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Abstract

Abstract
The purpose of this study is to investigate ways to use mobile access points (home node base
stations, also called femtocells) for providing TV streaming to mobile devices inside the home.
This research is done within the Research department of Irdeto, company that develops
software technologies, content management and distribution solutions and end-to-end services
for the protection and monetization of digital content in digital TV, IPTV and mobile
environments.
The research is focused on the architecture of the home node base station and the differences
and commonalities between the architectures used for the technologies involved, resulting in a
common architecture for the most popular technologies (UMTS, CDMA2000, LTE). Another
aim is to discover a way to easily extend the common architecture of the home node base
station with live media streaming service. The final objective of this thesis is to investigate the
feasibility of the proposed solution for live media streaming via HNB and compare it to similar
solutions available on the market. The aim of the experiment is to investigate whether the TV
streaming via the home node base station is feasible and if it is better suited than other
solutions available on the market (e.g. over WiFi router). A particular case of extended
architecture is tested. Long term evolution (LTE), 4th generation mobile technology, is used for
the empirical study.
The study found that the home node base station is a better (from the point of view of the delay)
solution for video/audio streaming than Wi-Fi, as on short distances it is more reliable inside
the home. Moreover, in the case of a home environment, where the number of users cannot be
very high, the intracell interference will be low; while in the case of the Wi-Fi access point
other home devices may interfere with the data transmission. Mobiles have almost no
interference with each other and the interference from the home environment is low.
The proposed common architecture offers the possibility to develop new services for the home
node base station without having to redesign the solutions when the mobile technology needs to
be updated/downgraded in order to integrate with the legacy network. It allows re-using the
same design for different standards and different generations of devices.
Keywords: home node base station, femtocell, UMTS, CDMA2000, LTE, media streaming,
mobile devices, DVB-IPTV
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1. Introduction
In recent years a lot of changes took place in both the way we use mobile devices and in the
devices themselves. Both communication technologies and mobile phones have been evolving
very fast and this trend is expected to continue. From the perspective of the user, the experience
of using a mobile phone has changed. Nowadays, the mobile phone has become a tool for
entertainment, not only used for voice calls and email, but also social networking, TV
streaming and music downloads. Smartphones with big screens are now available on the
market, therefore watching a movie or a TV program on a mobile phone is possible and it is
becoming increasingly popular.
The mobile phone can now combine the most popular products of all time: telephony,
television and Internet. Almost all of the new functionalities of the mobile phone need a lot of
data transfer, and therefore, they need a high speed connection. Studies [1] shown that a
considerable amount of the global data transfer is made from home or office.
It is often the case that providing full or adequate mobile residential or, in some cases, even
public coverage is a significant challenge for operators. The new generations of mobile
networks already use mobile access points (e.g. home node base stations, 3G cell, Femtocell,
LTE eNodeB) to solve the coverage problems. However, the use of mobile access points rarely
extends beyond the minimal coverage improvement task. The recent research shows than the
mobile access points can be used in different scenarios, like secure home access1, virtual home
phone2, virtual fridge notes3, connected home4, or other solutions presented in FemtoZone5.
We study existing home node base stations (HNBs), to find a common architecture for the most
important standards. As a consequence, this common architecture should be easily extendable
to provide new services independent of the technology used. The architecture is extended to
support media content transfer. Experiments are conducted in order to test the feasibility of
media content transfer in the example of LTE nodes. Furthermore, a comparison of LTE-based
solution with a Wi-Fi-based solution is done.
Chapter 1 provides an overview of the evolution of mobile phones communication and mobile
TV technologies, the home node base station. Chapter 2 presents architectures for the most
important mobile standards (UMTS, LTE, CDMA2000) and proposes a common architecture
for them. Chapter 3 illustrates the extension of this common architecture in order to provide
media content to the mobile home environment. Chapter 4 explains the implementation of the
extension, describes the simulation setting and analyzes the results of the evaluation of the new

1 Secure home access is an application to detect intruders in the house by noticing when their mobile phone gets provisioned in the
femtocell [74]
2 Using virtual home phone, when someone calls the virtual home number all the mobile phones registered on the femtocell will
ring [74]
3 Using virtual fridge notes someone can leave a note on your Facebook wall and you receive an sms with it when you phone get
provisioned in the home femtocell [74]
4 When inside the coverage of the home femtocell from the connected home, the mobile device will be directly connected to other
networked equipment and be able to communicate and control it [73]
5 The Femto Forum joined forces with the GSMA, the global body for the mobile industry, to create the FemtoZone at Mobile
World Congress 2009. FemtoZone featured presentations from operators and vendors like Airvana, Aricent, Bitwave, MimoOn,
Nokia Siemens Network, Pirelli Broadband, Ubiquisys [19]
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extension and its comparison with similar products.
products Chapter 5 provides the overall conclusions
of the report.

1.1.

Motivation for the project

The scope of this project
roject is to find a new solution for providing media content to mobile
devices to enhance user experience at home. Assuming that in almost every home there is a
wired digital TV connection, the aim is to find a way to use this data on the mobile devices via
vi
a wireless link. The home
ome node base station, which is a cellular base station designed for the
home (it will be further explained later in this chapter), may provide a new way to exploit the
media content. The digital TV signal (e.g. DVB-T,
DVB DVB-H, DVB-S, DVB--IPTV) can be sent to
the home node base station (HNB) and forwarded to a mobile (after being transcoded to a
media format which any video capable mobile phone can play)
play as shown in Figure 1.1.

Figure 1.1 High quality TV streaming on mobile

One of the requirements for the solution proposed is that it does not require user equipment
with special features like Wi-Fi
Wi receiver or TV tuner. Providing the media content to the mobile
phone can also be done in other ways,, but only few satisfy this requirement.
requirement For example, a WiFi access point could be used to connect a mobile phone to the home network. This solution,
however, requires the use of a Wi-Fi enabled phone. Another possibility would be to
incorporate a Wi-Fi
Fi transmitter to a set-top-box that receives media streams
stream and would be able
to forward content to the mobile device via Wi-Fi.
A different approach for exploiting the media content inside the home is presented in [2]. The
paper proposes an architecture for combining the wired and mobile home TV environments. It
selects the mobile phone as the gateway for the media content and forwards data to the other
devices in the home (e.g. TV, computers). The downside of this approach
ach is that it uses the
mobile device as a gateway to provide digital TV for the use on a big screen. Therefore this can
result in a bottleneck because of the limited resources of the mobile phone. Another
inconvenience of this solution is that it requires special user equipment capable of receiving
DVB-H. The HNB has a bigger processing power than an average mobile phone, therefore is
better suited to act as a gateway between the mobile and fixed home TV network.
Before the home node bases station is explained
explained and its architecture studied, an overview of the
evolution of the mobile environment is presented.

1.2.

Mobile environment

The mobile environment has drastically changed since its birth. Of interest for this project are
the mobile technologies used in telecommunications
telecommunications and the TV technologies used for TV
broadcasting to mobile devices.
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1.2.1. Mobile telecommunication technologies
Almost 140 years have passed since Alexander Graham Bell invented the first telephone, and
now mobile technology is reaching its 4th generation (4G). Since the first mobile device which
was able to make voice calls, the technologies have changed noticeably allowing now data
transfer besides voice calls. Usually, mobile technologies are grouped in generations, each
generation providing significant improvements in performance and features compared to its
predecessor [3]. The characteristics of each generation are summarized in Table 1.1.
Table 1.1. Mobile communication history and status [4]

Property
Starting time
Driven technique

1G
≈1985
Analogue signal
processing

2G
≈1992
Digital signal
processing

3G
≈2002
Intelligent signal
processing
voice, data
(SMS, MMS,
Internet etc.)
IMT-2000
(UMTS,
CDMA2000,
TD-SCDMA)

4G
≈2009
All-IP packet
switch
voice, SMS,
MMS, Internet,
“always on”

voice

voice, short data
(SMS)

AMPS,TACS,N
MT

GSM, iDEN,
PDC, cdmaOne

400M-800M

800M-900M,
1800M-1900M

2G

2M-20M, 120M

2.4K-30K

9.6K-14.4K

2M-5M

100M

FDMA

TDMA, CDMA

CDMA

OFDM

Service

Representative
standard
Radio frequency
(Hz)
Data bandwidth
(bps)
Multiplexing

LTE, UMB,
WiMAX

Generation Zero (0G)
The first mobile phones appeared in the 1940s and they were only capable of voice
transmission, but they were not really mobile in the way we understand it today. These phones
were radio telephones that were installed in cars and provided connect to a public fixed
network.
First generation (1G)
The first generation of wireless telephone technology (1G) appeared in the early 1980s and
continued for some years. The 1G was analogue, circuit switched telephony and it only carried
voice traffic. This technology is based on analogue FDMA (Frequency Division Multiple
Access). Known standards are AMPS (Advanced Mobile Phone System) which was used in the
United States and NMT (Nordic Mobile Telephone), used in Nordic Countries, Eastern Europe
and Russia. Similar to AMPS, TACS (Total Access Communication System) was used in
Britain and was later adopted in other countries, including Hong Kong and Japan (JTAC Japanese Total Access Communication) [5].
Second generation (2G)
Soon after the analogue phones appeared, the era of digital communication started. The first
digital cellular systems were developed at the end of the 1980s, in order to extend the capacity
and coverage of the 1G phones and the new technology became the second generation (2G).
The second generation of mobile telecommunications is still a widespread technology in the
world. 2G technologies are able to transmit digital voice call and some subsidiary data such as
time and date; while the analogue technology (1G) could only transmit the actual voice call.
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Moreover, 2G allows transmission of text messages via SMS (Short Message Service). 2G
technologies can be divided into TDMA-based (Time Division Multiple Access) and CDMAbased (Code Division Multiple Access) standards depending on the type of multiplexing used.
GSM (Global System for Mobile Communication) was the first commercially operated digital
cellular system which is based on TDMA. Another TDMA-based 2G technology, PDC
(Personal Digital Cellular) was used in Japan [5].
2G has evolved into 2.5G to offer packet-based data services with GPRS (General Packet Radio
Service) and EDGE (Enhanced Data rates for GSM Evolution) within GSM systems. The term
was only invented for marketing purposes; it was never officially defined like “2G” and “3G”.
Third generation (3G)
The third generation technology (3G) has brought faster communication, including voice, fax
and the Internet. It has opened the way to enabling innovative applications and services (e.g.
multimedia entertainment, infotainment, location-based services). Originally, 3G was supposed
to be a single, unified, worldwide standard. To develop the global standard for 3G wireless
communications, IMT-2000 (International Mobile Telecommunications-2000) was formed with
the air to provide a framework for worldwide wireless access by linking the diverse systems of
terrestrial and/or satellite based networks. But in practice, the 3G world has been split into three
camps [6].
One of them is UMTS (Universal Mobile Telephone System), based on WCDMA (wideband
CDMA) technology. It is used in the countries that utilized GSM, thus it is worldwide spread.
This standard is managed by 3GPP (The 3rd Generation Partnership Project) organization. 3GPP
was created in December 1998, with the original scope to produce Technical Specifications and
Technical Reports for a 3G Mobile system based on evolved GSM core networks and the radio
access technologies that they support (e.g. UMTS) [7].
The other significant 3G standard is CDMA2000 developed by 3GPP2, which was born out of
the IMT-2000 initiative, is separate and independent of 3GPP. CDMA2000 is high speed,
broadband, and Internet Protocol (IP)-based mobile systems featuring network-to-network
interconnection, feature/service transparency, global roaming and seamless services
independent of location [8]. CDMA2000 is also used in countries all over the word, but it is not
as popular as UMTS.
The third branch of 3G is the TD-SCDMA (Time Division Synchronous Code Division
Multiple Access), a less well known standard which has been developed in China, jointly by
Siemens and the China Academy of Telecommunications Technology (CATT). In March 2001
the standard was also adopted by the Third Generation Partnering Project (3GPP), as part of
UMTS Release 4.
Beyond the third generation
Even though the benefits brought by 3G are significant, the evolution of mobile technologies
has not stopped here (Figure 1.2).
HSDPA (High-Speed Downlink Packet Access) is a mobile telephony protocol, also called
3.5G. It was introduced as part of UMTS Release 5 standards, in June 2002. The main
objectives of this technology were to achieve a substantial increase in network capacity, boost
the peak throughputs and a reduction in latency in the downlink [9].
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Figure 1.2 Evolution of cellular technology standards

In March 2005, 3GPP came up with High Speed Uplink Packet Access (HSUPA), Multimedia
Broadcast Multicast Service (MBMS) and advanced receivers. The combination of HSDPA and
HSUPA is called High Speed Packet Access (HSPA).
). HSPA claims significant
signi
enhancements
in end-to-end
end service provisioning for IP based services.
3GPP2 has continued to evolve its technology towards developing a new generation based
systems with EV-DO
DO (Evolution-Data
(Evolution Data Optimized) series of CDMA2000 standard. The first
version, Rel-00 has started “always on” user experience as in IP and also supports IP-based
IP
network connectivity and applications. CDMA2000 1xEV-DO
DO Revision A (Rev-A)
(Rev
is an
evolution of CDMA2000 1xEV-DO
1xEV
Rel-0 to increase peak rate on reverse and forward links to
support a wide-variety
variety of symmetric, delay-sensitive,
delay
real-time,
time, and concurrent voice and
broadband data applications. It also includes OFDM (Orthogonal Frequency Division
Multiplexing) technology to enable multicasting (one-to-many)
(one many) for multimedia content
delivery. Rev-A
A has introduced first All-IP
All IP based broadband architecture in 2006 to support
time-sensitive
sensitive applications such as VoIP (Voice over IP).. A successor of this technology is
1xEV-DO
DO Revision B (Rev-B)
(Rev B) which introduces dynamic bandwidth allocation
allocatio to provide
higher performance.
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Figure 1.3.
1 Evolution of TDMA, CDMA and OFDMA Systems [10]

The fourth generation (4G)
The 4G technologies are all-IP
all
technologies and promise too provide peak data speeds faster
than DSL (Figure 1.3).. In an all-IP
all IP network data is transmitted using Internet Protocol (IP).
This makes services such as VoIP, IPTV (Internet Protocol Television), data transfer, etc.,
available to all users anywhere at all
a times. The three top technologies of the fourth generation
of wireless broadband are WiMAX, LTE and UMB.
Beside the developments done by 3GPP and 3GPP2 in the wireless communication field, IEEE
(Institute
Institute of Electrical and Electronics Engineers)
Engineers is also showing interest in mobile
technologies. IEEE 802.16 working group is establishing standards for BWA (Broadband
Wireless Access) systems. BWA has been initially developed to compete with DSL (Digital
Subscriber Line) and cable modem because rapid growth off broadband access has created
demand for new wireless technologies to reduce the cost of operation and bypass monopoly of
service providers in wiredd line access.
BWA lead to WiMAX (Worldwide Interoperability for Microwave Access); which further
divided into
nto fixed and mobile WiMAX. There exist already some rival for WiMAX: LTE
(Long Term Evolution) which has appeared out of 3GPP and UMB (Ultra Mobile Broadband)
out of 3GPP2.
LTE is an evolution of the UMTS/HSPA+ system defined by the 3G Partnership Project.
Projec Even
though LTE is developed by the same group as UMTS/HSPA, LTE is a completely new radio
technology, backwards incompatible with WCDMA and HSPA [11]. The goal of LTE was to
provide service with the same performance as the current fixed line access, but at a
substantially reduced cost compared to the current radio access technologies.
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UMB, previously called 1xEV-DO Rev C, is the brand name for the project within 3GPP2 to
improve the CDMA2000 mobile phone standards for next generation applications. Significantly
improved system capacity, increased user data rates throughout the cell, low costs, making new
applications possible are some of the goals of UMB. The technology will provide users with
concurrent IP-based services in a fully mobile environment [12].

