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Abstract. OFDM signal can provide communication and ranging ser-
vices at the same time, but it is limited by sub-carriers and power
resources, and cannot meet service requirements adaptively. In order
to better improve the communication and positioning performance, a
joint communication and ranging resource allocation strategy based on
F-OFDM for integrated communication and positioning system is pro-
posed. Firstly, F-OFDM is used to construct a communication and posi-
tioning integrated network under protocol interference. Then, link group-
ing is performed, and a joint sub-carrier and power optimization model
is established based on independent sub-bands. The simulation results
show that the resource allocation strategy proposed in this paper can sig-
nificantly improve the ranging performance of the system with satisfying
the communication performance.

Keywords: OFDM ranging · F-OFDM · Resource allocation · Data
transmission rate · Equivalent Fisher information (EFI)

1 Introduction

Accurate localization of mobile devices is becoming increasingly important for
many emerging scenarios, such as indoor navigation and IoT applications [1].
In recent years, with the development of communication technology, the idea
of using communication facilities as positioning infrastructure to meet the dual
needs of communication and positioning has attracted much attention [2,3]. In
the current wireless communication system, the waveform technology is dom-
inated by OFDM, so there is a lot of research on OFDM ranging technology
[4,5]. In [6], a TOA (Time of Arrival) estimation method by using OFDM sub-
carrier phase difference is proposed. Literature [7–9] analyzes the accuracy and
influence factors when OFDM signal is used as a ranging signal, and shows that
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ranging accuracy is one of the fundamental reasons affecting positioning perfor-
mance. Improving ranging accuracy is an effective means to enhance positioning
performance. Therefore, on the existing communication infrastructure, we can
not only use OFDM signals for high-speed and high-capacity communication,
but also achieve high-precision ranging. Since communication and ranging using
OFDM technology are realized by processing the received and sent signals, the
resource allocation in the system will affect the propagation quality of the signal,
which in turn will affect the communication and ranging performance. However
at the beginning, the resource allocation in the existing communication system
[10,11] only serves to improve the communication performance, and the litera-
ture [12,13] only considers to optimize the positioning accuracy of the system.
There are very few studies combining the two at present.

In view of the above problems, this paper studies the impact of joint resource
allocation about communication and positioning. At the same time, in order to
overcome the shortcoming of OFDM that can only be configured with fixed
frequency band parameters, the F-OFDM technology that can adapt to com-
munication and positioning services is adopted [14]. Therefore, we build an
integrated communication and positioning network based on F-OFDM, real-
ize the joint design of communication and positioning depend on independent
sub-bands, and propose a JCP-OSOP (optimal sub-carrier optimal power under
joint communication and positioning) allocation strategy.

2 System Model

In this section, we introduce the wireless multi-hop communication and posi-
tioning integrated network system model. At the same time, we also make the
analysis of the communication and ranging performance of the network.

2.1 Network Model

As shown in Fig. 1(a), we abstract it as the connected graph G = (V,L)
in Fig. 1(b), where V = {v1, v2, · · · , vn} is the set of all vertices and L =
{l12, l13, · · · , lmn} is the set of all edges in the connected graph, representing the
wireless access nodes and transmission links in the network of Fig. 1(a) respec-
tively. In a multi-hop network, interference may occur between any two links
due to the broadcast characteristics of the wireless channel. Interference deter-
mines whether multiple nodes in the network can work at the same time, and
the interference is crucial to the study of data transmission in the network. Our
system model adopts the protocol interference mentioned in [15], assuming that
there is interference within two hops among the network node. Therefore, based
on the connected graph, we use the edges in Fig. 1(b) as vertices, and connect
the vertices corresponding to the two interference edges to obtain the conflict
graph shown in Fig. 1(c).

When grouping the vertices of the graph, it can be realized by the vertex
coloring algorithm of the graph. We can group the links of the conflict graph to
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get the link group set LG = {(l12), (l23, l45), (l14), (l15), (l16)}, which means that
only the link group (l23, l45) does not have interference and can reuse resources,
and other links cannot share resources with each other.

Fig. 1. Wireless multi-hop network model and interference conflict graph.

