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Abstract—Mission-critical communications conveyed over Professional Mobile Radio (PMR) are characterized by a high level
of reliability, an improved coverage and group call communications. Hybrid Automatic Repeat on re-Quest (HARQ) schemes
are commonly used to provide a reliable communication over
multipath noisy wireless channels. They, however, generate an
excessive control signaling overhead on the uplink when downlink
multicast is considered and groups include many members. In
this paper, we propose a simple repetition scheme without request
as an alternative to HARQ for group communications. When
transport blocks are retransmitted several times, a tradeoff arises
between coverage and capacity on the one hand, coverage and
delay on the other hand. To evaluate the performance of our
scheme, we use a link layer abstraction based on the Mean
Instantaneous Capacity (MIC) together with BLER vs. SNR
curves in AWGN. We carefully design our repetition scheme by
considering the channel characteristics and the delay constraint
imposed by video codecs. We show that up to 11 dB gain in SNR is
achieved when compared to a scheme without repetition. System
level simulations show that cell radius can be multiplied by three
in a Multicast/Broadcast Single Frequency Network (MBSFN).

I. I NTRODUCTION
Multicast/Broadcast Single Frequency Network (MBSFN)
and Single-Cell Point-To-Multipoint (SC-PTM) are two pointto-multipoint technologies envisioned for Professional Mobile
Radio (PMR), which convey business- and mission-critical
communications [1]. Mission-critical networks are characterized by specific requirements such as reliability, coverage
and the possibility to have group calls. Contrary to classical
mobile networks, capacity is not the main issue in practical
deployments1 . In this paper, we thus focus on coverage improvement in presence of group calls by proposing a repetition
scheme based on Chase Combining (CC) and Maximum Ratio
Combining (MRC).
Hybrid Automatic Repeat on re-Quest (HARQ) is a classical
technique to improve communication reliability. For a given
BLock Error Rate (BLER) target, the required Signal-toInterference-plus-Noise Ratio (SINR) is lowered as the number
of retransmissions increases. The gain achieved in terms
of SINR can then be translated in terms of cell coverage.
In [2], the authors show that HARQ with full Incremental
Redundancy (IR) offers the best throughput performance for
1 As

experienced by ETELM, a PMR manufacturer.

high modulation schemes but at the cost of higher memory
requirement. On the contrary, HARQ with CC is favored,
when lower modulation schemes are assumed and memory
is a limiting factor. As MBSFN uses robust Modulation and
Coding Schemes (MCSs), CC is a natural choice. In [3], Kumagai et al. presented a maximal ratio combining Automatic
Repeat on re-Quest (ARQ) scheme for Orthogonal FrequencyDivision Multiplexing (OFDM), in which the frequency is
changed at every retransmission in order to benefit from
frequency diversity. Moreover, several studies have shown
gains in both average system capacity and cell-edge data
rates, when introducing the frequency diversity to the packet
scheduler [4], [5].
HARQ suffers however from multiple drawbacks when
group calls are considered. As the transmission is multicast,
retransmissions should be performed according to the multiple
feedbacks from the User Equipments (UEs) in the group. As
the number of group members increases, the control signaling
overhead on the feedback channel may drastically increase.
Also MBSFN standards have not adopted so far the possibility
of a feedback channel on the uplink.
Hence, in this paper, we propose an alternative approach
which relies on CC repetitions without any feedback. This
technique is widely used in Internet of Things (IoT) standards Sigfox, LoRa and NB-IoT for simplicity reasons and
sometimes because of the absence of feedback [6]. Here,
for PMR networks, we design the time and frequency shifts
to be adopted for every repetition based on the channel
characteristics and video codec constraints. The number of
repetitions and their time-frequency distance is the result of a
tradeoff between coverage and capacity on the one hand, and
between coverage and delay on the other hand. We show by
link and system level simulations that the proposed scheme
provides a substantial gain in terms of SINR, and hence is an
attractive option to enhance the network coverage for delay
sensitive reliable group communications.
The rest of the paper is organized as follows: in Section II,
we introduce the system models used in our evaluation. Next,
we present the abstractions considered at link level to cope the
transmission chain complexity in Section III. In Section IV, we
describe the proposed repetition scheme. Section V presents

and discusses the simulation results. Finally, conclusions are
summarized in Section VI.
II. S YSTEM M ODELS
In order to evaluate our proposed scheme, we rely on both
link level and system level approaches.

