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Abstract—Quasi-Cyclic (QC) Low Density Parity Check
(LDPC) codes constructed based on Base Graphs (BG) 1 and
2 have been standardized as channel coding schemes for the fifth
telecommunication generation (5G) New Radio (NR). This paper
analyses the behaviour of QC-LDPC codes of 5G NR based on
BG-1 and BG-2 to evaluate BG selection for practical applica-
tions. In this paper, we consider a single carrier transmission
under additive white Gaussian noise (AWGN) channels. We use
Extrinsic Information Transfer (EXIT) chart to evaluate and
predict the performances as well as the behaviour of the QC-
LDPC codes based on BG-1 and BG-2.

Index Terms—QC-LDPC codes, EXIT Analysis, Channel cod-
ing, 5G NR.

I. INTRODUCTION

QC-LDPC codes in 5G NR are in principle based on
Protograph Based Raptor-like (PBRL) [1]. The QC-LDPC
codes have good performances on wide range of block-length
and coding rate R to meet optimal transmission below the
channel capacity C [2].

5G NR requires Rate Compatible (RC) codes to support In-
cremental Redundancy (IR) Hybrid Automatic Repeat Request
(HARQ) systems. Puntured Information are carefully designed
to ensure good error performance across the family of 5G NR
code rates [3]. On the other hands, lifting process of 5G NR
QC-LDPC codes follows Circulant Progressive Edge Growth
(CPEG) constraint to avoid short cycles and stopping sets. In
this paper, we extend our work in [4] for BG-2 to complete
the analysis.

II. SYSTEM MODEL

We consider a system model folowing [4] to evaluate the
5G NR QC-LDPC codes with parity check matrix H from
[5]. We consider a single user scheme communicating to/from
base station.

III. EXIT CHART OF 5G NR QC-LDPC CODES

Since EXIT chart is drawn between variable nodes (VND)
V and check nodes (CND) C, the involved mutual infor-
mations (MI) are IintA,C , I

int
E,C , I

int
A,V , I

int
E,V expressing the a
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priori MI of CND, the extrinsic MI from CND, the a pri-
ori MI of VND, and extrinsic MI from VND, respectively.
When Extended Parity (EP) is taken into account, MI in-
volving extended variable node (EVND) Ṽ and extended
check node (ECND) C̃ should be taken into account with
Iint
A,C̃

, Iint
E,C̃

, Iint
A,Ṽ

, Iint
E,Ṽ

expressing the a priori MI of ECND,
the extrinsic MI from ECND, the a priori MI of EVND, and
extrinsic MI from EVND, respectively. On the other hand
the information exchange from LDPC codes to/from EP and
vice versa is denoted by IextA,V IextE,V , I

ext
A,Ṽ

Iext
E,C̃

expressing the
external a priori MI of VND, the external extrinsic MI from
VND, the external a priori MI of EVND, and external extrinsic
MI from EVND, respectively.

To simplify the analysis, we measure MI using J-function
J(·) and its inverse J−1(·), of which the details are presented
in [6]. The relationship between variance and MI is

σ = J−1(IA), (1)

where σ2 = 4
σ2
n

with on being the noise variance. The EXIT
chart of BG-1 is shown in Fig. 2 drawn based on MI between

IintE,V =
∑
i

FΛ
i J
(√

(dVi
−1)[J−1(IintA,V )]2+[J−1(IextA,V )]2

)
,

(2)
where FΛ

i is the i-th fraction of ΛLDPC(x) and

IintE,C = 1−
∑
i

FΩ
i J
(√

(dCi
− 1)[J−1(1− IintA,C)]2

)
, (3)

where FΩ
i is the i-th fraction of ΩLDPC(x) and IextA,V is a

priori MI from the external iteration. dV and dC are the degree
of VND and CND respectively. IextA,V is depending on

Iext
E,Ṽ

=
∑
i

FΛ
i,EPJ

(√
(dṼi

)[J−1(Iint
A,Ṽ

)]2 + [J−1(IAch
)]2
)

(4)
with FΛ

i,EP being the i-th fraction of ΛEP (x) and dṼi
being

the degree of the i-th EP VND. It can be observed from (4) that
in the case of EP is not transmitted, then Iint

