the size of transmitting coded bits will not be changed during HARQ transmissions, the proposed RV definition always outperforms the RV definition with fixed starting positions.


If the size of transmitting coded bits will not be changed, an RV always represents one fixed starting position during HARQ transmissions. However, unlike the RV definition with fixed starting positions, the interval between adjacent starting positions is equal to the size of transmitting coded bits. In this regard, it is possible to generate maximally orthogonal RVs and IR-HARQ can be fully supported by using proposed RV definition. 

Figure 2 shows the example of RV definitions with HARQ transmissions. Also, it is assumed that N/3≤L < N/2 and Nrv =4. In the figure 2(a), only three times of HARQ transmissions are required in order to increase FEC coding gain up to mother code rate when the proposed RV definition is used. However in the figure 2(b), four times of HARQ transmissions are required in order to increase FEC coding gain up to mother code rate when the RV definition with fixed starting positions is used.
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(a) RV definition with variable starting positions 
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(b) RV definition with variable fixed positions
Figure 2. Example of RV definitions with HARQ transmissions.

3.3 Proposed RV definition with Virtual Circular Buffer

In [4], Virtual Circular Buffer (VCB) concept was proposed. Also, it is assumed that VCB has conceptually R by C matrix structure. In the case of VCB, CBRM algorithm selects the desired number of coded bits starting from a column index in R by C CB matrix. It means that a starting position should be multiple of R in bitwise indices. Figure 3 shows bitwise indices of R by C CB matrix.
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Figure 3. R by C CB matrix

The proposed RV definition can be applied to VCB. For ith HARQ transmission, RVi= j represents the starting column index ci,j ( or bitwise index R·ci,j) in the CB matrix. If systematic bit puncturing is considered for initial HARQ transmission, RVi=0 always represents ci,0= σ which is the number of column indices to be skipped. Also, when the interval between two adjacent starting column indices is △i, the starting column index of RVi =j is defined as follows.

ci,j = ( j · △i + σ) mod C



      (5)
 
There are two methods for calculating △i. In both methods, it is assumed that the positions of filler bits and dummy bits are uniformly distributed after sub-block interleaving.
Method 1: Using sub-block interleaving address generator with simple counter.

	j=0




     // Counter  j = 0
i=σ·R




     // Bit index i = the starting position of RV=0
while j <  Li 



     // While counter j is less than the # of transmitting coded bits  
      
If π(i) is not a pruning or de-padding position  // Filler bit and dummy bit position check 


j=j+1


     // Increase of counter 

end if

      
i=i+1



    // Increase of bit index
end while

△i=floor(i / R)



    // Calculation of column index


Method 2: Proportional method.

Considering the number of dummy bits Nd and the number of filler bits Nf in CB matrix, the interval △i can be calculated by using the ratio of the size of transmitting coded bits Li to the number of coded bits after filler and dummy bits removal.



[image: image5.wmf]÷

÷

ø

ö

ç

ç

è

æ

×

-

-

×

=

D

C

N

N

C

R

L

floor

d

f

i

i

3

2




             (6)

The proposed RV with VCB may not fully support IR-HARQ in the case that the size of transmitting coded bits will not be changed during HARQ transmissions because two adjacent RVs can be overlapped. However, the overlap can be minimized with well designed sub-block interleaver. Also, during HARQ transmissions, RVs are can be transmitted without a gap between adjacent RVs since they can be minimally overlapped.

Figure 4 shows the example of RV definitions with VCB concept. It is also assumed that N/3≤L < N/2 and Nrv =4. In the figure 4(a), the proposed RV definition is used. Only three times of HARQ transmissions are required in order to increase FEC coding gain up to mother code rate because there is no gap between transmitted RVs. In the figure 4(b), the RV definition with fixed starting positions is used. However, in order to increase FEC coding gain up to mother code rate, four times of HARQ transmissions are required because there are too many gaps between transmitted RVs which can not be covered by third transmission. Also, the forth transmission is needed to cover the last gap. 
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(a) RV definition with variable starting positions
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(b) RV definition with variable fixed positions
Figure 4. Example of RV definitions with VCB concept
4 Conclusion

In this contribution, we have proposed the RV definition with variable starting positions.  Compared to the RV definition with fixed starting positions, the proposed RV definition can fully support IR-HARQ in the case that the size of transmitting coded bits is not changed during HARQ transmissions. In the same situation, when the VCB concept is used, the proposed RV definition can also have better FEC coding gain since there is no gap between the transmitted RVs. In this regard, it is proposed to adopt the RV definition with variable starting positions in 3GPP LTE.
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