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Performance of Linear-Type Mobile Data Transmission
Chen-Yuan Chuang, Yi-Bing Lin, Fellow, IEEE, and Yu-Tien Yeh

Abstract—In Next Generation Network (NGN), IP Multimedia
Subsystem (IMS) plays an important role to offer IP-based
multimedia services. Based on Chunghwa Telecom’s NGN/IMS,
we develop linear-type data transmission applications such as
Bulletin Board System (BBS) or forum-based websites to deliver
new articles to the mobile users. We propose the push-N method
that pushes every N articles from the BBS server to the user.
When the user actually connects to the BBS, the not-yet-pushed
messages are pulled by the user. Our study indicates that by
selecting appropriate N values, push-N can balance against the
push and the pull operations, and therefore improves the user
access experience without wasting too much network resources.

Index Terms—Forum-based website applications, mobile data
transmission, IP multimedia subsystem (IMS).

I. INTRODUCTION

IN Next Generation Network (NGN), IP Multimedia Sub-
system (IMS) supports IP-based broadband multimedia

services through mobile devices [1], [2]. Chunghwa Telecom
(CHT), Taiwan, has deployed one of the largest commer-
cial NGN/IMS in Asia to provision enhanced voice, video,
and Internet-based multimedia services. The current CHT
NGN/IMS capacity can accommodate commercial operation
for about five hundred thousand subscribers. Figure 1 illus-
trates a simplified NGN/IMS network architecture. In this
figure, the NGN/IMS network (Figure 1 (a) and (b)) provides a
standard approach for access to the application network (Fig-
ure 1 (d)) from User Equipment (UE) such as a smart phone
(Figure 1 (3)) via the Packet-Switched (PS) domain of Public
Land Mobile Network (PLMN; Figure 1 (c)). An example
of PLMN-PS network is Universal Mobile Telecommunica-
tions System (UMTS) with the General Packet Radio Service
(GPRS) core network [1]. In NGN/IMS, the Call Session
Control Function (CSCF; Figure 1 (1)) is responsible for call
control. The Session Border Controller (SBC; Figure 1 (2))
supports the functions of topology hiding and NAT/firewall
traversal. Details of a more complete NGN/IMS architecture
can be found in [3], [4].
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Fig. 1. A simplified NGN/IMS architecture.

Based on CHT’s NGN/IMS, we have developed mobile
data transmission applications that allow pull or push of
information from an application server (Figure 1 (4)) to a UE
(Figure 1 (3)). Basically, there are two types of wireless data
access. In the locality-type access, a user may access data with
locality, and the cache mechanisms are typically used to speed
up the data access [5], [6]. In the linear-type access, the data
are sequentially pushed to the UE. Examples of applications
for linear-type access are Bulletin Board System (BBS) [7],
forum-based websites or e-book applications [8]. Note that
multimedia data such as large video clips do not fit the linear-
type access model and is out of the scope of this paper.

In a campus BBS, information (such as campus news)
is pulled by a user when he/she connects to the BBS. Al-
ternatively, the application server may push the information
to the user immediately when an article is published. We
have developed a mobile campus bulletin board system called
iNCTU BBS that posts Chinese articles. With 3G service in
Figure 1, the iNCTU BBS articles can be accessed through
iPhone (Figure 1 (5) and (6)).

To our knowledge, performance of linear-type access has
not been investigated in the literature. For this type access,
the performance of a mobile data transmission application is
significantly affected by the operation of “delivering articles
to the user”. Under the NGN/IMS architecture, the articles
are delivered through protocols such as telnet and http. These
protocols are first established between the UE and the ap-
plication server through path (3)-(c)-(2)-(1)-(4) in Figure 1.
Then the articles are delivered through path (4)-(2)-(c)-(3).
In the http-based pull operation, all new articles are packed
in one message and then delivered to the UE when the user
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attempts to access these articles. In this operation, the user
may need to wait for a long time before all articles are actually
transmitted to the UE. In the push operation, a new article is
delivered to the UE immediately after it is published. Since
all articles were already delivered to the UE in advance,
the user does not need to wait to access the articles, and
therefore, is more user-friendly. However, the push operation
requires one message delivery per article. From the network
aspect, the push operation consumes more resources; that is,
more time and bandwidth consumption for path setup and
message header transmission are required for same amount
of content delivery. To balance against the consumption of
network resources and user waiting time, this paper proposes
the push-N method, and develops an analytic model to study
the performance of this method.

