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Abstract— Relaying is considered a promising cost-efficient 
solution in 3GPP LTE-Advanced for coverage extension and 
throughput enhancement. Due to compact physical 
characteristics and low power requirements of the relay nodes, 
the relay deployment has a high degree of freedom. In this paper, 
the impact of site planning on the backhaul performance of relay 
networks within the LTE-Advanced framework is investigated. 
The site planning strategies are formulated in terms of SNR and 
SINR based selection criteria. 3GPP compliant simulations are 
performed comparing relay site planning strategies. It is shown 
that proper site planning yields significant SINR gain on the 
eNB-RN link along with a clear reduction in the shadowing 
standard deviation compared to random deployment. 
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I.  INTRODUCTION 
Long Term Evolution-Advanced (LTE-Advanced) is the 

candidate technology of the 3rd Generation Partnership Project 
(3GPP) which defines the framework for further advancement 
in LTE to fulfill the requirements of IMT-Advanced 
(International Mobile Telecommunications Advanced) 
specified by ITU (International Telecommunication Union). In 
accordance with these requirements, LTE-Advanced should 
support peak data rates of 1 Gbps in downlink (DL) and 
500 Mbps in uplink (UL), bandwidth scalability up to 
100 MHz, increased spectral efficiency up to 15 bps/Hz in UL 
and 30 bps/Hz in DL, along with improved cell edge capacity, 
as well as decreased user and control plane latencies [1]. In 
order to meet these requirements, problems such as low signal-
to-interference-plus-noise-ratio (SINR) at the cell edge and 
coverage holes due to shadowing and non-line-of-sight 
(NLOS) connections should be tackled. 

Deploying decode and forward relay nodes (RNs) is a 
promising solution which is one of the proposed technologies 
for LTE-Advanced networks to meet the growing demand and 
challenging requirements for coverage extension and capacity 
enhancement [2][3]. RNs are relatively small nodes with low 
power consumption, which connect to the core network with 
wireless backhaul through an evolved Node B (eNB). This 
feature enables deployment flexibility and eliminates the high 
costs of a fixed backhaul. Furthermore, RNs do not have strict 
installation guidelines with respect to radiation, visual 
disturbance and planning regulation. Therefore, installing RNs 
involves lower operational expenditure (OPEX) [4] and faster 

network upgrade when operators aim to improve quality of 
service (QoS) [5]. Thanks to compact physical characteristics 
and low power consumption of relays, RNs can be mounted on 
structures like lamp posts with power supply facility. 

Cell planning and site selection tools are used routinely by 
operators to improve the system performance and to provide a 
satisfactory service with minimal deployment expenditure. In 
this manner, the deployment flexibility of RNs can be utilized 
by the operators to enhance the system performance by means 
of improving the eNB-RN link. This becomes even more 
pronounced in case of interference limited scenarios, where the 
RN locations exhibiting higher shadowing towards the 
dominant interferers can be exploited by site selection 
strategies. This selection results in a better SINR performance 
and reduces the impact of shadowing.  

This paper considers two relay site planning strategies 
within the LTE-Advanced framework, namely the RN cell 
selection and the RN site location selection. The aim of these 
planning strategies is to introduce a simple and practical means 
that can be used to improve the backhaul link between eNB and 
RN. Both of these strategies can be analyzed by using network 
planning tools provided that a realistic modeling of path loss 
and shadow fading is applied. This discussion has been 
recently carried out in 3GPP standardization. Consequently, a 
certain bonus has been added to the channel model that 
describes the backhaul link between eNB and RN, which 
accounts for the improvement due to relay site planning [6]-[8]. 
In this paper, we formulate the different site planning strategies 
using the selection criteria based either on signal-to-noise-ratio 
(SNR) or SINR. 3GPP compliant simulations are then 
performed in order to evaluate the effects of different strategies 
on the system performance. 

The remainder of the paper is organized as follows. In 
Section II, the system model including the relay site planning 
strategies and the simulation assumptions is presented. The 
simulation results as well as the system performance evaluation 
for one-tier relay deployment will be provided in Section III. 
Finally, Section IV concludes the paper. 

II. SYSTEM MODEL 
 
 

In this section, the relay site planning strategies are 
analyzed in detail. In addition, the system model is presented 
and the LTE-Advanced compliant simulation framework is 
introduced.  
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A. Relay Site Planning Strategies 
In the following, the basis for different site planning 

strategies is explained using Fig. 1. In this figure, the RN is 
typically served by the closer eNB (eNB1) and the other eNB 
(eNB2) is typically the interfering eNB. Some of the backhaul 
links from the eNBs to the relay positions RN1-RN4 are 
impacted by shadow fading due to obstacles which are 
illustrated by the buildings. By selecting a proper RN location, 
the performance of the backhaul link can be enhanced 
compared to the case, where a random deployment is used.  

