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Abstract — This report contains four parts with different
topics. In the first part, we introduce the vertical handover

mechanism in the MAC layer. The second part is mainly
about a new verification method of the MAC layer and its
realization. The third part is about the resource
management in 3GPP LTE system. And finally, in the
fourth part, we will discuss a method to calculate the
payload length of the MAC layer packet, which will improve
the system performance. Details of each part are discussed
as follows.

The vertical handover mechanism (VHO) affects the
heterogeneous networking environments a lot. Previous
research often takes SINR and the availability as its decision
condition. But it may still pick inappropriate decision,
because good SINR will not necessarily brings good
throughput. To avoid this, effective SINR is raised. It is used

to calculate the data rate that could be completed. Besides,



verification of MAC is usually done in “artificial situation”.
Data and video streaming are store in the system, and then
fragmented and combined. It does not actually take the real
traffic into consideration. If the simulation is done in
“software tools”, we can see nothing but only numbers. In
order to verify and emulates the MAC system to a raise the
function accuracy to some degree, a new verification
scenario is proposed to lower the design complexity and
development time. In the third part of this report, we mainly
discuss the problem of signal interference in femtocell , or
the home node. We also construct a simulation software for
experiment to help the design of spec and the design of
systems in the early stage. And it also helps the development
of intellectual property. A technique to avoid interference is
developed in 3GPP LTE system. Because the technology
about femtocell is just starting-up, how to make it
co-operates well with other femtocells and with the base
station to make good utilization of resources and to lower
the interference is an important issue.

In the final part, we discuss an important problem about
transmission. Inappropriately fragments may cause bad
Quality of service (Qos) because of error in packets. So it is
important to fragments the packets into appropriate size to
maintain good service quality.

Index Terms— Vertical Handover, Quality of Services (QoS),
Interference

Heterogeneous Networking, Loading, Verification,

Mitigation, Optimization

l. INTRODUCTION

A.  The heterogeneous network and the VHO algorithm

H ETEROGENEOQUS networks provides efficient wireless

accessibility in different environments. The idea is to
incorporate the current existing networks, usually of mutual
complement, into an integrated network, and allow users to
choose the most preferable access. An example scenario is

illustrated in Figure 1.
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Figure 1. Example Heterogeneous Network

In such heterogeneous networking environment, the process of
switching among different type of systems, called vertical
handover (VHO), is a critical technique to provide ubiquitous
coverage while maintaining the connectivity and quality of

services (QoS).

B. The MAC Emulation system

Resource management is an important issue in

communication systems. When an algorithm is proposed, it
is also important to consider its validity. Because some
algorithm may be perfect mathematical model but be unrealistic
when designed in real systems because of its complexity. So it
is very important to verify if the algorithm works well with the
real traffic. In previous work, verification in MAC system is
often done by artificial case, which means we usually set all
conditions that we want in the program, and then run it to get
the results. However, this may be not close to the real situation.
The better way to verify the system is by emulation instead of
simulation. We will not know exactly what will happen unless
we run the system in the real environment. That is why the

MAC emulator architecture is proposed to solve the problem.

C.  The Femtocell technology and resource management
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Figure 2 Femtocells
The use of femtocell to increase the coverage is an important
technology in 3GPP-LTE systems. While in-door transmission

occupies most applications, but it suffers many difficulties to



transmits in the in-door environment. The challenge is that the
femtocell shares the frequency originally used by the base
station. This may save the frequency, but it may also cause
interference between the cells and the base station. Besides, the
femtocell is a plug-and-play device that should have the ability
to do self-organization. Figure 3 shows how cells interference

with each other, and table 1 shows the types of interference.

Figure 3. The interference between devices

Table 1: Interference Types

Number Aggressor Victim
1 UE (User) attached to Home Macro Node B Uplink
Node B

2 Home Node B Macro Node B Downlink

3 UE attached to Macro Node B Home Node B Uplink

4 Macro Node B Home Node B Downlink

5 UE attached to Home Node B Home Node B Uplink

6 Home Node B Home Node B Downlink

7 UE attached to Home Node B Other System

and/or Home Node B

8 Other System UE attached to Home Node B

and/or Home Node B

D. The packet payload length calculation

H.264/AVC is a high-coding-efficiency video coding

technique and can compress the size of high-definition (HD)

video frame into a smaller frame size for band-limited wireless
environments. This application requires high transmission rates
and low frame error rates. In the WiMedia system, the
Distributed Reservation Protocol (DRP) mechanism could meet
the requirement. The minimum number of reserved medium

access slots to meet the strict error constraint and delay budget

as well as the associated optimal payload length to maximize

the throughput will be investigated in this paragraph.

