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Abstract—A novel service-based soft HARQ scheme for 

Machine Type Communication (MTC) is proposed in this paper. 
Conventionally, the repetition number for each HARQ 
retransmission is fixed. In contrast, in our soft HARQ scheme the 
repetition number is selected to optimize specific objective 
functions corresponding to diverse service demands. Based on 
this, three soft HARQ strategies, namely Strategies EM/DM/CO 
are designed for efficiency maximization, delay minimization and 
comprehensive optimization, respectively. The simulation results 
show that, comparing with conventional HARQ, soft HARQ 
Strategy EM promotes the throughput without significant 
increasing the transmission delay. Soft HARQ Strategy DE 
lowers the transmission delay while the throughput does not 
decrease significantly. Soft HARQ Strategy CO increases the 
throughput and decreases the transmission delay simultaneously. 
Our service-based soft HARQ can also be generalized for 
scenarios other than MTC. 

Keywords—Soft HARQ; soft ACK/NACK; MTC; Delay; 
Spectral efficiency. 

I. INTRODUCTION  

Machine Type Communication (MTC) is a very important 
application scenario in future wireless communication system. 
In MTC with enhanced coverage, etc., data are transferred in 
manner of repetition. As a conventional approach [1], the 
transmitter sends a certain number of duplicates of data and 
waits for the feedback of ACK/NACK. The receiver combines 
and decodes the data. When the data is correctly decoded, an 
ACK or otherwise a NACK is sent. The transmitter ends the 
transmission if an ACK is received, or it would convey the 
same number of duplicates in the retransmission. This 
procedure keeps on until the data is correctly decoded. 

In the above HARQ process, no more link knowledge can 
be extracted at the transmitter from the feedback of 
ACK/NACK. In another aspect, usually the channel state 
information is unavailable in MTC. The absence of link 
knowledge leads to some disadvantages. Suppose the receiver 
does not correctly decode the data and requires few more 
duplicates, but the transmitter retransmits the data with 
previous repetition number, then spectral efficiency may be 
reduced. To ensure that spectral efficiency does not suffer from 
degradation, the repetition number of duplicate of each HARQ 
transmission should be reduced, however, this may increase the 
transmission delay and the feedback overhead. As a solution, 
we proposed a novel scheme named soft HARQ. For Soft 
HARQ, link knowledge such as a posteriori channel state 
information (CSI), retransmission size, etc. can be attached to 
ACK/NACK by adding few more bits for feedback. With this 
kind of knowledge at the transmitter, the transmission 
efficiency can be improved.  

Some literatures propose approaches to acquire the 
abovementioned link knowledge. The retransmission size is 

predicted by the average of the absolute value of log-likelihood 
ratios (LLRs) in [2] and [3]. The bit error probability (BEP) is 
used to predict the retransmission size of a HARQ transmission 
in terms of physical resource blocks in Reference [4]. The 
above approaches exploit the LLRs, originated from the 
decoder. Another approach in [5] and [6] is based on the 
mutual information between the transmitter and the receiver. 
However, none of these literatures targets at specific service 
demand and optimize the corresponding parameter of HARQ 
transmission. 

We propose a service-based soft HARQ scheme and apply 
it to MTC. An approach to optimize the relevant parameters of 
HARQ transmission, e.g. the retransmission size according to 
various service demands is formulated. Our soft HARQ 
scheme can also be generalized for scenarios other than MTC.  

The remainder of this paper is organized as follows. In 
section 2, serviced-based soft HARQ including three strategies, 
i.e. Soft HARQ Strategies EM/DM/CO are introduced. An 
approach to optimize relevant parameters of HARQ 
transmission is proposed. In Section 3, simulations are carried 
out to investigate the performance gain of soft HARQ over 
conventional HARQ. Finally, the conclusions are drawn in 
Section 4. 

II. SOFT HARQ SCHEME 

As showed in Fig. 1(a), in conventional MTC [1] the 
repetition number of duplicate Ni for each HARQ transmission 
keeps unchanged and is fixed to Nf. In Fig. 1(b), by utilizing 
soft HARQ, the receiver calculates the repetition number of 
duplicate of data Ni in the next HARQ transmission, and feeds 
back the so-called soft ACK/NACK which carries along the 
message of Ni. For instance, a soft NACK message can be 
divided into three levels, namely NACK1/NACK2/NACK3, 
which correspond to repetition numbers N1/N2/N3, 
respectively. Similarly, A soft ACK message can be also 
divided into three levels, namely ACK1/ACK2/ACK3, 
corresponding to repetition numbers N1/N2/N3, respectively. 
Referring to Ni, the transmitter then decides the practical 
repetition number for the HARQ transmission. 

