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Abstract. Next generation of mobile networks are expected to assure super fast
data transfer with very low delay. The initial 5G standardization is expected to
be finalized around 2020. Enhanced mobile broadband with its corresponding
demand of higher capacity and end user data rates represents the key driver of
5G network development. The transport protocols are directly correlated with
the traffic rate, so they must be kept in the focus and should be properly
designed. In this paper we present 5G-TCP as new applicable solution that
improves the protocol performances over super fast mobile networks.
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1 Introduction

The next generation networks will have to assure radically lower cost and energy
consumption per delivered bit. The network must offer higher data transfer rates in
static and mobile mode of operation mainly because the conventional mobile broad-
band applications will demand higher capacity and higher end user data rates [1–4].
Next Generation (NGN) and Future Networks are all-IP networks, meaning that all
data, control and signaling will be carried through IP communication, based on the
Internet technologies from network protocol layer up to the application layer, with
different heterogeneous access technologies on the lower two layers of the protocol
stack [5]. In that manner 5G networks are expected to be all-IP with higher bit rates in
the access and core parts, and delays less than 1 ms in the mobile terrestrial access part,
that requires continuing work on the Internet protocol stack, which is consisted of IP
(Internet Protocol) on the network layer and TCP (Transmission Control Protocol) and
UDP (User Datagram Protocol) on the transport protocol layer. Our objective is to find
generally applicable solutions that improve the protocol performance over high speed
wireless and mobile access networks, while maintaining the performance over wired
links in the mobile (NGN-based) core network. TCP is common denominator for many
services, therefore by modifying TCP [7–14] the need for applying solutions locally
can be reduced. We have designed and evaluated version of high speed TCP named as
5G-TCP, protocol that could be implemented in the future super fast networks.
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The paper is organized as follows: Sect. 2 describes the basics of 5G-TCP, the
simulation scenario and results are discussed in Sect. 3. Section 4 concludes the paper.

2 Description of 5G-TCP

It is interesting to notice that the function of parabola is generalized by rational normal
curves which have coordinates (x, x2, x3,…xn), standard parabola is obtained when
n = 2 and the case when n = 3 is known as twisted cubic which is used as response
function by TCP Cubic protocol [11]. In the theory of quadratic forms the parabola
function represents the graph of the quadratic form x2. The curves y = xp for other
values of p are referred as higher parabolas and are treated implicitly in the form
xp = kyq. In accordance with this analysis we can find analogy with the standard TCP
response function in time domain presented in the form as 2t/RTT, where RTT presents
packet round trip time and t is the current time or with the cubic function written as x3

with the form y = xp. It is native to conclude that several TCP protocols use parabola or
higher parabola as common protocol response function. We have decided to use
parabola function instead linear interpolation [8] at log log scale in order to define w(p).
If we put series of circles in the same plane as the curve, by keeping one of the
segments constant we can construct parabola. At Fig. 1 is presented construction of
parabola with help of series of tangent circles passing through the point S. The segment
SA is kept constant during the construction. The fixed horizontal line at A constructs
geometric means between SA (constant) and the series of segments AT, AU, AV.
These segments are plotted against the series of geometric means AX, AY, AZ to give
the points A, B, C, D all of which lie along the parabola. The vertical distances of the
points (B, C and D) form A are proportional to the square on their horizontal distances.

Fig. 1. Design of parabola with help of circles
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Knowing how to construct parabola with help of this method we came to idea to
present the TCP response function in the same manner. We have analyzed HSTCP [8]
in details and have decided instead to use equation of line at log log scale for known
two points defined with congestion window value (cwnd, w) and packet drop rate (p) to
construct function of parabola uniquely defined with known three points.

We have named this protocol 5G-TCP and have decided to keep the predefined
switch point used by HSTCP defined with w = 38 and p = 10−3. In order to construct
parabola we have used the following points w1 = 8300 pkt and p1 = 10−4 (corre-
sponds at speed of 1 Gbps), w2 = 830000 pkt and p2 = 10−7 (corresponds at speed of
100 Gbps), w3 = 3330000 and p3 = 10−12 (corresponds at speed of 400 Gbps). These
points are chosen because 1 Gbps is expected to be common data transfer rate of 5G
mobile networks, 100 Gbps is expected to be backhaul link speed and 400 Gbps is the
theoretical speed of optical link defined with IEEE P802.3bs standard. If we have this
standardization in mind then we can decade to use future 5G network packet loss
probability values and data rates to define our switch points.

Recall that suggested bit error probabilities are real if we use 1500 byte packets. We
have tried with these predefined points to calculate the constant distance SA and to use it
to plot the parabola function with help of one point tangent circles. Knowing that the
process can be translated in algorithm that can calculate next cwnd value was promising
until we found that with this set of points we obtain different SA values mainly because
the chosen points define the function f1 presented at Fig. 2 which does not corresponds
with the one presented at Fig. 1. After we have obtained the result we decided to use the
standard parabola equation to define f1 graphically and analytical with help of (1) or (2).

y ¼ ax2 þ bxþ c ð1Þ

log wð Þ ¼ a log pð Þð Þ2 þ b log pð Þþ c ð2Þ

y represents log (cwnd) and x is written as log(p). For known three points (defined with
w, p; w2, p2 (100 Gbps) and w3, p3 (400 Gbps)) we can unique define function of
parabola and if we solve the system of three equations we will define the values of a, b
and c. Following values were calculated a = −0.108, b = −2.17 and c = −3.96 which
define the function f1 presented at Fig. 2 We have calculated the values of a = −0.41,
b = −5.21 and c = −10.47, case when the points of interest are (w, p), (w1, p1) and
(w2, p2) that construct f2 which cuts f1 at point B.