1.2.2. Mobile TV technologies
The voice and data services offered by the mobile operators are not the only services available
to the mobile phone users. Mobile TV broadcasting technologies were developed to bring TV
to customers owning a special mobile phone. Nowadays, there are five important mobile TV
broadcasting technologies (Figure 1.4): T-DMB (Terrestrial Digital Multimedia Broadcasting),
DVB-H/T (Digital Video Broadcasting for Handheld/Terrestrial), MediaFLO (Media Forward
Link Only), MBMS (Multimedia Broadcast/Multicast Services) and ISDB-T (Integrated
Services Digital Broadcasting – Terrestrial).

Figure 1.4. Mobile TV Broadcasting

First mobile broadcasting technologies were developed to allow easy portable reception of
analogue broadcast services transported by radio frequency emissions (e.g. frequencymodulated - FM - radio service). In addition, portable analogue TV receivers are also on the
market, but their usability was reduced due to the fact that users should be more careful with
the positioning of the antenna and need to carry extra batteries [13].
To overcome the limitations of the first mobile broadcasting technologies new standards were
created. One of them is based Eureka-147 DAB system, which is the digital audio broadcasting
in Europe: T-DMB (Terrestrial Digital Multimedia Broadcasting). T-DMB, utilizing efficient
compression and error-correction technologies, can provide high-quality mobile TV services on
up to seven inch display screens. Also, T-DMB can deliver CD-quality audio (better than FM)
and data services [14].
Another broadcasting standard is DVB-H (Digital Video Broadcasting for Handheld) which is
based on DVB-T (Digital Video Broadcasting Terrestrial). DVB-H technology is designed to
use the digital terrestrial TV broadcast infrastructure to deliver multimedia services to mobiles.
It can use the same spectrum slots used by digital TV. DVB technology for handhelds has been
designed to broadcast service reaching potentially unlimited users, deliver sufficiently large
transmitted power so that the mobiles can work even within buildings, conserve the battery
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power used in receiving the TV service of choice, use the terrestrial broadcast spectrum, which
is being rendered free as a result of the digitalization of TV networks [15].
Although DVB-H was designed as an improvement of DVB-T for mobile environment, it did
not substitute DVB-T [16]. Some countries start with DVB-T and add DVB-H later, while
others do the opposite and finally DVB-T and DVB-H will co-exist. DVB-T and DVB-H are
both very viable for Mobile TV offerings. They attract users with Free-To-Air TV and then
offer them more flexibility, new services, and specialized and adapted content [17]. However,
in 2010 operators like Swisscom decided to discontinue the mobile TV service based on DVBH technology as there were not enough DVB-H consumer devices on the market to make the
service successful[18].
Another broadcast standard is MediaFLO (Forward Link Only), which is a proprietary
technology, developed by Qualcomm, to broadcast data to portable devices. The one-to-many
broadcast approach of the MediaFLO system efficiently delivers content to an unlimited
number of mobile consumers. FLO technology simplifies the transit of video, audio and data to
mobile devices, supports the business models of both mobile network operators and multichannel operators, and provides benefits for the entire mobile TV ecosystem [19].
In order to create a connection between mobile broadcasting and mobile telecommunications,
3GPP suggests an enhancement of current cellular networks to support Multimedia
Broadcast/Multicast Services (MBMS). MBMS is an IP data broadcast type of service that can
be offered via existing GSM and UMTS cellular networks. This technology is appropriate for
transferring light video and audio clips, although real streaming is also possible. For heavy duty
streaming in a wide area for a large, concentrated audience DVB-H is more suitable [20].
Last, but not least, ISDB-T (Integrated Services Digital Broadcasting – Terrestrial) has the
capability to provide various services, including HDTV, multi-channel SDTV, data services.
Moreover, it has sufficient transmission quality for the portable and mobile reception.
These broadcast technologies were created to supply with TV content the handheld devices,
from which the majority are mobile phones. Except MBMS, the broadcast standards are very
different compared with the mobile telecommunication standards. They need special mobile
devices in order to benefit from the services (e.g. phones with TV tuner). Furthermore, the
business models used in the two worlds are different also. Still, there is the need to provide
additional content to the growing number of mobile subscribers. Therefore, a better solution
which can work with a bigger subset of the existing mobile phones needs to be found.
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1.2.3. Home mobile environment
Mobile phones are part of our lives no matter where we live in the world. According to the
3GAmericans organization, in September 2009, there were 4.4 billion mobile subscriptions
worldwide.

Figure 1.5. a. Global Digital Cellular Growth; b. 3G Technology Forecast 2009-2014[21]

In the last year, 3G technology had a significant increase in popularity, UMTS-HSPA having an
annual growth of 54% (Figure 1.5.a). It is expected to grow even faster, reaching in 2014 about
2.8 billion subscriptions (Figure 1.5.b). Since in the present everybody has at least one mobile
phone, the number of subscriptions cannot grow more with the expansion of 3G technologies.
Therefore, it is expected that by 2014 UMTS-HSPA-LTE will have 84% of the global total
subscriptions (Figure 1.6).

Figure 1.6.a. World Cellular Market in September 2009; b. Global 3G Subscriber Forecast 2014[21]

Not only the technologies used, but also the mobile services employed, will change. According
to the latest Mobile Market View findings, the percentage of mobile users who accessed the
Internet from their mobile devices increased from 32.4 percent in 2007 to 38.9 percent in 2008
– an annual growth rate of 20 percent. Another study from ABI Research [22] predicts that
there will be 500 million Mobile TV viewers by 2013 and the mobile TV market will be worth
more than $50 billion.
With the technology evolution, the mobile environment is moving from voice dominant to data
dominant, therefore the traffic [23] on mobile networks is now increasing exponentially (Figure
1.7). In addition, as the mobile environment is moving from voice dominant to data dominant,
the traffic demand is increasing with a significantly bigger rate then the revenues for the mobile
operators. This gap is big and it is increasing very fast. Therefore a solution to decrease the cost
per megabyte needed to be found.
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Figure 1.7. Probability of voice and data services under threat as revenue per minute/megabyte falls [24]

Studies [1] show that the customers use their mobile phones more indoor, at home or at the
office, than outdoors. In the future the overall traffic will increase, but the expected behavior is
that the indoor usage will still increase faster than the outdoor one, resulting in a bigger
difference between indoor data consumption and outdoor (Figure 1.8).

Figure 1.8. Mobile phone utilization overview

In conclusion, a big importance is given to the solutions for providing good coverage indoor
(home and office) and improved user experience at small price. One solution to improve the
traffic rates in the home is using small base stations located in the home, called femtocells, or
home node base stations. In addition, the usage of these devices offers a solution for the need of
increase in the expensive infrastructure (Figure 1.7) by providing a cheaper alternative for the
data traffic.

1.3.

Home Node Base stations (HNBs)

Femtocells, also called home node base stations (HNBs), are fully featured but very low power
mobile phone base stations, connected using standard broadband DSL or cable service into the
mobile operator’s network. They offer excellent mobile phone coverage at home for both voice
and data, but at lower cost than outdoor services [25]. Femtocell was invented in 1999 by Bell
Labs.
A HNB is a cell that covers a very small radius from the base station, usually in the range of 20
to 50 meters. It is ideally for addressing the domestic market for high-speed data and voice via
localized in-building wireless service provision. Literally, the term “femtocell”, in the context
of cellular networks, refers to the size of the cell. There are different types of cells: megacells
(coverage area of tens of kilometres); macrocells (1 to 2 kilometers); microcells/picocells
(hundreds of meters). The difference between femtocells and the other cells is that femtocells
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are provisioned in the customer house and the service providers do not have to find and pay
their location.
A femtocell can be a stand-alone device, which connects into the customer’s existing
broadband router. But it can also be a key component of a home gateway device which
incorporated the router and other technologies, such as a broadband model, Internet router and
Wi-Fi access point in a single device.
The utilization of the femtocells (Figure 1.9) was introduced to solve some of the shortcomings
of mobile telecommunication technologies indoor. Its deployment in homes and small offices is
estimated to reach around 36 million femtocells in 2013 (ABI Research 2006).

Figure 1.9. Femtocell in home [26]

Typically, a single home base station can deliver voice services simultaneously to 2-6 users, but
it allows more users to connect to the cell and access services such as text. Moreover small
business femtocells can support 8-16 simultaneously voice users.
The architecture shown in Figure 1.10 was agreed between The Femto Forum [26] (a
membership organization to promote femtocell deployments worldwide) and 3GPP. It shows
three different paths which signals from the same mobile phone may take to reach the common
mobile core network. The same voice and data services are available in all cases. But the data
speed and performance would be much better on 3G.
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Figure 1.10. Femtocell System Architecture

When in range, the mobile phone can pick up the beacon signal broadcasted at low power by
the femtocell. The mobile phone will select the femtocell for normal use because this signal is
the strongest and best quality signal it received. The mobile core network sends a location
update message through the femtocell to the serving MSC (Mobile Switching Center) to locate
the phone. Now the mobile phone can be used to make and receive calls using the standard 3G
system operation. Signalling messages and voice/data traffic are decoded by the femtocell, then
encoded and sent over a secure IP tunnel through the Internet to the Femto Gateway (Figure
1.11).

Figure 1.11. High level femtocell architecture view [27]

It is most likely that the Femto Gateway would be located near the main Internet access point,
although it does not need to be co-located with the core network elements handling the outdoor
radio access network.
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1.3.1. HNB Standards
For different air interface technologies, there are diverse femtocells. In the context of 3G the
femtocell is called Home Node B (home NB), where Node B stands for the classic macrocell
BS (Base Station). In the case of LTE networks, femtocells are named Home evolved NodeB
(home eNB). For CDMA2000, they are called femto access points. There are femtocells
designed for other cellular technologies (1xEV-DO, UMB, WiMAX) as well. The architectures
of the most popular standards (UMTS, CDMA2000, and LTE) are explained in chapter 2.

1.3.2. HNB vs. Wi-Fi access point
Even if the femtocell is similar in many aspects to a Wi-Fi access point, there are some
differences. Femtocells and Wi-Fi access points are similar in size and they both cover small
areas like homes or small offices. Wi-Fi access points are mainly associated with providing
Internet and local area network to laptop, while femtocells are designed to serve a much higher
number of devices, including mobile phones and newer ultra-mobile PCs.
In the case of using the Wi-Fi access point and the femtocell for the same propose, to make
voice calls or data transfers from the mobile phone, the femtocell has a number of advantages
over the Wi-Fi. The Wi-Fi is only available for dual-phones, which are expensive and there is a
limited number of this type of phones on the market.
Wi-Fi access points are using the unlicensed spectrum of 2.5 GHz, which only has 3 nonoverlapping channels available. Therefore interference can happen. But femtocells are using
licensed spectrum which is preventing interference. The downside of this is that the femtocell
from operator A cannot work if it is moved to another location where only operator B is
available.
Femtocells have a lower operating power, of about 1mW, while Wi-Fi access points are
operating at 100mW. Wi-Fi access points operate always at 100mW, even when less power is
required. Femtocells have the ability to adjust their power to the minimum necessary power to
deliver adequate service.
As the femtocell is a miniature version of the base station, it inherits its features. This makes it
possible for the operator to introduce a wide range of value added services, like local content
insertion and targeted advertising. Such business models are not possible with Wi-Fi based
solutions that are not deployed by the service provider.

1.3.3. Benefits of using HNB
The obvious benefits which lead to the materialization of femtocells are the increased
bandwidth and higher cell capacity. Additionally, home node base stations can bring other
positive aspects to mobile operators, end users and small enterprises. These benefits can be split
in benefits having commercial importance and benefits relevant from the technical point of
view.
Commercial benefits
From the operator’s point of view, using femtocells is much cheaper than using macrocells.
Mobile operators do not have to pay for the device, as the customer will buy it or pay rent for it.
Operators do not have to bother any more with finding a location for their equipment and they
do not need to provide electrical power for the devices and for air conditioning them.
Therefore, the mobile operator can extend the capacity of its network without taking care of the
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deployment of the cells. In this way the network capacity can increase faster than in the
traditional way.
Exploiting the fact that a femtocell can be used by customers of the same mobile operator, they
can offer attractive family pack in order to increase the fidelity of their customers. Even if this
can be seen as a limitation from technical point of view it can bring financial advantages to the
mobile operator.
From the end user’s point of view, the femtocell brings simplicity. There is no need to use
several phones (mobile and fixed), so it only has one phone number, one bill, one voice mail,
and one phone book.
HNBs make voice calls and mobile data transfer cheaper for the customer. They use the fixed
broadband connection to forward the voice calls and data traffic, instead of using the
macrocells network. The broadband connection is managed by the Internet service provider;
therefore the mobile operator does not need to spend money for it.
Femtocells can bring benefits also to small enterprises by offering free intra-company calls or
different application like localized indoor advertisement and audio/video guides in museums
via handsets.

