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Abstract: Within the framework of the 5G new ra-
dio (NR), we propose a new hybrid automatic re-
peat request (HARQ) scheme to improve the through-
put performance. The difference between the pro-
posed scheme and the conventional one lies in the
first retransmission, where the erroneous coded block
group is interleaved and superimposed (XORed) onto
a fresh coded block group. At the receiver, an it-
erative message-passing decoding algorithm can be
employed to recover the target erroneous code block
group (CBG). Only when the superposed retrans-
mission fails, the conventional incremental redun-
dancy (IR) or repetition redundancy (RR) retransmis-
sion is initiated. In any case, since the first retrans-
mission is along with but has negligible effect on
the fresh CBG, it costs neither transmitted power nor
bandwidth. Monte-Carlo simulation results reveal that
the presented HARQ schemes can achieve throughput
improvements up to 10% over block fading channels
and up to 50% over fast fading channels in compar-
ison with the original 5G CBG-level HARQ scheme
but without excessively increasing the implementation
complexity.
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tion retransmission

I. INTRODUCTION

Hybrid automatic repeat request (HARQ) is a popu-
larly used technique to ensure the reliable information
transmission. In the conventional HARQ schemes,
the receiver performs the decoding algorithm and then
sends the black acknowledgement (ACK) or negative
acknowledgement (NACK) feedback to the transmit-
ter. Upon receiving an ACK, the transmitter starts a
new transmission of the fresh data. While upon re-
ceiving a NACK, the transmitter would initiate a re-
transmission of the erroneous data, where the repeti-
tion redundancy (RR) [1] and the incremental redun-
dancy (IR) [2] can be employed.

1.1 Background

In practical systems such as LTE and 5G new ra-
dio (NR), the transport block (TB)-based transmis-
sion is adopted, where a TB (medium access con-
trol (MAC) layer information) is segmented into mul-
tiple finite-length code blocks (CBs) and each CB
with its cyclic redundancy check (CRC) bits is sepa-
rately encoded into a coded block (codeword) using
the channel coding at the physical layer. In particu-
lar, several CBs are grouped into a CB group (CBG),
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which is the retransmission unit for the 5G NR HARQ
protocol. In the case when some CBs within a CBG
are unsuccessfully recovered, the transmitter initiates
retransmission of the entire CBG in an IR manner [3–
5]. This CBG-level retransmission of the 5G standard
trades off the resource efficiency of the transmission
link and the overhead of the feedback link. However,
it may lead to a waste of transmission power and band-
width since one single unsuccessfully decoded CB
will trigger retransmitting the entire CBG. Evidently,
the CB-level HARQ schemes proposed in [6, 7] can
avoid this waste, where only the erroneous CBs need
to be retransmitted. However, this CB-level HARQ
leads to an excessive amount of feedback overhead,
especially for a TB with up to 152 CBs in NR, since
the transmitter needs to know the feedback of each CB.

1.2 Related Works and Motivations

Throughput is a widely-used performance metric to
evaluate the efficiency of a HARQ scheme in vast rich
literatures, e.g., [8–11]. It is defined as the average
number of successfully received information bits per
transmitted symbol.

Generally, there are two different classes of ap-
proaches to improving the throughput. i) One is
based on the single-packet design, in which typi-
cally fixed-length RR with Chase combining [12] and
IR [2] can be employed for a single packet. Ad-
ditionally, variable-length retransmission scheme for
a single packet was considered in [8, 13, 14]. ii)
The other is based on the multiple-packets design,
where the redundancies can be generated from multi-
ple data packets, e.g., the network-coded HARQ [15],
superposition-coded HARQ [16], and compression-
based HARQ [17].

The goal of this paper is to design a new HARQ
scheme to improve the throughput performance based
on the off-the-shelf 5G HARQ scheme. The original
CBG-level retransmission needs to be maintained and
the implementation complexity needs to be low for
practical use. Given these requirements, we mainly
consider the design of the encoder and decoder for the
HARQ scheme. As a result, it is straightforward to in-
tegrate the presented HARQ scheme with 5G emerg-
ing enabling technologies, such as the multi-tier future
cellular communication [18], the reconfigurable in-
telligent surface-assisted communication [19] and the

Millimeter and THz communication [20, 21].