In this model, the received field over a path at the receiver
is made of the superposition of several sinusoids, each with an
amplitude, a phase and an angle of arrival. More specifically,
the received field from the k-th path (k = 1, 2, ..., K) is
expressed as:
µk (t)

A. Link Level Model
We consider an OFDM downlink channel. The received
signal on the n-th subcarrier during the i-th OFDM symbol is
given by:
√
(1)
rn [i] = pn Ωn [i]sn [i] + wn [i]
where n = 1, ..., Nsc and i = 1, ..., Nsym , Nsc is the number
of subcarriers in a Resource Block (RB), Nsym the number
of symbols in a subcarrier, pn the power allocated to the n-th
subcarrier, Ωn [i] the complex channel gain of samples received
at the n-th subcarrier during the i-th OFDM symbol, sn [i]
is the symbol transmitted over the n-th subcarrier of the i-th
symbol, and wn [i] is the noise modeled as zero-mean Gaussian
2
.
random variable with variance σw
The Signal-to-Noise Ratio (SNR) experienced at the l-th
transmission on the n-th subcarrier during the i-th symbol
(γ̇n [i]) is given by:
γ̇n,l [i] =

|Ωn [i]|2 pn
2
σw

(2)

Furthermore, we assume that MRC is performed at the
receiver, so that after L transmissions, the SNR experienced
at the receiver, using CC, is given by:
γn [i] =

L
X

γ̇n,l [i]

(3)

l=1

where γ̇n,l [i] is the SNR experienced at the l-th transmission
over the n-th subcarrier during the i-th OFDM symbol.
B. Rayleigh Fading Simulation Model
In order to simulate the Rayleigh channel, we use the function rayleighchan from Matlab. This function implements
the methodology described [7] for discrete multipath. In a
nutshell, a discrete multipath channel model is used, in which
the input {si } is supposed to be band limited and the output
can be written as:
N
X

yi =

si−n gn ,

(4)

=

µI,k (t) + jµQ,k (t)
r
Mk
2 X
cos(2πfI,m,k t + φI,m,k )
µI,k (t) =
Mk m=1
r
Mk
2 X
µQ,k (t) =
cos(2πfQ,m,k t + φQ,m,k )
Mk m=1

(6)

where Mk specifies the number of sinusoids used to model
the k-th path; φI,m,k and φQ,m,k refer to the phase of the
m-th components of µI,k (t) and µQ,k (t) respectively and
are independently and identically distributed random variables having a uniform distribution over [0; 2π]; fI,m,k and
fQ,m,k are the discrete Doppler frequencies of the in-phase
and quadrature components respectively, calculated for each
component within a single path, and are given by:


π
1
k
π
(7)
(m − ) +
.
fI,m,k = fD cos
2Mk
2
4Mk K + 2


π
1
π
k
fQ,m,k = fD cos
(m − ) −
.
,
2Mk
2
4Mk K + 2
where fD = vfc c is the maximum Doppler shift, fc is the
carrier frequency, v is the terminal speed, and c is the speed
of light. From this process, the path-gain is obtained by scaling
the result with the average path-gain:
q
(8)
Ω̌k = E(|Ω̌k |2 )µk .
C. System Level Model
For system level simulations, we consider the downlink
of a cellular network with omnidirectional evolved Nodes-B
(eNBs) implementing either MBSFN or SC-PTM transmissions and we adopt the model in [1]. The SINR with SC-PTM
is computed as for a unicast transmission. With MBSFN all
stations from the MBSFN area emit useful signal, whereas all
stations outside this area contribute to interference. The intersymbol interference caused by delays exceeding the cyclic
prefix is taken into account. Channel model includes distance
dependent path-loss and lognormal shadowing. See [1] for
more details.