A,Ṽ
= 0 resulting

Iext
E,Ṽ

= IAch
= IextA,V . The value of Iint

A,Ṽ
depends on

Iint
E,C̃

= 1−
∑
i

FΩ
i,EPJ

[
(dC̃i
−1)[J−1(1−Iint

A,C̃
)]2

+[J−1(1−IAch
)]2
] 1

2 , (5)
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Ṽ1

Ṽ2
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IextA,V

IextE,V
Iext
A,Ṽ
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Fig. 1: Bipartite graph of 5G NR QC-LDPC codes based on BG-1 showing extended parity with Ṽ and C̃.

where FΩ
i,EP is the i-th fraction of ΩEP (x) and Iint

A,C̃
is

obtained from

Iint
E,Ṽ

=
∑
i

FΛ
i,EPJ

[
(dṼi
−1)[J−1(Iint

A,Ṽ
)]2+[J−1(Iext

A,Ṽ
)]2

+σ2
ch

] 1
2 , (6)

where the value of Iext
A,Ṽ

is determined by

IextE,V =
∑
i

FΛ
i J
(√

(dVi)[J
−1(IintA,C)]2 + [J−1(IextA,V )]2

)
.

(7)
All the MI used in (2-7) are based on

ΛLDPC1(x) =
3

26
x2 +

22

26
x3 +

1

26
x4, (8)

ΩLDPC1(x) = x19, (9)

ΛEP1(x) =
2

26
x2 +

2

26
x3 +

4

26
x4 +

3

26
x5 +

1

26
x6

+
4

26
x7 +

4

26
x8 +

3

26
x9 +

1

26
x10

+
1

26
x24 +

1

26
x27, (10)

and

ΩEP1(x) =
1

42
x2 +

5

42
x3 +

18

42
x4 +

8

42
x5 +

5

42
x6

+
2

42
x7 +

2

42
x8 +

1

42
x9. (11)

With ΛLDPC1(x), ΩLDPC1(x), ΛEP1(x), ΩEP1(x) is BG-1
degree distribution for VND of LDPC codes, CND of LDPC
codes, VND of EP, and CND of EP, respectively. We do the

similar procedure to obtain the EXIT chart of BG-2 as shown
in Fig.3 with full EP. The degree distributions of BG-2 is

ΛLDPC2(x) =
6

14
x2 +

8

14
x3, (12)

ΩLDPC2(x) =
2

4
x8 +

2

4
x10, (13)

Λ1EP2(x) =
2

14
x2 +

1

14
x3 +

1

14
x4 +

1

14
x5 +

2

14
x6

+
1

14
x8 +

1

14
x10 +

1

14
x11 +

1

14
x12

+
1

14
x14 +

1

14
x19 +

1

14
x20, (14)

and

ΩEP2(x) =
6

38
x2 +

20

38
x3 +

9

38
x4 +

3

38
x5. (15)

With ΛLDPC2(x), ΩLDPC2(x), ΛEP2(x), ΩEP2(x) is BG-2
degree distribution for VND of LDPC codes, CND of LDPC
codes, VND of EP, and CND of EP, respectively.

IV. EXIT ANALYSIS OF QC-LDPC CODES FOR
INCREMENTAL REDUNDANCY

We evaluate EXIT chart of 5G NR QC-LDPC codes based
on BG-1 and BG-2 with full EP to observe the maximum
benefit of EP. In this paper, we consider lifting size Z = 64
for 5G NR QC-LDPC codes BG-1 and BG-2.

Fig. 2 and Fig. 3 show EXIT charts of 5G NR QC-LDPC
codes based on BG-1 and BG-2 with full EP, where the tunnel
open until (1.0, 1.0) point without intersection point. EXIT
curves are validated by EXIT trajectory at Eb/N0 = 0.3 dB
and Eb/N0 = 0 dB, where the EXIT trajectory with iteration
pattern G = 10(L = 1, I = 10) is confirming the validity of
the curves.
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Fig. 2: EXIT chart of QC-LDPC codes based on BG-1 with
full EP.
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Fig. 3: EXIT chart of QC-LDPC codes based on BG-2 with
full EP.

Since the tunnel of EXIT chart of BG-2 opens at Eb/N0 =
0 dB, we can conclude that the performance of BG-2 is better
than BG-1, where tunnel opens at Eb/N0 = 0.3 dB.

V. CONCLUSION

We have analysed the EXIT chart of 5G NR QC-LDPC
codes based on BG-1 and BG-2. We found that 5G NR based
on BG-2 have better performances compared to BG-1 as a
consequence of lower coding rates. It indicates that BG-2 is
compatible for high reliability applications. On the other hand,
BG-1 is more suitable for high data rate applications.
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