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1 Introduction
In TSG RAN WG1#48bis meeting, it was decided to compare the performance of Circular Buffer based Rate Matching(CB RM) with that of Rel6 RM. In this contribution, simulation results of both RM schemes are provided for the cross verification purpose. Section 2.1 describes simulation assumption, and section 2.2 shows simulation results. Section 3 introduces a sub-block interleaver which optimizes the performance of CB RM. In section 4, finally, conclusion is made.
2 Performance comparison 
2.1 Simulation assumption
Table 1 shows the simulation environment used for the cross verification based on the simulation assumption which was agreed in [1]. The only difference between Table 1 and [1] is modulation scheme. Because the definition of the number of code bits N in [1] can not guarantee that N is always even number, BPSK modulation, which has the identical BLER vs. Eb/N0 performance compared to QPSK modulation, is used in this contribution. 
Table 1 Detailed Simulation environment
	RM algorithm
	Rel6 RM[2]
	CB RM[4]

	Information block sizes K
	For all 188 sizes in the QPP table in [3]

	Code rates R
	0.4, 0.5, 0.6, 0.7, 0.8, and 0.9

	Channel model
	AWGN

	Modulation
	BPSK

	Target BLER
	1%

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

	RV
	RV=0 [2]
	If R > 0.7, RV=0[4]

Otherwise, RV=7[4]

	Etc.
	
	Offset value δ =1 for the Parity 2 interleaving[4][5]


2.2 Simulation results 
Figure 1 shows the required Eb/N0 values at the target BLER 1%. 
· At code rate R= { 0.4, 0.6, 0.8}, the performance of CB RM is close to that of Rel6 RM. 
· In case of R ={0.5, 0.6}, CB RM is slightly worse than Rel6 RM with the performance gap less than 0.2 dB. 
· At R=0.9, 
· in the range of information block size  K > 2000, CB RM has a performace close to Rel6 RM with less spark. 
· However, in the range of K ≤ 2000, CB RM has a performance slightly worse than Rel6 RM with the inrease of spark. 
· Especially, with the information block size K =448, the sparks are observed at the code rate of 0.6, 0.7, 0.8, and 0.9.     
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Figure 1 Performance comparison - Rel6 RM vs. CB RM
3 Sub-block interleaver

As shown in Figure 1 in section 2.2, CB RM [4] with offset δ=1[5] has comparable performance with Rel6 RM. However, there is room for enhancing its performance with optimized puncturing pattern. In this regard, a dithered sub-block interleaver is introduced and verified.
3.1 Dithered sub-block interleaver structure

The structure of the dithered sub-block interleaver consists of row-by-row address writing, column permutation and column-by-column address reading with dithering. Unlike the 32 columns block interleaver[1] which has variable number of rows, the dithered sub-block interleaver has the fixed number of rows. The number of rows can be chosen among 1, 2, and 4 which are the divisors of the sub-block interleaver size Ks, to avoid the pruning procedure when column-by-column address reading is performed. However, the pruning procedure is needed to generate the column permutation pattern. The detailed description of the dithered sub-block interleaver is as follows.
Sub-block interleaver size: 
Ks = K+4 
Number of rows: 
Nr = {1, 2, 4}
Number of columns: 
Nc = Ks/ Nr 
Number of even indices among the column indices: 
N0 = ceil( Nc/2)
Number of odd indices among the column indices:  
N1 = Nc- N0
Bit Reverse Ordering(BRO) parameter M[6]: 



M=0


while N0 > 2M



M=M+1


end while 

The BRO with the parameter M can generate the same permutation pattern of BRO with M’ by using pruning, where M’ < M. Thus, the maximum information block size K = 6144 and the number of rows Nr, the parameter M can be fixed.
Column permutation pattern πc(•) generation: The column indices are separated into two groups, the even index group and the odd index group, for the column permutation. Column indices of each group are re-numbered in order, and each group performs M-bits bit reverse ordering (BRO)[6] separately with their own group index. First, for the even index group, the BRO is performed in revered order. Then, for the odd index group, the BRO is performed in natural order. During the BRO, pruning is used for the indices which exceed the number of each group indices. 


i0 = 0

i1 = 0



for m=0 to 2M-1



B1 = BRO(  m , M )    
-- BRO in natural order 



B0 = 2M - B1-1

-- BRO in reversed order



if B0 < N0

 -- check if the BRO index exceeds N0 




πc(i0) = B0*2
-- permute even index 




i0 = i0+1



end if

if B1 < N1 

  -- check if the BRO index exceeds N1




πc( i1 + N0) = B1*2+1   -- permute odd index 




i1 = i1+1





end if



end for
Column-by-column address reading with dithering:  



d = ( πc( c) + r %2 ) % Nc
      -- dithering if the row index is odd 
π(i) =π( c*Nr +r) =  r * Nc + d   -- column-by-column address reading with dithering, where i = 0, 1,2,..., Ks , c =0, 1,2, ..., Nc-1 and r=0~ Nr-1
3.2 Simulation assumption for the dithered sub-block interleaver
In this section, the performance of the dithered sub-block interleaver is evaluated under the same simulation assumptions in section 2.1. In addition, the number of rows Nr is set to 4, and the offset value δ is configured to 0 for K = 280, 448, 1760, 2752, 2240 and 4480, and 1 for otherwise.  

3.3 Performance comparison

Figure 2 to 7 show the required Eb/N0 values at the target BLER 1%, where CB1 represents the performance of CB RM with the 32 column sub-block interleaver[4], and CB2 indicates the performance of CB RM with the dithered sub-block interleaver. 
Followings are the observations of the simulation results

· At code rate R={ 0.4, 0.5}, CB2 shows comparable performance with CB1. 
· At R ={0.6, 0.8}, CB2 has a performance slightly worse than CB1 and the performance gap is around 0.1 dB. 
· At R=0.7, CB2 has a performance slightly better than CB1 and the performance gap is also around 0.1 dB. 
· At R=0.9, 
· for the information block size K > 2000, CB2 RM has a performace close to CB1. 
· for the information block size K ≤ 2000, CB2 also has a performace close to CB1 with much reduced number of Eb/N0 sparks.
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Figure 2 Performance comparison(R=0.9)
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Figure 3 Performance comparison(R=0.8)
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Figure 4 Performance comparison(R=0.7)
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Figure 5 Performance comparison(R=0.6)
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Figure 6 Performance comparison(R=0.5)
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Figure 7 Performance comparison(R=0.4)
4 Conclusion
In this contribution, two rate matching algorithms, CB RM and Rel6 RM, are evaluated in terms of code performance. As shown in section 2.2, CB RM which is simple algorithm shows comparable or better performance compared with Rel6 RM. Moreover, the performance of CB RM can be enhanced with elaboration on optimization as shown in section 3. Based on this consideration, it is strongly recommended to use CB RM in 3GPP LTE for E-UTRAN.
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