n=−N
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where
gn =

K
X
k=1

Ω̌k sinc

hτ

k

T

−n

i

(5)

is the tap weight, Ω̌k and τk are the path-gain and the delay
of the k-th path respectively, and T is the sampling period.
Now path-gains Ω̌k are obtained using a Sum-Of-Sinusoids
(SOS) approach, like for the Jakes model [8]. The SOS method
implemented in Matlab [9] is the Pätzold model [10], it
overcomes some of the limitations of Jakes model.

At link level, we adopt a simplified methodology to allow
us obtaining very quick results for various scenarios compared
to the simulation of a complete transmitter-receiver chain.
A. Overall Architecture
The overall architecture is shown in Fig. 1. On the left hand
side, we use an existing link level simulator, e.g., the Matlab
LTE Toolbox [11] or the Vienna LTE Simulator [12]. We
generate a BLER vs. SNR curve in Additive White Gaussian

Link level Simulator
System Parameters
-------------------Bandwidth
Carrier frequency
Subcarrier frequency
Channel type
(AWGN, block fading)
MCS
Number of antennas
Number of users

Repetition Scheme Simulator

Simulation Parameters
----------------------------Bandwidth
Carrier frequency
Subcarrier frequency
Channel type (EVA)
User speed (50 Km/h)
Retransmission scheme:
L, λF, λT

The effective SNR is then given in terms of MIC value
by [14]:
(j)
γef f = 2M ICj − 1.
(11)
C. BLER Evaluation
The effective SNR is now mapped to BLER versus SNR
curves in AWGN to estimate the BLER of the transmitted
block, i.e., the probability that this block is erroneous. More
specifically, a BLERj is associated to RB j as follows:
(j)

BLERj = BLERAW GN (γef f )
Link level
Simulator
Vienna
LTE toolbox

Repetition scheme
simulator

AWGN curve
BLER vs SNR

(12)

where BLERAW GN represents the BLER vs. SNR curve for
the AWGN channel, obtained by link level simulator.

Patzold model
Mean Instantanerous
Capacity

IV. R EPETITION S CHEME
In this section, we present our repetition scheme justified
by design principles.

BLER vs SNR
Curve for EVA50
channel

A. Design Principles
Fig. 1: Link Level Methodology.
Noise (AWGN) for a given set of input parameters including
e.g. the Modulation and Coding Scheme (MCS), number
of antennas, bandwidth, etc. This curve is an input of our
simulator (right hand side of the figure) together with the
Rayleigh fading channel to be simulated and the repetition
scheme we aim to evaluate.
The repetition scheme simulator generates a fading channel
according to the method described in Section II-B, computes
the effective SNR and evaluate the BLER for every RB thanks
to the BLER vs. SNR curve in AWGN. This approach allows
to quickly test various repetition schemes on various channels
and speeds. One point on the BLER vs. SNR curve is obtained
in few minutes compared to possibly several hours with a
complete link level simulator (on a Mac Book Pro 2.6GHz
Intel Core i5).
B. Effective SNR
In order to evaluate the radio link quality over a RB j of Nsc
subcarriers and Nsym OFDM symbols, we adopt the Mean
Instantaneous Capacity (MIC) approach. Other similar link
layer abstractions exist, such as Exponential Effective SNR
Mapping (EESM) (see e.g. [13]), but MIC has the advantage to
be simple, to have an information theoretical interpretation and
still provide good results [14]. The first step in this method is
to determine the instantaneous capacity of the n-th subcarrier
at the i-th OFDM symbol over the j-th RB using Shannon’s
formula:
Cn(j) [i] = log2 (1 + γn(j) [i]),
(9)
(j)

where γn [i] is the SNR experienced on subcarrier n, at
symbol i and RB j. The MIC is then computed by averaging
over the Nsc × Nsym Resource Elements:
M ICj =

