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Introduction  
This report is about Self-Organizing Networks (SON) in LTE. The concept of SON is to manage the multi radio access 

technologies in mobile networks. SON has three main characteristics: Self-configuration, Self-optimization and Self-

healing. In this report I will go over the key aspects of SON, the history, the three main characteristics and go in depth 

with the Self-configuration part. Furthermore the key features Automatic Neighbor Relation (ANR) in the Self-

configuration category and also the Minimization of Drive Tests (MDT) will be discussed. SON standardizations mainly 

focus on the radio access domain and not the core network, but SON for core networks are also very important but will 

not be handled in this report.  
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SON History 
First time SON was mentioned was in a whitepaper [1] from Next Generation Mobile Networks (NGMN) in 2008. Here 

the three key characteristics are mentioned. Some use cases is described in this whitepaper along with the “human-in-

the-loop” for Operation, Administration and Maintenance (OAM). This is reaching for the closed-loop where automation 

is the goal in the network. In the early stages (2008) of SON the NGMN put up a top 10 higher layer use case indication 

of where many already are SON standards defined by 3GPP: 

1. Plug & Play Installation 
2. Automatic Neighbor Relation configuration (ANR) 
3. OSS Integration 
4. Handover Optimization 
5. Minimization of Drive Tests (MDT) 
6. Cell Outage Compensation 
7. Load Balancing 
8. Energy Savings 
9. Interaction home/macro BTS 

10. QoS Optimization 

The standard of SON came out with LTE in 3GPP release 8 and continued ever since in both release 9, 10 and 11 

including more features [2]. In the early release 8 the focus was mainly on the self-configuration part of the eNodeB. 

Some key procedures were: Automatic Inventory, Software Download, ANR and automatic Physical Cell ID (PCI) 

assignment. The release 9 focused on the aspects of optimization such as the mobility handover procedure but also the 

inter-cell interference coordination. The release 10 focus points are more in the self-healing aspect but also here the 

Minimization of drive test (MDT) was introduced. MDT is a key characteristic where user location information is 

collected from the UE so it gives a better view of the cell performance. The current release 11 mainly focuses on multi-

RAT (Radio Access Network) heterogeneous networks. Below is the timeline for the different releases.  

 

 

The 3GPP LTE releases timeline. [2, p.7] 

The transition from a conventional network to a SON network can be a rather complex procedure. All parameters have 

to be mapped into an overall network structure and for this a network management system can be used for simulation. 

An important implementation too maximize the utilization is the planning of numbers and location of base stations. 

Coverage, capacity and Quality of Service must be taken into account and the company must decide the business 

targets. To bring a base station up and running takes some planning of the corresponding parameters, installing the 

base station physically and configuring the software. The process of automated planning and configuring the software 

are also some of the key characteristics in SON.  
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Short about LTE 
Since SON is used in LTE some main features and the architecture of the LTE technology is briefly discussed. Long Term 

Evolution is a packet switched network that both support data and voice services. LTE is the next network generation 

mobile network that offers extensions and modifications to UMTS. LTE has higher data rates, lower latency and an 

optimized radio access network. The whole network architecture is renewed in LTE compared to UMTS. The Radio 

access network is now the Evolved UTRAN (E-UTRAN) where the two eNodeBs now are connected by the interface X2. 

LTE has a flat architecture with less network elements compared to previous networks like GSM. Important elements to 

notice in LTE are the Mobile Management entity (MME) which handles the idle and active mode of the UE. MME also 

takes care of the paging procedures and authentication. The other very important entity is the Serving Gateway (SGW) 

which takes plays an important role when the user equipment is making an handover to and from previous mobile 

network such as 2G and 3G. The following drawing shows the general architecture of LTE. 

 

Source: [3, p. 18] 

Some of the major difference and key features in LTE compared to older mobile networks are listed below the use of 

OFDMA (Orthogonal Frequency-Division Multiple Access) in the downlink direction and SC-FDMA (Single-carrier FDMA) in the 

uplink direction. Also the support for both FDD and TDD (Frequency and Time Division multiplexing) is significant. The 

bandwidth in LTE is covered from 1.4 MHz to 20 Mhz which makes LTE very scalable. LTE also has the benefit of using 

multiple antennas in both UEs and eNodeBs (MIMO). In terms of users LTE can handle about 200 active users in each 

5MHz cell [5]. 
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SON in general 
Network management can be an ultra-complex task. Usually the configuration and optimization of a network is 

performed centrally from the Operations and Maintenance Centre (OAC).To reduce the operating spending, taking into 

account that larger number of nodes from more than one vender is configured, the SON is needed. The main benefit of 

SON is therefore the reduction of the manual processes. 

