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Figure 2. 3G-4G architecture and its components for voice and data trans-
mission [1].

to deliver a packet from origin to destination. The total nodal delay is calculated as the sum of processing,
queuing, transmission and propagation delay [7].

1) The processing delay represent the time between when the packet is correctly received at the head node of
the link and the time the packet is assigned to an outgoing link queue for transmission.

2) The queuing delay between the time the packet is assigned to a queue for transmission and the time it starts
being transmitted.

3) The transmission delay between represent the time required that the first and last bits of the packet are
transmitted.

4) The propagation delay between the time the last bit is transmitted at the head node of the link and the time
the last bit is received at the tail node.

Researchers at Stanford University define T(n) as the maximum delay-constrained throughput and when
there is no delay, T(n) is the throughput capacity. The number of nodes involved in the network is given by
the parameter n [3]. The definition of @ -function is that for every function f(n)= H(f (n)) where

f(n)= O(g(n)); g(n)= O( f (n)) .Gupta and Kumar introduced a random network model for calculating the

throughput and delay in a wireless network when the nodes are fixed [3] and researchers at Stanford University
calculated throughput and delay in a mobile network considering node mobility and queueing [2]. These models
do not take queueing delay at the source into account, since the interest is in the network delay. D(n)
represents the delay of a packet in a network and is the time it takes the packet to reach the destination after it
leaves the source.

Our goal is to calculate the throughput and delay for both network architectures-3G and 4G, based on the pre-
viously suggested calculation models. We mapped each network architecture in bi-directional graphs and consi-
dered the smartphone and wireless base stations as mobile nodes and the rest of architecture as fixed wireless
network. Therefore the throughput and delay is combination of the earlier models with different number of
nodes involved.

3.1. Throughput and Delay 3G Architecture

The following diagram, Figure 3 represents the 3G network as a bi-directional graph when each node is an im-
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Figure 3. 3G bi-directional graph.

portant component of the architecture. The nodes are classified as mobile and fixed nodes. In the first category
we have smartphones and the base stations. Base station controllers, mobile switching centers, serving general
packet radio service support nodes, gateway (GPRS) support nodes, home location register, visitor location reg-
ister and gateway mobile switching centers are all fixed nodes in the architecture. All the nodes in the network
serve as sender/receivers.

Throughput and Delay in Fixed wired network:

D(n):@(n*T(n)), for T( (l/W)
and D(n (\/_/\/@)

There are seven fixed nodes in 3G architecture that are considered as part of the fixed wired network. There-
fore the throughput and delay are calculated as follows:

(]/W) (0.41)
= 0(\7/flog7) = 0(2.88)

The two nodes out of 3G architecture that are considered as part of the mobile network are the smartphone
device and base station.
Throughput and Delay in a mobile network:

(]/,/n*a Iogn) and D(n (]/v \/7)
when 0(Iogn/n)<a(n)<0( ) and v( (]/\/_)

The trade-off is parameterized by a(n), where a(n) corresponds to the average distance traveled in one
hopand v(n) the velocity of the node.
Throughput for 3G data network:

€]

O]

(1/1/2*8. IogZ) where
('092/2)<a( )<<()
)<

6(0.15)<a(2)<6(1) and

6(y0.77+J0(1)) <T (2) < 0077+ J6(0.15))

&

Delay for 3G data network:
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D(2)=6(Y/(v(2)+(a(2)))) = 0(y/o(v2)+ [a(2)))

when 6(0.15) < a(2) <6(1)

0(yo(07)=(6(1)) < D(2) <6(y0(0.7)*(0(015)))
Total Throughput for 3G data network:
0(0.41)+0(y0.77+[0(1)) <T (9) =T (7)+T (2)
<6(0.41)+0(y0.77+,[0(015))

Total Delay for 3G data network:
6(2:88)+0(1/0.77+[6(1) )< D(9) = D(7)+D(2)
<6(2:88)+0(1/0.77+ [0(0.15))

3.2. Throughput and Delay 4G Architecture

The following diagram, Figure 4 represents the 4G network as a bi-directional graph when each node is an im-
portant component of the architecture. The nodes are classified as mobile and fixed nodes. In the first category
we have smartphones and the eNodeB. Actually the 4G bi-directional graph is very similar to the 3G graph with
most important additional direct link between SG and MME nodes in the fixed network component which in-
creases reliability and flexibility of communications.