Technical benefits
One of the most important advantages from the point of view of the mobile operator is that the
traffic is offloaded from the macrocell to the femtocell, solving the network capacity problem.
The mobile operator does not need to deploy new macrocell in order to make its network
support the amount of data traffic they want to sell to their customers.
The presence of the HNB in the home is enabling different new applications, so the handset can
have multiple uses. It is not only a telephone, but it can be also a remote control or a game pad.
The femtocell is enabling enhanced multimedia and applications experience. Therefore, now
applications are possible based on profiling and location (interactive TV/targeted advertising),
based on presence information (warning message when family arrives), content sharing
applications (extract mp3/pictures from your PC), social networking (automatic update of
status), video calls on TV, IPTV, video broadcast [27].
Because the home node base station transmits signals over a short distance (in the home), less
power is consummated resulting in an increase in the mobile phone battery life, both on standby
and talk time, compared with outdoor use (when the communication is done over a long
distance with the macrocell). They use radio power lower than cordless phones, Wi-Fi and
many other types of household equipment.
Femtocells operate in licensed spectrum, consequently the mobile operators are assuring quality
of service and the transfers are free from harmful interference. This is providing a clear
advantage over the solutions using Wi-Fi in home.
Moreover, HNB give a new experience to the mobile users. Like the computer user is always
connected to the Internet, now the mobile user can experience the same. Femtocells provide to
the end user the experience of always connected at home, offering mobility in the house as
well.
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1.3.4. HNB Limitations
Like all new technologies, femtocells have also limitations. Similar to the benefits, the
limitations can also be divided in commercial and technical limitations.
Commercial limitations
The main limitation from the point of view of the user is that femtocells lock users into a
monthly broadband subscription fee and forces them to be faithful to one mobile operator.
Another problem encountered in developed countries is that the laws require that wireline
stations broadcast their location to allow 911 emergency management services to pinpoint the
user location. When femtocells are routing the call over the home IP network, they do not have
a way to broadcast their location. A solution would be to incorporate a GPS transmitter into the
femtocell. But as femtocells are used in areas where the mobile signal is low, there is a high
probability that the GPS will not work in that location either. Another solution is to use
triangulation as a way to detect a cell phone location. Also this approach would probably fail
because the cell sites signal cannot be reached [28].
Technical limitations
The home node base station, as the name suggests, are effective only in the home or building
where they are deployed. They only partially solve the problem of increased data transfer. They
are not able to boost cellular coverage in a mobile environment. The mobility is limited only to
the house in which it is deployed.
The handover between femtocells and macrocells is still a challenge. Carriers and equipment
vendors are still struggling with issues related to signal interference, capacity and IP
integration.
User authentication is a very important aspect. An unauthorized person may connect onto the
Femtocell just like in case of Wi-Fi today. At the moment, this problem is solved with limiting
the access only to previously registered subscribers. But on the other hand, this makes the
femtocell more difficult to use.

1.3.5. Scenarios for HNBs
The initial purposes of HNBs were to extend the strength of the signal indoor and to offload the
traffic from the macrocells making the voice calls and data traffic cheaper when the user is at
home. Furthermore, by offloading the traffic to the Internet, higher rates are available for the
transfer because it now uses the high speed wired Internet provided by the ISP instead of the
mobile operator’s wireless network. Combining the high speed Internet with the location
awareness of the mobile device made possible many new applications. By connecting the
mobile devices (e.g. mobile phones) to the wired Internet, it provides the first step towards
joining the mobile and the fixed networks in the home. This convergence can be achieved by
adding new services to the HNB, resulting in a connected home (Figure 1.12).
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Figure 1.12 Evolution of the usage of HNBs

he HNB can connect to other devices present in every house and therefore provide the
The
environment for new use cases. Some of them are shown in Figure 1.13.
.

Figure 1.13 Use cases for HNBs

There exist already a lot of location messaging applications for HNB. HNB can act like a
security guardian to the home, sense
sense intruders by detecting their connection with the HNB and
send alerts (also via Internet)
nternet) to the owner. Airvana, Alcatel-Lucent,
Alcatel Lucent, Huawei, Softbank,
Ubiquisys developed location aware messaging applications for HNBs. Ip.access made an
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application called “Facebook virtual fridge notes” which gives the friends of the user the
possibility to leave virtual fridge notes to the user via a Facebook application. The user will
receive the note when he/she enters the home [29].
A network of HNBs could be used to provide coverage and focused advertisements in shops,
museums, stadiums. In museums, the HNBs could provide guides to the visitors, specific to the
room in which they are at the moment. Similar, it could be used in shops, for informing
customers about the promotions each store department has at the moment, and give the
opportunity to buy online the products of the store via mobile phone.
An automatic synchronization between the mobile and the home devices can be performed
when the user enters the home. The new data from the mobile would automatically be copied to
the home devices (e.g. computer, media storage, photo frame). Also if the customer was using a
media application (e.g. watching TV), when he/she steps inside the house, the big home TV
would be switched on and the mobile TV off, so the customer can continue watching the
favourite channel on a bigger screen.
The mobile can be used as a remote control for the home devices. Sagem Communications,
Motorola, Softbank, Thomson developed such functionality.
HNB can enable collaborative applications inside the house. If an interactive TV is available,
the family members could interact between each other, for example while voting for different
competition (e.g. Eurovision) it could keep a family ranking. Moreover, as HNBs can
communicate between each other, a collaborative application with the neighbour house is
possible. Pirelli developed IMTV (Instant Messaging TV) for HNBs [30].
Last, but not least, high quality services which are already available in the house could be
extended to work on the mobile device also. For example, many households already have a
digital TV, so TV streaming to mobile devices via HNB is possible (Figure 1.1). This brings us
back to the purpose of this project. It uses devices originally designed for telecommunication
purposes. This could provide better quality of service as it is monitored by the mobile operator,
by using a dedicated spectrum.

1.4.

Summary

The amount of data traffic triggered by the changes in the mobile technologies is increasing
exponentially, more than half of this data being consumed indoor. The trend is for the user to
utilize streaming services on the same device as he/she uses for voice calls and Internet. This
problem is not solved by the mobile TV broadcasting technologies as they impose limitations
on the end device (e.g. TV tuner). A solution to provide TV streaming to the mobile user needs
to be found for indoor scenario, without the need of increased external data traffic and with
fewer limitations on the end device.
This project proposes to use a home node base station in this scope. There are several
architectures for providing media content (DVB signal) to the mobile device via HNB. In
chapter 3, a number of these architectures are discussed. In order to design the final architecture
for the extended HNB, a common architecture for different mobile technologies is proposed in
chapter 2.
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2. Architectures of home node base
stations
Even through the first femtocell was invented in 1999, the technology is still young. And as
with any new technology, there is a number of distinct proprietary femto architecture. Also
there are different generations of mobile technology for which HNBs were built. Furthermore,
for each generation, different solutions are supported. All these solutions are different, but still
their architectures have some commonalities.
In this chapter the most important architectures will be presented. Moreover, a common
architecture for these architectures is proposed.

2.1.

3G HNB architectures

Home Node Base stations have been proposed to solve some of the short comings of the 3G
technologies and introduce new services. Besides the Femto Forum[26], that strives for the
global recognition of the femto technologies, there are two main standard development
organizations determining the standard for UMTS-related (UTRAN - UMTS Terrestrial Radio
Access Network) femto technology: 3GPP and the Broadband Forum (BBF).
In order to integrate with the legacy network, different architectures need to be used. The
interface of the 3G HNB with the mobile operator side (the core network) can vary in order to
make the integration with the legacy network possible. A major milestone was accomplished in
May 2008 when a single architecture was agreed upon by the members of the Femto Forum. It
is based on a modified version of the existing Iu interface (the UMTS interface for transmitting
the signaling towards the core network). Later on 3GPP proposed the standard architecture for
which became Iuh (Iu home) interface [31].

2.1.1. 3GPP standard UMTS air interface architecture
3GPP proposed the first general protocol model for UMTS air interface. This protocol is
described in detail below. The structure is based on the principle that the layers and planes are
logically independent of each other. Therefore, as and when required, the protocol stack can
easily be altered to fit future requirements. The UMTS air interface general protocol model
proposed by 3GPP is illustrated in the figure below (Figure 2.1) [32].
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Figure 2.1 General protocol model for UMTS air interfaces

Horizontal Layers
The protocol structure consists of two main layers: the radio network layer and the transport
network layer. The radio link layer contains all the protocols that are aware of the UMTS air
interface related issues. These matters are only visible for the protocol contained in this block.
The transport network layer contains standard transport technology that is selected to be used
for UMTS air interface, but without any UMTS specific requirements.
Vertical Planes
In 3G systems, control and user planes were separated in an open and standardized interface in
order to allow the independent evolution of the two planes[33]. This division led to a separation
of the devices from the core network according to the functionality (providing control or user
data).
Control Plane
The control plane includes: the application protocol (i.e. RANAP, RNSAP or NBAP which are
explained in 3GPP UMTS Architecture section) that sets up bearers for carrying the
information signal for (i.e. Radio Access Bearer or Radio Link) the radio network layer, and the
signalling bearer for transporting the application protocol messages.
The transport network control plane does not include any radio network layer information, and
is completely in the transport layer. It includes the ALCAP protocol(s) that is/are needed to set
up the transport bearers (Data Bearer) for the user plane. It also includes the appropriate
signalling bearer(s) needed for the ALCAP protocol(s).
The transport network control plane is a plane that is situated between the control plane and the
user plane. The transport network control plane is introduced to keep the application protocol in
the radio network control plan independent from the technology selected for data bearer in the
user plane.
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ted that ALCAP might not be used for all types data bearers.
earers. If there is no
It should be noted
ALCAP signalling transaction, the transport network control plane
lane is not needed at all (e.g. for
HNBs).
User Plane
The user plane includes the data stream(s),
stream(s) used for the transferr of the actual data (e.g. voice for
a voice call), that are characterised by one or more frame protocols specified for that interface,
interface
and the data bearer(s) for the data stream(s).
s
The data bearer(s)
earer(s) in the user plane, and the
signalling bearer(s) for appplication protocol, belong also to transport network user
u
plane. The
data bearers in transport network user plane
p ane are directly controlled by transport network control
plane
lane during real time operation.
operation

2.1.2. 3GPP UMTS Architecture
3GPP made an important step in the
the standardization of femtocells by publishing the standard
for UMTS based HNB (which is using the Iuh - home radio access network interface). This
architecture is based on the standard UMTS air interface architecture presented above.
Therefore, the 3GPP architecture
rchitecture for HNBs (Figure
(
2.2)) is also organized in radio network
layer and transport network
etwork layer; control plane and user plane [34].

Figure 2.2 UMTS HNB architecture (3GPP)

Interface with UE (User Equipment)
The home node base station handles the connection requests from the user devices and forwards
the requested data from the core network to the mobile device. The communication between the
user equipment and the UMTS home node base station only consists of the physical and data
link layers. On the control plane, additional functionality is needed in order to manage the
connection. This is realized using radio resource control that handles connection establishment,
security and handover decisions. The building blocks of each plane are explained
explain below.
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Control Plane
For the communication with the user equipment, the control plane consists of the physical
layer, the data link layer (MAC and RLC) and RRC (Radio Resource Control).
Physical Layer offers data transport services to higher layers. The access to these services is
through the use of transport channels via the MAC sub-layer.
The access scheme is Direct-Sequence Code Division Multiple Access (DS-CDMA) with
information either spread over approximately 5 MHz (FDD and 3.84 Mbps TDD) bandwidth,
thus also often denoted as Wideband CDMA (WCDMA) due that nature, 10MHz (7.68 Mbps
TDD) bandwidth, or 1.6MHz (1.28Mbps TDD), thus also often denoted as Narrowband
CDMA. UTRA has two modes, FDD (Frequency Division Duplex) & TDD (Time Division
Duplex), for operating with paired and unpaired bands respectively. The possibility to operate
in either FDD or TDD mode allows for efficient utilisation of the available spectrum according
to the frequency allocation in different regions [35].
MAC (Medium Access Control) is a sublayer of the Data Link Layer. It provides addressing
and channel access control mechanisms. The MAC functions include: mapping between logical
channels and transport channels, selection of appropriate Transport Format for each Transport
Channel depending on instantaneous source rate, priority handling between data flows of one
user equipment (UE), priority handling between UE by means of dynamic scheduling,
identification of UE on common transport channels, multiplexing/demultiplexing of upper layer
protocol data units (PDUs6) into/from transport blocks delivered to/from the physical layer on
transport channels, segmentation and reassembly of upper layer PDUs, transport channel type
switching. MAC operates on transport channels (between MAC and Layer 1) and on logical
channels (between MAC and RLC) [36].
RLC (Radio Link Control) is an automatic repeat request fragmentation layer 2 protocol used
over a wireless air interface (also called RLP – Radio Link Protocol). It is divided in sublayers.
The functions performed by the RLC sublayers are: segmentation and reassembly,
concatenation, padding, transfer of user data, error correction, in-sequence delivery of upper
layer PDUs, duplicate detection, flow control, sequence number check, protocol error detection
and recovery, ciphering, SDU7 (Service Data Unit) discard, out of sequence SDU delivery and
duplicate avoidance and reordering [37].
RRC (Radio Resource Control) handles the control plane signalling of Layer 3 between the UE
and the UMTS radio access network. It controls the establishment, reconfiguration and release
of radio bearers, broadcast of system information, the functions for connection establishment
and release, RRC connection mobility operations, paging notification and release [38].
User Plane
The user plane contains RLC, MAC and physical layer. These three blocks, used for
communication between UE and the HNB, are the same with the lower layers from the control
plane described in the previous section.
Interface with CN (Core Network)
The data from the UMTS home node base station towards and from the core network is sent
and received over internet protocol. On the user plane, the transport of the data is done using