II. DATA TRANSMISSION OF THE PUSH-N METHOD

This section describes the push-N method. We assume that
every article is downloaded to the UE for exactly one time.
If a BBS article is modified, then it is considered as a new
article. In the push-N method, the server delivers articles to
the UE in two events:
Event 1 (Periodic Push): When the server receives N new

articles, it pushes these articles to the UE.
Event 2 (Pull): The user attempts to access the articles. All

new articles that have not been pushed in Event 1 are
delivered to the user.

Figure 2 illustrates the timing diagram of push-N (where
N=3) in two consecutive user accesses at 𝑡𝑎,1 and 𝑡𝑎,2 (marked
by ∙). The application server is updated when new articles
arrive at 𝑡𝑢,0, 𝑡𝑢,1, 𝑡𝑢,2 and 𝑡𝑢,4 (marked by ∘). When the N-
th article arrives at 𝑡𝑢,3, the N articles collected at the server
are pushed to the user (marked by Δ). In Figure 2, 𝑡𝑢,0 <
𝑡𝑎,1 < 𝑡𝑢,1 < 𝑡𝑢,2 < 𝑡𝑢,3 < 𝑡𝑢,4 < 𝑡𝑎,2. When a UE attempts
to access the articles (at 𝑡𝑎,2 in Figure 2), the not-yet-pushed
article (i.e., article (d)) is pulled by the UE. Therefore, the UE
only needs to wait for the transmission of less than N articles.
By periodically pushing new articles in advance, the user does
not need to wait for a long access time. Furthermore, the user
may read those already downloaded articles (articles (a), (b)
and (c)) while the UE is pulling the rest of articles, which also
reduces user waiting time.

In the push-N method, it is clear that the size of N affects the
performance of linear-type mobile data transmission. When
𝑁 = 1, push-N is the same as the push operation. On the other
hand, 𝑁 → ∞ results in the pull operation. For a specific data
transmission application, it is essential to select an appropriate
N value such that the net cost of user waiting time and extra
network resource consumption is optimized.

III. AN ANALYTIC MODEL FOR PUSH-N

This section investigates the performance of the push-N
method. From Figure 2, the inter-access interval is 𝜏𝑎 =
𝑡𝑎,2− 𝑡𝑎,1. Let the user accesses be a Poisson process, then 𝜏𝑎
is an exponential random variable with the mean 1/𝜆𝑎. The
inter-update intervals are 𝜏𝑢,𝑖 = 𝑡𝑢,𝑖+1 − 𝑡𝑢,𝑖 (𝑖 = 0, 1, 2 . . . ),
which are assumed to be an i.i.d. random variable with the
density function 𝑓𝑢(⋅), the mean 1/𝜆𝑢, the variance 𝑉𝑢, and

the Laplace transform 𝑓∗
𝑢(⋅). Since the user accesses are a

Poisson process, the previous access at 𝑡𝑎,1 is a random
observer of the inter-update interval 𝜏𝑢,0 = 𝑡𝑢,1 − 𝑡𝑢,0. From
the residual life theorem [9], the residual life of the inter-
update interval is 𝜏𝑟 = 𝑡𝑢,1 − 𝑡𝑎,1 with the Laplace transform
𝑟∗(⋅) expressed as

𝑟∗(𝑠) =

(
𝜆𝑢

𝑠

)
[1− 𝑓∗

𝑢(𝑠)] (1)