2.2 Communication and Ranging Performance Analysis

In communication and positioning integrated network, we use the data trans-
mission rate on the link as the communication performance, at the same time,
the number of sub-carriers is set to N , the channel bandwidth it set to B, and
the data transmission rate is expressed as follows:

rij =
B

N
log2

(
1 +

Pijhij

ϕ2
0 + Iij

)
(1)

where hij and Pij are respectively the channel gain and allocated power of the
j − th sub-carrier on the i − th link, Iij is the sum of interference caused by the
remaining links sharing j − th sub-carrier on the i − th link. It can be seen that
the reasonable allocation of sub-carriers and power to each link can promote a
significant increase in the SNR, and thus increase the data transmission rate on
each link.

For the positioning performance, it will be directly affected by the ranging
error. According to the literature [16], the CRB (Cramé-Rao Bound) for estimat-
ing the ranging delay is equivalent to estimate the inverse of the EFI (Equivalent
Fisher Information). We use the following equation represents the ranging error
on the link:

Jei (Ni,Pi) =
Ni∑

j=1

Pijw
2
ck −

(
Ni∑

j=1

PijWjbj

)T(
Ni∑

j=1

PijWjCjWj

)−1 (
Ni∑

j=1

PijWjbj

)

(2)

where Ni represents the set of sub-carriers allocated on the i − th link, and
Pi = [Pi1, Pi2, · · · , PiNi

] represents the power allocated for each sub-carrier on
the i − th link. It can be seen that the number of sub-carriers and power alloca-
tion will directly affect the CRB of the ranging accuracy.
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Therefore, let the data transmission rate on each link as the primary opti-
mization goal, and let the overall ranging accuracy of the system as the secondary
optimization goal, the resource allocation model for joint communication and
positioning services can be established as follows:

arg max
δ

{min {Jei(Ni,Pi), i = l1, l2, . . . , ln}}
s.t.

AC1 : Ri ≥ ti ∀i ∈ L
AC2 : Ni ∩ Nj = ∅ j /∈ l(i)

AC3 :
ln∑

i=l1

Ni∑
j=1

Pij ≤ Ptotal

AC4 : Pij ≥ 0 ∀i ∈ l, j ∈ Ni

(3)

where the objective function adopts the maximization criterion of minimization,
that is, take the EFI of the ranging delay on the link with the worst ranging
performance in the system as the evaluation of ranging performance, δ is the best
resource allocation strategy. AC1 indicates that the primary optimization goal is
to meet the data transmission rate on the i − th link. AC2 means that the links
in different link groups cannot use the same resources, otherwise interference
will occur. AC3 and AC4 limit the power.

3 JCP-OSOP Resource Allocation Strategy

Since the F-OFDM technology is used in the integrated communication and
positioning network, the system frequency band can be divided into multiple sub-
bands according to the link grouping situation, so that the sub-band resources
can be flexibly configured for communication and positioning. Therefore, the
optimal sub-carrier allocation strategy in (3) can be converted to the optimal
communication sub-band and ranging sub-band division strategy, and the power
allocation strategy on each sub-carrier can be converted to the optimal power
allocation strategy on sub-band. Due to the high complexity of solving (3), we
can decompose it into sub-carrier allocation model and power allocation model.

3.1 The Sub-carrier Allocation Model

Assuming that the power allocated on each sub-carrier is equal, the communica-
tion sub-band is divided to meet the data transmission rate of each link firstly.
For one single link, the communication sub-band division model is as follows:

arg min N
l(i)c

s.t.
AC1 : Ri ≥ ti ∀i ∈ l(i)
AC2 : Nic ∩ Njc = ∅ j /∈ l(i)
AC3 : Pij=Ptotal

N ∀i ∈ l(i), j ∈ Nl(i)

(4)
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where Nic represents the set of sub-carriers used for communication on the i − th
link.

Then, we establish the ranging sub-band division model as follows:

arg max
δN

{
min

{
Jel(i)(Nl(i)R

,P), i = l1, l2, . . . , ln
}}

s.t.
AC1 :NiR ∩ NjR = ∅ j /∈ l(i)
AC2 :NiC ∪ NiR=Ni i ∈ l(i)
AC3 :Pij=Ptotal

N ∀i ∈ l(i), j ∈ Nl(i)

(5)

where NiR represents the sub-carriers set used for ranging on the i − th link.
AC2 means that the sub-carriers used for communication and ranging on the link
cannot exceed the allocated sub-carriers. The minimum sub-carrier set Nl(i)R

,
which is allocated to the ranging sub-band l(i)R can be obtained by solving the
above model.