Nsc NX
sym
X
1
C (j) [i].
Nsc × Nsym n=1 i=1 n

(10)

The way repetitions are performed depends on the channel
characteristics and video constraints.
1) Coherence Bandwidth: In a scattered environment, the
received signals arrive along different paths with different
power attenuation and delays. The Root Mean Square (RMS)
delay spread is a measure of the time dispersion of the
channel and can be obtained from the power delay profile
as follows [7]:
v
u PK
u
Pk (τk − τ̄ )2
,
(13)
δt =t k=1
PK
k=1 Pk
where Pk is the power attenuation in path k, τk is the path
delay, and τ̄ is the mean excess delay given by:
PK
Pk τk
τ̄ = Pk=1
.
(14)
K
k=1 Pk
From the RMS delay spread, we deduce the coherence
bandwidth (Bc ). It is a statistical measure of the range of
frequencies over which the channel can be considered flat,
i.e., a channel which passes all spectral components with
approximately equal gain and linear phase. If the coherence
bandwidth is defined as the bandwidth over which the frequency correlation function is above 0.5, then the coherence
bandwidth is approximately [7], [15]:
Bc ≈

1
5δt

(15)

In order to achieve a maximum diversity, it is desirable
that repetitions occur in frequency at a distance greater than
the coherence bandwidth. PMR mission-critical networks are
expected to be operated in 5 MHz bandwidth, which gives an
upper limit for frequency separation between two repetitions.
In Tab. I, we provide some examples of coherence bandwidths
for some typical multipath fading environments, deduced from
the corresponding power delay profile [16].

Multi-path propagation channel
Extended Pedestrian A (EPA)
Extended Vehicular A (EVA)
Extended Typical Urban (ETU)

Coherence Bandwidth (Bc )
4.6 MHz
540 kHz
200 kHz

TABLE I: Coherence Bandwidth of typical multi-path fading
channels.

f

L=3
l=3
f

l=2

L=2

λF
l=1

l=1
t

2) Coherence Time: The time varying nature of the channel
in a small-scale region can be described by the Doppler
spread and coherence time. The coherence time is a statistical
measure of the time duration over which the channel impulse
response is invariant, and quantifies the similarity of the
channel response at different times. Coherence time (Tc ) and
Doppler spread (fD ) are inversely proportional to each other:
Tc ≈

3 km/h
514 ms

50 km/h
31 ms

120 km/h
1.3 ms

TABLE II: Coherence time of typical PMR UE speed.
3) Video Quality Constraints: Group calls for missioncritical communications are subject to video quality constraints. Several approaches have been proposed to predict
the video Quality of Experience (QoE) through objective
video quality metrics with the goal of not relying on human
evaluations. Peak Signal to Noise Ratio (PSNR) of the decoder
luminance reconstruction [17] and the Structural SIMilarity
(SSIM) [18] are such examples.
However, to keep things simple, we retain in this paper only
the constraints on the BLER and the average delay between
two frames. A more accurate evaluation of the video quality
is left for further work. In [19], Solera et al. use an emulator
to evaluate video services over Long Term Evolution (LTE)
networks and assume a fixed target BLER of 10%. Moreover,
in [20], the PSNR is evaluated in terms of BLER, and the
system performance is studied for a target BLER of 10%.
Based on these references, we adopt this constraint for the
BLER.
A typical video codec over wireless is H264 Level 1.2 with
320x240 resolution, maximum transmission rate of 384 kbps,
and frame rate of 20 fps. In order to receive all retransmitted
copies of a given frame before the transmission of the next one,
the maximum transmission time of each frame shouldn’t thus
exceed 50 ms. The maximum intra-frame period allowed is
then 50/(L−1) ms when L transmissions are performed. This
gives us an upper bound on the delay between two repetitions,
e.g., 16 ms when L = 4.