Throughput and Delay in Fixed wired network:

Based on Equation (1) we can calculate throughput and delay in fixed wired network for 4G architecture.
There are four fixed nodes in 4G architecture that are considered as part of the fixed wired network. Therefore
the throughput and delay are calculated as follows:

T(4)=0(1/\/4xlog) = 6(0.64)
D(4)=0(</4/flog4) = 6(2.58)

Figure 4. 4G bi-directional graph.
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Throughput and Delay in a mobile network:

There are two nodes out of 3G architecture that are considered as part of the mobile network, the smartphone
device and base station.

Based on Equation (2) we can calculate the throughput and delay for 4G data network as follows:

Throughput for 4G data network:

As the number of mobile nodes in both architectures is the same, therefore the throughput and delay for 4G
network will be the same as for 3G architecture.

T(2)= H(J/Jm), where
0(log2/2)<a(2)<0(1)
0(0.15)<a(2)<6(1) and
9(1/0.77*\/@) <T(Q)< 9(1/0.77 *\/M)
Delay for 4G data network:

D(z):9(]/(v(2)*@))=9(]/9(1/ﬁ)*@)

when 6(0.15) <a(2)<6(1)

o(yo(07)+\[[6(1))) < D(2)<0(yo(07)*[(6(015)))
Total Throughput for 4G data network:
0(0.64)+0(1/0.77%,J0(1)) <T (6) =T (4)+T (2)
<0(0.64)+6(y0.77+,[0(0.15)

Total Delay for 4G data network:
6(2:58)+0(1/0.7+[6(1)) < D(6) = D(4)+D(2)
<6(258)+0(1/07+[6(0.15))

4. Conclusions and Future Work

The focuses of our analysis and calculations are two performance metrics such as throughput and delay in both
architectures. Regarding the delay we concentrate on average delay without considering the queue delay. The
cellular network has two different kinds of nodes, mobile and fixed. In both architectures the number of mobile
nodes is the same two: a smartphone and base station or eNB for 4G architecture, therefore the throughput and
the delay for both architectures is the same as represented in Table 1. For the delay there are three parameters
considered for each node such as average distance traveled in one hop, velocity of the node, and the number of
hops [4]. The difference of both parameters will be noticed in the fixed node architecture when the number of
nodes is different. The more number of nodes involved in the architecture the more is the delay in communica-

Table 1. Summary of total throughput and delay for 3G/4G network data.

Performance Metrics
Network Architecture

Throughput Delay
3G (fixed node) 6(0.41) 6(2.88)
4G (LTE) (fixed node) 0(0.64) 0(2.58)

Mobile node [0(1/0.77*Jﬁl)),@(]/o.n*ﬂle(o.m))] [9(1/9(0.7)*\/@,9(1/9(0.7)* (0.15)))}
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tion and the throughput is less. The model doesn’t consider the transmission rate of both architectures even
though it is clear that in 4G architecture is considerably higher. We were able to show that the throughput for 4G
just for the fixed nodes is 6(0.64) compared to #(0.41) in 3G. The delay is smaller in 4G (2.58) com-
pared to 9(2.88) in 3G. The most important parameters in both calculations are the number of nodes in each
architecture. The fewer components involved in an architecture, the better is the overall performance of the data
network. The delay as a performance metric of the network is crucial when it comes to the overall security of the
architecture, therefore the smaller the delay less security risks are evident to the network. The KISS design rule
(Keep it Simple Stupid) in security should be applied when it comes to network architectures as well.

As the current trends in mobile communications involve additional either third party or vendor specific mo-
bile security management systems, our future research will be focused on how those solutions alternate the cur-
rent 3G/4G architectures and we will extend our performance metrics approach to run series of quantitative ana-
lyses on different architectural options.
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