6
7

A protocol data unit (PDU) is a unit of data exchanged between peer layers in interconnected systems [90]
A service data unit (SDU) is a unit of data exchanged between adjacent layer in a single system [90]
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UDP using real time transport protocols and tunnelling protocols for the delivery of the user
data. On the control plane, the data transfer is critical. So a more reliable transport protocol than
UDP is used, namely stream control transmission protocol.
Control Plane
The transport network layer contains the physical layer, the MAC and RLC layers, IP/IP sec
and SCTP (Stream Control Transmission Protocol). The physical layer in this case is designed
to send the data over the broadband connection.
IP (Internet Protocol) is one of the primary network-layer protocols. It contains addressing
information and some control information to enable packets to be routed in a network [39].
IP sec (Internet Security architecture) defines the security services at the IP layer by enabling a
system to select required security protocols, determine the algorithm(s) to use for the service(s),
and put in place any cryptographic keys required to provide the requested services [39].
SCTP (Stream Control Transmission Protocol) is the third transport layer protocol next to TCP
and UDP. The SCTP provides some distinctive features over the TCP, it uses the four-way
handshake procedure for association establishment and the three-way handshake scheme for
association termination. In particular, the SCTP provides the “multi-streaming” and “multihoming” features. Similar to TCP, the SCTP is a connection-oriented reliable transport protocol
[40].
The UMTS home node base station is a plug and play device. That is why it needs an
application (called HNB application protocol) to automatically control its deployment and
communicate its parameters to the core network. After deployment, the management and
message handling of the home node base stations are effectuated using RANAP (Radio Access
Network Application Part) and SABP (Service Area Broadcast Protocol).
HNBAP (HNB Application Protocol) is an application layer protocol that provides control
features specific for HNB deployment (e.g. registration of the HNB device with the HNB-GW)
[41].
RANAP (Radio Access Network Application Part) is in charge with the RAB (Radio Access
Bearer) management, releasing the connection resources with the radio access network,
controlling the tracing of the subscriber or user equipment activity [42]. Because usually this
application was operating via the UMTS air interface, an adaptation is needed (RANAP user
adaptation) to send the messages via the Internet broadband connection.
RUA (RANAP User Adaptation) offers a lightweight adaptation function to permit RANAP
messages and signalling information to be transported directly over SCTP (Stream Control
Transport Protocol) rather than the radio access network, which uses a heavier and complex
protocol stack which is less well suited to HNB operations done under untrustworthy networks
[43].
SABP (Service Area Broadcast Protocol) takes care of the message handling (broadcasting new
messages, amend existing broadcast messages, stop specific broadcast messages), load and
error handling [44].
User Plane
The transport network layer on the user plane consists of the physical layer, data link layer
(MAC and RLC), IP/IP sec, UDP (User Datagram Protocol), RTP (Real-time Transport
Protocol), RTCP (RTP Control Protocol), MUX (user plane multiplexing) and GTP-U (GPRS
Tunnelling Protocol for data transfer).
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UDP (User Datagram Protocol) is a connectionless transport layer protocol which provides a
simple and unreliable message service for transaction-oriented services. UDP is basically an
interface between IP and upper-layer processes [39].
RTP (Real-time Transport Protocol) provides end-to-end delivery services for data with realtime characteristics, such as interactive audio and video or simulation data, over multicast or
unicast network services [39].
RTCP (RTP Control Protocol) is usually used in addition to RTP to monitor the quality of
service and to convey information about the participants in an on-going session [39].
MUX (user plane multiplexing) is used if the HNB-GW had signalled that the data contains
multiple CS user plane streams multiplexed together and if the HNB has capability to support
circuit switched user plane multiplexing. The HNB may send the multiplexed packets to the
MUX port at the HNB-GW [34]. This might be done in order to reduce the relative overhead
and lighten the uplink bandwidth limitations [45].
GTP-U (GPRS Tunnelling Protocol for data transfer) tunnels are used to carry encapsulated TPDUs (Transport Protocol Data Units) and signalling messages between a given pair of GTP-U
Tunnel Endpoints. The Tunnel Endpoint ID (TEID) which is present in the GTP header shall
indicate which tunnel a particular T-PDU belongs to. In this manner, packets are multiplexed
and de-multiplexed by GTP-U between a given pair of Tunnel Endpoints [46].
The radio network layer contains only the radio access network user plane protocol (called Iu
UP) is used to convey user data associated to RABs (Radio Access Bearers). One radio access
network UP protocol instance is associated to one RAB and one RAB only. The radio access
network UP protocol instances are established, relocated and release together with the
associated RAB [47].

2.1.3. 3GPP2 CDMA2000 HNB
On one side, 3GPP was working on finding a common architecture for the HNBs based on
mobile technologies derived from GSM. On the other hand, 3GPP2 was working on
standardization for the HNBs based on mobile technologies derived from cdmaOne. The home
node base station, in 3GPP2, is called femto access point (FAP) [48]. 3GPP2 started working
on finding standardization for CDMA2000 HNBs in early 2007. Most of the standardization
work was published in the second half of 2009.
As mentioned before, 3GPP HNB standard architecture is built as an evolution of the legacy
radio network access interface (Iu interface). In contrast, there is no similar interface to the
legacy circuit core network that is ubiquitously implemented in CDMA2000 systems.
Consequently, 3GPP2 needed to choose one interface. They decided to standardize access to
legacy circuit based on SIP signalling from the HNB device.
According to [49] the following architecture (Figure 2.3) was derived for CDMA2000 HNBs.
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Figure 2.3 CDMA2000 HNB architecture (3GPP2)

Interface with UE
The home node base station needs to be able to send the necessary data to the user equipment
(mainly VoIP). For controlling the transfer of this data and handling the connection requests
from the user devices, signalling at the layer 3 is used.
Control Plane
On the control plane, the CDMA2000 HNB uses similar protocols as UMTS. The layers of the
control plane consist of the physical layer, the data link layer (MAC and LAC) and layer 3
signalling.
Physical Layer for CDMA2000 is similar with the ones which use WCDMA (e.g. UMTS). But
CDMA2000 uses the direct sequence CDMA technique. On both forward and reverse links, it
uses similar modulation and channel coding as WCDMA. The physical layer also uses
orthogonal-code-based
based channelization on downlink for user separation.
Because CDMA2000 was standardized by 3GPP2, in parallel with 3GPP standardization of
UMTS, they have similar components, but with different names (like
like uplink and downlink in
3GPP are reverse and forward link is 3GPP2).
3GPP2 Therefore the names of the channels connecting
the physical layer with the upper layer are different, but they
they have the same functionality [50].
MAC (Medium Access Control) belongs to Layer 2 of the OSI reference model. Layer 2 is
divided in the Link Access Control (LAC) sublayer and the Medium Access Control sublayer.
The CDMA2000
2000 MAC sublayer provides two important functions: best effort delivery –
reasonably reliable transmission over the radio link with a Radio Link Protocol (RLP) that
provides
vides a “best effort” level of reliability,
reliability and multiplexing and quality of service (QoS)
control – enforcement of negotiated QoS levels by mediating conflicting requests from
competing services and by the appropriate prioritization
pr
of access requests [51].
LAC (Link
Link Access Control Sublayer)
Sublayer) is a sublayer of the data link layer. In some ways, LAC is
analogous to RLP, which is responsible for the delivery of user packet data across the air
interface. However, LAC differs from RLP
RLP in one important aspect: LAC provides a reliable
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delivery of signalling data, while RLP provides a best effort transport of user packet data whose
delivery is no assured. In many ways, LAC is just an interface between the MAC sublayer and
Layer 3. The use of LAC enables software and hardware in the MAC sublayer to be separated
from the logical functions of the LAC sublayer. This separation allows changing the MAC
software and hardware without affecting the software in Layer 3[52].
L3 signalling (Layer 3 signalling) is the one that effectively controls the operations of the
system. The signalling entity also controls and executes those functions that are necessary for
setup, maintenance, and tear down of a call. In originating a message, the signalling entity
requests Layer 2 to deliver the message to its counterpart at the other side. In receiving a
message, the signalling entity takes delivery of the message from Layer 2 which was
transmitted by the other side [52].
User Plane
The user plane contains LAC, MAC and physical layer. These three blocks used for
communication between UE and the HNB are the same with the lower layers from the control
plane described in the previous section. In addition it also has at the upper level the VoIP (voice
over IP) block used for transporting the actual voice during voice calls.
Interface with CN
Control Plane
For the communication with the core network, the control plane needs the physical layer to
connect to the Internet broadband, the data link layer (MAC and LAC), IP/IP sec, UDP, Session
Initiation Protocol (SIP) and CDMA2000 specific protocols (A10/A11). The CDMA2000
specific protocols used for controlling the transfer of user data to the core network do not
necessary use UDP for the transport of the data.
SIP (Session Initiation Protocol) is a text-based signalling protocol. It uses, in this case, UDP
for transportation. SIP can also run on top of TCP (Transmission Control Protocol) or SCTP
(Stream Control Transmission Protocol). SIP a lightweight protocol usually used in VoIP
networks. It is utilized to establish real-time calls and conferences over IP networks [53].
The A10 interface is used for the transmission of user traffic, to and from the core network,
between the HNB and PDSN (Packet Data Serving Node). While the A11 interface carries
signalling information between the HNB and the other entities from the core network [54].
User Plane
On the user plane, the HNB sends data over the physical layer, the data link layer and IP/IP sec.
For the communication of user traffic to the core network UDP is not necessary used. But for
the voice over IP, RTP and UDP are used.

2.2. 4G HNB (HeNB) architectures
2.2.1. 3GPP LTE architecture
The most important technology of the 4th generation is LTE. Both 3GPP and 3GPP2 focused
their attention on this technology from the 4G group. The connection with the core network
changed compared with the UMTS case. Another entity was introduce to make the connection
between the home node base station and the LTE core network. This entity is called home
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evolved node base station gateway. And as the name suggests, it acts as a gateway between the
HNB and the core network.
The architecture for LTE
TE air interface,
interface is also split into horizontal planes (Radio Network Layer
and Transport Network Layer) and vertical planes (Control plane and User plane).

Figure 2.4 LTE HNB architecture (3GPP)

This architecture
tecture has evolved from the UMTS architecture described above.
above Therefore there are
many similar blocks found in the LTE HNB architecture (Figure
(
2.4)) and in the 3GPP UMTS
architecture (Figure 2.2).
Interface with UE
Control Plane
Similar to UMTS, for
or the 4G home node base station, the interface with the user equipment has
on the control plane the physical layer and data link layer (MAC and RLC) and RRC.
Moreover, the 4th generation of telecommunication technologies introduce all-IP
all
networks.
Therefore also the communication with the user equipment needs to be IP based. For the IP
encapsulation of the transmitted packets, packet data convergence protocol (PDCP) was
introduced.
Physical Layer has only shared channels. The main innovation, compared with WCDMA, is
that it uses different bandwidths, from 1.25MHz
1. MHz up to 20 MHz. Because there is no dedicated
channel like in WCDMA, all the resources are allocated for a short period. The downlink
transmission also contains the control information on the uplink resource
resourc to be used. LTE
physical layer uses OFDM (Orthogonal Frequency-Division
Frequency Division Multiplexing) for the downlink
and SC-FDMA
FDMA (Single Carrier Frequency-Division
Frequency Division Multiple Access) for the uplink and utilizes
MIMO (Multiple Input and Multiple Output) with up to four antennas
antennas per station [55].
MAC has similar main purposes to the ones the MAC layer for UMTS needs to accomplish:
mapping between logical and transport channels,
channels multiplexing/demultiplexing,
multiplexing/demultiplexing scheduling
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information reporting, priority handling between logical channels of one UE, priority handling
between UE by means of dynamic scheduling, transport format selection, padding [56].
PDCP (Packet Data Convergence Protocol) is used for the control plane for ciphering,
integrity protection and transfer of control plane data [56]. PDCP performs IP header
compression and decompression and transfer of user data.
User Plane
The user plane contains PDCP, RLC, MAC and physical layer. These four blocks used for
communication between UE and the LTE HNB are the same with the lower layers from the
control plane described in the previous section.

Interface with CN
Control Plane
On the transport network layer on the control plane, the data is sent through the physical layer
(which connects to the Internet broadband), the data link layer (MAC and RLC), IP/IP sec and
SCTP. These protocols are used to transmit to the core network data from the radio network
layer. LTE specific application protocols (X2-AP and S1-AP) are used for the control messages
changed between the HNB and other HNB or mobility management entity.
X2-AP (X2 Application Protocol) is used over X2 interfaces, which is the interface between
two LTE HNBs. This protocol supports different functions like: context transfer from source
HNB to target HNB, control of user plane tunnels through which the user data is sent between
source HNB and target HNB, handover cancellation, uplink load management [57].
S1-AP (S1 Application Protocol) is the main control protocol on the S1 interface, which is the
interface between the HNB and the home node base station gateway to the core network [58] .
User Plane
On the user plane, the transport network layer contains the physical layer and data link layer,
IP/IP sec, UDP and GTP-U. While the radio network layer consists of user plane PDUs
(Protocol Data Units) which provides the user data to the lower layers on the user plane.

2.3. Common architecture
When planning to add a new service to a HNB, first you need to decide which technology you
want to use for the HNB and then extend the specific architecture. Having a common
architecture would decrease the time spent when several architectures need to be used, because
the extension of the architecture would be done only once for all variants.
Starting from the standard architectures for UMTS architecture (Figure 2.2), CDMA2000
architecture (Figure 2.3) and LTE architecture (Figure 2.4) for HNB a common architecture can
be derived. The architecture depicted in Figure 2.5 offers us a better overview of the HNBs
used in UMTS and LTE networks.
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Figure 2.5 Common architecture for UMTS and LTE HNBs

Furthermore,, the challenge is to integrate also the CDMA2000 architecture standardized by
3GPP2, which is using the SIP protocol for communication with the core network. As the
complexity is increasing, the figure for the common architecture for the most popular
technologies
nologies is split in two parts: the interface with the user equipment (Figure
(
2.6) and the
interface with the core network (Figure
(
2.7).
Interface with UE
For the interface with the user equipment (Figure 2.6), the
he lower layers are similar for all 3
technologies,
logies, of course having specific characteristics according to the technology used. As we
go up in the protocol stack, the layers start to differentiate more.
All three technologies, UMTS, LTE and CDMA2000, have
have a physical and a MAC layer which
are similar,, but they are implemented according to the particularities of each technology. At
layer 2, on top of the MAC layer, which all architectures contain, there is the link control layer
which has different protocols according to the technology used. The 3GPP architectures
a
(UMTS and LTE) have RLC, while 3GPP2 technology (CDMA2000) uses LAC. Both
protocols have the same scope: link control. LAC provides a reliable delivery of the signalling
data, whereas RLC offers a best effort transport with no delivery guaranteed.
guaranteed.
At layer 3, all technologies have L3 signalling specific to the technique used. For CDMA2000
this block is not very well defined and documented. On the other hand for UMTS and LTE it
consists of RRC. In addition, for LTE a PDCP block processes the signals
signals before they go into
the RRC.
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Figure 2.6 HNB common architecture - interface with UE

Interface with CN
As expected, the interface with the core network (Figure 2.7) is complex because of the
different legacy networks with which it needs to integrate.

