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1 Introduction
In this contribution, we propose new sub-block interleaver which does not need dummy bit adding and removing [3] for interleaver address pruning.  In section 2.1, the structure of new sub-block interleaver is introduced. In section 2.2, Circular Buffer based Rate Matching (CBRM) algorithm is described with Redundancy Version (RV) definition and the off-set value δ [3] based on new sub-block interleaver design. In section 3, simulation results of the proposed CBRM are provided and compared to that of other CBRM candidates [3, 4]. Section 3.1 describes simulation assumption and section 3.2 shows simulation results. Finally, conclusion is made in section 4. 
2 Sub-block interleaver

In [3, 4], the sub-block interleaver has 32-column rectangular interleaver structure. Since the size of sub-block interleaver Ks can not be always multiple of 32, dummy bit adding and removing procedure is needed [3] for interleaver address pruning. However, this pruning procedure may cause performance degradation of the CBRM and additional complexity. In this regard, we propose new sub-block interleaver which does not need dummy bit adding and removing when Ks is multiple of 4. 
2.1 New sub-block interleaver design 

The structure of new sub-block interleaver consists of row-by-row address writing, column permutation, row permutation and column-by-column address reading. Unlike the 32-column rectangular interleaver, new sub-block interleaver has 4 columns. Since QPP block size KQPP is multiple of 8 and Ks is KQPP+4, Ks is always multiple of 4. New sub-block interleaver does not need to use dummy bits. However, to generate row permutation patterns, pruning will be performed with M-bits Bit Reverse Ordering (BRO) operation.

The detailed description of new sub-block interleaver is as follows.
Sub-block interleaver size Ks: 

Ks = KQPP+4 
Number of columns Nc: 

Nc = 4 
Number of rows Nr: 

Nr = Ks / 4

Column permutation pattern πc(• ): 

πc(i) ={0, 2, 1, 3}, where i = 0, 1, 2, 3
Row permutation pattern πr(• ) generation: 
Row permutation pattern is generated by M-bits BRO [6] operation with pruning. For the M-bits BRO operation, the parameter M should be determined first. 



M=0


while Nr > 2M



M=M+1



end while 
After the parameter M is determined, the row permutation pattern πr(•) is generated.


i = 0



for m=0 to 2M-1



B = BRO( m , M )    
//  M-bits BRO operation/



if B < Nr


//   Check if B exceeds N/




πr(i) = B

//  Permute row index   




i= i+1



end if



end for

Sub-block interleaving pattern π(• ):
for i=0 to Ks-1




Pc = πc( floor( i / Nr ) )
// Column permutation
Pr = πr( mod( i,  Nr ) )
// Row permutation



π(i) = 4*Pr+Pc

// Column by column reading



end for
2.2 CBRM with the new sub-block interleaver
In general, TC encoder output streams are stored in Circular buffer (CB) after sub-block interleaving. TC encoder output consists of Systematic, Parity1 and Parity2 streams and each stream includes 4 tail-bits. These three streams are separately interleaved by sub-block interleaver. Unlike Systematic and Parity1 streams, the off-set value [3] δ is used for interleaving of Parity2 stream. For new sub-block interleaver, the off-set value δ= 3 is used. This off-set value is found by exhaustive search and may not be optimal value for new sub-block interleaver. After sub-block interleaving, Systematic stream is stored in CB first. Also, after sub-block interleaving, interlaced version of Parity1 and Parity2 streams are stored in the CB. 
To generate a HARQ transmission packet, RVs should be defined first. An RV represents a starting position in CB. For new sub-block interleaver, four RVs are defined. To improve TC performance at high code rate, systematic bits can be punctured at initial HARQ transmission. For CBRM algorithm, systematic bit puncturing is performed by skipping first σ bits in CB. 
Considering systematic bit puncturing, the starting positions of four RVs are defined as follows.
The number of skipping bits σ:
σ = floor( Ks / 0.05)
The starting positions of the four RVs:
Si= i·3·Nr+ σ, where i = 0, 1, 2, 3
For the initial transmission of HARQ, RV=0 is always used since no performance degradation is observed at low code rate in section 3.2.

The proposed CBRM with new sub-block interleaver can be easily applied to Virtual Circular Buffer (VCB) [5] concept since there is no dummy bit adding and removing for interleaver address pruning. 

3 Performance comparison
Three CBRM algorithms are simulated based on the simulation assumption listed in section 3.1. Also, their simulation results are provided in section 3.2. 
3.1 Simulation assumption
Table 1 shows the simulation environment based on the simulation assumption which was agreed in [2]. We simulated three CBRM algorithms which are listed in Table 1. CBRM1 and CBRM2 use 32-column rectangular interleaver with their own CBRM structure. CBRM1 is described in [3] and CBRM2 is described in [4]. CBRM3 represents proposed CBRM algorithm which is described in section 2.1 and section 2.2.
Table 1 Detailed Simulation environment
	CBRM algorithm
	CBRM1[3]
	CBRM2[4]
	CBRM3

	Information block sizes KQPP
	For all 188 sizes in the QPP table in [1]

	Code rates R
	0.4, 0.5, 0.6, 0.7, 0.8

	Channel model
	AWGN

	Modulation
	QPSK

	Target BLER
	1%

	Decoding algorithm
	Standard Max-log-MAP algorithm with 6 iterations

	RV
	RV switching        if R>0.7, RV=7 otherwise, RV=0
	RV=0 for              all code rate
	RV=0                  for all code rate

	Etc.
	For R =0.7, RV=0 is also tested.
	
	


3.2 Simulation results 
Figures 1 to 5 show the required Eb/N0 values of three CBRM algorithms at the target BLER 1%. 

Followings are the observations of the simulation results

· All three CBRM algorithms show compatible performance at code rate 0.4, 0.5 and 0.6.

· At code rate 0.7, CBRM1 with RV=7 shows performance degradation. 
· At code rate 0.7, CBRM1 with RV=0 shows compatible performance.
· In the case of CBRM1, one SNR spike is observed at KQPP = 208 and R= 0.8. 

· In the case of CBRM2, one SNR spike is observed at KQPP = 392 and R= 0.8.  

· CBRM3 shows equal or better performance without SNR spike at the all code rates. 
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Figure 1 Performance comparison(R=0.8)
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Figure 2 Performance comparison(R=0.7)
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Figure 3 Performance comparison(R=0.6)
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Figure 4 Performance comparison(R=0.5)
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Figure 5 Performance comparison(R=0.4)
4 Conclusion
In this contribution, we have proposed new sub-block interleaver design and CBRM algorithm.
New sub-block interleaver does not need dummy bit adding and removing for interleaver address pruning. Also, the proposed CBRM with new sub-block interleaver has equal or better performance without SNR spike compared to other CBRM candidates. In this regard, it is proposed to adopt the CBRM with new sub-block interleaver design for 3GPP LTE.
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