Il. THE MAC EMULATION SYSTEM

An MAC Emulation system is an verification architecture
that can test the performance of the MAC layer of an
communication system. It is designed under the Object-based
concept shows in figure 2. Instead of the numerical data, it
shows the performance that how a system works under a

specific algorithm by real data flow.

Figure 4. The object-based MAC Emulation System

The whole emulation system contains a BS system and could
also contains many MS systems (or end user). They can both be
set in real equipments, and communicates via computer network
by TCP/IP protocols. The benefit of this architecture is that we
can see the performance of the system under real applications.
The block diagram of the separate BS and MS architecture is

shows in the figure 5 and figure 6.

Figure 5. The BS Architecture



Figure 6. The MS Architecture

I1l. THEVHO ALGORITHM

Considering loading-based QoS prediction, the handover
procedure is described by a finite state machine (FSM) depicted
in Figure 5. And the operation of each state is listed in table 1.

L1 = (Da> Dmax) V (Ra <Rmin) V (R7 - Ra =H)
L2 = (D1<Dmax) V (RT > Rmin)

Handover

failure L1V -l2

Before Tops
expires

Handover
success

B —

Tobs EXpires

Figure 7. FSM for Handover Procedure

Table 2: Operation within States

State Operations

A (Normal 1. Normal data transmission

Operation ) 2. Collecting neighbor information

B 1  maintain the candidate set; do comparison

(Observation) and find the handover target

2 Observe the target; make handover decision

C (Network 1  Perform network re-entry to target network

Re-entry) 2 Terminate service from anchor network

D (success) 1. Normal operation in target network

The handover will be triggered when current delay and
transmission rate are below requirements, or when the target
network is expected to provide higher performance. A positive

handover decision will be made if such condition holds within

an observation period (to avoid ping-pong effect), and the target

network QoS meets the requirements.

IV. INTERFERENCE MITIGATION ON OFDMA FEMTOCELL

Here we demonstrate the construction of the software
platform. The simulation environment is shows in figure 8, and

figure 9.
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Figure. 9. femtocells and users
We construct the simulation platform and then set the
parameters of environment. And here we propose a method to
reduce femto-to-femto interference by grouping the femtocells.
We make those who interfere most severely into one group and
then dispatch different frequency to each.
Here we consider two possible grouping cases, as shows in

table 3.



Table 3. grouping cases comparison

UE based

Downlink received power

Advantage: precise

Drawback: waste of
resources between UE and

femtocell

Measurement periodically
and update resources of

femtocell periodically.

The Hierarchical Clustering grouping algorithm is used here.
And the City-block distance(1) and Single-link clustering(2) is
defined as follows
dcb(xr,xs): ZL 1)
d(G,.G,)= XregierLGl d(x",x*) 0]

We continuously group the cells that are nearest to each other

r S
Xj = X]

until all femtocells are in the same group. We can group them
by different thresholds. The result is shows in figure 10. And the

simulation results are shows in figure 11 and figure 12.
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Figure 10. The femto tree

W
SINR(dB)

Figure 11. different cutoff threadholds

2 0 g 10 12 1 16

®
capacity (opsiHz)

Figure 12 capacity with different cutoff threadholds

V. OPTIMAL PERFORMANCE OF H.264 HD VIDEO

A. Minimal Reservation Slots

Here we would like to calculate the minimum reservation
slots. For HD video transmission in WiMedia system the
locations of the transmitter and receiver are mostly fixed, so the
transmission channel can be approximated as AWGN channel.
In this case, the number of correct received packets X could be
considered as a random variable with the binomial distribution.