 
 
 
 
 
 



ETSI WORKSHOP ON FUTURE RADIO TECHNOLOGIES – AIR INTERFACES 
27-28 January 2016, Sophia Antipolis  France 

 

2 
 

 
(a) 

 
(b) 

Fig. 1 (a) Conventional and (b) Soft HARQ 

A. Service-Based Soft HARQ and Optimization Approach 

For soft HARQ scheme, we calculate the repetition number 
Ni for each HARQ transmission to optimize a specific objective 
function. According to diverse service demands, the objective 
function can be different. Critical application such as traffic 
surveillance or industrial control has stringent requirement on 
delay while for structural monitors embedded in buildings or in 
other common application spectral efficiency is preferred to 
save power. From our perspective, the two most important 
considerations are delay and spectral efficiency, and three 
strategies are formulated in this section: Efficiency 
Maximization (EM), Delay Minimization (DM) and 
Comprehensive Optimization (CO). 

Spectral efficiency can be measured by the cumulative 
repetition number N for which the transmitter conveys a packet 
before this packet is correctly decoded. For example, N equals 
to 8 and 6 in Figs. 1(a) and 1(b), respectively. The transmission 
delay D is related to N by the following expression: 

7*( 1) 4  (ms)D N M    

The number factors 7 and 4 in Eq. (1) account for the delay 
of the adjacent HARQ transmission, the interval between the 
last duplicate and the consequent ACK at the transmitter, 
respectively [1]. M is the HARQ transmission number for a 

packet to be correctly received. For example, M equals to 2 in 
Fig, 1(a) and 1(b). 

Statistical quantities are our concern. Let N , M and D  
represent the expectations of N, M and D over quantities of 
transmission of new packets, respectively. Denoting the 
cumulative repetition number and the block error rate after the 
i-th HARQ transmission by Nci and BLERi, respectively. Then 
the following expressions are fulfilled.   

1
(1 )

1 1

i
N Nc BLER BLERi i k

i k

  
     

 

1
(1 )

1 1

i
M i BLER BLERi k

i k

  
   

   
 

  

7 3

1
  7 1 3

1 1

D N M

i
i Nc BLER BLERi i k

i k

 

  
    

   






Since BLERi can be obtained by Nci, their relation can be 
written by the following equation. 

( )i iBLER f Nc 

Where f(x) is a specific mapping. More specifically, the 
effective SINRi can be calculated after Nci repetition. By using 
Chase Combination, the following equation is obtained: 

 10
1010*log *10

RSINR

i iSINR Nc
 

  
 



Where RSINR is the received SINR after one repetition and 
represented in dB. Then BLER is gotten from the effective 
SINRi using a set of mapping curves obtained by simulation in 
advance. 

Now, it can be seen that N and D  are functions of Nci , or 
Ni. For the purpose to improve the spectral efficiency, the 
objective function is the average of the cumulative repetition 
number N. The following condition is fulfilled. 

・Strategy EM:    
{ }

arg mini Ni

N N 

To lower the transmission delay, the objective function is 
the average of the transmission delay D. The following 
condition is fulfilled. 

 Strategy DM:   
{ }

arg mini Ni

N D 
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For the purpose to both improve the spectral efficiency and 
lower the transmission delay, the objective function can be 

some function F of N  and D , e.g. a linear combination of 
them. Thus, the following condition is fulfilled. 

Strategy C・・・    
{ }

arg min ,i Ni

N F N D 

By combining Eq. (7-9) and Eq. (2-5), the repetition 
number Ni is obtained.  

B. Design of Repetition Number Set 

As described in 2.1, three soft HARQ strategies differ in 
the optimization of objective functions and correspond to 
diverse service demands, i.e., to improve the spectral efficiency, 
to lower the transmission delay, or both. After the repetition 
number Ni for the next transmission is obtained, the receiver 
selects the corresponding repetition level from a set of 
repetition number and feeds it back. Since the number of 
repetition level is limited by the bit number for feedback in 
practice, to match three HARQ strategies, three options of 
repetition number set are designed.  

Strategy EM (Improve the spectral efficiency): The set of 
repetition number is designed so that the repetition numbers in 
the set are not larger than the fixed repetition number Nf of 
conventional HARQ. For example, the repetition time set {N1, 
N2, N3} = {0.25Nf, 0.5Nf, Nf}. Here, N1/N2/N3 are repetition 
numbers indicated by the three levels of soft ACK or NACK, 
respectively. Nf can be deduced from the received SINR, which 
aims at a working point with specific BLER. When the channel 
gain is sufficient to support a high code rate, Strategy EM 
reduces the repetition number to save the radio resource and 
then improve the spectral efficiency. In contrast, conventional 
HARQ scheme conveys another Nf duplicates of data, which 
leads to a waste of spectral efficiency. 

Strategy DM (Lower the transmission delay): The set of 
repetition number is designed so that the repetition numbers in 
the set are not less than the fixed repetition number of 
conventional HARQ. For example, {N1, N2, N3} = {Nf, 2Nf, 
4Nf}. When the wireless channel condition gets worse, Strategy 
DM is free to select a larger repetition number so that the 
transmission may be accomplished after less HARQ 
transmission. As comparison, conventional HARQ scheme 
conveys another Nf duplicates of data, which is of disadvantage 
to reduce the delay. 