Let 𝑛 be the number of article arrivals during the inter-access
period 𝜏𝑎 (in Figure 2, 𝑛 = 4). If 𝑛 ≥ 𝑁 , then Event 1 occurs.
In Figure 2, 𝑁 = 3, and Event 1 occurs at 𝑡𝑢,3; i.e., the
application server pushes three new articles to the user at 𝑡𝑢,3.
Let 𝑚 be the number of the pushed messages during 𝜏𝑎 (in
Figure 2, 𝑚 = 1). Let 𝑛𝑎 be the number of new articles pulled
by the user at 𝑡𝑎,2; i.e., Event 2 occurs (in Figure 2, 𝑛𝑎 = 1).
It is clear that

𝑚 =
⌊ 𝑛

𝑁

⌋
𝑛𝑎 = 𝑛−𝑚𝑁 (2)

Based on the above description, we now elaborate on the
cost of the push-N method. In this method, the push cost
𝐶1 is experienced by the network, and the pull cost 𝐶2 is
mainly experienced by the user. These two costs are typically
weighted by a factor 𝛼, 0 ≤ 𝛼 ≤ 1. That is, for the period 𝜏𝑎,
the net cost 𝐶 of the push-N method is expressed as

𝐶 = 𝛼𝐶1 + 𝐶2 (3)

In (3), a smaller 𝛼 value means that fast real-time transmission
(for Event 2) is more important to reduce user waiting time.
The costs 𝐶1 and 𝐶2 can be measured by the message delay
or the transmission bandwidth. To make things simple, we
consider the delays that can be actually measured from the
commercial mobile telecom network. The transmission for a
message delivery consists of two delays:

Delay 1: the elapsed time to set up path (4)-(2)-(c)-(3) in
Figure 1 and to deliver the message header from the
server to the UE. Note that after the BBS application
has been executed at the UE, path (4)-(2)-(c)-(3) is
established. However, radio link (c)-(3) may be released
after a short timeout period (while path (4)-(2)-(c) is still
maintained); radio link (c)-(3) is re-established at Events
1 or 2, which contributes to a part of Delay 1 at push or
pull operations.

Delay 2: the delay to deliver new articles (packaged as the
payload in one message) from the server to the UE.

Let 𝜏ℎ be Delay 1 and 𝜏𝑐 be the delay to deliver one article. If
there are 𝑘 articles delivered in one message, then Delay 2 is
𝑘𝜏𝑐. For a push message, the transmission delay is 𝜏ℎ +𝑁𝜏𝑐,
and the push cost 𝐶1 between two consecutive user accesses
(i.e., in period 𝜏𝑎) is

𝐶1 = 𝐸 [𝑚] (𝜏ℎ +𝑁𝜏𝑐) (4)

For a pull message in period 𝜏𝑎, the cost 𝐶2 is

𝐶2 = 𝜏ℎ + 𝐸 [𝑛𝑎] 𝜏𝑎 (5)
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Fig. 2. Timing diagram for Push-N (pushes between two consecutive pulls).

𝐸[𝑛𝑎] and 𝐸[𝑚] are derived as follow. We first define a
random variable

𝑇𝑢,𝑘 = 𝜏𝑟 +

𝑘−1∑
𝑖=1

𝜏𝑢,𝑖 (6)

with the density function 𝑓𝑢,𝑘(⋅) and the Laplace transform
𝑓∗
𝑢,𝑘(⋅). From (1), (6) and the convolution property of the

Laplace transform, we have

𝑓∗
𝑢,𝑘(𝑠) = 𝑟∗(𝑠)

𝑘−1∏
𝑖=1

𝑓∗
𝑢(𝑠)

=

(
𝜆𝑢

𝑠

)
[𝑓∗

𝑢(𝑠)]
𝑘−1

[1− 𝑓∗
𝑢(𝑠)] (7)

To obtain 𝐸[𝑛𝑎], we first derive the probability Pr[𝑛 ≥ 𝑘] that
at least 𝑘 new articles arrive during 𝜏𝑎. From (6), it is clear
that for 𝑘 ≥ 1, Pr[𝑛 ≥ 𝑘] = Pr[𝜏𝑎 > 𝑇𝑢,𝑘], which is derived
as