As can be seen in Fig. 1, both RN1 and RN4 are favorable 
locations with respect to eNB1 as they experience a better 
signal quality from eNB1. On the other hand, in order to 
optimize the SINR, it is also possible to select RN locations 
that exhibit a higher shadowing towards the dominant 
interferer like RN3 and RN4 in Fig. 1. If the deployment is 
noise limited, such a strategy doesn’t provide gain. However, 
for typical cellular deployments interference will have an 
impact and there is an incentive to select RN sites accordingly. 

Both of the above-mentioned approaches can be combined 
in order to select the location with the best SINR. In Fig. 1 this 
corresponds to RN4, since it experiences a good signal from 
the serving eNB1 and at the same time it is not severely 
interfered by the eNB2. Although it is assumed that the eNB1 
in Fig. 1 is always the closest eNB for the RNs, due to 
shadowing there might be a case such that an RN receives 
stronger signal from the eNB2 as the eNB1 is shadowed. This 
effect is most pronounced for RN2 because it suffers from the 
shadowing towards the eNB1 but not towards the eNB2. In 
such a case, the RN may select eNB2 as the serving eNB.  

Following the above-explained arguments, two main relay 
site planning strategies are considered: 

A) RN cell selection: There are two options: 
• (A1): RN always connects to the closest eNB 

regardless of the shadowing. 
• (A2): RN is allowed to connect to the best eNB 

around taking also shadowing into account. 
B) RN site location selection: Options are now: 

• (B1): There is only one possible location for RN.  
• (B2): RN site location can be selected out of M 

alternatives. 

As a result, we obtain four different approaches, namely 
(A1,B1), (A2,B1), (A1,B2) and (A2,B2). Either SNR or SINR 
can be used as a criterion for the performance measure for 
each of these approaches. These criteria are of the form: 
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where P denotes the signal power, PN is the noise power, L is 
the path-loss including the shadowing, m refers to the m-th RN 
candidate location, where m is an integer from the set of [1, M] 
and k refers to the k-th eNB. We note that k=1 corresponds to 
the reference eNB and m=1 corresponds to the reference RN 
location initially deployed in the sector as shown in Fig. 2. In 
addition, it can be stated that compared to SNR based criterion 
the SINR based selection criterion takes into account not only 
the benefit of improving the reception from the serving eNB 
but also the benefit of reducing the interference caused by 
other eNBs. Following these criteria the above-mentioned 
approaches can be expressed as: 

• (A1,B1): Neither cell selection nor RN site location 
selection. This is the reference case.  

SNR(A1,B1) = SNR1,1 ,  SINR(A1,B1) = SINR1,1 

• (A2,B1): Cell selection according to the best eNB, no 
RN site location selection. 

SNR1, k0 = max{ SNR1, k },  SINR1, k0  = max{ SINR1, k } 

• (A1,B2): No cell selection but RN site location 
selection. 

SNRm0, 1 =max{SNRm,1},  SINRm0,1=max{SINRm,1} 

• (A2,B2): Both cell selection to the best eNB and RN 
site location selection. 

SNRm0, k0 =max{SNRm, k},  SINRm0, k0=max{SINRm,k} 

Note that, in (A1,B1) and (A2,B1) both SNR and SINR based 
criteria will lead to the same result in the selection procedure 
due to the restriction in site location selection. 

 Figure 1. Different RN deployment scenarios. The eNB on the left is the 
donor, if the selection is done according to the distance, and the other eNB is 

typically the interferer. The shadow fading is visualized by the houses. 

 

Figure 2. Example with an initial location and four other candidate locations. 
There are totally M=5 alternatives for the RN location. 



 TABLE I.        SIMULATION PARAMETERS 

Parameters Default 
Carrier frequency 2 GHz 
System layout 7 sites - 3 sectors/site 
Number of RNs 1 + 4 candidate locations 
Inter-site distance (ISD) 3GPP Case 1 (500m) & Case 3 (1732 m) 

Distance-dependent Path Loss 
eNB-RN (Backhaul Link, NLOS) 

dPL 10log3.362.125 +=  
 

d : distance in kilometers 

Noise power -104 dBm 

Penetration loss 0 dB 

Shadow fading Log-normal, 6 dB standard deviation 

Shadowing de-correlation 
distance 50 m 

Shadowing correlation 
0.5 between sites 

1.0 between sectors 

eNB parameters 
Antenna height 25 m (above rooftop) 
Number of antennas 2 tx, 2 rx 
eNB transmit power 46 dBm 
eNB maximum antenna gain 14 dBi 
Noise figure 5 dB 
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SLA=20 dB 
RN parameters 
Antenna height 5 m (below rooftop) 
Number of antennas 2 tx, 2 rx 
Maximum transmit power 30 dBm 
Maximum antenna gain 5 dBi 
Noise figure 7 dB 
Antenna Pattern Omni-directional 

B. System Framework 
It is assumed that the original radio network planning has 

been done for a single-hop system and RNs are then introduced 
to improve the network performance. In this scenario, a UE is 
either connected to an eNB or an RN. If a UE is connected to 
an RN, then the end-to-end throughput depends on both the 
capacity of the access link (RN-UE) and the capacity of the 
backhaul link (eNB-RN). Hence, the backhaul link capacity is 
decisive for the resultant system performance. 