SON can be deployed and managed in different ways. The classic architectures are the centralized, distributed or Hybrid 

architecture. In the centralized architecture most of the SON algorithms runs on a separated SON server, where as in 

the distributed architecture some decisions are made within the eNodeB or by using the X2 interface. In the hybrid 

architecture model the characteristics from both the centralized and distributed architecture are used.  

The main characteristics 
When speaking about SON there are the three main characteristics describes below. In the area of the self-management 

there is actually also a fourth category which is the self-protection, but is not described in this report. The key-points in 

self-protection are the ability for authentication of the users but also the monitoring of who is accessing the network. 

Self-configuration 

Today the network operators already use automated procedures such as automatic frequency planning. But when it 

comes to the network elements and especially the eNodeB most of the configuration is done manually. Some of the 

steps that have to be done in the field when installing an eNodeB are connecting it to the corresponding nodes and the 

establishing of the connectivity with the core network. Features like automated software download, self-testing and 

ANR goes into the self-configuration category. Therefore this is also sometimes called the “plug-and-play” area of SON. 

Before the configuration of the eNodeB in LTE can take place some network elements have to be in place. The following 

figure shows what different entities the new eNode have to communicate with. After the physical installation in the 

field and the eNodeB is turned on then a self-test is made and the connection to the SGW, MME and the configuration 

server is established.  

 

eNodeB establishment. Source: [1, p.2] 
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Before introducing the ANR concept, another important and fundamental parameter in LTE is the Physical Cell ID (PCI) is 

explained. In the configuration of a new cell the PCI is automatically configured in the synchronization channel. Because 

of that this also allows the user equipment (UE) to synchronize with the cell. The number of unique PCI in the E-UTRAN 

is 504. The eNodeB is allocating a PCI to each cell when the eNodeB is established. The criteria of the PCI is that it must 

not be the same as the neighboring cell and the neighbor cells must not be the same either. Two terms that are 

introduced [3, p.116] is the collision- and confusion free PCI. The Collision-free approach is where all cells are nodes in a 

graph and where the neighbor cell is a link. The confusion-free step is where the graph also adds links between the 

nodes and all neighbors of the neighbors. In that way the PCI is avoiding reconfiguration meaning that when a new cell 

is either added or removed then all the PCI doesn’t have to change.  

 

 

This shows collision and confusion-free PCI. [p.116] 

 

Automated Neighbor Relation (ANR)  

ANR are one of the most important features of SON and have existed since release 8. ANR allows automatic discovery 

and also the setup of neighboring eNodeBs. The terminology used when speaking about ANR is that the device or the UE 

moves from a serving eNodeB to another target eNodeB. In the situation where the UE moves, ANR is capable of setting 

up the X2 interface between the eNodeBs used for handovers. Two things that make the ANR possible is the fact that 

the UE does not require a list of the neighbor or unknown cells and the possibility that the eNodeB is able to request the 

UE to identify a cell. In general the reason why ANR was invented was to reduce the manual setup for neighbor relations 

when establishing the new eNodeB in the field. The benefit for the networks is also that it always has an up-to-date list 

of cell neighbor relations.  

Before going into details of how the ANR step works it is important to know that there are two different ways that ANR 

can be done. The first is the classic UE-based ANR where the connections and mapping is done by the UE. The other way 

is the UE-triggered ANR with OAM. In this case the UE is more passive and all the capabilities and location information is 

handled by the OAM system [3, p. 120]. 

The classic UE-based ANR works by getting the cell information form the target cell (red cell) and sharing that 

information through the serving cell. The following procedure with inspiration from [1, p. 4.] shows how ANR works: 

1. UE does the measurement according to the measurement configuration set by EUTRAN. PID=3. 
2. UE sends the measurement report to the serving cell, using PID to identify different E-UTRAN cells.  
3. eNodeB receives the report and instructs the UE to report Global Cell ID for the cell with Physical ID 3. 
4. UE gets the Global Cell ID by reading the Broadcast Control Channel (BCCH) of the detected cell. 
5. UE reports the Global Cell ID to the serving cell. 
6. The serving eNodeB updates the neighbor cell list. 
7. The serving eNodeB sends the updated neighbor list to OAM and gets the IP address of the new detected cell from 
OAM. 
8. If required, the serving eNodeB will establish a new X2 interface with the target eNodeB. 