Pr[𝜏𝑎 > 𝑇𝑢,𝑘] =

∫ ∞

𝑇𝑢,𝑘=0

𝑓𝑢,𝑘(𝑇𝑢,𝑘)

×
∫ ∞

𝜏𝑎=𝑇𝑢,𝑘

𝜆𝑎𝑒
−𝜆𝑎𝜏𝑎𝑑𝜏𝑎𝑑𝑇𝑢,𝑘

=

∫ ∞

𝑇𝑢,𝑘=0

𝑓𝑢,𝑘(𝑇𝑢,𝑘)𝑒
−𝜆𝑎𝑇𝑢,𝑘𝑑𝑇𝑢,𝑘

=

(
𝜆𝑢

𝜆𝑎

)
[𝑓∗

𝑢(𝜆𝑎)]
𝑘−1

[1− 𝑓∗
𝑢(𝜆𝑎)] (8)

From (8) and for 𝑘 ≥ 1, Pr[𝑛 = 𝑘] is computed as

Pr[𝑛 = 𝑘] = Pr[𝑛 ≥ 𝑘]− Pr[𝑛 ≥ 𝑘 + 1]

=

(
𝜆𝑢

𝜆𝑎

)
[𝑓∗

𝑢(𝜆𝑎)]
𝑘−1 [1− 𝑓∗

𝑢(𝜆𝑎)]
2 (9)

From (2), the probability that 𝑛𝑎 = 𝑘 is

Pr [𝑛𝑎 = 𝑘] =

∞∑
𝑚=0

Pr [𝑛 = 𝑘 +𝑚𝑁 ] , 𝑘 ≥ 1 (10)

From (9) and (10), we have

Pr [𝑛𝑎 = 𝑘] =

(
𝜆𝑢

𝜆𝑎

){
[𝑓∗

𝑢(𝜆𝑎)]
𝑘−1

[1− 𝑓∗
𝑢(𝜆𝑎)]

2

1− [𝑓∗
𝑢(𝜆𝑎)]

𝑁

}
,

𝑘 ≥ 1 (11)

From (11), the expected value of 𝑛𝑎 is

𝐸 [𝑛𝑎] =
𝑁−1∑
𝑘=1

𝑘Pr [𝑛𝑎 = 𝑘]

=

(
𝜆𝑢

𝜆𝑎

){
1−𝑁 [𝑓∗

𝑢(𝜆𝑎)]
𝑁−1

×
{ 1− 𝑓∗

𝑢(𝜆𝑎)

1− [𝑓∗
𝑢(𝜆𝑎)]

𝑁

}}
(12)

From (2), the probability that 𝑚 = 𝑘 is expressed as

Pr [𝑚 = 𝑘] =

𝑁−1∑
𝑛𝑎=0

Pr [𝑛 = 𝑘𝑁 + 𝑛𝑎] , 𝑘 ≥ 1 (13)

Substitute (9) into (13) to yield

Pr [𝑚 = 𝑘] =

(
𝜆𝑢

𝜆𝑎

)
[𝑓∗

𝑢(𝜆𝑎)]
𝑘𝑁−1

[1− 𝑓∗
𝑢(𝜆𝑎)]

×
{
1− [𝑓∗

𝑢(𝜆𝑎)]
𝑁
}
, 𝑘 ≥ 1 (14)

From (14), we derive the expected value of 𝑚 as

𝐸 [𝑚] =

∞∑
𝑘=1

𝑘Pr [𝑚 = 𝑘]

=

(
𝜆𝑢

𝜆𝑎

){
[𝑓∗

𝑢(𝜆𝑎)]
𝑁−1

[1− 𝑓∗
𝑢(𝜆𝑎)]

1− [𝑓∗
𝑢(𝜆𝑎)]

𝑁

}
(15)