Figure 2.7 HNB common architecture - interface with CN

Layer 1 (physical layer), layer 2 (data link layer), layer 3 (IP/IPsec) are similar for all three
technologies,
echnologies, of course having specific characteristics according to the technology used.
For all three technologies on the user plane,
plane layer 4 contains different protocols having similar
propose. They are real time and tunnelling protocols, such as RTP for
for CDMA2000, RTP/RTCP
for UMTS and GTP-U
U for UMTS and LTE. Common for all three technologies is the UDP on
the user plane. UDP is used also on the control plane for CDMA2000,
CDMA2000, whereas UMTS and LTE
use SCTP protocol.
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a architectures, featuring an Internet Key Exchange protocol
Layer 6 protocols are present in all
used for security reasons.
Layer 7, situated in the Radio Network Layer, has the biggest diversity of protocols. On the
control plane, the application protocols contain specific protocols for every technology
tec
(HNBAP, RUA+RANAP, SABP for UMTS; X2-AP,
X2
S1-AP
AP for LTE; A10, A11 for
CDMA2000). On the user plane, user PDUs specific for each technology are present.

2.4. Verifying the architecture
If vertical sections that are specific for each technology are applied to the common architecture,
architecture
the protocol stack for different types of standards can be created.. For example, if only the
blocks specific for LTE are selected from the common architecture (UMTS/LTE;
(
LTE;
UMTS/LTE/CDMA2000;
/LTE/CDMA2000; particular LTE protocols contained in compact
ompact block), it results in
the LTE architecture shown in Figure 2.8 and Figure 2.9.

Figure 2.8 LTE HNB architecture for user equipment communication with another HNB via the LTE HNB

Figure 2.9 LTE HNB architecture for user equipment communication with HNB gateway via the LTE HNB

In the first figure from Figure 2.8 is depicted the control plane for managing the communication
between a LTE user equipment
equipment and another LTE HNB via the interest home node base station.
In the second graph, the user plane is represented, that has the protocols necessary for
transmitting the user data to the other HNB. In Figure 2.9 the control and user plane
p
for
communicationn with the main core network (via the HNB gateway) are depicted. The UE
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interface, for both control and user plane) is the same in both figures (Figure 2.8 and Figure
2.9), only the core network interface being distinct.

2.5.

Summary

There is a very large number of architectures proposed for the home node base stations for
different technologies. Different organizations (3GPP, 3GPP2) proposed standards for the most
popular technologies (UMTS, CDMA2000, LTE). At first look these standardized architectures
are different, but their protocol stack is very similar, offering the same functionalities even if
the protocols used are different.
The common architecture proposed in this chapter gives a clear overview of the home node
base station. It is trivial to extract a particular architecture from it and can be used to implement
additional functionalities on top of the home node base station.
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3. Extended architecture
This chapter explains the DVB receiver architecture. Subsequently, three home system
architectures are proposed for forwarding the received DVB signal to the mobile phones via the
home node base station. Moreover, methods how to extend the HNB common architecture for
some of these home system architectures are explained.

3.1. DVB-IPTV
Until recent, the technologies used for broadcasting were using cable, terrestrial and satellite for
transmitting the signal to the end used. Now, IPTV technologies can be used to deliver new
media which uses IP networks. In Europe the most popular standard used for TV broadcast is
DVB. The focus of this project is on DVB-IPTV as it seems to have the bigger potential.
DVB uses the MPEG standard (ISO-13818-1) as a media container. A media container format
is a format that can contain several types of data, such as audio and video. MPEG standard
defines ways of producing one program by multiplexing more than one stream: video, audio
and data. DVB-IPTV uses the MPEG-2 Transport Stream (MPEG-2 TS) as a container for the
media content [59]. MPEG-2 TS is a standard format for transmission and storage of audio,
video and data. MPEG-2 transport stream transmissions may carry a single program stream
(SPTS) or multiple programs (MPTS). For more detail about the scheme to combine multiple
programs in a single transport stream refer to appendix B.
The MPEG-2 TS can be sent to the users via the DVB standards. The IPTV is providing more
than simple broadcast, having also a feedback channel. IPTV comes as the next step in digital
television. As the DVB-IPTV is an extension of the DVB-T/H/S broadcasting methods, the
architecture of the receiver for DVB-S/T/H/C is less complex than the one for DVB-IPTV [60].
DVB-IPTV is the collective name for a set of open, interoperable technical specifications,
developed by DVB Project that facilitate the delivery of digital TV using Internet Protocol over
bi-directional fixed broadband network.
Several profiles are defined in the DVB-IPTV handbook for media content transmission: basic,
live media broadcast (LMB), content on demand (CoD), content download (CDS). The basic
profile is defined for existing IPTV deployments. It can be seen as a first step for an operator to
achieve a basic degree of DVB-IPTV compliancy with its existing network. LMB defines the
required subset to build live IPTV services.
We extend the HNB architecture with a new service is by adding live IPTV which is known
under the name of live media broadcast (LMB) profile in the DVB standards.

3.1.1. Live Media Broadcast Profile
The discovery of the available services by the end user is a very important process necessary to
start using IPTV services. This process will return a list of services with information how to
select the service and how to gain access to the selected service.
Within LMB, two types of services are taken into account: services with full DVB service
information (DVB-SI) embedded in the MPEG-2 transport stream (MPEG-2 TS) and services
without DVB-SI, but having MPEG program specific information (PSI).
For LMB, the IPTV receiver may access a service using the Internet Group Management
Protocol (IGMP). IGMP is a protocol that functions between the receiver and the multicastDepartment of Mathematics and Computer Science
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enabled transceiver. It allows the transceiver to know that a receiver is interested in receiving
multicast
st traffic for a specific group [61]. A receiver can join or leave the service by issuing an
appropriate IGMP command. The LMB services are streamed continuously. The process of
joining or leaving a stream is completed via IGMP by sending the appropriate IGMP messages.
These messages are sent to IGMP by the upper layer multicast service connection management
block.
SD&S is a mechanism for the discovery, selection and delivery of DVB service information
over an IP broadband network.
network. It retrieves channel information from a particular multicast
address and port number, information that is represented using XML records and schemas [62].
DVB defines a lightweight transport protocol for transporting the SD&S
SD&S XML records over IPIP
multicast. It is called DVB SD&S (Service Discovery and Selection) transport protocol
(DVBSTP) [63].
The MPEG-22 TS may contain multiple programs because it was originally projected for
satellite, cable or terrestrial transmission. These multiple program transport steams might be
rearranged into transport stream each containing a single program, depending on the service
provider. Therefore a MPTS or a SPTS can be received from the service provider. The MPEGMPEG
2 TS are encapsulated in the real time protocol (RTP).
The LMB profile architecture for DVB-IPTV
DVB
delivery is described in Figure 3.1. It can be
observed that the architecture is also a layered one, following the OSI model. At the top the
services offered by DVB-IPTV
IPTV are shown.
show [63]

Figure 3.1 Protocol stack for DVB IP services

3.2. Home system architecture
As explained in the previous chapter, the common architecture for HNBs can be easily
extended with additional services. Therefore we used this architecture to extende it in order to
provide TV streaming to the mobile device (Figure
(
1.1, Figure 3.2). In Figure 3.2 we can see
the functions of interest for the audio/video re-streaming
re
that each device performs. The setset
top-box
box (STB) is able to demultiplex the multiple program transport stream, decode the
metadata, the video and audio data. The home node base station needs to transcode the
audio/video stream in a format that most of the mobile phones can play and stream this data. A
way to receive the data from the STB needs to be defined (e.g. a DVB client).
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Figure 3.2 High quality TV streaming on mobile

There are several possible ways to provide the DVB content to the mobile phones using the
HNB. The collaboration between the set-top-box
set
box and the HNB can be done using different
approaches. One possibility is to integrate completely the STB with the HNB (Figure
(
3.3).

Figure 3.3 Providing TV to mobile devices using a HNB with STB incorporated

This approach gives the possibility to combine some functionality and there is no need to define
communication between the two devices.
devices Transcoding and scaling can be done while decoding.
On the other hand, it needs more physical layers added to the HNB such as a DVB tuner.
tuner As the
main purpose of the STB is to provide data to the home TV, another output port needs to be
added to the all-in-one
one architecture
architectu (STB incorporated in HNB) to route the media content to
the home TV. The security for this system architecture is not difficult to achieve, as it can use
the same mechanism as for the STB.
Another approach for forwarding the TV data to the mobile device via the HNB is to keep the
HNB separated from the STB, assuming the user already subscribed for the TV service
beforehand and owns/rents a STB. According to the way the functionality is split, there can be
two architectures for the HNB-STB
HNB
communication (Figure 3.4 and Figure 3.5). In this case
both set-top-box
box and HNB need to be secure. But the set-top-box
set
box is under the DVB provider
supervision, while the home node base station is managed by the mobile operator. The
communication between these two devices needs to be secure as well. Thus, it can raise some
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entities The mechanism for providing security
security issues as they are managed by different entities.
is not the purpose of this project.

Figure 3.4 Providing TV to mobile devices using client/server communication between the HNB and the STB

For the case when the functionalities of the STB and HNB are not incorporated in the same
device, two approaches are proposed: server based and proxy based.. In the server based
architecture, the HNB acts like a client for the set-top-box.
set
The
he communication protocol
between them needs to be designed. The STB is demultiplexing and decoding the metadata and
the audio/video
/video data. This decoded data is sent to the home node base station.
ation. The STB should
bee able to provide to the HNB all decoded stream it requires accompanied with descriptive data.
The HNB will demultiplex the stream and encode the audio and video data in the format that
the mobile phone can play. The home node base station
station will make visible the information from
the metadata, accompanying the MPEG-2
MPEG 2 SPTS, to the user and construct the new encoded
stream and make it available for the user. This can be very costly as the data is transmitted
between the two devices uncompressed.
uncompressed. It is not a big limitation, as the communication is wired
and the devices are geographically close to each other. Moreover the HNB needs to know
which streamss are available, in order to inform the user.
user. So, overall information about the
multiple program MPEG-22 TS is needed also at the HNB side. Furthermore, the protocol might
be proprietary and difficult to reuse.
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Figure 3.5 Providing TV to mobile devices
devices using message exchange between the HNB and the
t STB

If, instead of server based architecture, pre-processed
processed data is sent to the HNB by the STB
(proxy base architecture),, it could result in a cheaper solution. This solution is similar with the
server based one. In this case, the set-top-box
set
is demultiplexing
plexing the MPTS received (in the case
of DVB-IPTV
IPTV it is always a SPTS received, but it can be the case that the TV provider decides
to send a MPTS), decodes the data and provides information to the HNB with the available
programs. The HNB can make this information
information available to its mobile user, and the user can
select which channel to follow. After the home node base station selects de desired program,
the STB multiplexes the audio and video streams corresponding to that program and sends the
SPTS to the home
me node base station. The HNB, after receiving the stream, transcodes and
scales it and provides it to the mobile device which requested it. The data exchanged is reduced
to the minimal
nimal amount needed and it is encoded during the communication between the set-tops
box and the home node base station.
station Only
nly the necessary data is sent, not the entire multi
program MPEG2 TS.
Table 3.1 Home system architecture comparison

Architectures
1. All-in-one

Advantages
+ Can reuse HNB protocols
+ Security mechanism used
as for STB

2. Server based

+ HNB does not need to be
able to decode audio/video
data

3. Proxy based

+ Only necessary data is sent
+ HNB receives the SPTS
which it needs from the STB
+ HNB does not parse
pa
metadata
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Disadvantages
− Needs additional physical layers to
connect with the service provider and the
home TV
− Big data traffic
− Proprietary communication
munication protocol
− Different security mechanism for each
component
− Different managing entities for each
component
− HNB needs to parse the metadata
− Different security mechanism for each
component
− Different managing entities for each
component
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T server
In Table 3.1 are summarized the advantages and disadvantages discussed above. The
based system architecture is not very appealing as it comes
comes with a lot of disadvantages. In the
rest of the report the focus will be on the first and last architectures: all-in-one
one device and proxy
based architecture.
Another way to add this service to the HNB is to add a separate bridge. But this solution is
more
re expensive than the three proposed, because some of the protocols needed are already
implemented either in the HNB protocol stack, either in the STB, either in both (e.g. RTP, IP).

3.3. Extending the common architecture
3.3.1. All-in-one
one
In order to add the live media
edia broadcast service to the HNB, the common architecture proposed
in the previous chapter needs to be extended. The communication between the user equipment
equip
and the HNB is not changed very much, only few blocks need to be added on top of the general
architecture of this interface (Figure
(
2.6) in order to be able to do the re-streaming.
streaming. To be able
to do this, an MPEG block is needed to the data compression. The
he audio/video stream needs to
be converted to a format that almost every mobile device can play (e.g.
(e mp4, 3gp). For
transmitting this data RTSP (Real Time Streaming Protocol) will be used (Figure
(
3.6). RTSP is
a network protocol designed to control streaming media servers, it is used in communication
and entertainment systems. RTSP uses RTP for the media
media stream transmission. The data
transfer will be done over UDP. Because the packages need IP encapsulation, we will use
PDCP as it is already implemented in the LTE architecture. But PDCP needs to be implemented
in all the HNB architectures. PDCP performss IP header compression and decompression and
transfer of user data.

Figure 3.6 All-in-one
one architecture:
architecture DVB-IPTV LMB extension on HNB - Interface with UE

As the extended HNB needs to be able to receive DVB data, more changes will be done to the
protocol stack of the interface between the HNB and the core network (Figure
(Figure 3.7). The blocks
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needed for receiving and extracting the information from the MPEG-2
MPEG 2 TS will be added. Also
the blocks needed for the control
contr of the services (e.g. SD&S).

