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1 Introduction

The system design and performance evaluation of 3GPP LTE radio access networks (RAN) have so far been generally based on homogeneous cell layouts.  Heterogeneous network configurations have now been included in the LTE-A study item [1].  The objective in [1] targets to improve the overall capacity by deploying additional network nodes within the local-area range, such as low-power micro/pico eNBs, home eNB/CSG cells and relay nodes. Simulation modeling methodologies for LTE home eNB and heterogeneous networks have been proposed in [9], [2], and [6], and some initial results for heterogeneous networks have been shown in [3], [4], and [5]. General scenarios and energy saving features for heterogeneous network were discussed in RAN3 [7] and [8], respectively.  Thus the scope and objective of heterogeneous networks are clear. 
This paper discusses the general deployment scenarios and the characteristics of heterogeneous networks, in order to identify what adjustments would be beneficial to optimise the perfornance of heterogeneous deployments of LTE.
2 Generic Scenarios of Heterogeneous Network Deployment 
A heterogeneous network in the context of LTE is a network containing network nodes, such as eNBs, with different characteristics such as transmission power and RF coverage area.  eNBs with different transmission powers are used to support large and small RF coverage areas.  The macro eNB with a large RF coverage area is deployed in a planned way for blanket coverage of urban, suburban, or rural areas. The local nodes with small RF coverage areas aim to complement the macro eNB for coverage extension or throughput enhancement.

The RF coverage areas of the heterogeneous network nodes could be overlapped or disjoint as shown in Figure 1.  The overlapped RF coverage design of large cells and small cells, which is shown in blue and yellow in Figure 1, aims to enhance the system performance in throughput, accessibility, privacy and service.  The design of disjoint RF coverage areas in heterogeneous networks, as shown in red in Figure 1, intends to extend the RF coverage area to smaller local regions and fill coverage holes.  

[image: image1]
Figure 1: Generic Heterogeneous Network and RF coverage area of network nodes
The deployment scenarios of heterogeneous networks include coverage extension to minimize coverage holes, wireless extension to small regions or moving regions, small area cell splitting for non-homogeneous user distribution, hot spot coverage, extension of indoor coverage, and small private wireless networks for home users or enterprises. Heterogeneous network applications include non-homogeneous cell deployment by operators and hybrid network deployment of public and private/semi-private networks.  
The LTE-A system design to support heterogeneous network deployment depends on the characteristics of the required network nodes, including operation, functional distribution and network management. 
3 Characteristics of Heterogeneous Network
The heterogeneous network deployment is characterized by the types and location of local eNBs embedded in the macro eNB coverage areas.  Different types of local eNBs are deployed along with macro eNBs based on the needs of different applications, services, and coverage areas.  
3.1 Co-existence of macro cells and micro/pico cells 
The deployment of both macro cells and micro/pico cells is intended to cover areas with non-homogeneous user distributions in a geographical area, such as hot spots, highway toll booths, sports stadia, airports, train stations, and indoor arenas.  The micro/pico cells are used to cover the areas of high density of mobile users to compensate for the insufficiency of the radio resources from the macro eNBs.  The deployment of micro/pico cells along with macro cells could be done through non-homogeneous cell splitting, with the macro eNBs and micro/pico eNBs having their own coverage area. Since the co-deployments of macro and micro/pico cells are planned by operators, the network configuration in the UE could be configured appropriately to allow access.   The operators could also perform system planning and RF optimization for the micro/pico cell splitting with macro cells 
The micro/pico cells could also overlay with the macro cells to have an overlapped coverage area.  When the coverage area of macro and micro/pico cells are overlapped, the algorithms, procedures and parameters based on RF signal strength/quality need to be re-designed since both macro cells and micro/pico cells experience strong intra-cell co-channel interference.  The initial access and handover procedures need to be enhanced to optimize the performance in access availability, access delay, service continuity and network load balance. Further studies are also required in resource allocation and interference management to mitigate the intra-cell co-channel interference.  
3.2 Home eNodeB

The co-existence of home eNBs within the macro eNB coverage area is one scenario of heterogeneous network deployment.  The home eNB is a private device with relatively little control by the operator.  However, the home eNB operates in an operator’s licensed spectrum along with macro eNBs in the heterogeneous network deployment.  Issues of access control, handover, resource allocation, and interference management that occur in the deployment of micro/pico cells when overlaid on macro cells also apply to the deployment of home eNBs, but with greater challenge because there is little or no coordination between the home eNB and the macro eNB.  
Home eNBs give a high level of uncertainty in heterogeneous network deployment due to being privately owned by the end users.  Some particular characteristics of home eNBs can be summarized as follows,
· Home eNB location uncertainty – The location of the home eNB can be considered to have a random component, due to its ability to be moved around by the home/business owner after the initial setup.  
· Home eNB configuration variation – Some home eNB configuration parameters might be adjusted by the home/business owners for operation and performance.  The degree of uncertainty in the heterogeneous network deployment increases if the home eNB configuration could be set differently for each home eNB. 
· Home eNB access control – access control and authentication for a home eNB could in some circumstances be configured by the home eNB owner.  The home eNB could configure the list of users allowed to access the system.  Since the home eNB overlaps with the macro eNB in deployment, the UE procedures for initial access and handover based on RF received signal strength and quality need to be enhanced for heterogeneous networks.  
· Initial access – If the macro UE is close to a home eNB but not authorized to access the home eNB, the UE will make a RACH attempt to the home eNB for initial access according to the cell search procedure.  The access attempt will fail due to authentication failure. 
· Handover – The macro UE might attempt to hand over to the home eNB even though it is not in the authentication list when it moves close to home eNB.  The service might be interrupted if the handover attempt fails in this way.  
3.3 Relay Nodes
Relay nodes can be used to extend coverage or to enhance the cell throughput of the macro eNB.  Type 1 relays are defined as inband nodes with their own cell ID.   The deployment of Type 1 relay nodes is similar to that of the macro and micro/pico overlaid system with exception of wireless backhauling.  The inband wireless backhauling of relay deployments set additional constraints of TDM Tx/Rx at the relay node. Type 2 relays do not have their own cell ID and can therefore be used to enhance throughput within the coverage area of the macro eNB. 
One special characteristic of Type 1 relay nodes is that they could be deployed as moving nodes, such as on trains, airplanes, buses, and boats.  This would allow E-UTRA to extend service to LTE-A users in high speed environments and remote areas without wireline backhaul connections.  Such moving nodes typically serve very dense populations of mobile users around them.   The mobile Type 1 relay will give the LTE-A end users better user experience and perception in performance since the relay node provides local coverage with little or no mobility relative to the mobile terminals.   However, the deployment of mobile Type 1 relay nodes presents challenges in system design in the area of interference management, DL control channels and the resource management of backhauling in the heterogeneous network operation.  
4 Summary
In this contribution, we outline the scenarios and characteristics of the heterogeneous network.  The heterogeneous network is characterized by the co-deployment of eNBs with large and small coverage area. We discussed three typical types of local eNBs in the heterogeneous network; they are micro/pico cells, home eNB, and Type 1 relay nodes.  The micro/pico cells are characterized by non-even cell splitting for extended coverage or overlaid for performance enhancement when the mobile users are non-homogeneous distributed in the macro eNB coverage area.  The home eNBs are characterized by their private ownerships with little control by the operators.  Type 1 relay nodes have the special characteristic of being able to extend the coverage to moving objects, such as airplane, train, boat, and bus, with large population of LTE/LTE-A users.    
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