Assume that 𝜏𝑢 is a Gamma random variable with the mean
1/𝜆𝑢, the variance 𝑉𝑢, and the Laplace transform

𝑓∗
𝑢(𝑠) =

(
1

𝑉𝑢𝜆𝑢𝑠+ 1

) 1
𝑉𝑢𝜆2

𝑢

(16)
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We consider the Gamma distribution because this distribution
is widely used in telecom modeling; see [10] and the refer-
ences there in. From (12) and (16), 𝐸[𝑛𝑎] is re-written as

𝐸[𝑛𝑎] =

(
𝜆𝑢

𝜆𝑎

){
1−𝑁

⎡
⎣1− (𝑉𝑢𝜆𝑢𝜆𝑎 + 1)

1
𝑉𝑢𝜆2

𝑢

1− (𝑉𝑢𝜆𝑢𝜆𝑎 + 1)
𝑁

𝑉𝑢𝜆2
𝑢

⎤
⎦
}

(17)

Similarly, substitute (16) into (15) to yield

𝐸[𝑚] =

(
𝜆𝑢

𝜆𝑎

){
1− (𝑉𝑢𝜆𝑢𝜆𝑎 + 1)

1
𝑉𝑢𝜆2

𝑢

1− (𝑉𝑢𝜆𝑢𝜆𝑎 + 1)
𝑁

𝑉𝑢𝜆2
𝑢

}
(18)

Equations (17) and (18) are validated against the discrete
event simulation experiments. In the simulation, the arrival
of articles and user accesses are generated as discrete events
following the same methodology as the one developed in [11].
The discrepancies between the analytic and simulation results
are within 0.8%.

IV. NUMERICAL EXAMPLES

This section uses numerical examples to investigate how
parameters N (the number of articles in a push message), 𝜆𝑎

(the user access rate), 𝜆𝑢 (the update or article arrival rate),
𝑉𝑢 and 𝜏𝑐/𝜏ℎ (the article size) affect the push-N method.

The parameters 𝜏ℎ and 𝜏𝑐 are actually measured from the
commercial 3G service. From 84 measurements, the average
𝜏ℎ value is 444.6ms. The average 𝜏𝑐 for the 25K-byte and the
50K-byte articles are 747.05ms and 1457.99ms, respectively.
To simplify our discussion, 𝜏𝑐 is normalized by 𝜏ℎ with a new
notation 𝜏∗𝑐 = 𝜏𝑐/𝜏ℎ. Therefore 𝜏∗𝑐 ≈ 1.6 for the 25K-byte
article and 𝜏∗𝑐 ≈ 3.2 for the 50K-byte article. The effects of
the input parameters are discussed as follows.
Effects of 𝛼 and 𝑁 : Figure 3(a) plots the net cost 𝐶 (see

Eq. (3)) as a function of 𝑁 and 𝛼, where 𝜆𝑢 = 10𝜆𝑎,
𝜏∗𝑐 = 1.6 and 𝑉𝑢 = 1/𝜆2

𝑢. This figure indicates when 𝛼
is large (e.g., 𝛼 > 0.9), the net cost 𝐶 decreases as 𝑁
increases. When 𝛼 is small (e.g., 𝛼 ≤ 0.1), 𝐶 increases
as 𝑁 increases. When 𝛼 is in the medium range [0.3, 0.7],
𝐶 decreases and then increases. In this figure, a ■ mark
represents the minimal net cost 𝐶 for a specific 𝛼 value,
which occurs at 𝑁∗ (called the optimal 𝑁 value). It is
apparent that 𝑁∗ increases as 𝛼 increases. That is, if
reducing user waiting time is “not so important”, then a
large 𝑁 should be chosen.