1.3 Basic Ideas and Contributions

Based on these above requirements, this paper pro-
posed the superposition retransmission (SR) technique
for the first retransmission of the erroneous CBG,
resulting in the SR-HARQ scheme. This HARQ
scheme is inspired by the idea of the block Markov
superposition transmission [22, 23] and the work
of [24–26]. Different from the partial superposition
(PS)-HARQ scheme of [24], which is designed for
the CB-level retransmission, the proposed SR-HARQ
schemes are tailored to the CBG-level retransmission
and they are more implementation friendly. Also dis-
tinguished from the PS-HARQ, the SR-HARQ cir-
cumvents optimizing the superposition fraction and
employs the row-column interleaver, which is more
hardware-friendly than the random construction of the
PS-HARQ scheme. In the case when the first trans-
mission of a CBG fails, the coded bits of this CBG
are interleaved and superimposed onto a new coded
block group, resulting in a mixed retransmission. At
the receiver, an iterative message-passing algorithm is
employed to recover the erroneous CBG. If the erro-
neous CBG is still unrecovered, the transceiver shifts
into the original manner by sending IRs or RRs. Once
the targeted CBG is recovered or estimated, its “in-
terference” on the fresh CBG can be removed, result-
ing in a noisy reception for the fresh CBG at the re-
ceiver. In this sense, the mixed retransmission of the
erroneous CBG costs neither extra bandwidth nor ex-
tra transmission power, implying a potential through-
put gain. Based on the renewal-reward theorem, we
derive the average throughput to analyze the through-
put, confirming the throughput improvement over the
conventional NR HARQ scheme. This throughput im-
provement is also confirmed by the Monte-Carlo sim-
ulations, showing that in comparison with the original
5G NR HARQ, throughput improvements can be up
to 10% over block fading channels and 50% over fast
fading channels.

II. PRELIMINARIES

2.1 System Model

Consider an end-to-end system, where we assume that
data channel is noisy while the feedback channel is
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noiseless and delay-free. Taking binary phase-shift
keying (BPSK) modulation as an example, we present
the system model as follows. At slot t ⩾ 0, the trans-
mitter sends a coded block group with length nB us-
ing BPSK modulation over a fading channel and the
receiver obtains a noisy vector y(t) expressed as

y
(t)
j = h

(t)
j x

(t)
j + w

(t)
j , (1)

for 0 ⩽ j ⩽ nB−1, where x(t)
j ∈ {+1,−1} is the j-th

component of the transmitted vector x(t), y(t)j is the j-

th component of the received vector y(t), w(t)
j is a sam-

ple from an independent Gaussian random variable
with distribution N(0, σ2), and h

(t)
j is a sample from a

Rayleigh distributionR with E[R2] = 1. Assume that
h
(t)
j , perfectly known to the receiver, keeps unchanged

in a coherence period of Tf symbols and changes in-
dependently with an identical distribution at different
coherence periods. Based on [27–29], we consider in
this paper the following two set-ups: Tf = 1, referred
to as fast fading channel, and Tf = n/F , referred to
as block fading channel (where F denotes the number
of fading blocks as [30]).

2.2 Review of NR HARQ Protocol

In the 5G NR system, a block of data from MAC layer
during a single transmission time interval (TTI) is re-
ferred to as a TB. The TB with TB-CRC bits is seg-
mented into M CBs and each CB is lengthened by
appending its own CRC bits (referred to as CB-CRC
bits). In particular, M CBs within a TB are evenly
grouped into m CBGs so that each CBG contains at
most ⌈M/m⌉ and at least ⌊M/m⌋ adjacent CBs. In
this paper, for notational simplicity, we assume that
each CBG consists of B CBs. After the CB segmenta-
tion, each CB with its corresponding CB-CRC bits is
the input of the NR LDPC encoder for the data chan-
nel, resulting in the coded bits stored in a buffer for
the transmission and the retransmission (if necessary).
The NR LDPC codes are a kind of raptor-like rate-
compatible LDPC codes [31]. The above procedure
for segmenting a TB into multiple CBs and encoding
CBs is illustrated in Figure 1.