ID A 
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ANR [Source: 1, p. 5] 

Since the target cell also can be a cell of different type and not only an LTE cell, this situation ha has to be taken care of. 

The concept of inter-RAT ANR is used when networks like GSM, UMTS/HSDPA and LTE are used in the same 

geographical area. Inter-RAT is also used for the fallback to circuit switch networks for instance when the user is going 

from LTE till make a call or send an SMS in UMTS. 

By using ANR in SON the eNodeB is ready to use and the time-to-marked is reduced. I’ve found that an operator can 

save about €15 just by having an ANR eNodeB . The manually work in planning for neighborhood cells are removed and 

therefore the operator can save above €1000 per eNodeB if they cut off a month of the time-to-marked [3, p.72]. 

Self-optimization  

This process in SON is very important because it deals with collection important information from the UEs and the 

eNodeBs and after that used in an external optimization tool for optimization. Some of the key-features when speaking 

about self-optimization is the Mobility Robustness Optimization (MRO) but also features like Random Access Channel 

(RACH) optimization and Energy savings are important. The RACH is an uplink unsynchronized channel that is used for 

access and uplink synchronization. The RACH optimization makes the user experience better by deciding the radio 

resource allocations while keeping up the avoidance of interference. Since this covers many aspects I felt that the MRO 

was the most important characteristic to explain.  

 Mobility Robustness Optimization (MRO) 

The benefit of MRO is to dynamically improve the performance of Handovers so the network capacity increases. The 

feedback of the performance indicators such as Time-To-Trigger or the Speed-dependent parameter makes the network 

adjust the handover by adapting cell parameters. Incorrectly handover parameters can cause Radio Link Failures but 

also a handover Ping-Pong effect. Generally handover failures are caused by either too early or too late triggering.  

Usually the reason for a too-late handover is that the UE is moving faster than the network parameter settings. There 

are two specific cases that can cause the late handover: either the radio link failure has occurred in the source cell 

before the handover or the UE reestablishes in a different cell than the source. When the handover fails, then a 

handover report is send over the X2 interface by the following process. The UE is sending the information about the 

handover fail to the cell it is going to reconnect to. The cell that receives that information then analyzes it. The result of 

this analysis is then sent over the X2 to the cell that needs to correct the handover.  

Some of the approached and ideas like the too-late handover is also used in the case for the too-early and Intra-RAT 

cases of handovers, but just the other way. 
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Self-healing 
This area in SON covers the part where automatic detection and information about the failures in the network is taken 

into account. Examples of elf-healing are automatic fallback to previous software versions if the current one has failures. 

Also the capability of detecting a cell outage is a main topic in self-healing. If a cell for instance is out-of-service or a cell 

with no traffic (also called a sleeping cell) the recovery of the cell has to be made. This can be done automatically by 

making a cell reset and the operator will be informed about this.  

The fact that the network elements can have a breakdown in the hardware also goes in to the category of self-healing. 

Usually this is solved by having backup boards in the hardware or else the failure is reported back to the operator.  

Minimization of Drive Tests (MDT) 
The concept of MDT is to minimize the Drive test that previously was made by the staff of the network that for example 

covered test of coverage for different locations. Therefor the UE data can be used instead for the drive test and provide 

important information about coverage versus position. For example UE data can be used to see where there are many 

dropped calls and with existing field tests then there could be made a change in the coverage in that  specific area. 

Some other examples of how the MDT is used by the information the UE provides are in the case of the phenomenon 

called “pilot pollution”. This is where coverage areas overlap each other a lot which also will result in lots of 

interference. The solution to that is to reduce the coverage of cells.  

Conclusion 
After covering topics in SON and with focus on the self-configuration part some useful implementation is made in LTE. 

The automatic configuration, when installing a new cell using PCI and the use of ANR, makes the time-to-marked 

shorter. The general key aspect of SON (not only in the self-configuration) is that a lot of feedback and configuration is 

involving the user equipment. This was also the case in ANR where a new eNodeB was discovered by the UE and 

informed the network. Also in the MRO the UE was the main actor in handling failure of handovers by sending analyzed 

information.  Overall the benefits of using SON implementations are remarkably good and the idea of making the 

network almost totally automatic is getting closer and closer.  
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