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ABSTRACT 

The increasing demand on mobile service providers to support high rate applications has prompted the 

development of 4G networks. LTE Advanced is one of the promising technologies to meet the rising demand. 

This paper studies performance of LTE Advanced Network through relay deployment to enhance cell edge 

coverage and using of decode and forward (DF) protocol by evaluating of many scenarios using Matlab 

program, and WINNER-II which is used to investigate different channel model or propagation environments. 

Results have shown that cooperative relay number has significant effect in enhancing network performance. 

And by using couple of modulation types QPSK, 16QAM and 64QAM for relay link and access link, 64QAM 

has higher BER even by increasing SNR. 
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INTRODUCTION  

A. Preface 

The International Telecommunications Union Radio communications (ITU-R) defines the 

requirements for the International Mobile Telephony - Advanced (IMT-A), in order to enable the 

standardization process for 4th generation wireless cellular technologies. Two working group have 

been developed; Third Generation Partnership Project (3GPP) who initiated Long Term Evolution-

Advanced (LTE-A) standards and IEEE.802.16 Working Group with its WiMAX 802.16m 

standards. These technologies promise to achieve high spectral efficiency with improved peak data 

rates and enable enhanced network coverage with good throughput both in downlink and uplink. In 

3GPP community, the LTE-A Release-10 compliant networks are termed as to fulfill the IMT-A 

requirements [1][2]. The standards of LTE-A propose several enhancement techniques to provide a 

quality-of-service (QoS) to the mobile users with low deployment constraints including Carrier 

Aggregation (CA), Extended-Multiple-Input Multiple- Output (E-MIMO), Coordinated Multi-point 

Transmission (CoMP), Relaying,   and so on.  

Two of the main challenges faced by the developing standard are providing high throughput at the 

cell edge and improving coverage. Cell edge performance is becoming more important as cellular 
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systems employ higher bandwidth with the same amount of transmit power and use higher carrier 

frequencies with infrastructure designed for lower carrier frequencies. One solution to improve 

coverage as component included in LTE-A is to use the fixed relays to transmit data between the 

eNodeB and the Mobile Stations or User Equipment through multi hop communication [3]. 

 

The LTE-A is backward compatible with existing LTE system and support the existing LTE 

enabled UEs. It provides higher bitrates in a cost efficient way and, at the same time, completely 

fulfill the requirements set by ITU for IMT Advanced (4G) [4] as increased peak data rate, Down 

Link 3 Gbps, Up Link 1.5 Gbps, and higher spectral efficiency, from a maximum of 16bps/Hz in 

Release8 to 30bps/Hz in Release10. 

 

B. Long Term Evolution  

LTE system needs to provide long term efficient solutions comparatively to its predecessor’s 

technologies, in order to enable improved network coverage and capacity. The evolution towards 

LTE in principle began with Release 98 specifying GSM and then continued with Release 99. 

Release 99 specifies UMTS with CDMA air interface. The technology moved to all-IP network 

development in Release 4. UMTS networks development moved to HSPA introduced in 2002 by 

Release 5 (HSDPA) and Release 6 (HSUPA). The improvements in mobile technologies went on by 

HSPA+ which is described in Release 7 and together with Release 8, LTE was introduced in 2008 as 

all-IP network [5]. LTE is designed to utilize Orthogonal Frequency Division Multiple Access 

(OFDMA) in the downlink; whereas, single carrier-Frequency Division Multiple Access (SC-

FDMA) is chosen in the uplink due to its low Peak-to-Average Power Ratio (PAPR). OFDM meets 

the demands for spectrum flexibility and provides cost-efficient solutions for carriers with high peak 

data rates due to the orthogonally between the subcarriers. The transmitter introduces Cyclic Prefix 

(CP) to avoid inter-symbol interference (ISI) caused by multipath [5]. 