For IR transmission manner, the CB with its CB-
CRC bits is encoded by the lowest-rate code and the
generating coded bits (except the first punctured 2Z

Information data, TB
MAC 

layer

Information data, TB
Physical 

layer
CRC

CB CB CB M

CB CRC CB CRC

CB M

CB M CRC CB M CRC

LDPC ENC LDPC ENC LDPC ENC LDPC ENC

BufferBuffer BufferBuffer BufferBuffer BufferBuffer

Figure 1. The procedure for segmenting a TB into multiple
CBs and encoding CBs, where the CBs with the same colour
are grouped into a CBG.

information bits) are written in a circular buffer. The
coded bits in the buffer are divided into four (overlap-
ping) transmission versions, denoted as v1T, v2T, v3T

and v4T, which are specified by a set of fixed locations,
see Figure 2 for reference. In this circular buffer, v1T

is transmitted in the first transmission round and the
other three transmission versions are transmitted in se-
quence in the three retransmission rounds if necessary.

Given the noisy reception of a TB, the receiver de-
codes each CB and its CB-CRC bits. A CB is said
to be unsuccessfully decoded if the decoded CB fails
to reproduce the decoded CRC bits or the decoded
vector is not a valid codeword. Once one unsuccess-
fully decoded CB is detected, the transmitter retrans-
mits the whole CBG in an IR manner with NR LDPC
codes, where the transmitter selects the corresponding
retransmission versions (including v2T, v3T and v4T)
according to the current transmission round.

III. THE SUPERPOSITION RETRANSMIS-
SION HARQ

3.1 SR-RR-HARQ Scheme

Let C [n, k] be the LDPC code with length
n and dimension k over the binary field
F2. Let u(0),u(1), · · · ,u(L) be a sequence
of CBGs to be transmitted, where u(t) =(
u(t,0),u(t,1), · · · ,u(t,B−1)

)
and u(t,i) ∈ Fk−kc

2

for 0 ⩽ i ⩽ B − 1. At slot t, each u(t,i) of u(t)
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Figure 2. An illustration of the 5G HARQ codeword circu-
lar buffer.

with its CRC bits (of length kc) is encoded into an
LDPC codeword, resulting in a coded block group
v(t) =

(
v(t,0),v(t,1), · · · ,v(t,B−1)

)
. In this letter,

C [n, k] is considered as an NR LDPC code.
We take Figure 3 as an example to illustrate the

difference between the conventional RR-HARQ and
the presented SR-RR-HARQ, where we assume that
v
(t)
iT = v(t) for i = 1, 2, · · · for RR implementa-

tion. We focus on the transmission of u(0) since the
transmission of u(t) with t > 0 is essentially the
same. Assume that u(0) is unrecovered (indicated
by the CRC bits or the parity checks) after the first
transmission and a NACK is received. In conven-
tional RR-HARQ, see Figure 3(a) for reference, the
transmitter resends v(0) until an ACK is received or
a maximum transmission number Tmax is achieved.
While in SR-RR-HARQ, see Figure 3(b) for reference,
v(0) is interleaved and superimposed onto v(1), result-
ing in a mixed retransmission. To be precise, firstly,
v(0) are written in a row-column buffer with B rows
and n columns row-by-row and read out column-by-
column, resulting in the interleaved version of v(0),
denoted as ṽ(0). For notational convenience, we use Π
to denote the row-column interleaver and write down
ṽ(0) = Π(v(0)). Secondly, the first retransmission for
v(0) can be generated as

c(1) = ṽ(0) + v(1). (2)

At the receiver, the noisy versions y(0) of v(0) and y(1)

of c(1) can be utilized to recover u(0) by an iterative
message-passing decoding algorithm. The decoding
algorithm is similar to that presented in [32] and is out-
lined in Algorithm 1, where z0→1 and z1→0, initialized

Transmitter
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(b) SR  HARQ
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Figure 3. An example of the conventional HARQ and the
SR HARQ.
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Figure 4. Normal graph for the joint message-passing de-
coding, where the message passing at the node LDPC is
implemented using a soft-in-soft-out (SISO) decoder with
the maximum iteration number Imax, the message passing
at the node + is similar to that of the check node, the mes-
sage passing at the node = is similar to that of the vari-
able node, and the node Π , which is the row-column inter-
leaver, simply transfers the messages between the node +
and the node = .

by zero vectors, are messages exchanged between the
two layers (see Figure 4 for reference). If v(0) is still
unrecovered, the transmitter switches into the original
RR manner, where v(0) is retransmitted until an ACK
is received or Tmax is achieved. It is worth pointing
out that, in the case when the mixed retransmission
c(1) fails, the decoding will also switch into the orig-
inal manner which does not involve the noisy version
y(1). This can further reduce the decoding complex-
ity and has not been exploited for the PS-HARQ [24].
Once v(0) is recovered or estimated, its “interference”
on y(1) can be removed, resulting in a noisy recep-
tion of v(1). In this sense, transmitting c(1) should
be counted as a transmission for v(1) rather than for
v(0). In other words, from the perspective of the trans-
mission of v(0), the mixed retransmission c(1) helps to
recover v(0) but costs neither extra transmitted power
nor bandwidth.