Strategy CO (Both lower the transmission delay and 
improve the spectral efficiency): The set of repetition number 
is designed so that some of the repetition numbers in the set are 
not less than the fixed repetition number Nf of conventional 
HARQ, and some of them are not larger than Nf. For example, 
{N1, N2, N3} = {0.5Nf, Nf, 2Nf}. Strategy CO is possible to 
select a transmission number which well matches the channel, 
e.g. smaller transmission number is chosen when the channel 
condition gets better, or otherwise, a lager transmission number 
is selected when the channel gets worse. This is helpful to 

lower the transmission delay and improve the spectral 
efficiency. 

III. SIMULATION RESULTS 

In this section, simulation is carried out to check the 
performance of soft HARQ. As comparison, the baseline is 
conventional HARQ. We compare the average of cumulative 

repetition number and transmission delay, namely N  and  D  
for HARQ Strategies EM/DM/CO, respectively.  

In our simulation of soft HARQ scheme, the repetition 
number Ni for each HARQ transmission is selected to optimize 
the corresponding objective function. Also, different repetition 
number sets are chosen for different soft HARQ strategies. The 
repetition number set includes three numbers, namely N1, N2, 
N3, corresponding to three levels of soft ACK and NACK. For 
conventional HARQ, the repetition number is fixed to Nf. The 
transmitter adopted the repetition time fed back by the receiver 
for the HARQ transmission. The simulation assumption is as 
follows. The selection of very low SINRs, namely -17 dB and  
-20 dB is due to low transmitted power and possible 
dramatically fading in MTC. 

 
Table 1. Simulation Assumption 

Parameter Value 
SINR -17dB,-20dB 

System bandwidth 10 MHz 

Frame structure FDD 

Carrier frequency 2.0 GHz 

Antenna configuration 2×2, low correlation 

Channel model EPA 

Doppler spread 1Hz 

Transport Block Size (TBS) 152 

Number of DL RBs 6 

Channel estimation Ideal 

 
Figs. 2(a), 3(a), 4(a) show the link level simulation results 

of three soft HARQ strategies, respectively under the condition 
that SINR = -17dB. Figs. 2(b), 3(b), 4(b) are results for SINR 
of -20dB.  
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(a) 

 
(b) 

Fig. 2 Simulation Results of Strategy EM for (a) -17dB and (b) -20dB 
 

Fig. 2 shows that N  of soft HARQ Strategy EM decreases 

by a proportion of 40.24 % and 15.48%, respectively. D  also 
decreases by a proportion of 30.50% and 11.87%, respectively. 
In fact, it can be concluded from the definition of delay, i.e. Eq. 

(1) that the decrease of N  would partly decrease D  . 
However, this does not always hold true since the delay is also 
affected by the HARQ transmission number M and for Strategy 

EM we do not jointly optimize N  and D  Hence, Strategy EM 
promotes the throughput without significant increase of 
transmission delay. 

   

 
(a) 

 
(b) 

Fig. 3 Simulation Results of Strategy DM for (a) -17dB and (b) -20dB 
 

In Fig. 3, it can be seen that D  of soft HARQ Strategy DM 
decreases by a proportion of 15.87% and 27.37%, respectively. 

While N  increase by a proportion of 0.11% and 0.31%, 
respectively. Hence, Strategy DM lowers the transmission 
delay and does not decrease the throughput significantly. 

   
 
 



ETSI WORKSHOP ON FUTURE RADIO TECHNOLOGIES – AIR INTERFACES 
27-28 January 2016, Sophia Antipolis  France 

 

5 
 

 
(a) 

 
(b) 

Fig. 4 Simulation Results of Strategy CO for (a) -17dB and (b) -20dB 
 

We can see in Fig. 4 that soft HARQ Strategy CO 

decreases both N  and D  . More specifically, N  decreases by 

a proportion of 17.11 % and 15.01%, respectively. D  
decreases by a proportion of 18.76% and 10.50%, respectively. 
Hence, Strategy CO increases the throughput and decreases the 
transmission delay simultaneously. 

IV. CONCLUSION 

In this paper，we propose a service-based soft HARQ 
scheme, including Soft HARQ Strategies EM/DM/CO in MTC. 
The repetition number of each HARQ transmission is selected 
to optimize a specific objective function in each soft HARQ 
strategy. Together with the design of repetition number set, 
from which the repetition number is chosen at the receiver, our 
soft HARQ strategies attempt to meet diverse service demands. 

The simulation results show that, comparing with 
conventional HARQ, soft HARQ Strategy EM promotes the 
throughput without significant increasing the transmission 

delay. Soft HARQ Strategy DM lowers the transmission delay 
while the throughput does not decrease significantly. Soft 
HARQ Strategy CO increases the throughput and decreases the 
transmission delay simultaneously. 

In summary, soft HARQ improves the transmission 
efficiency by attaching link information to soft ACK and 
NACK. Soft HARQ requires more bits for feedback. However, 
the number of additional bit would be very limited so that the 
feedback performance does not degrade significantly. 
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