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ABSTRACT

Recently, the fraffic volume of mobile communications increases rapidly and the small-cell is one of the solutions using fwo offload
schemes, i.e., local IP access (LIPA) and selected IP traffic offload (SIPTO), to reduce the end-to-end delay and amount of mobile data
fraffic in the core network (CN). However, 3GPP describes the concept of LIPA and SIPTO and there is no decision algorithm to decide
the path from source nodes (SNs) fo destination nodes (DNs). Therefore, this paper proposes a dynamic mobile datfa fraffic offload
scheme using small-cells to decide the path based on the SN and DN, i.e., macro user equipment, small-cell user equipment (SUE),
and multimedia server, and type of the mobile data traffic for the real-time and non-real-time. Through analytical models, it is shown
that the proposed offload scheme outperforms the conventional small-cell network in terms of the delay of end-to-end mobile data
communications and probability of the mobile data traffic in the CN for the heterogeneous networks.

= keyword : heterogeneous networks, small-cell networks, dynamic, LIPA, SIPTO, fraffic offload, delay.

1. Introduction

The rapid growth of mobile data traffic from mobile
devices, e.g., smart phones, machine-to-machine, and so on,
has been widely recognized and most of the traffic volume
occurs in indoor environments [1]. Based on the recent
report, the amount of global mobile data traffic
approximately increases seven times from 12 exabytes (EB)
to 77 EB in 2017 and 2022, respectively [2]. A promising
solution to improve the system capacity of access networks
with frequency reuse is small-cells in heterogeneous
networks (HetNets) because they increase both the coverage
and system capacity with low energy consumption [3]-[4].
However, even though small-cell networks (SCNs) have
diverse advantages, they can not reduce the amount of
mobile data traffic in the core network (CN) since small-cell
access points (SAPs) always send their mobile data traffic
from small-cell user equipments (SUEs) to the CN through
the Internet. In order to reduce the amount of mobile data
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traffic in the CN, the 3GPP has enhanced two mobile data
traffic offload schemes named local IP access (LIPA) and
selected IP traffic offload (SIPTO) to offload the mobile data
traffic to the Internet for SCNs [5]-[6]. Thus, in the world,
major mobile network operators (MNOs) have been showing
a great deal of attention to use small-cells with LIPA and
SIPTO for the next generation mobile networks, i.e.,
LTE-Advanced and 5G [7]-[10]. However, most of research
work only introduce the concept of LIPA and SIPTO and
thus a path decision algorithm with analytical research
requires in this area.

In this paper, we propose a dynamic mobile data traffic
offload scheme to reduce the delay of end-to-end mobile data
communications and amount of mobile data traffic in the CN
using SAPs in HetNets. In the proposed scheme, the SAP
first decides the path from source nodes (SNs) to destination
nodes (DNs) based on the device of the DN, i.e., macro user
equipment (MUE), SUE, and multimedia server (MS), and
type of the mobile data traffic for the real-time (RT) and
non-real-time (NRT). And then, the SAP offloads the mobile
data traffic between SNs and DNs using LIPA and SIPTO
in various scenarios. Through analytical models, it is shown
that the proposed scheme outperforms the conventional SCN in
terms of the delay of end-to-end mobile data communications
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(Figure 1) The structure of conventional mobile
networks and small-cell networks.

(Table 1) Seven scenarios with different SNs and
DNs for mobile data communications in

the SCN.
Scenarios | Source nodes(SNs) | Destination nodes(DNs)
S1 MUE 2
) MUE 1 MS 1
S3 SUE 2
A MS 1
S5 SUE 2 (same SAP)
56 SUE 1 SUE 3 (different SAPs)
S7 MUE 2

for SUEs and probability of the mobile data traffic in the CN
for the HetNet.

The remainder of this paper is organized as follows.
Section 2 introduces various scenarios with different SNs and
DNs for mobile data communications using the LIPA and
SIPTO in the SCN and Section 3 explains the proposed
dynamic mobile data traffic offload scheme using SAPs.
Then, Section 4 evaluates the system performance and
section 5 concludes this paper with future research direction.

2. Related Work

2.1 SCNs and seven scenarios

Fig. 1 shows the structure of conventional mobile
networks and SCNs. The conventional mobile network
consists of the CN, macro base stations (MBSs), and MUEs
while the SCN has a couple of additional units, i.e.,
small-cell gateways (SGWs), SAPs, and SUEs, to the
conventional mobile network. When users install SAPs at
home or in the office, the SAPs are connected to the SGW.