Figure 3.7 All-in-one
one architecture:
architecture DVB-IPTV LMB extension on HNB - Interface with CN

The lower layers, the physical and data link layers,, need to be added according to the signal
they need to receive. Therefore, the physical and data link layers used for DVB-IPTV
DVB
need to
be added to the extended HNB. At layer 3, the IP/IP sec of the HNB is reused for the DVB
service. On top of this, on the control plane, IGMP is needed for establishing
establishing the connection
with the multicast service.
At OSI layer 4, the UDP block from HNB is reused for the DVB service. On top of it, the
DVBSTP is needed to transport the SD&S XML records over IP. Also the RTP block, which is
already present in 3G HNB
NB architectures, is needed for transporting the audio/video data. To
receive the audio/video data from the RTP, a layer 6 MPEG-2
MPEG 2 TS needs to be added in order to
decode the arriving transport stream.
At the application layer, for the user plane, the audio/video
audio/video and additional data (service
(
information,, program specific information)
information) from the TV program(s) is received and processed.
On the control plane, SD&S XML records and connection management are added. The
connection management block manages the connections
connections to the broadcast stream.
This architecture is complex, and some low layer protocols need to be implemented in the HNB
architecture, like IGMP and DVBSTP.

3.3.2. Proxy based architecture
If the STB is not completely integrated in the HNB, the DVB specific tasks
tasks will be executed by
the STB. In this case the STB will be able to provide video/audio input to the home TV as well.
Only some additional DVB specific tasks need to be added to the HNB.
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In Figure 3.8 the message changed between the mobile device, the HNB, the STB and the
DVB-IPTV
IPTV provider are exemplified. The tasks of service discovery, selection and connecting
to the stream are assigned to the STB, therefore in the HNB architecture there is no need of
implanting the IGMP and DVBSTP blocks. Also, the demultiplexing of multiple program
transport stream and decoding of the program specific information are the jobs of the STB. This
reduces the complexity of the HNB. After the STB decoded the PSI, it will send a list of the
programs available in the transport
transport stream to the HNB. The HNB will make this information
available to the mobile device. After the user of the mobile phone selected the program he/she
wants to follow, the HNB will ask the STB for the corresponding single program transport
stream. After the
he HNB will receive the SPTS, it will transcode it and downscale it, so that the
mobile device could play it, and subsequently make it available to the mobile device.

Figure 3.8
3 Message diagram for the home system architecture case 3

By analyzing the messages changed between the HNB and STB (red color
colo in Figure 3.8) we
can identify which blocks need to be added to the HNB common architecture. Firstly, the
messages can be split in two categories: messages corresponding
corresponding to the channel selection
(messages 5 and 8) and messages related to the actual audio/video stream (messages 10 and
11). This means that only two new functionalities need to be added to the HNB architecture:
program selection and audio/video/data stream receiving and processing (Figure
Figure 3.9).
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Figure 3.9 Proxy based architecture:
architecture DVB-IPTV LMB extension on HNB - Interface with CN

For program selection, corresponding messages will be sent by the stream
stream select block using
UDP. The receiving of the SPTS is the task of the MPEG-2
MPEG 2 TS block which uses RTP, on top
of UDP, for the transportation of the stream. The A/V/data block is in charge of processing the
audio, video and data information carried by the SPTS.
If the HNB interface with the STB is simplified, the interface with the UE is the same as in the
previous case, STB completely integrated with HNB (Figure
(
3.6).

Department of Mathematics and Computer Science
Eindhoven University of Technology

44

Providing Media Content to Mobile
Devices via Mobile Access Points

3.4.

Extended architecture

Particularizing the extended architecture

Designing the new service using the common architecture gives the possibility of having the
extended architecture of the HNB for every mobile technology. The architectures for UMTS
(Iuh), CDMA2000 and LTE extracted from the general extended architecture are presented.
The architectures are
re for the case of separate HNB and STB exchanging messages.

3.4.1. UMTS
For the UMTS HNBs the RTP protocol used for the receiving the TV stream is already
implemented (Figure 3.10
10).
). On the other hand, for retransmitting the stream to the user
equipment, the PDCP
P protocol is necessary.

Figure 3.10
10 Proxy base architecture: UMTS HNB with DVB-IPTV services
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3.4.2. CDMA2000
The CDMA2000 architecture of the extended HNB (Figure
(
3.11),
), is similar to the one for
UMTS in the sense that the same blocks need to be added on top of the standard architecture of
the home node base station.

Figure 3.11 Proxy base architecture: CDMA2000 HNB with DVB-IPTV
IPTV services
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3.4.3. LTE
For the 4G LTE home node base station having TV services (Figure
(
3.12),
), the PDCP layer used
for transferring the re-streamed
streamed programs is already implemented. But the RTP block necessary
for receiving the data is not already implemented in the standard LTE architecture. Therefore it
needs to be added.

Figure 3.12
12 Proxy base architecture: LTE HNB with DVB-IPTV
IPTV services

3.5.

Summary

It is trivial to extend the common architecture proposed in chapter 2. In the case of extending it
with live media broadcasting services, different architectures could be used having the set-topset
box entirely integrated in the home node base station (e.g. all-in-one)
all one) or separate devices (e.g.
server based or proxy based architectures). In both cases, some
ome of the building blocks of the
home node base station could be reused.
Extending the common architecture, the UMTS, CDMA2000 and LTE architectures can easily
be obtained by selecting only specific building blocks. The extension is only done
d
once instead
of being designed three times for each architecture.
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4. Simulations
The home node base station common architecture was extended with the DVB-IPTV service.
Now the performance of this architecture will be analyzed. The goals of the simulations
conducted are to analyze the feasibility of the architecture for a particular technology (LTE), to
test its behavior and to compare it to other existing solutions (e.g. video streaming over Wi-Fi).
This chapter presents the experimental environment and the setup for the tests, the metrics used
and the result obtained.

4.1. Experimental environment
In the previous chapter three architectures were presented for providing media content to
mobile devices using the home node base station. One of these architectures is more interesting
from the point of view of the amount of data required by the HNB and the device complexity
(Table 3.1). Therefore for the simulations, the proxy based architecture (Figure 3.5) is used.

4.1.1. Target technology
Figure 3.6 and Figure 3.8 depict the DVB-IPTV extension of HNB’s common architecture. In
order to construct the environment for the simulations, one mobile technology needs to be
selected for implementation and derived from the common architecture. The particular
architecture for that technology will be used.
As presented in the first chapter, GSM, UMTS, HSPA (from the 3GPP family) covered 89.5%
of the subscriptions worldwide in 2009 [21]. It is forecast that in 2014 UMTS, HSPA, LTE will
sum up to 84%. This narrows our focus on the 3GPP family of mobile technologies. Our
interest goes towards LTE as it is part of the new generation of mobile technologies.
Furthermore, 3GPP2 is not working anymore on their 4G technology, UMB, and it is also
focusing on LTE. Finally, the two main organizations concerned with mobile technology
standardizations are converging towards LTE.
Long Term Evolution is focused on data and brings higher rates for data and voice transfer
[64]. 80 mobile operators committed to start deploying LTE in 33 countries in North and South
America, Middle East and Africa, Europe and Asia Pacific [65]. LTE is providing higher data
throughput, reduced latency, improved spectrum efficiency and flexibility. The main
competitor of LTE is WiMAX. The opinions differ about which one is the winner. Some
believe that LTE has superior throughput, but as it had been deployed only recently in trial
network, the higher rates could not have been proven in the real environment, while WiMAX is
already commercially used in several parts in United States of America.
LTE uses OFDM, like DAB, DVB and DMB, which provides it with robustness to timedispersive radio channels, receivers with low complexity and the possibility to combine in a
simple way the signals from multiple transmitters in broadcast networks [66].
IP core network is the main idea of LTE. It does not use circuit switching anymore, only packet
switching. In the future it is predicted that LTE will be present in machine-to-machine
communication, also including transportation devices etc., converging the fixed and the
wireless networks worldwide. LTE is the best technology for mobile broadband because it is
simpler, faster and more efficient than other options. For the simulations, an implementation of
the LTE HNB (Figure 3.12) is used.
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4.1.2. Test setup
In this chapter, we study the feasibility of the architecture depicted in Figure 3.12 for providing
live media streaming too end user equipment.
equipment. In order to achieve this, we set up a test
environment.
During the tests, the focus is on the behavior of the link between the HNB and the user
equipment (UE),, and therefore on the HNB interface with the UE, because the connection with
wit
the set-top-box
box will be wired and the two devices can be in close proximity. The LTE link is
not as reliable
ble as the wired connection, therefore LTE will probably be the link imposing
limitations.
HNB – neatbox
eatbox, is used. Neatbox is designed
For the tests conductedd an emulator for the LTE HNB, neatbox,
and implemented by Nomor Research. It is a network emulator, designed for application testing
for LTE (versions for WiMAX and HSPA also exist).
exist) Neatbox is offering the possibility to
simulate real-time
time applications
applica
running on the node base station. Having a vast number of
configuration parameters it can also be used to simulate a home node base station.
Furthermore, it gives the opportunity to configure the behavior of the user equipment side as
well (the number of user equipment,
equipment the movement of the users, fading etc.).
etc.
The neatbox is focusing on the analysis of the LTE link. The
he UE interface of the HNB is fully
implemented in it (Figure
Figure 4.1).
). The RLC and MAC layers are standard compliant with the
3GPP specifications [67],, respectively [68].. The PDCP layer is according to the 3GPP standard
[69], but the neatbox includes a simplified of it.
it. The physical layer and the radio channel
c
are
simulated [70].

Figure 4.1 Neatbox protocol stack

The HNB interface with the core network has only the lower layers implemented: physical, data
link and IP. It is necessary
essary to implement the upper layers in the application running on top of
the HNB. Therefore, we implemented the
t UDB, RTP, MPEG-22 TS and A/V data layers in the
application, as well as the
he streaming server running on the HNB.
HNB The application used in the
tests
ts in configured using FFmpeg. FFmpeg is an open source, complete, cross-platform
cross
solution
designed for recording, converting and streaming audio and video [71].. FFmpeg has three main
components: ffserver, ffmpeg and ffplay. Ffmpeg
eg is a command line tool to convert multimedia
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files between different formats, ffserver is a multimedia streaming server for live broadcasts
and ffplay is a simple media player based on SDL and the FFmpeg libraries.
Test system architecture
The home node base station depicted in Figure 3.12 needs to be connected to the set-top-box
set
and the user equipment as described in Figure 3.5.. The two blocks making the connection with
the core network (the STB) are not of interest in this test. The connection with the STB can be
easily realized by adding extra blocks and processing power to the HNB,
HNB but the
transcoding/scaling block and the streaming server need to be implemented in the HNB
application and it can put additional pressure on the LTE link.
In the test setup, the neatbox is running on a server with two Ethernet interfaces connected to
two different networks. On each network a computer is connected to the neatbox (Figure 4.2).
Each computer has the IP address of the neatbox as the gateway address, so all the outgoing
traffic will be automatically directed towards the neatbox.. The traffic between the two
computers can flow only when the neatbox is running, and this traffic will be emulated using
the LTE model.
On computer 1, located on the home network side, ffserver
server is running. It runs in daemon mode
and can serve multiple streams at the same time. It has a web interface from which the stream
can be selected. On computer 2, located on the user equipment side, any player (e.g. VLC,
ffplay, Media Player, QuickTime),
QuickT
which has the option to play video streams,
stream can play the
received data. For further analysis, the incoming streams were saved
save at the UE side (on
computer 2) using ffmpeg..

Figure 4.2 Test system architecture

Because the neatbox emulates as LTE traffic only the traffic between the two different
networks, the streaming server is running on a different computer, not inside the neatbox. The
connection between the two computers is a direct wired one. Therefore
Therefore if the two components
would run on the same machine the results would be similar, as the wired connection is highly
reliable.
User equipment side
At the user equipment side, the neatbox can emulate live traffic (the traffic towards computer 2)
and different types of simulated traffic. It can emulate up to 20 user devices.
devices During the tests,
the live traffic to and from computer 2 is generated on one to six user equipment.
equipment The UE have
a maximum transmission power of 0.25 W.. The tests are done repeatedly, increasing the
number of UE receiving the live video streams
stream from 1 to 6.
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The simulated user equipment can be stationary or can move with walking speed (3km/h)
around the perimeter of the cell (50m). They cannot leave the cell, so no handover is possible.
The walk of the mobile stations is random and if it touches the boundary of the cell, it bounces
back. At the beginning of the simulation the user equipment are placed at arbitrary positions,
but these positions are the same in every simulation.
HNB specifications
The tests are done using 1 to 6 user devices because home node base stations can typically
support up to 4-6 users connected at the same time. The typical power of a HNB is 20 W and its
signal radius is about 50 m. LTE can operate at different system bandwidths (1.25 MHz, 2.5
MHz, 5 MHz, 10 MHz and 20 MHz). The lower the bandwidth, the lower the attenuations will
be along the path. In these tests, the simulations are made for a HNB system bandwidth of 1.25
MHz, 5 MHz and 20 MHz (Table 4.1).
Table 4.1 Test HNB specifications

Property
Power
Radius
System Bandwidth
Antenna type
Antenna gain
Modulation
Transmission time interval

Value
20W
50 m
1.25MHz/5MHz/20MHz
MIMO (2Tx, 2Rx)
2 dBi
FDD
2 ms

The tests are done using a MIMO (multiple input multiple output) antenna, with two
transceivers and two receivers, having frequency division duplex (FDD) modulation. For the
antenna tests, the simulated HNBs have single antenna with time division duplex modulation
(TDD), MIMO antenna with TDD modulation and respectively MIMO antenna with FDD
modulation.
Radio link model
The radio link model is the most important part of the emulator as it predicts the way the
packets will arrive at the user side. There are different factors which can influence the signal,
such as noise and interference. The signal will be attenuated because of the distance it needs to
travel and objects which are situated in the room (Figure 4.3). The models for these factors are
explained below.
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Figure 4.3 Physical channel effects in OFDM system[70]

Fast fading
The signal can reach the destination by multiple paths having different delays because of
reflection, dispersion and diffraction. This multipath effect is the base for fast fading and can
have a constructive or destructive effect. The neatbox provides signal and noise results over
time for all frequencies from offline simulations [70]. During the tests, fast fading files for
stationary and mobile users are used.
Path loss model
All signal and interference paths are subject to distance-dependent attenuation by physical
media [70]. The overall path loss formula in dB is given by:

path _ loss = −(140 .7 + 36.7 * log(10 * D ))

[dB ] ,

(4.1)

where D is the distance in km between the UE and the HNB. It is calculated according to the
position of the UE in the cell [72].
Shadowing (slow fading)
The objects between the HNB and the UE can cause shadowing. It is usually correlated with
distance. At the beginning of each emulation, the neatbox calculates a shadowing map for each
cell for a sufficient number of uncorrelated locations within the cell using a lognormal Gaussian
distribution with µ = 0 and a certain σ 2 . The correlation between these locations is calculated
by an interpolation with the following equation [70]:

R(∆x) = e

−

∆x
5

ln 2

(4.2)

Noise model
The noise at the user equipment is given by:

NUE = −164 + 10 * log(B)

[dB],

(4.3)

where B is the system bandwidth in Hz.
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Interference
There are three types of interference: self interference, intracell interference and intercell
interference. The self interference is produced because of the use of multiple transmitters in the
MIMO system. The intracell interference appears when there are more user equipment active in
a close neighbourhood. The intercell interference is caused by the proximity of another active
base station. The last case will not appear in the test environment, as the experiments are done
for isolated home node base stations, but the first two type of interference can have a significant
impact on the quality of the service.