t

(b) Repetition in time domain

L=4

f

l=4
l=3
l=2

(16)

It is desirable to perform repetitions beyond the coherence
time of the channel. However, as the number of repetitions
increases, delay increases as well. In video traffic, there is an
upper limit beyond which this delay becomes unacceptable.
PMR networks operate at 700 MHz, thus, we can deduce
the coherence time for typical User Equipment (UE) speeds,
see Tab. II.
UE speed
Coherence Time (Tc )

(a) Repetition in
frequency domain

λF = 720 kHz

1
fD

l=2
λT

l=1
λT = 1 ms

t

(c) Proposed scheme

Fig. 2: Repetition Schemes.
B. Proposed Scheme
A repetition scheme is characterized by the triplet
(L, λF , λT ), where L is the number of repetitions, λT is
the time delay and λF the frequency hopping step between
two consecutive repetitions. Fig. 2 (a) and (b) show two such
schemes where only the frequency or the time degrees of
freedom are exploited respectively.
Owing to the design principles described above and the
simulation results, the proposed scheme adopt L = 4, λF =
720 kHz (4 RBs) and λT = 1 ms (1 Transmission Time
Interval (TTI)), see Fig. 2 (c). As shown in the next section,
L = 4 offers a good tradeoff between coverage and capacity.
The choice of λF (1 RB above the coherence bandwidth)
provides significant diversity gains with the channel EVA50,
i.e., for mission-critical communications deployed in a urban
environment. It also allows an easy multiplexing of the group
calls within the 25 RBs by cyclically shifting in frequency the
next transmission while never violating the 4 RBs distance.
The choice of λT ensures that the delay constraint is met.
It doesn’t provide much more gain compared to λT = 0
but allows the application of the scheme on the uplink as
well. Indeed, a user terminal can then concentrate its transmit
power on every transmissions, while with λT = 0 it would
have shared its power between transmitted RBs. Higher uplink
coverage is thus expected with the proposed delay.
V. S IMULATION RESULTS
In this section, we present the evaluation results of the
proposed repetition scheme.
A. Simulation Parameters
Simulation parameters are shown in Tab. III. We consider
an EVA multipath channel for a group of users moving at
50 km/h. We use typical parameters for PMR networks, e.g.,
a carrier frequency of 700 MHz, a bandwidth of 5 MHz, and
for MBSFN, e.g., a fixed robust MCS and extended cyclic
prefix.
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B. Validation of the Link Level Abstraction
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Fig. 4: BLER vs. SNR for various frequency hopping steps
and time delays and for L = 1, 2, 3, and 4 repetitions.

10-3
Link level abstraction based on Vienna LTE simulator AWGN curves and MIC
EVA channel performance - Vienna simulator
Link level abstraction based on LTE Toolbox AWGN curves and MIC
EVA channel performance - LTE Toolbox
10-4
-15

10-2

SNR (dB)

TABLE III: Simulation parameters.

Fig. 3 shows the comparison between the link level abstraction and link level simulations. Link level simulations
have been obtained with the Matlab LTE toolbox and with the
LTE Vienna simulator assuming EVA50 channel. Link level
abstraction curves have been obtained using the methodology
presented in Section III that relies on AWGN curves and MIC.
We see that curves deviates for BLERs lower than 10−2 but
match well at the target BLER of 10−1 we are studying.

L=1
L=2
L=3
L=4

10-1

BLER

Assumption
700 MHz
Frequency Division Duplex (FDD)
5 MHz
7.68 MHz
12 subcarriers
12 symbols/TTI
10000 TTI
MCS 2 [21, Table 7.1.7.1-1A]
512
15 KHz

BLER

Parameter
Carrier frequency (fc )
Duplexing
Bandwidth (B)
Sampling frequency
Nb. of subcarriers per RB (Nsc )
Nb. of OFDM symbols (Nsym )
Number of simulated TTI
Modulation and coding scheme
Fast Fourier Transform size
Subcarrier bandwidth
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Fig. 3: Comparison between link level abstraction and link
level simulations using Matlab LTE Toolbox or Vienna LTE
simulator.