Considering the worst-case scenario and tak-
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Algorithm 1. Joint message-passing algorithm for decod-
ing.

Input: y(t),y(t+1) and the corresponding LLRs, also
denoted as y(t),y(t+1)

repeat
1) Taking into account the message-passing rules
of the node LDPC and the node = , the proces-
sor at layer t takes y(t) and z1→0 as input, and
delivers the extrinsic LLRs z0→1 to layer t+ 1;
2) Taking into account the message-passing rules
of the node LDPC and the node + , the proces-
sor at layer t + 1 takes y(t+1) and z0→1 as input,
and delivers the extrinsic LLRs z1→0 to layer t;
3) Make hard decisions at layer t, resulting in v̂(t)

and the corresponding û(t);
until v̂(t) is valid or a preset maximum global iteration
number Jmax is reached;

Output: v̂(t) = D(y(t),y(t+1))

ing Tmax = 4 as an example, we compare the SR-
RR-HARQ scheme with the conventional RR-HARQ
scheme by tabulating the transmitted coded block
group in Table 1. In the worst case when the target
packet is still failed after the Tmax transmissions, it
will be “threw away” as the standard 5G NR. The su-
perposition is bit-wise XOR without lengthening the
packet and the presented HARQ scheme can keep the
transmission queue unchanged. For completely, the
transmission scheme and reception scheme of the SR-
RR-HARQ is summarized in Algorithm 2 and Algo-
rithm 3, respectively.

3.2 SR-IR-HARQ Scheme

Additionally, the SR-HARQ scheme can be adapted
to the IR mode, resulting in the SR-IR-HARQ
scheme. Different from the SR-RR-HARQ scheme,
the SR-IR-HARQ scheme retransmits IRs instead of
RRs if necessary. For example, considering the
worst case, the transmission for u(0) is scheduled as
{v(0)

1T ,v
(0)
2T ,v

(0)
3T ,v

(0)
4T } for the 5G HARQ scheme and

as {v(0)
1T , c(1),v

(0)
2T ,v

(0)
3T ,v

(0)
4T } for the SR-IR-HARQ

scheme, where c(1) = v
(1)
1T + Π(v

(0)
1T ) is the same

as that of the SR-RR-HARQ scheme. We also com-
pare the SR-IR-HARQ scheme with the 5G IR-HARQ
scheme, where the transmitted coded block groups for
(u(0),u(1), · · · ,u(L)) in the worst case are also tab-
ulated in Table 1. Also different from the SR-RR-

Algorithm 2. Transmission scheme of SR-RR-HARQ.

Initialization: Set t = 0. The transmitter sends v(0);
while t ⩽ L do

if v̂(t) is successfully transmitted (indicated by an
ACK of v(t)) then

The transmitter sends a fresh coded block
group v(t+1);

else
The transmitter sends a superposed coded
block group c(t+1) = v(t+1) + Π(v(t)), where
Π is the row-column interleaver;
while v̂(t) is unsuccessfully transmitted, and
the transmission number of v(t) is less than
Tmax do

The transmitter resends the repetition coded
block group v(t);

t← t+ 1;

HARQ, the SR-IR-HARQ recovers the unsuccessful
CB with IRs (if any) over a larger Tanner graph asso-
ciated with the lower rate LDPC code since the Chase
combining is not directly applicable. The algorithm of
the SR-IR-HARQ is omitted here.