Due to the sub-band division, the sub-carriers contained in each sub-band
must be continuous. Therefore, we use the sub-carrier block composed of multiple
consecutive sub-carriers as the minimum allocation unit. In order to reduce the
complexity of the allocation, we propose an allocation algorithm based on sub-
carrier splitting, which allocates the complete sub-carrier block grouping set to
the link group. We assume that there are N sub-carriers in the system, and each
sub-carrier block contains n sub-carriers, so the number of sub-carrier blocks
is Nrb = N

n , and we use the set Sub = {sub1, sub2, . . . , subNrb
} to represent

sub-carrier blocks. Then according to coloring the conflict graph, we get the link
group set LG = {l(1), l(2), . . . , l(m)}. The specific algorithm flow is as follows:

Algorithm 1. Complete Sub-carrier Block Grouping Set Generation
Algorithm.

Step 1:
Define G = {20, 21, · · · , 2Nrb−2}, add m−1 combination of the elements in G to

get the set of decimal numbers QD = {(qD)1, (qD)2, · · · , (qD)
Cm−1

Nrb−1
} ;

Step 2:
Convert each element in QD into the binary number and fill in other bits with 0 to

make the length C to get the set of binary number numbers QB = {(qB)1, (qB)1, · · · ,
(qB)

C
m−1
Nr−1

} ;

Step 3:
Let i = 1, insert the binary sequence of the i−th element in QB into Sub in order,

so that a grouping situation can be obtained, which can be stored in the grouping
set TN as the i − th element;
Step 4:

If i ≤ Cm−1
Nr−1 is true, let i = i + 1 and jump to Step 2; Otherwise, the final

grouping set TN can be obtained, and the algorithm ends.

We can solve (4) directly to get the minimum sub-carrier block grouping set
allocated to the communication sub-band l(i)C when the communication needs
are met, and then get the specific sub-carrier set Nl(i)C

. Since (5) is a 0–1 integer



96 R. Chen et al.

programming problem, we use an iterative solution algorithm based on Hungary
to solve it. The specific steps are as follows:

Algorithm 2. Optimal Ranging Sub-band Division Algorithm Based on
Hungary Iterative Algorithm.

Step 1:
Initialize: j = 1;

Step 2:
Traverse each element in the link group set LG, and record the each link group

in the number set GL;
Step 3:

Traverse each element in TN
j , according to the grouping of sub-carriers, record

the sub-carriers number of each sub-carrier block in set GN
j ;

Step 4:
Traverse each element in GL and GN

j , and calculate the metric matrix TP accord-
ing to equation (2);
Step 5:

Take TP as the coefficient matrix, find the optimal sub-carrier grouping and
optimal matching strategy by the Hungarian algorithm, then store it in Je ;
Step 6:

If j >
∣
∣TN

∣
∣, skip and execute Step 7; otherwise, j = j + 1, skip and execute Step

2;
Step 7:

Find the global maximum value in Je, according to the column index to get the
best sub-carrier grouping and the best sub-carrier block and link matching.

3.2 The Power Allocation Model

After the sub-carrier allocation, we first allocate power resources for the sub-
carriers on the communication sub-band to meet the data transmission rate on
the link. The power allocation optimization model on one communication sub-
band is as follows:

arg min Pl(i)C
=

Nl(i)C∑
j=1

Pl(i)Cj

s.t.
AC1 : Ri ≥ ti ∀i ∈ l(i)
AC2 : Pl(i)Cj ≥ 0 ∀i ∈ L, j ∈ Nl(i)C

(6)

the minimum transmit power required on the communication sub-band can be
obtained by solving it.

Then, taking the two-path channel as an example, (2) can be converted to:

Jel(i)(Pl(i)R
) = 2α2

1T
N0

(
−ω2

cT
2ET

Pl(i)R
THTHPl(i)R

+ wTPl(i)R

)
(7)
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We establish the sub-carrier power allocation optimization model on the rang-
ing sub-band as follows:

arg max
δP

{
min

{
Jel(i)(Pl(i)R

), i = l1, l2, . . . , ln
}}

s.t.