 

C. Related Works 

Numerous literatures work on relayed LTE-Advanced networks. Studying of [6] demonstrates the 

effects of RNs deployment in an LTE-Advanced network with three scenarios. It showed how the 

use of RNs increases network capacity and how this increase depends on both the number and the 

positions of RNs, and an efficient relay location scheme can guarantee better performance with less 

relays per cell. Among the analyzed configuration scenarios the two Relay per Cell (2RPC) 

guarantee a good compromise between costs and capacity enhancement, while the 3RPC scenario 

appears to give no meaningful gains with respect to the 2RPC, and it employs more RNs per each 

cell. The 6RPC scenario gives the best performance, at the price of a greater costs compared to other 

scenarios. Performance evaluation of the relay-enhanced LTE-Advanced network using Amplify and 

forward relaying protocol was in [3]. The evaluation performed through design of several 

propagation environments, four scenarios were designed among them one considers no relay at all 

and the rest considered relay deployments. The simulation results show that relay technologies can 

effectively improve service performance. A study [7] of cooperative relaying system is implemented 

on Matlab then DSP boards to compare the performance of different relaying protocols: amplify-and-
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forward (AF), decode-and-forward (DF) and detect-and-forward (DeF) concluded using optimal 

Maximum likelihood detection for all the protocols, DF performs better than both AF and DeF and 

when the simplest combing method MRC is applied, AF has the best performance. 

The larger constellations are used between eNB and RN link to achieve high data rates at relay. 

However, because of the mobility of the users, the link(s) from RNs to UE is smaller constellations 

to ensure reliable transmission. Study [8] proposed the “soft-bit maximum ratio combiner” 

(SBMRC) as a low complexity diversity combining scheme for signals with different modulation 

levels. SBMRC exhibits BER performance that is very close to the optimal maximum likelihood 

detector (MLD), but with much reduced complexity. If full channel state information (CSI) is 

available at BS, deciding whether to communicate through relays or directly, and optimizing the 

modulation levels for all the transmitting nodes, can improve the end-to-end throughput drastically; 

such optimization is studied extensively (for instance, [9], [10]). The cases when only the relays are 

used are studied in [8].  However, in this paper both relay and direct links are used for transmission. 

SYSTEM DESIGN 

In this section, we describe network layout, coding algorithm, modulation techniques, and 

combination method of modulation levels. 

 

A. Network layout: 

Two simulations were designed, the first studies the effect of relay deployment in LTE Advanced, 

it compares performance of four scenarios: first scenario eNB and UE without relay, second scenario 

eNB and UE with relay but without cooperation, third scenario eNB and UE with cooperative relay 

and the last scenario eNB and UE with two cooperative relays.  

The second simulation shows the transmission optimization by using high modulation level in 

link between eNB and RN while using low modulation in the link between RN and UE. 
 

 
 
 
 

 
 
 
 
 
 
 

 

 

 

 

 

Figure 1: Scenarios of the first simulation LTE Advanced network 

 

Four scenarios of two cooperative relays with different modulation levels were taken: 64QAM-

16QAM, 64QAM-QPSK, 16QAM-QPSK and QPSK-QPSK. 
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B. Coding and decoding Algorithms 

In communication system, error detection and correction has importance to issue reliability and 

efficiency of data transmission. The convolutional encoder with Viterbi decoder is more powerful 

structure for forward error correction technique [7]. Convolutional code of 1/2 rate is applied in this 

paper as in (1); the encoder block diagram is shown in fig. (2). 

Code rate = k/n =                       (1) 

 

For decoding convolutional code Viterbi algorithm is used based on trellis diagram fig. (3). The 

Viterbi decoder finds a maximum likelihood path through the Trellis, constraint length (L) is 3 so 

possible states are   2(L-1) i.e. four [11]. 