Core network

._Path1 Internet
I

SUE1 TR TTTTTTTT T TTTT oo

@ i::,,-/gAP]
Path 2

SUE 2

(a) SCNs without LIPA and SIPTO

@ _ Path 3 (LIPA) Internet Core network

(b) SCNs with LIPA and SIPTO

(Figure 2) Different paths of the mobile data
traffic in SCNs without/with LIPA
and SIPTO.

Then, the SUEs make connections with their serving SAPs
that give the strongest signal strength instead of the MBS,
ie., the SUEs communicate with the CN through their
serving SAPs, Internet, and SGWs. Therefore, small-cells can
reduce the overhead of MBSs but the CN still has the
overhead of the mobile data traffic since the SAPs always
transmit the mobile data traffic from SUEs to the CN.

Table 1 describes seven scenarios with different SNs and
DNs for mobile data communications of the SCN as shown
in Fig. 1. In Table 1, the SN is either MUE 1 or SUE 1
while the DN is different in each scenario, i.e., MUE 2, SUE
2, MS 1, and SUE 3. Especially, SUE 1 and 2 are connected
to the same SAP in S5 but SUE 1 and 3 are connected to
different SAPs in S6.

2.2 Traffic offload with LIPA and SIPTO

The mobile data traffic offload has currently become an
essential part for MNOs because the amount of the mobile
data traffic increases rapidly [3]-[4]. The standard of LIPA is
to offload internal mobile data traffic from SUEs to network
devices in the same residential/enterprise IP network using
SAPs. On the other hand, the standard of SIPTO is to
selectively offload the mobile data traffic from SUEs to MSs
on the Internet, i.e., the SAPs directly communicate with the
MSs through the Internet.

Fig. 2 shows examples of different paths for the mobile
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(Figure 3) The flowchart of the proposed dynamic traffic offload scheme for HetNets.

data traffic from SUEs to MSs and SUEs without/with LIPA
and SIPTO in SCNs [5]-[9]. Fig. 2-(a) describes conventional
SCNEs, i.e., SCNs without LIPA and SIPTO. Thus, SUE 1
communicates with SUE 2 through SAP 1, Internet, CN,
Internet, and SAP 1, i.e., path 1, while SUE 2 communicates
with MS 1 through SAP 1, Internet, CN (SGW, CN, PGW),
and Internet, i.e., path 2. In other words, SAP 1 always
transmits the mobile data traffic from SUE 1 and 2 to the
CN and then the CN again transmits it to SAP 2 and MS
1 through SAP 1 and Internet, respectively. On the other
hand, Fig. 2-(b) describes SCNs with offloading technologies,
i.e., LIPA and SIPTO. Thus, SAP 2 offloads the mobile data
traffic from SUE 3 to SUE 4 using LIPA, i.e., path 3, and
from SUE 4 to MS 2 using SIPTO, i.e., path 4. It means that
the mobile data traffic from SUE 3 and 4 is not sent to the
CN and thus the amount of mobile data traffic in the CN can
be reduced.

3. Proposed dynamic Offload
Scheme and Analytical Models

In this section, we propose a dynamic mobile data traffic
offload scheme with LIPA and SIPTO and introduce
analytical models for the scenarios as shown in Table 1.

3.1 Proposed dynamic mobile data traffic
offload scheme with LIPA and SIPTO

Based on the seven scenarios in Table 1, we propose a

dynamic mobile data traffic offload scheme with LIPA and
SIPTO for SCNs. The proposed scheme first checks the SNs
and DNs and then decides the path of end-to-end mobile data
communications for both RT and NRT traffic.

Fig. 3 shows the flowchart of the path decision algorithm
of the proposed dynamic traffic offload scheme for HetNets.
Further, Table 2 describes the path of each scenario for three
different networks, i.e., conventional mobile networks, SCNs,
and SCNs with the proposed scheme, using network devices.
In S1 and S2, the paths for RT and NRT traffic are the same
for the three networks. In the scenarios from S3 to S7, the
conventional mobile network has no paths since it does not
use SUEs as network devices while the SCN and SCN with
the proposed scheme have the same path for RT and NRT
traffic except the SCN with the proposed scheme for RT
traffic in S7 because the proposed scheme changes the
serving node of SUEs from SAPs to the MBS to reduce the
delay of end-to-end mobile data communications. Further, in
S3, the SCN and SCN with the proposed scheme have the
same path. On the other hand, in the scenarios from S4 to
S6, the SCN with the proposed scheme offloads the mobile
data traffic using LIPA and SIPTO and thus it has different
paths from those of the SCN. In S4, in the SCN, the SUE
communicates with the MS through the serving SAP,
Internet, CN, and Internet while in the SCN with the
proposed scheme, the SUE communicates with the MS
through the serving SAP and Internet using SIPTO to offload
the mobile data traffic. In S5 and S6, SUEs communicate
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(Table 2) The path of end-to-end mobile data communications for three different networks.

