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1 Introduction
For NR, it is desired to support the bit-level granularity of the codeword size and code operating rate [1]. Taking the design of LDPC code in eMBB scenario as an example, the proposed H matrices is optimized for particular code lengths and particular code rates.  The actual transmission code length and code rate might be out of the range. Because the channel coding rate are determined by the transmission block size and available resource elements (Res), the actual coding rate used in transmission could not be restricted and optimized for specified ranges.  The flexibility of the channel coding scheme is an important aspect along with the evaluation of the coding performance. 
In this paper, we discuss the flexibility of channel coding schemes for NR.   The LDPC codes in [2] with excellent performance over turbo codes in high code rate are the main target for evaluation in this paper.
2 Description of the evaluate code
The evaluations are mainly performed based on the simulation assumptions in [3].

2.1 Symbol description

The following notations are used in this paper.  
: The maximum number of base information bits in the nested family.
: The number of base information bits in the nested family.
 The number of base parity bits used
 The number of shortening bits at final code level
 The number of shortening bits at base graph level
 The number of puncturing bits in the end of the parity bit sequence
z: The Lifting size of base matrix
K: The number of information bits                            N: The number of transmission bits
R: Code rate                                                                
Fd：Doppler shift                                                      Ts：symbol period
	
	


The normalized Doppler shift= Fd* Ts
2.2 Simulation description
The evaluations are performed based on the agreed simulation assumptions in [3]. Additional parameters are added in the simulation as follows,
· LDPC codes:
· Radio channel: AWGN channel and Rayleigh Fading channel, 
· Fading channel: Fd=200, Ts=0.00005.
· Modulation: QPSK and 64QAM,
· Code rate={0.45, 0.5, 0.7}
· Information block length (bits) ={960, 976, 1000, 1064, 1080, 1352, 1400, 1440, 1472, 1512, 1560, 1600,1672,1728,1920}
· Scaled MSA decoding algorithm, max iteration number is 30. 
· Turbo codes:
· Radio Channel: AWGN channel and Rayleigh Fading channel, 
· Fading channel:  Fd=200,Ts=0.00005.
· Modulation: QPSK and 64QAM 
· Code rate={0.45, 0.5, 0.7}, 
· Information block length (bits) ={960, 976, 1056, 1344, 1440, 1472, 1568, 1664, 1920}
· Scaled max-log-map decoding algorithm: iteration number is 8. 
· Other simulation parameters of LDPC codes are listed in Table 1, 3-2, 4-1, 4-2.
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2.3 Lifting
LDPC code ensemble with a predefined structure can be constructed by means of protograph. By applying a graph lifting operation, Tanner graphs of various sizes can be constructed that preserve the rate and the degree distribution of the protograph. Based on the agreement in RAN1#85 [4], the multiple code information block sizes can be realized by adjusting the parameters nb and z. 


Table 1: Parameter of LDPC with Different Lifting Size
	R
	N
(bit)
	K
(bit)
	Pb
(bit)
	Sf(bit)
	Sb(bit)
	z(bit)
	Kmax
	Kb
	Cb

	0.5
	1920
	960
	0
	0
	240
	40
	30
	24
	26

	0.5
	2880
	1440
	0
	0
	160
	80
	20
	18
	20

	0.5
	3840
	1920
	0
	0
	480
	80
	30
	24
	26
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[image: ]
a (QPSK)
[image: ] b (64 QAM)

Figure 1: The performance comparison of Turbo code and LDPC with different lifting size
(QPSK/64QAM, AWGN, R=0.5, scaled MSA, max Iteration number=30, K=960 bits~1920 bits).

In this paper, we get different code information block sizes by adjusting the parameters z (where z is given by  for . For the same information block size, the maximum lift size z should be selected in order to meet the throughput and latency requirement at peak rate.  The selection of lifting size is associated with the structure of base matrix and even constrained by its construction method. 
According to the simulation, the result shows that performance of LDPC is affected by the lifting size. At the BLER of 10-2, turbo codes outperform LDPC by about 0.3-0.4dB with 64QAM modulation.   The turbo code gets more gain in performance at BERL of 10-2 from that of LDBC with QPSK modulation. Inappropriate selection of lifting size may lead to performance degradation of LDPC. 

2.4 Puncturing and Shortening

The set of lift values are discrete.  The single-bit information block length granularity should not be supported by lifting only.  Thus, the support of puncturing and shortening should also be considered.  In this paper, we divide the puncturing bits into two categories. They can be interpreted as puncturing at systematic columns and parity columns. As described in [2], the first two variable nodes corresponding to the systematic columns are punctured.   The bits level puncturing is performed in the last parity column. Similar to puncturing operation, two kinds of shortening are proposed, such as base graph and bits level.