4.1.3. Metrics
For the evaluation of the emulated HNB environment a number of metrics are defined. Metrics
related to the link quality are used, like throughput, delay, SINR, dropped packages.
Furthermore, metrics for the video quality can be used (e.g. PSNR). The video quality is
influenced by the link quality metrics.
Throughput
For each user equipment, the amount of data arriving on the downlink at the higher layer of the
LTE protocol stack (PDCP) is measured over the time unit. The throughput on the downlink at
the PDCP layer will be referred, from now on, as the throughput at the UE side.
Delay
The time that an IP packet spends from the HNB to the PDCP layer will be referred to as the
delay at the UE side.
SINR
The signal to noise and interference ratio (SINR) is an indicator for the signal/channel quality
of each user equipment. SINR is given by the formula:

SINR =

S
o×S + N + I

[dB ].

(4.4)

Where S is the signal received, o is the orthogonality factor and N is the noise. These three
values are taken from the system level offline results based on the fading files, which were
calculated beforehand. I is the interference which is calculated based on the emulation in realtime. The orthogonality factor is related to the intracell inference. It can be between 0 and 1. It
is 0 when there is no intracell interference.
Dropped packages
The difference between the number of IP packages sent by the HNB and the number of IP
packages received at the UE side defines the number of dropped packages. As UDP is used for
the transmission of the IP packages, there is no resending mechanism in case the transmission
fails.
Video quality
To test the video quality PSNR is measured. PSNR (peak-to-peak signal-to-noise ratio) is often
used in practice. It expresses the ratio between the maximum possible power of a signal and the
power of corrupting noise that affect the quality of its representation at the receiver side. PSNR
[73] is defined by:
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MaxErr 2 ⋅ w ⋅ h
w, h

∑ (x

ij

− y ij )

(4.5)

2

i = 0; j = 0

Where w and h represent the width and the height of the video stream. MaxErr is the maximum
possible absolute value of the signal. This metric is equivalent with the mean square error
(MSE), but it is well-suited to use because of the logarithmic scale. When the two video
streams are identical, the MSE is zero while the PSNR will be infinite (in our case it will be
represented as 100).

4.2. Results
Several set of tests have been done to analyse the behavior of the LTE HNB with DVB-IPTV
services. During these tests, stationary or mobile user equipment were used. The tests were
executed for home node base stations having different system bandwidth.

4.2.1. LTE home node base station with TV streaming behavior
Stationary UE – 1.25 MHz
During the first set of tests, the LTE HNB has the specifications from above and the system
bandwidth of 1.25 MHz. All the user equipment are stationary in this experiment; they do not
move or change position. Their coordinates are arbitrary and the same in every simulation, all
user equipment are inside the 50m radius cell. Six similar tests were done, the first having only
one active UE which receives the video/audio streaming. The number of UE is increased by one
in the next tests, until it reaches six active user equipment.
The traces generated by the emulator are processed and plotted. The variation over time of the
throughput, delay and SINR for all user equipment, during each simulation can be found in the
appendix. In Figure 4.4 the average throughput versus the average delay for every UE in each
simulation is shown. Dots having the same color correspond to UE from the same simulation.
When the number of user equipment is increased, the system bandwidth needs to be divided
between them. Therefore, the individual bandwidth becomes narrower resulting in an increase
in the delay. The delay increases from 7.7 ms, when only one UE is active, till 23.9 ms when
there are six active UE.
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Figure 4.4 Average throughput vs. average delay for stationary user equipment - 1.25MHz

In Figure 4.4 it can be noticed that the throughput is roughly constant for each simulation and
has very small differences for UE in the same simulation. In Figure 4.5 the throughput change
over time for the first user equipment from all six tests is plotted. As can be observed, the
throughput has more or less the same variation for all UE. Therefore it is safe to assume that the
throughput is the same during all tests.

Figure 4.5 Throughput for UE from simulations having different number of stationary UE – 1.25MHz

The increase in the delay with the number of simultaneous user equipment (Figure 4.4) can be
seen in Figure 4.6 as well. Moreover, it can be noticed that the delay does not depend on the
value of the SINR of the UE.
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Figure 4.6 Average delay vs. average SINR for stationary user equipment - 1.25MHz

The SINR is varying during the same simulation because the UE are placed at arbitrary
positions, their distance to the HNB being different. From equation (4.4), it can be assumed that
the SINR depends on the power of the signal transmitted to the UE, the noise, the interference
at the UE and the orthogonality factor. The noise is influenced by the system bandwidth
(equation (4.3)), therefore during these tests, the variation of the SINR is given by the different
orthogonality factor and the intracell interference. These factors are different for every UE
depending on the relative positions of the UE and the shadowing effect. The same UE are
placed at the same position in every simulation, but their SNIR is different because of the
interference with the other UE.
Stationary UE – 5 MHz
During the second set of tests, the system bandwidth of the LTE HNB is increased to 5 MHz.
The same procedure as in the previous experiment is followed: consecutively tests with one till
six stationary UE.
As the frequency bandwidth is increased, the increase in the average delay with the number of
active user equipment is not as big as in the case of 1.25 MHz bandwidth because the system
bandwidth is wider in this case. The lowest delay in this case is of 5.8 ms and could increase till
9.6 ms (Figure 4.7), which is noticeable smaller than the maximum delay in the previous case.
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Figure 4.7 Average throughput vs. average delay per stationary user equipment - 5 MHz

The small difference in the throughput can still be noticed, but can be neglected. In Figure 4.7 it
can be noticed that some user equipment from every simulation have a lower delay than the
other UE in the same simulation. These UE are the first UE in the simulation (see appendix),
which is always placed close to the HNB, therefore the distance to the HNB is smaller than for
other UE.
Stationary UE – 20 MHz
In the case of the wider system bandwidth, the delay is approximately constant per UE (Figure
4.8). As in the previous test, there is a small difference between the delay of the first UE and
the others (about 1.8 ms). In this case the system bandwidth is wide enough to support the
increase in the number of user equipment, so the delay does not vary for the same UE when
another user equipment becomes active in the cell.
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Figure 4.8 Average throughput vs. average delay for stationary user equipment - 20 MHZ

Mobile UE – 1.25 MHz/5 MHz/20 MHz
The same three sets of simulations are executed also for user equipment which perform a
random walk inside the cell. The behavior is almost the same compared to the previous cases.
The delay for mobile UE is the same as for the stationary UE (Figure 4.9). The throughput is
almost the same as in the stationary case (Figure 4.10).
It can be concluded that the LTE home node base station is a very good solution for mobile
devices in the home as the slow movement of the devices does not influence the delay. The
delay is decreasing when the system bandwidth is increasing, this can be seen also in Figure 4.9
.
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Figure 4.9 Average delay per number of user equipment

Figure 4.10 Average throughput per user equipment

But the SINR is decreasing when the system bandwidth is increasing (Figure 4.11), which
might lead to a decrease in the video quality because it is adding more noise to the signal.

Figure 4.11 Average SINR per number of user equipment
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The tradeoffs between the delay and the SINR for different system bandwidths can be seen in
Figure 4.12.
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Figure 4.12 Comparison between stationary and mobile UE for different system bandwidth

Average PSNR

From the previous figure, the trade-off
trade off between the delay and the throughput is clear. But also
the
he SINR is changing, which can influence the video quality. In Figure 4.13
13 the average PSNR
is plotted (the average for all the color
colo components).. It can be observed that when the system
bandwidth is narrower, the PSNR is slightly higher indicating a higherr video quality. This is
expected as the increase in the system bandwidth introduces more noise.
120
100
80
60
40
20
0

1.25 MHz
5 MHz
20 MHz

1

2

3

4

5

6

Number of UEs

Figure 4.13 Average PSNR

4.2.2. LTE home node base station vs. Wi-Fi
Wi
It was shown that the extended LTE home node base
base station is able to provide TV streaming to
the user equipment.. But the question is if it is a better solution than others available on the
market (e.g. a Wi-Fi access point).
point
In this project only 802.11b/g Wi-Fi
Wi
were considered because most of the available
avai
Wi-Fienabled phones are using these technologies. Using a dual mode phone for live video streaming
is already limiting the number of user equipment which can be used. If this number would be
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decreased even more by using a mobile phone which has one of the latest version of Wi-Fi
implemented, the number of devices supported would be very low.
802.11b Wi-Fi Access Point
The video signal can be very sensitive to dropped packages. The number of IP packages
dropped was measured for an 802.11b Wi-Fi access point. The test environment is a
home/office environment having a streaming server connected by wire to the access point and a
mobile client (laptop) connected by Wi-Fi to the access point. Other devices were operating in
the room which might create interference with the access point (e.g. Bluetooth, neighbour WiFi access points).
The access point does not have the possibility of packets retransmissions at the MAC layer. As
UDP is used for transmitting the TV stream, no retransmission is done. For the LTE test, the
cell radius was increased to 100m and different types of antennas were used. The LTE HNB is
highly reliable when the distance between it and the user equipment is short (e.g. less than 50
m). When multiple antennas are used, having frequency division demultiplexing, none
packages are dropped (Figure 4.14). If a LTE HNB with multiple antennas and time division
demultiplexing is used, it will drop a very small percentage of the sent packages (0.08% at 100
m). When a single antenna LTE home node base station is utilized, the percentage of packets
dropped increases rapidly when the distance between the HNB and the user equipment exceeds
50 m. For the Wi-Fi access point, the measurements show that packets are dropped even when
the distance is very small.

Figure 4.14 Dropped packages over distance - LTE HNB compared with Wi-Fi router

Because the proposed solution refers to home usage where the distances between the access
point and the user equipment are small, the LTE home node base station is clearly a better
solution than the Wi-Fi router. It is more reliable even for a short distance.
802.11g Wi-Fi Access point
Newer Wi-Fi access points have the possibility to do retransmissions at the MAC layer. The
retransmission can introduce higher delay for the retransmitted packets and this might mean
that the user will experience a big variance in the delay. This variance can be found in literature
under the name of jitter or IP packet delay variation (ipdv) [74]. The ipdv is the difference
between the one-way-delay of the selected packets within a stream. The IP packet delay
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variation can decrease the audio/video quality. This problem can be solved by introducing a
buffer at the receiver side. The size of the buffer needs to be proportional with the IP packet
delay variation. Thus, if the ipdv is small, then the mobile device would need a smaller buffer,
resulting in a cheaper solution.
Several measurements were done for a 802.11g Wi-Fi access point having the aforementioned
capabilities. The test environment is a home environment having a wired connection for the
streaming server to the Wi-Fi access point and a mobile client (laptop) connected by Wi-Fi to
the same access point. Several devices which could produce interference are present (e.g.
Bluetooth, neighbour Wi-Fi access points). The client is situated at 2-5 meters away from
access point. The delay could not be calculated as the clocks of the streaming server and the
client were not synchronized, but the variance in the delay (Figure 4.15 and Figure 4.16 with
possible interference) can be analyzed. To be noted that a zero value on the Y axes does not
mean zero delay. As the clocks were unsynchronized, the graphs are shifted by a constant on
the Y axes.

Figure 4.15 Delay behavior for Wi-Fi during streaming (1)

Figure 4.16 Delay behavior for Wi-Fi during streaming (2)

Because the LTE simulator provides the delay traces averaged for every second, the same
averaging was done for the Wi-Fi delays and the variance in the delay is still visible (Figure
4.17 and Figure 4.18), but the higher values were decreased by averaging.
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Figure 4.17 Average delay behavior for Wi-Fi during streaming (1)

Figure 4.18 Average delay behavior for Wi-Fi during streaming (2)

The level of the delay is not of big importance as it will only cause a shift in the starting point
of the audio/video stream. But the variance in the consecutive delays can cause unpleasant
pauses while live video stream is played. Furthermore, the variance in delay will be analyzed
for Wi-Fi and LTE and compared. The variance in delay is calculated as the absolute value of
the difference of consecutive delay values. It was observed that the delay variance can be
modelled by a lognormal distribution (both for averaged and not averaged Wi-Fi and LTE)
(Figure 4.19).

Figure 4.19 Lognormal distribution test for delay variation (a) averaged LTE; (b) averaged Wi-Fi (1); (c) averaged
Wi-Fi (2); (d) Wi-Fi (1); (e) Wi-Fi (2)
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Assuming the lognormal distribution, the parameters of the distribution can be estimated
according to [75].