A Matlab based system-level simulator is used for the 
performance evaluation considering 3GPP Case 1 (ISD 500 m) 
and Case 3 (ISD 1732 m) scenarios. The simulator follows the 

current 3GPP LTE-Advanced evaluation guidelines of [6] 1 . 
Since RNs are deployed outdoor, no penetration loss is 
considered in the path loss. The total path loss in dB scale is 
then determined by the addition of the distance dependent path 
loss with a shadowing component which is characterized by a 
Gaussian distribution with zero mean and 6 dB standard 
deviation. The shadowing correlation between candidate 
locations (see Fig. 2) decreases with an exponential rate 
determined by the de-correlation distance. The normalized auto 
correlation function is expressed as follows [6][9][10]: 
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where | x| is the distance between candidate locations and dcor 
is the de-correlation distance. We note that the same correlation 
model has been used in IEEE 802.16j relay evaluation [11]. 
Detailed simulation parameters are listed in Table I. 

As the purpose of this work is to analyze the effects of the 
site planning on the backhaul link, the access link is not taken 
into account. The initial RN location (midmost location in 
Fig. 2) can be at the cell edge, on the central cell area or in 
between as shown in Fig. 3. Four other candidate locations for 
the RN (m= [2, 3, 4, 5] in (1), (2) and in selection approaches) 
are defined such that the distance between initial location and 
a candidate location is 50 m. It is worth to emphasize that the 
simulated set-up has been used in 3GPP investigations [7][8].  

III. PERFORMANCE EVALUATION 
We have considered three possible deployments of RNs, 

namely deploying relays at the cell edge, closer to the cell 
center and in between these two extremes (intermediate 
region). These regions are presented in Fig. 3. Both ISDs of 
500 m and 1732 m have been investigated. In all cases a single 
RN is initially located in the bore-sight of the macrocell. 

                                                           
1 Available parameters in the course of this study. The discussion on 
simulation assumptions is ongoing in 3GPP.  
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Figure 3: Different deployment scenarios for RN. The initial location is 
selected first from the cell edge, second from the intermediate region, and last 

from the cell center. 



A. Performance evaluation in 3GPP Case 1 (ISD 500 m)  
The performances of different approaches are analyzed 

compared to the reference case (A1,B1). The achieved SINR 
gains at 50%-ile cumulative distribution function (CDF) 
depending on the RN deployment region are presented in 
Fig. 4. The comparison of the selection criteria is done in 
terms of achievable increase in the system performance. 

 

1) RN deployment at cell edge 
In this case, the initial RN location is 300 m away from the 

macrocell site center and about 30 m away from the cell edge. 
According to Fig. 4, the SINR based selection criterion 
outperforms the SNR based criterion by about 2 dB. As 
expected (A2,B2) achieves the best gain for the RN 
deployment at the cell edge. On the other hand, for (A2,B1) 
both SNR and SINR based criteria yield the same result. 

2) RN deployment at intermediate region 
Here the initial RN location is 250 m away from the 

macrocell site center and about 80 m away from the cell edge. 
As Fig. 4 illustrates, the SINR based selection criterion is 
clearly better than the SNR based selection criterion by again 
about 2 dB. In this region, (A2,B2) and (A1,B2) achieve the 
same gain, since the closer the RN is to the eNB the higher the 
probability is that the cell selection results in favor of the 
closer eNB. Moreover, since the RN is closer to the eNB, the 
gain obtained from the site planning is smaller than in the 
previous cell edge deployment. 

3) RN deployment at cell center 
Now the initial RN location is 170 m away from the 

macrocell site center. As it can be seen in Fig. 4, the difference 
between the gains obtained using the SINR and SNR selection 
criteria (about 1.5 dB) is smaller than in the previous cases 
because relays are closer to the eNB and therefore, the impact 
of the interference is lower. In addition, the gain obtained from 
relay site planning becomes lower. 

In general, results of Fig. 4 show that RN’s ability to 
connect to the best available eNB is beneficial especially at the 
cell edge. Such a property can be a part of the RN’s self-

configuration that is needed to make RNs easily deployable 
and cost-efficient. Moreover, the selection of the RN site 
location out of a few candidate locations is even more 
beneficial, since it clearly suppresses the negative impact of 
the shadowing and the interference from the adjacent eNBs. 