Scenarios | Traffic type| Conv. SCN SCN with the proposed scheme
Sl MBS<>-CN—MBS
[y MBS<>CN<Internet
S3 RT, - MBS—CN<Internet—SAP
$4 NRT - SAP<Internet—~CN<Internet SAP<Internet (SIPTO)
S5 - SAP<—Internet—~CN<Internet—>SAP SAP (LIPA)
S6 - SAP—Internet—~CN<Internet—>SAP SAP<Internet>SAP (SIPTO)
RT MBS<>CN<—MBS (change the serving node)
57 NRT ] SAPIntermet>CNMBS SAPintomet CNoMBS

with each other but the difference is that the serving SAP is
the same in S5 while it is different in S6. Thus, in the SCN,
the SUEs communicate with each other through the serving
SAP, Internet, CN, Internet, and serving SAP in S5 and S6,
while in the SCN with the proposed scheme, they only
communicate with each other through their serving SAP
using LIPA and through the serving SAP, Internet, and
serving SAP using SIPTO in S5 and S6, respectively.

For the last, in S7, in the SCN, the SUE communicates
with the MUE and they use a path through the serving SAP,
Internet, CN, and serving MBS for both RT and NRT traffic.
On the other hand, in the SCN with the proposed scheme,
they use different paths for RT and NRT traffic. That is, the
SUE communicates with the MUE through the same path of
the SCN for NRT traffic. However, the SUE first changes
the connection from the serving SAP to the MBS to become
a MUE and then the new MUE that was an SUE
communicates with the MUE that is a DN through the
serving MBS of the new MUE, CN, and serving MBS of the
MUE (DN) for RT traffic (this path is the same as the path
of S1) since the new path has lower delay than the previous
path.

3.2 Delay from SNs to DNs

In order to analyze the delay of end-to-end mobile data
communications, we introduce analytical models for three
different networks, i.e., conventional mobile networks, SCN,
and SCNs with the proposed scheme. In the conventional
mobile network, there are only two scenarios as shown in
Table 2, ie., S and S2. Let D>}, and D2, denote the

delay of RT and NRT traffic for S1 and S2. Then, D7}

Conv.

and D52 can be expressed as

51 _
Deonv. = Tyve-upst Tp, T Tups—ont Tp,,, M
+ Tps— ont Tpot Tyvp-ass™ Tp,0

52 _
D(/'omu - TjUL'E* JIIBS+ T, + 7?1[357 CA'+ T,

PVIZF PVI],(S\ (2)
+ Z}ntcrnut + TP,V\’
where 7rpe_yps 5 Dyoe-aps » ad Tp.,,., are the

transmission time between the MUE and serving MBS,
between the serving MBS and CN, and between the CN and
one of the three network nodes, i.e., serving MBS, serving
SAP, and MSs, respectively. Further, Ty > T

Pyps

, and
T, are the processing time of the MUE, serving MBS, and
CN, respectively.

In the SCN, let D5y, Dilvs Dilns Dicns Dicns
DSy, and Djjy denote the delay of RT and NRT traffic
from S1 to S7, respectively. Then, Diry, Dy, Doty,

Diiy, Dify, DES, and D3, can be expressed as

Dion = Dona. ©)
Dién = Diguy. “
Diin= Tyup— st Ty Pt Diups—ont Tp )
* Dsernet ¥ Toy ™ Tovp—sapt Tpy,
Dss(ﬂi\ = Topesart Tpy, ™ Thiernet T Tpy, ©)
* Thternet T Tp,yo
D;({"N = D;(?N = Tovpsart Tp, T Thiernet %)
T T Thternet ¥ Toy t Tovp-sapt Tp, s
DS?(ZN =Topsart Tp,t Thiernet T Tpy,

®
+ Tuss—ont Tpt Typamst T,

Paps’

12

2021. 10



End-to-End Delay Analysis of a Dynamic Mobile Data Traffic Offload Scheme using Small-cells in HetNets

where 7y,,_¢,p is the transmission time between the SUE

and serving SAP while 7, ~and 7}, ~are the processing

time of the SUE and SAP, respectively.
In the SCN with the proposed scheme, let Dg'

Prop.»

