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study report on hierarchical networks 

1 Introduction 

2 Usage Models  

3 Network Architecture 

4 Key Features and Requirements 

5 Standards Implications 

5.1 Single Radio Access Technology
· 
· 
· 
5.1.1 Advanced Interference Management in Multi-tier Networks
Enhanced interference mitigation is required during data transmission between base stations, between cooperative devices, and between base station and cooperative devices.
Smart resource allocation (power, time, frequency, space, etc.) shall be supported, such as the coordinated resource reservation across tiers, fractional frequency reuse (FFR), etc.

5.1.1.1 Advanced Interference Management for Single Carrier Deployment
Control/data channel interference shall be mitigated to support small cell deployment in a single carrier multi-tier deployment, where the small cell is deployed on the same carrier (co-channel) as the overlaying macrocell. 
Control channel redesign at the physical layer may be needed to support co-channel deployment of overlay macrocell and overlaid femtocell in particular one supporting CSG.
The standards shall enable a mobile station to detect a picocell and attach to it if prefers to be served by pico cell even whe subject to strong interference by a nearby macrocell.
5.1.1.2 Advanced Coordinated Multi-cell Technologies for Co-channel Interference Management

Advanced coordinated multi-cell technologies across multiple tiers are supported in order to mitigate the interference across tiers. Technologies such as multi-cell MIMO, multi-cell joint scheduling, coordinated beamforming, single-cell precoding with multi-cell coordination in multi-tier system may be enhanced when compared to a single tier system.
5.1.1.3 Advanced Interference Management for Multiple Carrier Deployment
In multiple carrier multi-tier deployment, joint resource allocation using time/frequency/spatial domain is required to mitigate the interference. Technologies such as Carrier Aggregation in multi-tier system may be enhanced when compared to a single tier system.
5.1.2 Power Setting or Power Control of Femtocell

Femtocell’s transmission power shall be controlled in order to minimize interferences to other cells and devices. Standards support to enable power setting or power control of femtocells may be defined.

5.1.3 Advanced Mobility Management 

Operations and corresponding standards support shall be enhanced for energy efficient optimized devices in order to efficiently search adequate neighboring cells. This includes efficient search for the cells not included in the neighboring list with minimum overhead.
[for further discussion
5.1.4 Special Energy Saving Mode of Base Station 

Energy efficient small cells with special reduced transmission mode may be defined.

Corresponding MAC support is needed in order to support the device ability to search, (re)select, and perform network entry through cells operating in energy saving mode.
]
5.1.5 Advanced Self-Organized Networking (SON)

Advanced Self-Organized Networking functionality 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. 

5.1.6 Client Cooperation (CC) Support

The framework for direct communication link between a source device and a cooperative device shall be defined. Examples may include frame structure in the device, scheduling information, HARQ feedback, and channel measurement and feedback for the link.
Enabling Client Cooperation capability within a single-RAT IEEE 802.16 device may be negotiated through either a forced network (re-)entry procedure or possibly through dynamically configuration updated during or after Initial Network Entry (INE).
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