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Pendekatan Baru Penambah Baikan Kapasity dan Liputan Bagi Rangkaian LTE-
A Pelbagai

ABSTRAK

Rangkaian selular yang sedia ada mempunyai kesukaran untuk menyediakan tahap
SINR yang memuaskan kepada pengguna terutamanya di sempadan sel rangkaian. Oleh
itu, kaedah multi-hop dianggap sebagai salah satu kunci utama untuk memperbaiki
teknologi rangkaian sel melalui teknologi Long Term Evaluation-Advanced (LTE -A)
bagi memenuhi permintaan yang semakin meningkat dan memperluaskan liputan dan
peningkatan kapasiti sistem. Walau bagaimanapun sistem multi-hop ini bergantung
kepada lokasi Nod Relay (RN) bagi mengurangkan gangguan<isyarat di antara sel.
Penyelidikan ini mencadangkan tiga pendekatan asli bagi tujuan meningkatkan
keupayaan dan memperluaskan kawasan liputan bagi) LTE-A rangkaian selular.
Pertama, yang dipanggil Kedudukan Optimum RN (ORND) yang berdasarkan kepada
permodelan matematik menggunakan formula teori-agihan kapasiti Shannon. Di dalam
pendekatan ORND ini penentuan lokasi yang“paling optimum untuk RN (Dgy)
diperolehi melalui rumusan matematik yang memaksimumkan kapasiti untuk pengguna-
pengguna di dalam kawasan tepian sel. Bilangan RN yang optimum (N,.¢;4,,s) diperolehi
ditentukan bagi memastikan liputan{_keluasan yang optimum dan juga dapat
mengurangkan kos. Berdasarkan kepada dapatan pengiraan Dgy dan Nygjqys, Kuasa
penghantaran untuk setiap RN ditentukan bagi mengelakkan pertindihan dan gangguan
antara RNs yang berdekatan., Penggunaan semula frekuensi digunakan untuk
memastikan tiada ganggunanm antara RN dan Stesen Pangkalan (BS) dan untuk
memelihara spektrum di)dalam sel yang sama. Melalui permodelan persamaan
matematik dan pengesahan melalui simulasi yang dibuat, keputuan menunjukkan bagi
peringkat pertama Sel (iaitu 6 sel-sel mengelilingi sel tertentu) menunjukkan 40%
peningkatan kapasiti berbanding dengan rangkaian selular konvensional. Pendekatan
kedua, dipanggil Peningkatan Kapasiti Pautan Relay (ERLC), memberi tumpuan kepada
peningkatan kapasiti pautan untuk mengatasi gangguan dalam perkhidmatan mudah alih
kerana saluran yang tidak tetap. ERLC berdasarkan kepada implementasi penggunaan
dua (jenis antena, Antena Banyak Arah (OA) dan Antara Satu Arah (DA) yang
beroperasi secara Half Duplex (HD). Penghantaran kuasa setiap antena ditetapkan
disamping memelihara penggunaan kuasa yang sama bagi perantara untuk RN. Kaedah
ERLC berjaya meningkat kapasiti pautan relay kepada 46% berbanding dengan relay
pautan konvensional. Akhir sekali, Relay Bergerak (MR) dicadangkan bagi
menyediakan sambungan yang boleh diharap bagi rangkaian selular untuk menyediakan
sambungan di sepanjang laluan kenderaan. Penggunaan MR menunjukkan prestasi yang
baik bagi pengguna sel. Satu algoritma baru dipanggil Algoritma Samarataan
Kuasa(BPA) dihasilkan dan dianalisa. Keputusan yang diperolehi menunjukkan bahawa
BPA dapat mengurangkan 75% kuasa penghantaran dan meningkatkan keseluruhan
bilangan pengguna aktif dan apabila digabungkan dengan menggunakan MR sekitar
88% celusan berbanding dengan pautan langsung tanpa menggunakan MR.
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Capacity and Coverage Enhancement for Multi-Hop Relay in LTE-A Network

ABSTRACT

Cellular networks known have difficulty to provide satisfactory SINR level to users at
the cell boundaries. Therefore, multi-hop relay is considered as one of the main keys for
Long Term Evaluation - Advanced (LTE-A) to meet the growing demand for coverage
extension and capacity enhancement. However these benefits of multi-hop depend on
location of Relay Node (RN) which mitigates interference among the cells. In this work
three novel models to enhance the capacity and expand the coverage area for LTE-A
cellular networks are proposed. The first model called Optimum RN Deployment
(ORND) and based on mathematical modelling of modified“Shannon formula of
capacity distribution. In ORND the determination of optimal-location for RN (Dgy) is
formulated to maximize capacity for users at cell edge(region. Optimum number of
relays (Nyqiqys) is derived to ensure the best coverage with low cost implementation.
Based on both Dgy and Nyeqys, transmission powerfor each RN is allocated to avoid
overlapping among neighbouring RNs and optimize the power consumption. Frequency
reuse of multi-hop relay is applied to avoid interference between the RN and Base
Station (BS) while preserving the same available spectrum for the cell. Mathematical
results are validated by multi-cell simulation through using first tier of cells (i.e. six
cells surround a particular cell) and. showed 40% of capacity enhancement for cell size
with interference- limited compared to conventional cellular network. The second
model is called Enhance Relay Link Capacity (ERLC) and aims to enhance capacity for
the relay link to overcome outages in mobile services due to channel fluctuations. ERLC
is based on the usage of)two antennas types, Omni directional Antenna (OA) and
Directional Antenna (DA). The transmission power of each antenna is allocated while
preserving the same“consumption of the feeder power to the RN. ERLC increased
capacity of the relay link to 46% in comparison with conventional relay link. Finally,
Moving Relay“(MR) is proposed to improve throughput for passengers on public
transportation“and provide reliable connection with cellular networks along the route,
especially. at the cell boundaries. A new algorithm called Balance Power Algorithm
(BPA) )is proposed to minimize the transmission power consumption for MR. The
results shows that BPA substantially reduced 75% the transmission power consumption
for MR and increased throughput for active users linked with the MR around 88%
compared to direct link.
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CHAPTER 1

INTRODUCTION

1.1 Background

Mobile communications have come a long way since the introduction of the first
mobile telephone systems in the 1950s by German National\ Railway (Dahlman,et al.,
2011). Aside from the fact that the user equipments (UES)'were bulky and power-hungry,
there were other serious issues with frequency allacation and the transmitted power of the
base station (BS). Therefore, these primitive services severely limited the number of active
users to the number of channels assigned to a particular frequency zone (Sesia, et al.,
2011).

The well-known generational phase of mobile telecommunications started in the
early 1980s, beginning. with the introduction of the so-called 1* Generation (1G) of mobile
telecommunications” standards. The 1G analog cellular systems supported voice
communieation with limited roaming and short range radio waves telephones. 1G mobile
phones—used a single universal network standard known as Advanced Mobile Phone
Systems (AMPS) (Gibson, 2012). In this technology, separate frequencies were used for
each conversation and therefore needed considerable bandwidth for a large number of
users. Later, 2" Generation (2G) was introduced as a digital systems and promised higher
capacity and better voice quality. Roaming became more prevalent thanks to fewer

standards and common spectrum allocations across countries. 2G cellular telecom networks