D32 D32 DSt DSS and DSS  denote the delay

Prop.> Prop.» Prop.» Prop.» Prop.
of RT and NRT traffic from S1 to S6, respectively. Further,
let DSTNRT and DSTRT denote the delay of NRT and RT

Prop. Prop.

traffic for S7, respectively. Then, D5l , D3% , D33

Prop.» Prop.» rop.?
54 55 56 ST.NRT ST.RT
D5lops Dorops Dorops Divop. s and Dy, can be

expressed as

Dpyop. = Dlgns. = D ©)
Doy = Déon. = Dty (10)
Dy = Dicw (an
Dfii}p =T sart Tp, T Thiernet T Tpy, 12)
DP?IGU}) =Toppsup™t TPM + Tovp-sapt T,L{W o (13)
Df?;'(i)p. =Topp-supt T, Pan T Tternet (14
+ Ty sapt Ip,
Dyl = Dicy - (15)
Dot = Digne. = Dsin = Dy (16)

3.3 Probability of the mobile data traffic in
the CN

In S1, S2, and S3, the MUE communicates with the
MUE, MS, and SUE, respectively, and thus there is no
mobile data traffic offload for the SCN and SCN with the
proposed scheme. In the scenarios from S4, S5, S6, and S7,
in the SCN without LIPA and SIPTO, the SAP offloads the
mobile data traffic from the SUE to DN, i.e., MS, SUE, and
MUE, but the amount of mobile data traffic in the CN is not
reduced even though the SAP offloads the mobile data
traffic. On the other hand, the SCN with the proposed
scheme can reduce the amount of the mobile data traffic in
the CN since the SAP directly transmits the mobile data
traffic from the SUE to the DNs using LIPA and SIPTO.

Let Df?fo;ﬁ and Df?fw denote the probabilities of the
mobile data traffic in the CN for scenarios from S4 to S6
and S7 in the SCN with the proposed scheme, respectively,
while DZ:y" denote the probability of the mobile data

(Table 3) System parameters

Parameter Value
Tyve- ups 5ms [11]
Thps— o 7ms [12]
Tsve—sar 5ms [11]
Thnternet 10~100ms
Tp,s 4ms [11]
Tp,, 4ms [11]
Tp 2ms [12]
Ty 2ms [12]
Tp,, 2ms [12]
i 100ms [13]

traffic in the CN for the SCN. Then, D5* ¢ D37 | and

Prop. > Pprop.
D33y can be expressed as

Plii);h =1- PSUE for S47 SE)7 S6

ST _ NRT . an
PProp. - 1_PSL'E ° PSUE for S?,
P3iyT=1  for$4,85,6, and S7, (18)

where P, is the probability of SUEs as SNs in the
network while P27 is the probability of SUEs transmitting
NRT traffic. Further, P5iy " is 1 since the SAP always
transmits the mobile data traffic to the CN for the scenarios

from S4 to S7 in the SCN.

4. Performance Analysis and
Discussions

In this section, we investigate the system performance in
terms of the delay of end-to-end mobile data communications
for the conventional mobile network, SCN, and SCN with
the proposed scheme and probability of the mobile data
traffic in the CN. The system parameters are listed in Table
3. Tjpiernes is from 10ms to 100ms because the transmission
time is variable according to the traffic load on the Internet.
Further, DT is the deadline of the delay for RT traffic to

drop the mobile data traffic when the delay is over D} .

Fig. 4 describes the results of the delay from the MUE
to the MUE, MS, and SUE for RT and NRT traffic in
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(Figure 4) The delay from S1 to S3.

scenarios from S1 to S3. D5! for

Conv. >

Digy» and D),
both RT and NRT traffic are 34ms and there is no change
as 7j,,.,me; increases since MUEs communicate with each
other through the serving MBSs of both MUEs and CN

(without the Internet). Dg.,, , Dioy, and D2~ for RT

and NRT traffic increase linearly as 7,,,,,,, increases but

S2 52 52

DCmm.’ DSC/\" and DProp.
= RT S3

Tierne: = 80ms because of D, . Further, Dg:, and

D5?  for RT and NRT traffic increase linearly as 7,

Prop. nternet

for RT traffic increase until

increases but D57y and D for RT traffic increase until

T,

Internet

shown that the delays for S3 are slightly longer than those
for S2 since the serving SAP of the DN is added to the path
of S3.

Fig. 5 describes the results of the delay from the SUE to
the MS for RT and NRT traffic in S4. DS}, and D5* ~ for

Top.

both RT and NRT traffic increase linearly as 7,

Internet

= 71ms because of D7”. From the results, it is

increases. However, D3, and Ds  for RT traffic increase

Top.
until 75,,,,,.;, = 425 and 87ms, respectively, because of

DET. From the results, it is shown that D33, is much
longer than Dp}
mobile data traffic using SIPTO, ie., the SUE directly
communicates with the MS through the Internet. However, in
the SCN, the SUE always communicates with the MS
through the Internet, CN, and Internet.