Obtained functions f1 and f2 are not adequate to be usedmainly because for very small
values of p (p < 10−12 casewhen f1 is used and p < 10−7 casewhen f2 is used) cwnd value
starts to drop which is not desired.We have decided to solve the system of equations once
more but this time for points that correspond at speed of 5 Mbpswhen p = 10−3, 10 Mbps
when p = 10−4 and 100 Mbps with p = 10−5. Following parameter values were calcu-
lated a = 0.325, b = 1.92, c = 4.42 which define the third function f3 presented at Fig. 2.
f3 cuts f1 in pointAwhen cwnd corresponds at rate of 53 Gbps (w4) and p4 = 10−6.58.We
found that f3 can be constructed and plotted with help of the method described above.We
have plotted two additional functions with help of the equation of line, case when cwnd
corresponds at rate of 400 Gbps, f4 and f5which cut f1 at different p values, thefirst one in
point C (p5 = 10−8)and the other one in point D (p6 = 10−12).
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From Fig. 2 we conclude that the response function choice can be improved. Final
5G-TCP response function is defined with f3 when w < cwnd < w4 and p4 < p < p,
when w4 < cwnd < w5 and p5 < p < p4 the protocol will use f1 as a response func-
tion. For values larger than w5 or when p is smaller or equal than p5 the protocol will
use the function f4. The equation of line can be easily transformed from log domain but
this does not stand for the equation of parabola. It is important to note that this protocol
uses different response functions for low and high speed data rates which make it TCP
friendly. Standard parabola is defined with:

x2 ¼ ky ð3Þ

or with

x2 ¼ y ð4Þ

In log log scale we will have

log pð Þ2¼ log wð Þ ð5Þ

log pð Þ ¼ log wð Þ
log pð Þ � logp wð Þ ð6Þ

w ¼ plog pð Þ ð7Þ

Fig. 2. Graphical presentation of f1, f2, f3, f4, f5
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In the case when Eq. (3) is used we will have

w ¼ plog pð Þ1k ð8Þ

If we plot Eq. (7) we will obtain the representation at Fig. 3 from where it is clear
that for very small values of p, w enlarges its value and asymptotically nears the y axis.
We can say that the Eqs. (7) and (8) define the 5G-TCP response function a is cal-
culated as in [8], while b can be described with parabola function passing through 0.1
when w = 3330000, p = 10−12; 0.5 when w = 38 and p = 10−3; 0.4 when w = 833 pkt
(100 Mbps).

For cwnd values larger that 3330000 pkt b will be calculated according equation of
line defined with given two points w and w3.

b wð Þ ¼ 0:1� 0:5ð Þ log wð Þ � log 38ð Þ
log 3330000ð Þ � log 38ð Þ þ 0:5 ð9Þ

Following values were calculated for a = −.003, b = −0.05 and c = 0.59. We will
obtain similar results if we use Eq. (9) to calculate b(w). It is important to note that
variance during b(w) calculation is noticed for lower cwnd values so we advice
parabola function to be used in that case.

3 Simulation Scenario

The simulation scenario is presented at Fig. 4, analysis is conducted in order to justify
the 5G-TCP design. We use the network simulator (ns2) upgraded with 5G-TCP
module. At Fig. 6 we have presented communication of mobile terminal with base
station and backhaul high speed link connected with adequate network gateway.
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Fig. 3. Graphical presentation of Eq. (7)
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Parameter of interest is the congestion window size variation. Cwnd is directly
related with the achieved throughput. Packet size is set at 1500 bytes. Simulation run is
2000 s. Buffers are Drop Tail; buffer size is set at 100% of the product of bottleneck
capacity by the largest RTT divided by packet size. The result is presented at Fig. 5.
Where we present w as a function of time. It can be noticed that Reno protocol has
smallest window growth which directly impacts the throughput that can be achieved
when this protocol is used. HSTCP cwnd change compared with Reno is more than

Fig. 4. Simulation scenario. We define wireless medium between n0 and micro base station n1.
n1 is wirelessly connected with macro base station n2 and optical link n2–n3 is defined between
the macro base station n2 and the network gateway n3
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Fig. 5. Congestion window (cwnd) change for Gbps mobile connections with adequate buffer
sizes of 8300, 83000 and 166000 packets.
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doubled over the time. 5G-TCP presents improved results when compared with HSTCP
for sessions longer than 50 s. As we have described in the previous section 5G-TCP
employs fast growing function that makes it superior.

4 Conclusion

In this paper we have presented new high speed TCP algorithm with help of detail
analysis of HSTCP design. Increased friendliness and higher data rates are achieved
when 5G-TCP is employed in predefined simulation environment. The protocol is
defined to be used in the future 5G data networks regardless of the engaged MAC
Layer. It is defined with several response functions for variety of speeds up to
400 Gbps. For sure the development of high speed protocols that will follow the 5G
network capacity is essential in order the end user to experience the network capacity
benefit. 5G-TCP represents high speed protocol that uses parabola in order to define the
protocol response function and the calculation of b(w) parameter. 5G-TCP should
provide efficient usage of the network capacity up to speed of 400 Gbps.
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