3.3 Throughput Performance Analysis

As investigated in [33], the HARQ process can be
modeled as a Markov process and the average through-
put can be calculated by invoking the renewal-reward
theorem, where the transmission rounds can be viewed
as states and a HARQ cycle can be viewed as a renewal
cycle. The average throughput is a ratio between the
mean reward (the number of correctly decoded infor-
mation bits per HARQ cycle) and the mean renewal
time (the expected number of transmitted symbols per
HARQ cycle). Let pi denote the unsuccessful decod-
ing probability in the i-th round after receiving the i-th
redundancy versions of u(t). Evidently, the probabil-
ity of successful decoding in the i-th round is given by
pi−1−pi. For the truncated NR HARQ scheme, where
Tmax is finite, the throughput can be calculated as

τNR =
R(1− p

Tmax
)

1 + p1 +
∑Tmax−1

i=2 pi
. (3)

We need to point out that pi with i ⩾ 2 of the NR
HARQ scheme are similar to these of the presented
HARQ due to the identical retransmission redundan-

© China Communications Magazine Co., Ltd. · April 2023 5

Authorized licensed use limited to: SUN YAT-SEN UNIVERSITY. Downloaded on May 11,2023 at 03:49:15 UTC from IEEE Xplore.  Restrictions apply. 



Table 1. Comparison of the conventional HARQ and SR-HARQ scheme in the worst-case scenario.

RR-HARQ SR-RR-HARQ (5G) IR-HARQ SR-IR-HARQ

t = 0 {v(0),v(0),v(0),v(0)} {v(0), c(1),v(0),v(0),v(0)} {v(0)
1T ,v

(0)
2T ,v

(0)
3T ,v

(0)
4T } {v(0)

1T , c(1),v
(0)
2T ,v

(0)
3T ,v

(0)
4T }

t = 1 {v(1),v(1),v(1),v(1)} {c(2),v(1),v(1),v(1)} {v(1)
1T ,v

(1)
2T ,v

(1)
3T ,v

(1)
4T } {c(2),v(1)

2T ,v
(1)
3T ,v

(1)
4T }

· · · · · · · · · · · · · · ·

t=L−1 {v(L−1),v(L−1),v(L−1),v(L−1)} {c(L),v(L−1),v(L−1),v(L−1)} {v(L−1)
1T ,v

(L−1)
2T ,v

(L−1)
3T ,v

(L−1)
4T } {c(L),v

(L−1)
2T ,v

(L−1)
3T ,v

(L−1)
4T }

t = L {v(L),v(L),v(L),v(L)} {v(L),v(L),v(L)} {v(L)
1T ,v

(L)
2T ,v

(L)
3T ,v

(L)
4T } {v(L)

2T ,v
(L)
3T ,v

(L)
4T }

Algorithm 3. Receiving scheme of SR-RR-HARQ at time
t < L.
Original Decoding: The receiver performs the decod-
ing algorithm of C to obtain the estimation v̂(t) (also
û(t)) based on y(t);
if v̂(t) satisfies all parity checks and all CRC checks
then

The receiver sends an ACK to the transmitter;
else

The receiver sends a NACK to the transmitter;
After receiving the noisy version y(t+1) of c(t+1),
the receiver performs the joint message-passing
decoding (Algorithm 1) with output v̂(t) =

D(y(t),y(t+1));
while v̂(t) is invalid indicated by the CB-CRC or
the parity checks, and the transmission number of
v(t) is less than Tmax do

The receiver sends a NACK to the transmitter;
After receiving the noisy version r(t) of v(t),
the receiver updates y(t) as y(t) ← y(t) + r(t)

by Chase combining, and then performs the de-
coding algorithm of C with the updated y(t).

The receiver sends an ACK or a NACK to the trans-
mitter and removes the effect of v̂(t) on y(t+1). To
be precise, y(t+1) ← y(t+1) ⊙ (−1)Π(v̂(t)), where
the notation⊙ represents the component-wise mul-
tiplication;

cies. Similar to [25], the throughput of the SR-HARQ
scheme can be estimated by

τSR ≈
R(1− p

Tmax
)

1 + p̃1 +
∑Tmax−1

i=2 pi
, (4)

where p̃1 denotes the unsuccessful decoding proba-
bility after receiving the noisy versions of v(t) and
c(t+1). In conventional BMST system [23] and BMST-
LDPC codes [25], the error probability after receiv-
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Figure 5. CBG error rate performance over block fading
channels and fast fading channels. A CBG has B = 16 (for
block fading channels) or B = 8 CBs, where each CB of
length 696 with its CB-CRC bits of length 24 is encoded by
an NR LDPC code. For every transmission, the coded block
length is n = 1440.

ing the noisy versions of v(t) and c(t+1) can be lower
than that after receiving only the noisy version of v(t).
Therefore, based on equations (3)-(4), it is expected to
achieve an enhanced throughput performance by using
the presented HARQ scheme for p̃1 < p1.