The probability mass function of X, B(X, Ng, P) is:
Ng
B(X, Ng, P) = (x ) £ PX s (1— P)Na—¥ -

where Ny is the reserved packet number, and P is the packet
success rate (PSR).
If the frame error rate is P, and suppose that a video frame is
fragmented into N packets, then the packet error rate must be
lessthan 1 — "=/T— P, to satisfy the error constraint. And the
probability of the frame error rate is:

Np—1
where P is the packet success rate.

In general, there will be multiple video frames, Nyg,
buffered and fragmented into Nr  packets in the MAC before
the transmssion. To meet the frame error rate, the resulting
frame error rate from transmitting Nyg video frames has to be
lessthan 1 — (1 — P,)Nms,

The reserved packets Ng will depend on total fragmented



packets N (from Ny video frames), the target frame error rate
P., and over-the-air success rate P. To calculate the minimal
required reservation packet number N,,;, for transmitting total
fragmented N, packets and to meet the frame error constraint

P,, the optimization problem can be formulated as:
Npin = Min N

subject to

ZNF_l (NR) Pix(1—-P)Vi<1—(1—P)"MB,Nyy €N (5)
i = e »IYMB

i=0

If Ne is large enough, N, will converge to reciprocal of
the packet success rate times the Ng, Npin= Ng/P. By central
limit theorem, if Ne — oo, then Ny, — o©

X_Nmin*P N(Ol)
Npin*Pr(L-P) D
where X is the number of packets received correctly.

The constraint of (5) can be rewritten:

F<M<S>z¢(s) 2
Nmin*P*(l_P)_ B ()

o(s) <1—(1—PB)Vus 3
where @() is cdf of standard normal distribution, and F() is

X—Nmin*P

VNmin*P*(1=P)’

cdf of the random variable

Let &(s) =1 — (1 — P,)"ms )

(NF - 1) — Nppjp * P

TR v

Np =5*/Npin *P*(1 —P) + Ny * P + 1 (6)
lim —Nmi"

N Ny

= lim Nonin @

Ninin> § % \[ Nppin * P * (1 — P) + Ny * P + 1

P
And the simulation results are showed in figure 13.
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Fig. 11 Variation of minimal reservation packet number to the number

of fragmented packets with different packet error rate
B.  Minimal Transmission Time
The optimization problem can be constructed as:
mLin Nmin(L) * Ttran(L) (8)
where Npin(L) is minimal reservation number of packets
fragmented by payload length L in bytes, and Ty.an(L) is the
packet transmission time plus ACK response time using the

payload length of L. And the calculation procedure is show in

figure 15.

e

[N Epyr— -| New |
Integer Programming

Table Intergalation

Figure 15. the calculation of minimal transmission time



VI. CONCLUSIONS

A. Conclusions of the VHO algorithm

In our research, we have shown that the proposed
algorithm is important for the VHO control mechanism. It
does improve the performance not only for VVolP service but
the FTP service. Especially when the loading imbalance
between WLAN and WiMAX networks increases, the
performance in terms of VolP packet drop rate or FTP
throughput is improved significantly by such prediction

method. As showed in figure 16 and figure 17.
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Figure 16. Packet Drop Rate for VVolP traffic
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Figure 17. Throughput for FTP traffic

B. Conclusions of the Emulator

The previous system verification is usually done by
simulate on a single computer. We can see nothing more than

numeric results. Maybe we have no idea what these numbers

tell. But in our work, we propose a new approach. It is able to
visualize the whole picture about the procedure. We can see
clearly if the system works well under a specific algorithm by
the quality of the video stream. We thought that this approach
is more suitable for the coming application of multi-media

service.

C. Conclusions of the femtocell system

The Hybrid mode is an effective way to decrease the
effect of interference, even the users are few. The available
resource is decided by the company of telecommunication.
But the point here is that we can improve the performance by
our method even under limited resource. We can improve the
situation of interference and further the performance of the
overall system. Maybe this could be a new approach that

worth the cost of time and resource.

D. Conclusions of the femtocell system

In this part of research, we propose a new approach to solve
the optimization problem of the system. An analytical model
is established to calculate the minimal transmission time to
satisfy the error constraint of real-time HD video. Instead of
using the integer program method, we separate the calculation
of optimal payload length and the look-up table for the
number of required reservation slots. From our approach, only

1% error is created, much improvement is made.
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