B. Performance evaluation in 3GPP Case 3 (ISD 1732 m)  
While 3GPP Case 1 represents a strongly interference 

limited urban scenario, in the 3GPP Case 3 the impact of 
interference is smaller due to increased ISD. Also in this 
scenario the performances of different approaches are 
analyzed compared to the reference case (A1,B1). The 
achieved SINR gains at 50%-ile CDF depending on the RN 
deployment region are presented in Fig. 5. The comparison of 
the selection criteria is done in terms of achievable increase in 
the system performance. 

 

 

1) RN deployment at cell edge 
The initial RN location is assumed to be 1120 m away from 

the macrocell site center and about 30 m away from the cell 
edge. According to Fig. 5, although the SNR based selection 
criterion performs well, there is still about 2.4-dB higher gain 
from the SINR based selection criterion. (A2,B2) achieves 
consistently the best gain.  

2) RN deployment at intermediate region 
When the initial RN location is 1070 m away from the 

macrocell site center and about 80 m away from the cell edge, 
the SINR based criterion achieves about 1.8-dB higher gain 
than the SNR based criterion. Yet, these gains are smaller than 
at the cell edge.  

3) RN deployment at cell center 
Finally, when the initial RN location is 600 m away from 

the macrocell site center, it is found that the gains are much 
smaller than at the cell edge. Besides, the difference between 
the gains achieved by the SINR and SNR selection criteria are 
small. Note the similar observation for 3GPP Case 1. 

It is noticed that in 3GPP Case 3 the gain from RN site 
planning decays faster than in 3GPP Case 1 when RN is 
moved from the cell edge towards the cell center. Moreover, 

Figure 4: Gains of different approaches over the reference case (A1, B1). 
SINR gain at 50%-ile CDF vs. RN deployment scenario is shown for 3GPP 

Case 1 (ISD 500 m). 

Figure 5: Gains of different approaches over the reference case (A1, B1). 
SINR gain at 50%-ile CDF vs. RN deployment scenario is shown for 3GPP 

Case 3 (ISD 1732 m). 



the gains obtained from the RN site planning are significant at 
the cell edge, since the shadow fading is a main factor there, 
which limits the coverage. In addition, the performance 
difference between SNR and SINR based selection criteria is 
lower compared to 3GPP Case 1 because of the lower 
interference. 

C. RN site planning impact on shadowing standard deviation 
In the previous section, we showed that the RN site 

planning benefits in terms of better SINR at 50%-ile CDF. 
While this is a good measure for the overall performance gain, 
it is of valuable information to show the whole CDF curve for 
the best criterion as it is done in Fig. 6. In addition to CDF 
curves, in Fig. 6 the tangents drawn at the 50%-ile point are 
shown. The depicted angles of the tangents have the relation of 
>  which illustrates the reduction in shadow fading standard 

deviation due to RN site planning. This reduction amount is 
about 2 dB for 3GPP Case 1 and about 2.9 dB for 3GPP 
Case 3. It is important to notice that this decrease in shadowing 
standard deviation leads to very large gains on areas, where 
mean path loss is high and the shadowing can be crucial. 

IV. CONCLUSIONS 
The impact of the RN site planning within the LTE-

Advanced framework has been investigated for 3GPP Case 1 
(ISD 500 m) and Case 3 (ISD 1732 m). It is shown that 
remarkable gains on RN backhaul link can be achieved if RNs 
are a) allowed to make the connection to the best available eNB 
and b) RN site location can be selected out of a few candidate 
locations that admit low shadow fading correlation.  

Two main relay site planning strategies have been 
introduced based on the experienced SNR and SINR at RN. It 
is shown that the SINR based selection criterion provides a 
better approach, whereas especially in 3GPP Case 3 the SNR 
based criterion becomes comparable. In 3GPP Case 1, the 
system is interference limited and thus, taking into account the 
interference from adjacent eNBs is important. It is also 
emphasized that in practice the RN site planning strategies can 
be carried out by using the network planning tools provided 
that shadowing in backhaul links is properly modeled.  

The performance evaluation of the relay site planning has 
shown that the SINR gains of 5.2 dB for 3GPP Case 1 and 
11.4 dB for 3GPP Case 3 can be achieved when relay nodes are 
deployed at the cell edge. Furthermore, the standard deviation 
of the shadowing after the relay site planning can be reduced 
by 2 dB for 3GPP Case 1 and by 2.9 dB for 3GPP Case 3. 
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Figure 6: SINR CDFs for 3GPP Case 1 (ISD 500 m) (a) and for 3GPP Case 3 
(ISD 1732 m). (A2, B2) approach is compared to (A1, B1) reference case. In 
both scenarios the relation of >  holds, which implies that the shadowing 

standard deviation reduces due to relay site planning. 