To illustrate the error rate comparison, we consider
BPSK modulation and the block fading channel with a
coherence period of Tf = 1440. Each CB of length
696 along with its CB-CRC bits (of length 24) is
then encoded by an NR LDPC code with dimension
k = 720 (constructed from BG2 [4]). The results are
shown in Figure 5, where we observe that p̃1 of the
presented HARQ scheme can significantly less than
p1 of the 5G NR HARQ scheme.
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IV. SIMULATION RESULTS

4.1 Throughput Comparison

In this subsection, we present the performance com-
parison between the SR-HARQ schemes and the 5G
NR HARQ scheme over the independent Rayleigh
fading channel using the Monte-Carlo simulations.
The SR-RR-HARQ scheme is based on Algorithm 2
and Algorithm 3, and the SR-IR-HARQ scheme is
based on the simple generalization of these Algo-
rithms. Unless otherwise stated, we set L = 100.
A CBG is consisting of B CBs, each of which is
appended by 24 CRC bits generated with g(x) =

x24 + x23 + x6 + x5 + x + 1 [4]. Each CB of length
696 along with its CB-CRC bits is then encoded by
an NR LDPC code with dimension k = 720 (con-
structed from BG2 [4]), resulting in a codeword of
length 3600 which is written in a circular buffer. All
the transmission and retransmission for the 5G NR
HARQ and SR-HARQ schemes have the length of
nB = 1440B. For the presented SR-HARQ, we set
Jmax = 2 and Imax = 25 in the iterative message-
passing decoding (Algorithm 1), where Jmax denotes
the global maximum iteration number and Imax de-
notes the local maximum iteration number of the SISO
decoder implemented by the sum-product algorithm.
For the NR HARQ, we set the maximum iteration
number as 100 in the original LDPC decoding. The
average throughput can be estimated by Monte-Carlo
simulations as

τ = lim
t→∞

K(t)

N(t)
, (5)

where K(t) denotes the number of recovered informa-
tion bits and N(t) denotes the number of transmitted
symbols, up to slot t. Evidently, with the aforemen-
tioned set-ups, the upper bound of the throughput is
(720− 24)/1440 ≈ 0.483.

Example 1. (Block fading channels): Consider the
block fading channel and BPSK modulation, where
the coherence period is Tf = 1440. Before mod-
ulation, for both the SR-HARQ scheme and the 5G
NR HARQ scheme, we introduce a row-column inter-
leaver of order nB for the B coded blocks. The com-
parison of the throughput performance is shown Fig-
ure 6, where we see that a throughput gain of up to
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Figure 6. Throughput performance over block fading chan-
nels. A CBG has B = 16 CBs and each CB of length
696 with its CB-CRC bits of length 24 is encoded by an
NR LDPC code. For every transmission, the coded block
length is n = 1440 and the coded block group length is
nB = 23040. For PS-HARQ scheme, it is generalized to
the CBG-level retransmission by considering a CBG with
B CBs and the superposition fraction is α = 0.5 as [24].

10% can be achieved by using the presented HARQ
schemes over the original 5G IR HARQ scheme in the
moderate-to-high SNR region. In addition, we see that
the presented SR-HARQ schemes can outperform the
PS-HARQ schemes presented in [24]. We also see
that the proposed SR-RR-HARQ can perform as well
as the SR-IR-HARQ in the moderate-to-high SNR re-
gion. While in the low SNR region, SR-RR-HARQ per-
forms worse than the SR-IR-HARQ and the original
5G HARQ.

We also present the throughput performance com-
parison with different fading blocks F as [30], where
we set L = 10 and B = 10. The results are shown in
Figure 7, from which we have similar observations.
Additionally, we observe that the presented SR-IR-
HARQ can outperform the original 5G IR HARQ, with
different fading blocks F .

Example 2. (Fast fading channels): Consider the fast
fading channel and BPSK modulation, where the co-
herence period is Tf = 1. The comparison of the
throughput performance over this fast fading channel
is shown Figure 8, where we see that a throughput gain
of up to 50% can be achieved by using the proposed
HARQ schemes over the original 5G IR HARQ scheme
in the moderate SNR region. We also see that the pre-

© China Communications Magazine Co., Ltd. · April 2023 7

Authorized licensed use limited to: SUN YAT-SEN UNIVERSITY. Downloaded on May 11,2023 at 03:49:15 UTC from IEEE Xplore.  Restrictions apply. 