 

 

 

 

 

 

 

 

 

Figure 2: Convolutional Encoder 

 

 

 

 

 

 

  

 

 

 

 

Figure 3: Trellis diagram for Viterbi decoder 

C. M-QAM Modulation and Demodulation 

Different modulation types which approved for LTE Advanced were applied: QPSK, 16 QAM 

and 64 QAM. The following mathematical model maps K bits into a Gray coded M-QAM symbol 

[8][12], for different modulation levels, 4-QAM, 16-QAM, and 64-QAM Gray coded symbols 

shown in (2), (3) and  (4): 

                                (2) 

                       (3) 

              (4) 

Where  

s ϵ{1,-1}, 𝑑𝑀 is a constant used to fix the energy per bit to unity and it is given by (5): 

                      (5) 

 

Input Bit     

sequence 

Out Bit     

sequence 

Y1 

Y2  
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For example, d4 = 1, d16 = 0.6325, and d64 = 0.378 

 

For the Gray coded 𝑀-QAM schemes to extract soft-bits from soft-symbols the Log-Likelihood 

Ratio (LLR) can be well approximated by (6) the recursive expression [8] [12] [13] [14]: 

  (6) 

Where, 

 the extracted soft bit. 

       is the channel coefficient. 

     received vector. 

 

D. Diversity Combining Scheme: 

Soft-bit maximum ratio combiner (SBMRC) is used to combine signals of different modulation 

levels, which exhibits BER performance that is very close to the optimal maximum likelihood 

detector (MLD), but with less complexity [8] [12], the SBMRC decides on the bit 𝑙, for 𝑙 ∈ {0, 1, 

...,𝐶 − 1}, according to (7) criterion: 

                             (7) 

Where 𝑙 is a sum of the soft-bits received from different links and is given by (8): 

                             (8) 

RESULTS AND DISCUSSION 

Two simulations were designed using Matlab program and Wireless World Initiative New Radio 

(WINNER) Matlab coded source to introduce different propagation environments. 

 

A. Effect of relays number  

The first simulation contains the four scenarios depicted in fig. 1, it studies the effect of 

cooperative relay number in the network performance using decode and forward protocol.  

Typical urban macro cell of Fig. 4 showed that the less Bit Error Rate (BER) appears with higher 

Signal to Noise Ratio (SNR) in all scenarios. Also it’s noticeable that, without-relay scenario 

exhibits the worst BER, next come with-one-relay without cooperation scenario, then, with-one 

cooperative relay and when two cooperative relays are deployed the results becomes even better, the 



 

International Journal of Advances in Engineering Research                                                http://www.ijaer.com  

 

(IJAER) 2015, Vol. No. 10, Issue No. IV, October                                        e-ISSN: 2231-5152/ p-ISSN: 2454-1796 

 

40 

 

INTERNATIONAL JOURNAL OF ADVANCES IN ENGINEERING RESEARCH 
 

 

average reduction in BER of two cooperative relays scenario over the three previous scenarios is 

82%, 74% and 66% respectively. 

Fig. 5 shows that in bad urban macro cell environment scenario of without-relay has higher BER 

through varying values of SNR, then Non-cooperative scenario, then cooperative-with one relay 

scenario and lastly cooperative-with two relay. The average reduction in BER of two cooperative 

relays scenario over three scenarios as follow: over without-relay scenario is more than 74%, over 

with relay but without cooperation is 64% and over with cooperative relay is 51%. It’s clear that by 

comparing the Typical Urban macro cell with the Bad, the BER in the former achieved with less 

SNR than that of the later in the four scenarios. 

 

 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

Figure 4: SNR vs. BER (Typical urban macro cell) 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: SNR vs. BER (Bad urban macro cell) 

The average reduction related to fig. 6 of suburban macro cell in BER of two cooperative relays 

scenario over without-relay, with-relay but without cooperation and with cooperative relay are 75%, 

63% and 49% respectively. By comparing fig. 6 of suburban macro cell to fig. 4 and 5, it’s clear that 

all the relay scenarios perform much better than the without relay scenario and increasing the number 

of cooperative relays enhance SNR vs. BER. 
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B. Optimizing transmission by different modulation levels 

This simulation consists of four scenarios have eNB and UE and two cooperative relays use DF 

protocol with different modulation. The direct link in all scenarios uses QPSK modulation while 

relay and access links are set as follow:  

a) The First scenario uses QPSK modulation in relay and access links.  

b) The Second scenario is 64QAM in relay links and QPSK in access links. 

c) The Third scenario is 16QAM in relay links and QPSK in access links. 

d) The Fourth scenario is 64QAM in relay links and 16QAM in access links. 