Effects of article arrival rate 𝜆𝑢: Figure 3(b) plots 𝑁∗ as
a function of 𝜆𝑢 and 𝛼, where 𝜏∗𝑐 = 1.6 and 𝑉𝑢 = 1/𝜆2

𝑢.
The figure shows the trivial result that 𝑁∗ increases as
𝜆𝑢 increases. The non-trivial observation is that when 𝜆𝑢

is large (e.g., 𝜆𝑢 = 100𝜆𝑎), 𝑁∗ significantly increases as
𝛼 increases. That is, if the BBS articles are frequently
generated, we should select a large 𝑁 , especially when
𝛼 is large.

Effects of 𝜏∗𝑐 or artical size: Figure 4(a) plots 𝑁∗ as a func-
tion of 𝜆𝑢 and 𝜏∗𝑐 , where 𝛼 = 0.7 and 𝑉𝑢 = 1/𝜆2

𝑢. Since
𝜏∗𝑐 proportionally increases as the article size increases,
𝜏∗𝑐 can be used to investigate the effect of article size.
This figure indicates that 𝑁∗ decreases as the article size
increases. As the article size increases, the path setup

(a) Effect of 𝑁 (𝜆𝑢 = 100𝜆𝑎)

(b) Effect of 𝜆𝑢

Fig. 3. Effects of 𝑁 , 𝛼 and 𝜆𝑢 (𝜏∗𝑐 = 1.6 and 𝑉𝑢 = 1/𝜆2
𝑢).

and header transmission cost for pushing per-byte content
decreases. Therefore, larger-size BBS articles should be
pushed to the user more frequently (i.e., a small 𝑁 should
be selected when the article size is large). A non-trivial
observation is that when 𝜆𝑢 is larger (i.e., new articles
are more frequently generated), 𝑁∗ is more sensitive to
the change of 𝜏∗𝑐 (i.e., the article size).

Effects of 𝑉𝑢: Figure 4(b) plots 𝑁∗ as a function of 𝑉𝑢 and
𝛼, where 𝜆𝑢 = 10𝜆𝑎 and 𝜏∗𝑐 = 1.6. When the variance
𝑉𝑢 is larger, the article arrivals become more irregular.
This figure indicates that 𝑁∗ increases as 𝑉𝑢 increases.
When 𝑉𝑢 becomes large, more long 𝜏𝑢,𝑖 intervals and
short 𝜏𝑢,𝑖 intervals are observed. Consider an extreme
case where 𝑉𝑢 is huge. That is, between two consecutive
user accesses, we find either many updates (𝜆𝑢 is large)
or no updates (𝜆𝑢 ≈ 0). In the latter case, 𝐶 = 0 no
matter what 𝑁 value is chosen. In the former case, a
larger 𝑁 results in smaller 𝐶 as shown in Figure 3(b).
Therefore, if the BBS articles are generated irregularly,
we should select a large 𝑁 .
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(a) Effect of 𝜏∗𝑐 and 𝜆𝑢 (𝛼 = 0.7 and 𝑉𝑢 = 1/𝜆2
𝑢)

(b) Effect of 𝑉𝑢 and 𝛼 (𝜏∗𝑐 = 1.6 and 𝜆𝑢 = 10𝜆𝑎)

Fig. 4. Effects of 𝜏∗𝑐 , 𝜆𝑢, 𝑉𝑢 and 𝛼.

V. CONCLUSIONS

In linear-type mobile data transmission applications such as
mobile BBS, the articles can be pushed to or pulled by a user.
Real-time push operations provide best user access experience
at the cost of consuming extra network resources. This paper
proposed the push-𝑁 method that balances against the push

and the pull operations to optimize the performance of linear-
type mobile data transmission. We utilized an analytic model
to investigate how to select the optimal 𝑁 values to minimize
the net cost. It is clear that if reducing user waiting time
(improving user experience) is important, then a small 𝑁
should be selected. Our study further indicated that

1) When new articles are frequently generated, a large 𝑁
should be selected.

2) If the BBS publishes larger-size articles, a small 𝑁
should be selected.

3) If the BBS articles are generated irregularly, a large 𝑁
should be selected.

Based on the above guidelines, our study can quantitatively
suggest how to select the optimal 𝑁 value for specific input
parameter values.
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