C. Repetition Scheme Results
In Fig. 4, we show the performance of different repetition
schemes characterized by different number of repetitions (L),
time delays (λT ) and frequency hopping steps (λF ). In Fig. 4a,
when λF = 0 and λT = 1 ms, a constant gain is observed for
every L when the SNR increases. Gains of 3, 5 and 6 dB are
observed for L = 2, 3, and 4 respectively over L = 1. This is
due to the increase of received power at the receiver.
When either λF or λT are increased, a diversity gain is also
observed, especially when these parameters are larger than
the coherence bandwidth and time, respectively. As expected,
best performances are achieved when λF = 720 kHz and
λT = 32 ms. By comparing the left and right sides of Fig. 4,
we however see that frequency diversity has more impact than
time diversity with the chosen values.

This is confirmed by Fig. 5, which shows the SNR threshold
required to reach the BLER target of 10−1 as a function of the
number of repetitions L for different repetition schemes. It is
clear that increasing the frequency distance between repetitions
is much more effective than increasing the delay. Moreover,
when λF = 720 kHz is chosen, increasing the delay has a
negligible impact. The reason lies in the delay constraint that
prevents us to fully benefit from time diversity. Considering
higher values of L would lead to small SNR gains at the cost
of a loss of capacity. With the proposed scheme (L = 4,
λF = 720 kHz and λT = 1 ms), we have a 11 dB gain
compared to L = 1 (today’s scheme in MBSFN), 5 dB gain
over consecutive repetitions (L = 4, λF = 0 and λT = 1 ms)
and 3 dB gain over repetitions solely in time (L = 4, λF = 0
and λT = 16 ms, the maximum delay allowed by the video
codec).
D. Cell Radius Gain
In order to evaluate the cell coverage gains, we adopt
the model used in [1] to estimate the achievable cell range
in a urban environment for a SFN120 configuration (group
members are in 1 cell, there are 2 rings of MBSFN area and
there is no reserved cell), based on SNR thresholds presented
in Fig. 5, for an outage probability of 2%. The results are
summarized in Fig. 6. With the proposed scheme, cell radius

that an SNR gain of 11 dB can be achieved over classical
MBSFN transmissions without repetitions. This translates in
a cell range multiplied by three in a urban environment. The
proposed scheme could be adopted for next MBSFN and SCPTM standard releases as an attractive option to increase cell
coverage for mission-critical communications.

6
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Fig. 5: SNR thresholds for different repetition schemes at
target BLER = 10−1 (λF in kHz and λT in ms).
increases from 600 m to 2000 m compared to a network
without repetitions. Cell radius is also improved by 50%
compared to successive repetitions (L = 4, λF = 0 and
λT = 1 ms). Again, there is no need to implement high delay
shift when λF = 720 kHz.
SC-PTM is an alternative to MBSFN introduced in Release
R13 that activates only cells to which group users are attached.
This is a solution to increase capacity at the cost of coverage.
Our repetition scheme can be used with SC-PTM as well. In
Fig. 6, we show that SC-PTM in conjunction with our scheme
can provide higher cell range than traditional MBSFN without
repetition.
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Fig. 6: Achievable cell range in MBSFN and SC-PTM urban
networks for a target BLER = 10−1 and outage probability
of 2% (λF in kHz and λT in ms).
VI. C ONCLUSION
In this paper, a repetition scheme adopted for PMR networks
using MBSFN and SC-PTM to convey group communications is proposed and evaluated in terms of SNR and cell
coverage gains. The proposed scheme takes into account the
coherence bandwidth and the coherence time of the multipath
fading channel together with service delay constraints. The
comparison between different schemes show that frequency
shifts between repetitions significantly improves the network
performance, while time diversity increases transmission delay
without bringing important gains. Simulation results show
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