µ̂ =

∑ ln (x )
k

k

(4.6)

n
2

σˆ

2

∑ (ln( x ) − µˆ )
=
k

k

(4.7)

n

Using the estimated distribution parameters the mean (equation (4.8)) of the delay variance can
be calculated and compared between different simulations (LTE and Wi-Fi) as following:

∆ dˆ = e

µˆ +

σˆ 2
2

(4.8)

The mean of the delay variation can be calculated using this reasoning for the measurements
done over Wi-Fi and for the simulated result for LTE. The Wi-Fi measurements are compared
with the case of video streaming over LTE with one UE situated at a distance of 2-5 meters
away from the access point. In Table 4.2 the estimated values of the average variation in delay
are shown for different video streaming experiment over LTE (simulated) and 802.11g Wi-Fi.
Table 4.2 Estimated mean of delay variance

LTE – 1.25MHz
LTE – 5 MHz
LTE – 20 MHz
802.11g Wi-Fi (1)
802.11g Wi-Fi (2)
802.11g Wi-Fi (3)
802.11g Wi-Fi (4)

Estimated mean (ms) of Estimated mean (ms) of
delay variance based on delay variance based on
delay samples for each IP averaged delay samples
packet
0.54
0.05
0.04
0.78
0.33
3.50
3.30
7.00
1.50
0.91
0.40

It can be observed that the averaging of the delay per second decreased the value of the delay
variance. But still, an idea of the problems introduced by delay variance in different
technologies can be concluded. In the best case for LTE the variance in the delay is
significantly times smaller than in the case of Wi-Fi. The worst case for LTE is comparable
with the best case for Wi-Fi, while the worst case for Wi-Fi (possible interference resulting in
heavy retransmission) is introducing more variance in the delay.
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Figure 4.20 Average delay - LTE vs Wi-Fi (1)

Figure 4.21 Average delay - LTE vs Wi-Fi (2)

The conclusions extracted from Table 4.2 are verified by Figure 4.20 and Figure 4.21. In Figure
4.20 it can be noticed that the delay over Wi-Fi (case 1) has a comparable variance with the
delay of LTE 1.25 MHz. The fact that the Wi-Fi delay is situated lower on Y axes does not
mean anything as the delay for Wi-Fi is shifted by an unknown constant. In Figure 4.21 it is
clear that in the second experiment of streaming over Wi-Fi a higher variance was introduced in
the delay compared with the worst case of simulations over LTE.
This result is not very accurate as there are a lot of assumptions made and also a lot of
limitations introduced by the LTE simulator and the test environment for the Wi-Fi access
point. Not having enough data from the LTE simulator, e.g. the delay for every IP packet
received is not allowing the comparison between Wi-Fi and LTE to be a quantitative one (the
values from Table 4.2 are only for orientation).
Furthermore, the delay during the LTE simulations was measured at the layer 3 on the receiver
side, while for the Wi-Fi experiments it was measured at the application layer. More fluctuation
in the delay could appear between layer 3 and layer 7 in the case of LTE. During the Wi-Fi
experiments the application did not try to correct the variance in the delay. But, observing the
shape of the delay variance (Figure 4.17), a buffer might be implemented in the protocol stack
of the Wi-Fi. The small increase in the delay for the Wi-Fi case could be determined also by the
unsynchronized clocks. Between the two clocks (the one of the server and the one of the client)
there might be a drift causing the difference in delay.

4.3.

Summary

Simulation tests were done to investigate the feasibility of providing media content to mobile
devices via the HNB. The tests were done using the neatbox simulator for LTE node base
stations configured as an isolated home node base station. The results show that the HNB is
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suitable for the retransmission of audio/video stream. The throughput is sufficient for providing
video streams for mobile phone usage, but the delay experienced by the user is increasing faster
with the number of user equipments when a narrower system bandwidth is used. Movement of
the user equipments does not influence the throughput or delay, it only adds more noise to the
signal transmitted.
Furthermore, tests to compare the streaming over LTE HNB with streaming over a Wi-Fi
access point were done. The LTE HNB was compared with a 802.11b access point that did not
have the possibility to retransmit IP packets at the MAC layer. The result shows that, for the
home usage, the Wi-Fi access point drops IP packets which might affect the video quality,
while the LTE HNB does not drop packets for short distances. The LTE HNB was also
compared with a 802.11g access point able to retransmit the failed packets at the MAC layer.
This retransmission introduces a higher delay for the initially failed packets, resulting in a
higher variance in the delay.
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5. Conclusions
The amount of data traffic triggered by the changes in the mobile technologies is increasing
exponentially, more than half of this data being consumed indoor. The trend is for the user to
utilize streaming services on the same device as he/she uses for voice calls and Internet. This
problem is not solved by the mobile TV broadcasting technologies as they impose limitations
on the end device (e.g. TV tuner). A solution to provide TV streaming to the mobile user needs
to be found for indoor scenario, without the need of increased external data traffic and with
fewer limitations on the end device.
The use of Wi-Fi is not optimal, because it imposes limitations on the user equipment used and
also it does not guarantee quality of service. Interference can easily occur and depreciate the
TV experience. This project proposes to use a home node base station in this scope.
There is a very large number of architectures proposed for the home node base stations for
different technologies. Different organizations (3GPP, 3GPP2) proposed standards for the most
popular technologies (UMTS, CDMA2000, LTE). At first look these standardized architectures
are different, but their protocol stack is very similar, offering the same functionalities even if
the protocols used are different.
Due to the changing environment in the mobile technology field, having a common architecture
for the home node base station (HNB), which gives the chance of fast redesigning for another
technology is important. Having this architecture common for the most popular mobile
technologies provides a better overview of the HNB architecture in general. It helps
understanding the general HNB architecture.
Furthermore, extending the HNB for new services is trivial now. Instead of extending different
architectures separately, the extension is only done once and it can be implemented for different
technologies at once.
When migrating from UMTS/CDMA2000 to LTE, the HNB architecture does not need to be
designed again to support the previous services. Having the common architecture, this job is
already done.
Adding the DVB-IPTV live media broadcast profile to the home node base station is the
cheapest option to implement TV broadcasting on the HNB because all the data transport is
realized using UDP which all HNB, already have implemented, while the other profiles need
TCP for some of their services.
Extending the common architecture, the HNB with additional TV (3.3.1 All-in-one and 3.3.2
Proxy based architecture) can be easily implemented for UMTS, LTE or CDMA2000. The
server based system architecture, for set-top-boxes (STB) and home node base station, is not
very appealing as it comes with a lot of disadvantages compared with the other two solutions.
In the case of the separate STB providing pre-processed data to the HNB (proxy based
architecture), the low layer algorithm do not need to be implemented in the HNB, as it is the
case in the all-in-one solution.
When the STB is incorporated in the HNB, the HNB needs to be more complex because it
requirements to be able to provide high definition television to the home TV as well. If the STB
is not incorporated in the HNB, the STB is taking care of the home TV and the only job of the
HNB is to provide the downscale audio/video stream in a format that the phone can play.
Furthermore, the STB separate from the HNB solutions, can be modified to use DVB-S/T/H
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without changing the HNB architecture, only by extending the STB to be able to forward its
data over IP.
The LTE HNB with additional TV services (DVB-IPTV proxy base architecture) is a feasible
solution. It can provide high enough quality for live audio/video streaming. In the case of the
home node base station a narrower system bandwidth is appropriate. If the number of users is
higher (like in the case of a business node base station) a wider system bandwidth is more
suited.
As the highest delay is of only 24 ms, it is better to use a HNB with a narrower bandwidth for a
higher quality video streaming (having less noise). A higher bandwidth HNB scales better with
the number of user equipment, but this is not a sensitive issue in the case of the home
environment because it needs to support only up to 6 users simultaneously.
When compared to existing solutions, LTE home node base stations are more suitable for
providing media content to the mobile devices than Wi-Fi because of the lower variance in the
delay. Furthermore, the proposed solution can be used with a bigger subset of mobile phones.
This solution does not require a dual phone like in the case of Wi-Fi or a phone with a TV tuner
incorporated, like in the case of traditional mobile TV.
The home node base stations are a good solution for the media streaming in the home because
they provide the possibility to continue the service when the user goes outside the radius of the
HNB. When the user goes outside of her/his home, the handover will be done to the macrocell
and the user can continue the same service, possibly at a higher rate if MBMS is supported by
its operator. Contrary, when the same service is used over the Wi-Fi access point, it needs to be
stopped when the user goes outside of its radius. Moreover, the Wi-Fi access point does not
give the opportunity to do transcoding and scaling before sending it to the mobile device. If this
is needed an additional machine necessary, to be introduced or this needs to be done on the settop-box.
The drawback of using a home node base station for providing TV services to mobile devices in
the home is that the family members are restricted to have a subscription from the same mobile
operator. But they can have discounts on voice calls and data rates as well. Another drawback is
that there needs to be an agreement between the mobile operator, the TV provider and the
Internet service provider (in the case when all this entities are different).
Typically, the Wi-Fi link drops packages even for short distances, while the LTE link does not
(for all kinds of antennas). Even if the newer Wi-Fi access points are capable of automatic
MAC retransmission of failed delivery packets, they introduce a higher delay and an increase in
the delay variance. In order to solve this problem, bigger buffers can be used on the receiver
side (on the mobile phone) resulting in a more expensive product. Because of its nature
(providing robustness to time-dispersive radio channels by using OFDM) LTE devices do not
drop packages and does not retransmit packages, resulting in a lower variance in the delay.
Therefore the buffer can be smaller for live video streaming service. Moreover, if bigger
buffers are used in order to solve the problems caused by variance in the delay, a higher overall
delay would be experienced.
The difference in delay for consecutive IP packets could not be calculated in the LTE case.
Instead the values of the average delay per second are considered because the LTE simulator
provides the data in this form. The comparison between the Wi-Fi and LTE is more qualitative
then quantitative because of the limitations of the LTE simulator. Furthermore the test
environment in the case of Wi-Fi was not the same as in the case for the LTE simulations, one
was a real-time experiment, and the other was simulation.
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The compared behavior from the point of view of the throughput was not investigated for the
two technologies (LTE and Wi-Fi) because it was found that both technologies have high
enough data bandwidth. The experiment compared the variance in delay only when one UE is
used. For more extensive comparison multiple UE need to be used.
We have proposed an overview of the internal architecture of the home node base station for
different technologies, an easy way to extend it with live multimedia services. Furthermore,
even considering the experimental limitation, the simulations and experimentations show that
the extended architecture for the LTE case is a feasible solution for providing audio/video
streaming and that it is better or as good as the similar service realized over Wi-Fi 802.11b/g.
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A. HNB comparison with other similar devices
Table 0.1. Comparison of femtocells and other wireless devices

Operates in licensed
spectrum
Supports power
control
Robust security
Serves existing
personal devices
Provides voice and
data services
Provides wide-area
mobility

Consumer device and
price
Consumer installation

Wi-Fi access
points

Cordless
telephones

Repeaters
(“boosters”)

Cellular
base
stations

Femtocells



























N/A








(but requires









(unless
combined with
mobile systems
and special
enhancements)



N/A

























device specific
extensions)

Repeaters and cellular base stations are also operating in licensed spectrum, have also the
possibility to adjust the power and can serve as personal devices, like femtocells; while cordless
phones are functioning like Wi-Fi access points.
Cordless telephones are not personal devices. They were designed to give mobility to the fixed
telephone landline, but they do not provide wide-area mobility, and they are expected to
disappear once the femtocells will become popular. Cordless phones can only provide voice
services.
Repeaters and cellular base stations are expensive and difficult to deploy compared to
femtocells, Wi-Fi access points and cordless telephones. Base stations would usually be
planned and optimised by professional radio planners, while such intelligence is automatic
within femtocells. The gain of the amplifier of the repeater must be adjusted within tightly
defined limits: too little will fail to deliver adequate coverage improvement, while too much
will cause feedback between the antennas, degrading or even denying service for all the users in
the coverage of the external ‘donor’ cell. By contrast, femtocells are zero-touch devices,
requiring no professional skills for set-up. Lastly, repeaters tend to be far more expensive than
the target prices for femtocells, even before the cost of professional services is counted [76].
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B. MPEG-22 Transport Stream
MPEG-22 TS is a standard format
format for transmission and storage of audio, video and data. This
container format encapsulates packetized elementary streams (PES),, with error correction and
stream synchronization features.
features MPEG-2 transport
ransport stream transmissions may carry a single
program stream
ream (SPTS) or multiple programs (MPTS).
(MPTS) The scheme to combine multiple
programs in a single transport stream is shown in Figure 0.1.. Additionally to the packetized
elementary streams, a transport stream contains service related program specific information
informatio
(PSI) and DVB service information (SI) tables, which provide guidance for the TS processing.
[77]

Figure 0.1 Multiple program MPEG transport stream

The PSI is transmitted in transport
t
packet with program ID (PID) 0. It contains program
association tables (PAT) which provide the complete list of all programs in the TS along with
the PID for the program map table PMT for each program. The PMT contains the PID for each
of the channels
nels associated with a particular program. The service information tables are
required for the tuning of the receiver upon selection, it contains the programs location, the
electronic program guide (EPG). [78]
The audio/video and data streams are split during multiplexing into different TS packets (this is
exemplified in Figure 0.1 by the different blocks; identical blocks are part of the same stream).
Each TS packet has a 4 bytes header which can be followed by an adaptation field
f
and the
payload (Figure 0.2).
). The header consists of:
•
•
•
•
•
•
•
•

Sync byte (8 bits) – it is used to synchronize the decoder. 0x47 is the start of the TS
Transport error indicator (1 bit) – it is set when the TS contains an uncorrectable error
Payload unit start indicator (1 bit) – it is “1” when the TS contains PES data and “0”
when it contains PSI
Transport priority (1 bit) – it is set when the packet has higher priority than other
packets with the same PID
PID (13 bits) – it contains the packet ID. All TS packets
packets from the same audio/video or
data stream have the same PID.
Transport scrambling control (2 bits) – shows the way the data is scrambled
Adaptation field control (2 bits) – shows if the header is followed by a adaptation field
and/or payload
Continuity counter (4 bits) – incremented with each Transport Stream packet of the
same PID.
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Figure 0.2 MPEG-2 TS packet header

A packetized elementary stream (PES) has a header containing (Figure
(
0.3):
):
•
•

•
•
•

Packet start code
ode prefix (3 bytes)
b
– it is always 0x000001
Stream ID (1 bytee) – for audio stream it is between 0xC0 and 0xDF, and for video
stream 0xE0-0xEF.
0xEF. The packet start code prefix and the stream ID form together the
first 4 bytes of the PES, also called the packet
packe start code.
PES packet length (2 byte)
by – if it is set to zero (possible only for video elementary
stream), the PES packet can have any length
Optional PES header (variable length) – contains different flags used for scrambling
control, priority, copyright,
copyrigh original or copy etc.
Stuffing bytes (variable length) – have value 0xFF

Figure 0.3 MPEG-2 TS packet payload
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C. Simulation results for LTE tests
Throughput for stationary UE – 1.25MHz
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Delay for stationary UE – 1.25MHz
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SINR for stationary UE – 1.25MHz

Department of Mathematics and Computer Science
Eindhoven University of Technology

87

Providing Media Content to Mobile
Devices via Mobile Access Points

Appendices

Throughput for stationary UE – 5 MHz
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Delay for stationary UE – 5 MHz
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SINR for stationary UE – 5 MHz
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Throughput for stationary UE – 20MHz
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Delay for stationary UE – 20 MHz
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