Fig. 6 describes the results of the delay between SUEs
that are served by the same SAP for RT and NRT traffic in

since the proposed scheme offloads the

250

. . ;
—© ~ Dy NRT) ||
—a—0¥ @D |
200l scn A SR R R 7

- B~ D3, (NAD

| | |
| | |
—9— D3y, (RT) L ;

Delay (ms)

Tinternet ¢

(Figure B) The delay of S4.

S5. D%y and D37 - for both RT and NRT traffic increase

Prop.
: : S5 55
linearly as 7%,,,,., increases. However, Dy and Dy,

= 38 and 87ms,

respectively, because of D;77. From the tesults, it is shown

for RT traffic increase until 7,

Internet

that DS’ is much longer than DS’ = since the proposed
scheme offloads the mobile data traffic using LIPA, ie.,
SUEs directly communicate with each other through the same
serving SAP. However, in the SCN, SUEs always communicate
with each other through the Internet, CN, and Internet.

Fig. 7 describes the results of the delay between SUEs
that are served by different SAPs for RT and NRT traffic in

S6. DSy and D35 for both RT and NRT traffic increase

Prop.

linearly as 7,

nterne

for RT traffic increase until 7,

Internet

, increases. However, D5l and DJS
= 38 and 82ms,
respectively, because of DZ7. From the results, it is shown

that DgS, is much longer than DS° = since the proposed
scheme offloads the mobile data traffic using SIPTO, i.e.,
SUEs directly communicate with each other through the
Internet. However, in the SCN, SUEs always communicate
with each other through the Internet, CN, and Internet.
Fig. 8 describes the results of the delay from the SUE to

the MUE for RT and NRT traffic in S7. Dj, for both RT
and NRT traffic and D;)"*" increase linearly as 7,,,,,.,
increases. However, DS, for RT traffic increases until
Trterne; = 69ms because of DFT. DS\ for NRT traffic
and Dy have the same results but D37, for RT traffic

is different from D577, That is, D5 always is 34ms
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(Figure 7) The delay of S6 (different SAPs).

and there is no change as 7j,,,,,., increases. This is because
MUEs communicate with each other through the serving
MBSs and CN (without the Internet) after the SUE changes
its serving network node from the SAP to the MBS. Thus,
Dyl for RT traffic is much longer than D57 "

Fig. 9 describes the probability of the mobile data traffic
for RT and NRT in the CN for the SCN and SCN with the
proposed scheme in S4, S5, 6, and S7. In the SCN, PS5y 7
= 1 even though the SAPs offload the mobile data traffic
from SUEs. This is because the SAPs always transmit the
mobile data traffic to the CN. On the other hand, in the SCN
with the proposed scheme, the SAPs directly transmit the
mobile data traffic to the DNs using LIPA and SIPTO for
both RT and NRT traffic in S4, S5, and S6 and for NRT
traffic in S7 while they transmit the mobile data traffic to the

140

— — 7 7,NRT
8 - O3y (NAT), D37

SCI

7
120 —¥— DGy (AT -—-

Total transmission time (ms)

Tinternet

(ms)

(Figure 8) The delay of S7.
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(Figure 9) The probability of the mobile data traffic for

RT and NRT in the CN.

CN for RT traffic in S7. Therefore, from the results, it is

shown that Py " and BT with PLET =0 are always 1

Prop.
while 75} % and 77, decrease linearly as Py, increases.
Further, 7", decreases as Py increases from 0 to 1 and

P3T,, becomes the same as Py, ° when Pyl = 1.

5. Conclusions

In this paper, we proposed a dynamic mobile data traffic
offload scheme using SAPs with LIPA and SIPTO to reduce
the delay of end-to-end mobile data communications for RT
and NRT traffic in HetNets. Through analytical models, it
was shown that the proposed offload scheme outperforms the
conventional SCN in terms of the delay of end-to-end mobile
data communications from SUEs to different DNs, i.e., MS
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and SUE for both RT and NRT traffic but MUE for RT
traffic. Further, in the proposed offload scheme, the results
of the probability of the mobile data traffic in the CN
decreases as P, and P! increase. However, in S7 for
the RT traffic, the SUEs have to change the serving node
from the SAP to the MBS and it takes some time for the
handover. For future work, we plan to study an enhanced
mobile data traffic offload scheme with considering the

handover time to improve the proposed scheme for the SCN.
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