AC1 :
ln∑

i=l1

Pl(i)R
≤Ptotal −

ln∑
i=l1

Pl(i)C

AC2 : Pl(i)Rj ≥ 0 ∀i ∈ L, j ∈ Nl(i)R

(8)

where AC1 indicates that the power consumed on all ranging sub-bands and
communication sub-bands cannot exceed the total power in the system. By solv-
ing the above model, we can get the power on the ranging sub-band, and then
get the best power allocation strategy. (6) is a typical nonlinear constrained opti-
mization model, which can be solved by Lagrangian multiplier method. (8) is a
quadratic programming problem. Since HTH is a positive semi-definite matrix,
and the constraints are all linear, (8) as a quadratic programming problem can
be converted to a standard convex optimization model and then solved using the
interior point method.

4 Performance Evaluation

4.1 Simulation Setup

The simulation parameter settings are shown in Table 1. In order to study the
optimality of the JCP-OSOP resource allocation strategy, the ASAP (Average
Sub-carrier Allocation and Average Power Allocation) resource allocation strat-
egy in the literature, ASOP (Average Sub-carrier Allocation and Optimized
Power Allocation) resource allocation strategy, and the OSAP (Optimized Sub-
carrier Allocation and Average Power Allocation) resource allocation strategy in
[17] have been simulated and compared.

Table 1. Simulation Parameters

5G band number n78 Number of sub-carrier blocks 64

Center frequency
(MHz)

3450 Number of sub-carriers in sub-carrier block 24

Bandwidth
(MHz)

100 Total transmit power W 10

Number of nodes 6 Transmission rate threshold (increasing) t1 − t8

Sub-carrier
spacing (KHz)

60 Protocol interference model Two hops
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Fig. 2. Sub-carrier block and power allocation changes with network scale
(SNR= 10 dB)

4.2 Results and Discussions

As can be seen in Fig. 2, when the resources in the system and the transmission
rate threshold are constant, as the network scale becomes larger, the number
of links in the system increases. In order to meet the data transmission rate
on the links, the number of sub-carriers and power resources occupied by the
communication sub-band will gradually increase, while the ranging sub-band
will be the opposite.
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Fig. 3. Comparison results of average power distribution and optimal power distribu-
tion on the communication sub-band and the ranging sub-band

It can be seen from Fig. 3 that with the increase of the link transmission
rate threshold in the system, since meeting the transmission rate of each link
is our primary goal and the total power is constant, the power allocated to the
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communication sub-band continues to increase, the power of the ranging sub-
band continues to decrease. At the same time, under the power optimization
allocation strategy, the actual power required by the communication sub-band
is much smaller than the pre-allocated power in the average power allocation
strategy, and the actual power allocated to the ranging sub-band is much greater
than the pre-allocated power in the average power allocation strategy, which will
greatly improve the ranging performance of the system.
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Fig. 4. The system ranging performance of four resource allocation strategies varies
with the transmission rate

As shown in Fig. 4, due to the increase of the transmission rate threshold on
each link, the resources occupied by the communication sub-bands increase, and
the resources occupied by the ranging sub-band decrease, resulting in the ranging
performance of the four resource allocation strategies deteriorates. Comparing
JCP-ASAP and JCP-ASOP, JCP-OSAP and JCP-OSOP resource allocation
strategies, we can see that the latter’s ranging performance is greatly improved,
which is consistent with the conclusion in Fig. 3. In a comprehensive comparison,
the JCP-OSOP resource allocation strategy proposed in this paper has the best
ranging performance, which can increase by 20% on average compared to the
JCP-ASAP allocation strategy.