 

 
 
 
 
 
 

 
 

 

 
 

 

 
 

 

 

Figure 6: SNR vs. BER (Suburban macro cell) 

Fig. 7 shows different values of data rate (Mbps) vs. SNR (dB) which could be achieved in relay 

link for the different modulation levels. 

 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 7: Different Modulation’s Data rate vs. SNR 

Typical urban micro cell appeared in fig. 8 illustrates variations in curves of SNR vs. BER for the 

couple of modulation levels. 64QAM-16QAM scenario has the much BER, and also BER remains 
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constant above SNR 12dB, then, 64QAM-QPSK scenario come with BER near 5*10
-3

 and BER 

remains constant above 15dB SNR, then, QPSK-QPSK scenario and at finally 16QAM-QPSK 

scenario. The average reduction in BER of 16QAM-QPSK over QPSK-QPSK is 57% up to SNR 16 

dB, and above 16dB the average reduction in BER of QPSK-QPSK over 16QAM-QPSK is 54%.  

It’s noticeable that up to SNR (16dB) in fig. 8, the data rate 40Mbps in relay link of 16QAM-

QPSK scenario achieved with lesser BER than the couple QPSK-QPSK of data rate 20Mbps. 

 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 8: SNR vs. BER of cooperative 2 relay (Typical Urban Micro cell) 

The typical urban micro cell curves of fig. 8 is near from bad urban micro cell curves fig. 9 but 

the BER achieved in the former with less SNR values than that in the later. With the higher SNR 

QPSK performs better than 16QAM but with less data rate at relay. In fig. 9 the average reduction in 

BER of 16QAM-QPSK over QPSK-QPSK is 48% up to 16 dB, and above 16dB the average 

reduction in BER of QPSK-QPSK over 16QAM-QPSK is 60%. 

 

 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 9: SNR vs. BER of cooperative 2 relay (Bad Urban Micro cell) 
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SNR vs BER of Cooperative Environment 2 relay (Typical urban micro-cell) 
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The indoor to outdoor environment shown in fig. 10 is agreed somewhat with the previous fig.8 

and 9, where in the two 64QAM scenarios increasing of SNR above 15 dB has trivial effect on BER, 

while in 16QAM-QPSK and QPSK-QPSK scenarios SNR vs. BER has semi linear relation, i.e. 

increase of SNR causes decrease of BER. The average reduction in BER of 16QAM-QPSK over 

QPSK-QPSK is 58% up to 16 dB, and above 16dB the average reduction in BER of QPSK-QPSK 

over 16QAM-QPSK is 63%. 

 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

Figure 10: SNR vs. BER of cooperative 2 relay (Indoor to Outdoor) 

The results have explained by using 64QAM modulation in environments increase data rate at 

relay, but the BER is high and constant even with increasing of SNR. When 16QAM or QPSK are 

used in relay link the BER decrease and decrease more with increasing of SNR. 

CONCLUSION 

We have studied performance of LTE Advanced through deployment of relays using decode and 

forward protocol in down link. Matlab program is used to design LTE-A network with WINNER-II 

Matlab coded source to introduce different channel models. Two main simulations were designed. 

The output result of the cooperate and non-cooperate transmission simulation illustrated that relay 

scenarios perform much better than without-relay scenario and increasing the number of cooperative 

relays enhance SNR vs. BER in all simulated propagation environments. The average reduction in 

BER of two relays scenario over less relay scenarios was about 66%. The results of different couples 

of modulation levels simulation which consists of two cooperative relays have shown by using 

64QAM modulation in spite of increasing data rate at relay, but the BER is high and constant even 

when increasing SNR. When 16QAM or QPSK are used in relay link the BER enhance and decrease 

more with increase of SNR. By increasing of SNR QPSK performs better than 16QAM but with less 

data rate at relay and the average reduction of BER of QPSK over 16QAM was 59%. 
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