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study report on hierarchical networks 

1 Introduction 

2 Usage Models  

3 Network Architecture 

4 Key Features and Requirements 

In this document Single Radio, Dual Radio and Multi Radio devices follow the definition provided in 802.16m section 3. 

4.1 Single Radio Access Technology

The key advantages of a single RAT multi-tier deployment are summarized as follows: 

· Gains in areal capacity: Preliminary performance evaluation of multi-tier cell deployments with full spectrum reuse, indicate that the areal capacity increases linearly w/ increasing number of cells

· Favorable cost structure: Significant cost benefits are available for smaller lower-cost infrastructure tiers, as well as reduced capex and opex from base-station site development and maintenance. For example, femto cells are user deployed in home and use existing backhauls [‎5].

· Improved coverage: Coverage is substantially improved as the base-station move closer to the users.  This improvement is especially needed for indoor deployments, where the signal from the macro base station may be weaker and an in-home device like the femto can significantly improve coverage.


· .

· 
· 
· 
· 
To achieve the advantages, the following features and requirements are considered. The following sub-clauses include features that are common to one or more multi-tier deployment scenarios. It is possible to have requirements or features independently according to the deployment scenarios.
4.1.1 Advanced Interference Management in Multi-tier Networks
Interference between devices and/or BSs in different tiers shall be mitigated.
4.1.1.1 Advanced Interference Management for Single Carrier Deployment 
Control/data channel interference shall be mitigated to support small cell in a single carrier multi-tier deployment, where the small cell is deployed on the same carrier (co-channel) as the overlaying macrocell. 
Co-channel interference can happen between overlaying macrocell and overlaid small cell, in both downlink and uplink. The most difficult problem is the CSG femtocell, which may cause a coverage hole to a nearby non-member mobile station due to strong interference and not being able to handover to the CSG femtocell. Such coverage hole may happen between CSG femtocell and other cells (i.e., macrocell, picocell, other femtocells). To solve the problem, advanced designs addressing interference mitigation/avoidance shall be made on the control/data channels. 
Pico cell can be used to offload the macrocell traffic and a device may prefer to stay connected to the pico cell even though a macrocell with stronger signal strength is found. A device connected to a picocell may suffer interference from the overlaying macrocell, and likewise the devide connected to a pico cell may also cause uplink interference to the other devices connected to the macrocell. Advanced interference management is required to support pico cell in a co-channel deployment environment.

Smart resource allocation (power, time, frequency, space, etc.) shall be incorporated, such as the coordinated resource reservation across tiers, fractional frequency reuse (FFR), etc. 
4.1.1.2 Advanced Coordinated Multi-cell Technologies for Co-channel Intererence Management
Advanced coordinated multi-cell technologies across multiple tiers can help mitigate the interference across tiers. With advanced coordinated multi-cell technologies, such as multi-cell joint scheduling coordinated beamforming, single-cell precoding with multi-cell coordination, with multi-tier cells, resource (power, time, space, etc.) allocation can be made more effectively. The design shall taking into account the multi-tier networks with large cells overlaying small cells, especially along the resource allocation for interference management.
4.1.1.3 Advanced Interference Management for Multiple Carrier Deployment
Control/data channel interference shall be mitigated to enable multiple carrier multi-tier deployment, where the cells are deployed on multiple available carriers. Large cells and small cells can be deployed over a distinct set of carriers to avoid interference across the tier of large cells and the tier of small cells. Large and small cells can also be deployed over the same set of carriers or having carriers overlapped, where resource (carrier, power, time, space, etc.) allocation can be made, to avoid or mitigate the interference across tiers. 
Carrier Aggregation (CA) shall be supported with the considerations interference mitigation or avoidance across tiers. This will account for the overlaying macrocell, overlaid pico and femto cells (including CSG cells). Multi-carrier system may work together with SON algorithms.
4.1.1.4 Power Setting or Power Control of Femtocell

Femtocell’s downlink transmission power shall be controlled as to avoid introducing source of interferences to other cells. Standards support to enable power setting or power control of femtocells may be defined.
4.1.2 Advanced Mobility Management 

Energy efficient and optimized devices searching for neighboring cells shall be supported. It shall support the ability of a device to search for cells not in its neighbor list in efficient ways without much overhead. Cell search shall differentiate access triggering conditions for each tier. Handover to a preferred type of cells shall be supported as well as support for cell selection and reselection based on factors such as cell type preference, cell load, etc. 
For limited client access to multi-tier networks, the level of network access may be selectively provided by the network in terms of client membership to the IEEE 802.16 network.

[For further discussion
4.1.3 Special Energy Saving Mode of Base Station 

Small base stations, such as femtocell, may support special energy saving mode. This includes low duty cycle operation mode when there is no device attached or attempting attachment. The mode can save energy consumption and mitigate interference to other cells. Efficient way for the device to identify and search for the femtocells in this low duty shall be supported. 
]
4.1.4 Advanced Self-Organized Networking (SON)
Advanced self-organized networking shall be supported in order to enable multi-tier deployment. Advanced SON shall be able to work together with advanced interference management, mobility management, base station mode change, etc. 
4.1.5 Client Cooperation (CC) Support
The following requirement shall be supported:
· An IEEE 802.16 device communicating with another IEEE 802.16 device for Single-RAT CC shall be controlled by an IEEE 802.16 BS.

· An IEEE 802.16 system supporting single-RAT CC should minimize the hardware change of the IEEE 802.16 BS. 

· An IEEE 802.16 BS supporting single-RAT CC shall be able to configure the candidate set for a certain source device. The candidate set consists of single-RAT CC-capable devices.
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