In addition, as the SNR in Fig. 5 increases, the resources required for the
communication sub-bands are reduced when the data transmission rate on the
link are met, and the resources used for the ranging sub-bands in the system
increase, and noise has a smaller impact on ranging performance. Therefore,
regardless of the resource allocation strategies, the ranging performance is grad-
ually improved. Further, the JCP-OSOP resource allocation strategy proposed
in this paper has the best system ranging performance.
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Fig. 5. The system ranging performance of four resource allocation strategies varies
with SNR

5 Conclusion

This paper first builds an integrated communication and positioning network
based on F-OFDM technology with the considerations of the protocol interfer-
ence, and models the joint resource allocation of communication and positioning.
Next, an iterative Hungary algorithm based on sub-carrier splitting is proposed
to solve the sub-carrier allocation problem under the F-OFDM sub-band, then
the power allocation problem is solved mathematically, the JCP-OSOP alloca-
tion strategy is obtained finally. Through simulation and analysis, the resource
allocation strategy proposed in this paper can provide communication and rang-
ing services at the same time, and has better ranging performance than JCP-
ASAP, JCP-ASOP and JCP-OSAP resource allocation strategies.

References

1. Agiwal, M., Roy, A., Saxena, N.: Next generation 5G wireless networks: a compre-
hensive survey. IEEE Commun. Surv. Tutor. 18(3), 1–1 (2016)

2. Liu, Z., Da, I.W., Win, M.Z.: Mercury: an infrastructure-free system for network
localization and navigation. IEEE Trans. Mobile Comput. PP(99), 1 (2018)

3. Xiong, J., Sundaresan, K., Jamieson, K.: ToneTrack: leveraging frequency-agile
radios for time-based indoor wireless localization. In: International Conference on
Mobile Computing and Networking. ACM (2015)

4. He, Z., Ma, Y., Tafazolli, R.: Improved high resolution TOA estimation for OFDM-
WLAN based indoor ranging. IEEE Wirel. Commun. Lett. 2(2), 163–166 (2013)

5. Dai, W., Lindsey, W.C., Win, M.Z.: Accuracy of OFDM ranging systems in the
presence of processing impairments. In: IEEE International Conference on Ubiq-
uitous Wireless Broadband. IEEE (2017)

6. Dai, L., Wang, Z., Wang, J., et al.: Positioning with OFDM signals for the next-
generation GNSS. IEEE Trans. Consum. Electron. 56(2), 374–379 (2010)



Joint Resource Allocation Communication and Positioning System 101

7. Wymeersch, H., Maran, S., Gifford, W.M., Win, M.Z.: A machine learning app-
roach to ranging error mitigation for UWB localization. IEEE Trans. Commun.
60(6), 1719–1728 (2012)

8. Dardari, D., Conti, A., Ferner, U.J., Giorgetti, A., Win, M.Z.: Ranging with ultra-
wide bandwidth signals in multipath environments. Proc. IEEE 97(2), 404–426
(2009)

9. Tianheng, Wang, et al.: On OFDM ranging accurary in multipath channels. IEEE
Syst. J. 8(1), 104–114 (2014)

10. Zhang, T., Molisch, A.F., Shen, Y., et al.: Joint power and bandwidth allocation in
wireless cooperative localization networks. IEEE Trans. Wirel. Commun. 15(10),
6527–6540 (2016)

11. Qin, C., Song, L., Zhang, T., et al.: Joint power and spectrum optimization in wire-
less localization networks. In: Proceedings of the IEEE International Conference
on Communication Workshop, pp. 859–864. IEEE (2015)

12. Yaacoub, E.: A survey on uplink resource allocation in OFDMA wireless networks.
IEEE Commun. Surv. Tutor. 14(2), 322–337 (2012)

13. Sumathi, K., Valarmathi, M.L.: Resource allocation in multiuser OFDM systems-
a survey. In: Third International Conference on Computing Communication and
Networking Technologies. IEEE (2012)

14. Abdoli, J., Jia, M., Ma, J.: Filtered OFDM: a new waveform for future wireless sys-
tems. In: 2015 IEEE 16th International Workshop on Signal Processing Advances
in Wireless Communications (SPAWC). IEEE (2015)

15. Jacobs, I.M., Wozencraft, J.M.: Principles of communication engineering (1965)
16. Wang, T., et al.: On OFDM ranging accuracy in multipath channels. IEEE Syst.

J. 8(1), 104–114 (2014)
17. Lu, X., Ni, Q., Li, W., et al.: Dynamic user grouping and joint resource allocation

with multi-cell cooperation for uplink virtual MIMO systems. IEEE Trans. Wirel.
Commun. PP(99), 1 (2017)