1 2 3 4 5 6 7

SNR(dB)

0.24

0.27

0.3

0.33

0.36

0.39

0.42

0.45

0.48

T
h
ro

u
g
h
p
u
t

Figure 7. Throughput performance over block fading chan-
nels with different fading blocks F for each coded block of
length n = 1440. A CBG has B = 10 CBs and each CB of
length 696 with its CB-CRC bits of length 24 is encoded by
an NR LDPC code.
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Figure 8. Throughput performance over fast fading chan-
nels. A CBG has B = 8 CBs and each CB of length 696 with
its CB-CRC bits of length 24 is encoded by an NR LDPC
code. For every transmission, the coded block length is
n = 1440 and the coded block group length is nB = 11520.

sented SR-RR-HARQ can yield a similar performance
to the SR-IR-HARQ.

Remark 1. From the above simulation results, we
observe that the presented SR-HARQ schemes can
achieve greater throughput gain over fast fading chan-
nels than that over block fading channels. This is be-
cause the superposition retransmission is insufficient
for the deep fading scenario, which occurs more likely
in (non-ergodic) block fading channels than in (er-
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Figure 9. Throughput performance over block fading chan-
nels with 16-QAM (Gray mapping) modulation. A CBG has
B = 16 CBs and each CB of length 696 with its CB-CRC
bits of length 24 is encoded by an NR LDPC code. For every
transmission, the coded block length is n = 1440 and the
coded block group length is nB = 23040.

godic) fast fading channels.

Example 3. (16-QAM modulation): Consider the
block fading channel and the 16-ary quadrature am-
plitude modulation (16-QAM), where the coherence
period is Tf = 360. Before modulation, for both the
SR-HARQ scheme and the 5G NR HARQ scheme, we
introduce a row-column interleaver of order nB for
the B coded blocks. The comparison of the through-
put performance is shown Figure 9, where we see that
a throughput gain of up to 10% can be achieved by us-
ing the presented HARQ schemes over the original 5G
IR HARQ scheme in the high SNR region. We also see
that the proposed SR-RR-HARQ can perform as well
as the SR-IR-HARQ in the high SNR region. While
in the low SNR region, SR-RR-HARQ performs worse
than the SR-IR-HARQ and the original 5G HARQ.

4.2 Complexity Analysis

The increased complexity of the presented schemes
in comparison with the 5G NR HARQ scheme can
be analyzed by taking as an example the transmis-
sion of v(0). If v(0) is recovered for the first trans-
mission, the transceiver does not require extra compu-
tational overhead. Otherwise, the transmitter requires
extra nB XORs and the receiver requires to perform
a message-passing decoding algorithm with an itera-
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Figure 10. The average iteration numbers for performing
the LDPC decoding for each CB. The numerical results cor-
respond to example 1 and example 2. For the SR-HARQ
schemes, we set Jmax = 2 and Imax = 25. For the 5G
NR HARQ scheme, we set the maximum iteration number
as 100.

tive manner. We can measure the decoding complex-
ity in terms of the average iteration numbers for de-
coding each CB. In particular, the parity-check and
CRC-aided stopping criterion is employed in both the
SR-HARQ and the 5G NR HARQ schemes. The com-
parison of the average iteration numbers is shown in
Figure 10, where we see that the SR-IR-HARQ has a
slightly less number of iterations as compared with the
SR-RR-HARQ in the low SNR region. Furthermore,
we see that the SR-HARQ incurs a large iteration num-
ber increase in the low SNR region, while they have a
similar iteration number in the high SNR region, in
comparison with the 5G NR HARQ scheme1.

V. CONCLUSION

This letter has presented the throughput-enhanced
CBG HARQ schemes based on the original 5G HARQ
scheme, where a tailored first retransmission using the
SR technique is introduced. The presented HARQ
schemes can be easily implemented from the ba-
sic components of the existing 5G HARQ scheme.
Monte-Carlo simulation results have revealed that,
both the SR-IR-HARQ scheme and the simple SR-
RR-HARQ scheme can achieve throughput improve-
ments up to 10% over block fading channels and 50%
over fast fading channels, in comparison with the 5G
HARQ scheme.
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NOTES

1Due to this fact, the presented HARQ scheme may
not be suitable in the low SNR region, especially for
the delay sensitive applications.
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