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Table 2: Parameter of LDPC with different puncturing+shortening bits
	Rate
	N
(bit)
	K
(bit)
	Pb
(bit)
	Sf(bit)
	Sb(bit)
	z(bit)
	Kmax
	Kb
	Cb

	0.5
	1952
	976
	24
	24
	200
	40
	30
	25
	27

	0.5
	2704
	1352
	48
	48
	280
	56
	30
	25
	27

	0.5
	3120
	1560
	40
	40
	320
	64
	30
	25
	27

	0.5
	2128
	1064
	16
	16
	120
	40
	30
	27
	29

	0.5
	2944
	1472
	40
	40
	168
	56
	30
	27
	29

	0.5
	3344
	1672
	56
	56
	192
	64
	30
	27
	29
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Figure 2: The performance comparison of Turbo and LDPC
(QPSK, AWGN, R=0.5, K=976 bits~1568 bits).
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Figure 3: The performance comparison of Turbo and LDPC
(QPSK, AWGN, R=0.5, K=1056 bits~1672 bits).


The simulation results show that puncturing and shortening may lead to performance degradation of LDPC and Turbo codes.  At the BLER of 10-2, turbo codes outperform LDPC by about 0.1-0.2dB. The performance of LDPC code with the information length k=1560bits is better than k=1672bits. It implies that the performance of inflexible LDPC code is not robust to the effect of puncturing and shortening.

Code rate flexibility

Contrary to LTE Turbo codes, which puncture a low rate code in order to provide higher operating code rates through rate matching.   LDPC codes can be specified with a base graph per operating rate and obtain codes for the other rate by puncturing and shortening.  The performance loss of Turbo codes is larger than LDPC in the case of high code rate. 

· Performance evaluations with different rate in AWGN channel

Table 3: Parameter of LDPC with different rate in AWGN channel
	R
	N
(bit)
	K
(bit)
	Pb
(bit)
	Sf(bit)
	Sb(bit)
	z(bit)
	Kmax
	Kb
	Cb

	0.45
	4620
	2080
	20
	0
	320
	80
	30
	26
	34

	0.45
	4974
	2240
	50
	64
	576
	96
	30
	24
	31

	0.45
	5334
	2400
	42
	0
	480
	96
	30
	25
	33

	0.7
	2976
	2080
	64
	0
	320
	80
	30
	26
	14

	0.7
	3198
	2240
	2
	64
	576
	96
	30
	24
	12

	0.7
	3426
	2400
	30
	0
	480
	96
	30
	25
	13
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Figure 4: The performance of LDPC with different rates
(QPSK, AWGN, R=0.45, K=2080 bits~2432 bits).
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Figure 5: The performance of LDPC with different rates
(QPSK, AWGN, R=0.7, K=2080 bits~2400 bits).


· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Performance evaluations in different channel

Table 4: Parameter of LDPC with different rate in AWGN/fading channel
	R
	N
(bit)
	K
(bit)
	Pb
(bit)
	Sf(bit)
	Sb(bit)
	z(bit)
	Kmax
	Kb
	Cb

	0.45
	2169
	976
	7
	24
	200
	40
	30
	25
	32

	0.45
	3004
	1352
	28
	48
	280
	56
	30
	25
	32

	0.45
	3467
	1560
	13
	40
	320
	64
	30
	25
	32

	0.45
	2364
	1064
	20
	16
	120
	40
	30
	27
	35

	0.45
	3271
	1472
	49
	40
	168
	56
	30
	27
	35

	0.45
	3717
	1672
	3
	56
	192
	64
	30
	27
	34
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Figure 6: The performance comparison of Turbo and LDPC in AWGN/fading channel
(QPSK, fading, R=0.45, K=976 bits~1568 bits).
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a. AWGN channel                                                               b. fading channel
Figure 7: The performance comparison of Turbo and LDPC in AWGN/fading channel
(QPSK, fading, R=0.45, K=1056 bits~1672 bits).


The simulation results show that LDPC codes have better performance than Turbo codes for high code rate. At the BLER of 10-2 and the code rate of 0.45, turbo codes outperform LDPC by about 0.3-0.4dB in AWGN channel and more gain than in fading channel.
3 Conclusions
In this contribution, we provide the flexibility evaluation of channel coding schemes for NR. 
· Observation 1: The performance of binary LDPC is affected by the lifting size. Inappropriate selection of lifting size, may lead to performance degradation of binary LDPC. 

· Observation 2: The puncturing/shortening are not robustness for binary LDPC. 

· Observation 3: The performance loss of turbo codes is larger than binary LDPC in the case of high code rate. In the case of low code rate, turbo codes get more gain than in both AWGN and fading channels.

· [bookmark: OLE_LINK17][bookmark: OLE_LINK18]Observation 4: The code rate flexibility is an important aspect of evaluating the coding scheme in the practical implementation.  The performance of LDPC is degraded by lifting, shortening and puncturing.
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