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Text proposal in Single-RAT on Study Report on Hierarchical Networks
Jinyoung Chun, Jin Sam Kwak
LG Electronics
Introduction

This contribution suggests some modification about C80216ppc-11/0002r3. I clarified the necessity and techniques to be enhanced about single-RAT multi-tier network in the introduction section and added the text about the functions to be the enhanced in protocol structure section.
Proposed text change

---------------------------------- The start of text -----------------------------------------
1 Introduction 

Several recent studies have pointed to the explosive growth in mobile data demand driven by compelling devices such as the iPhone and netbooks. For example, studies by Cisco suggest 66x growth in mobile internet traffic, from 2008-2013, corresponding to a CAGR of 131% [‎1]. Therefore, a critical challenge for future broadband networks is to provide significantly enhanced capacity to meet this exponential growth in demand.

While capacity demands on future networks are increasing, network operators are facing flattening revenues as their revenue mix moves from being voice-centric with “minutes of use” billing to “flat-rate” data centric plans. Therefore, it is imperative that the network operators find cost-effective ways to add capacity, while continuing to add network services that can enhance their revenues.  This situation is well-described in [‎1], which points out that future networks must drastically reduce cost/bit, while adding new services.  Hierarchical networks, which encompass multi-tier, multi-radio network architecture, represent a disruptive approach towards low cost/bit capacity enhancements, which efficiently utilize all spectral resources in the system. In addition other metrics such as client quality of service, coverage etc. are also enhanced.

Figure 1 below illustrates the hierarchical network architecture for future 802.16 networks as described on [‎1].


[image: image1]
Figure 1: Overview of Hierarchical and Multi-Radio Architecture
The network architecture shown in the figure represents an evolution and integration of existing network elements in a multi-tier or hierarchical deployment.  In the multi-tier hierarchy shown, large cells provide ubiquitous coverage to clients as well as support mobility.  The smaller network elements such as relays, pico, and femto access points (APs) take connectivity closer to the clients thereby increasing the available capacity in the system. Key elements of the “multi-tier” network are shown in “green”. The lower cost structure associated with the smaller APs makes this an attractive method of adding lower cost/bit capacity. Further, clients (mobile stations) can also be utilized as another tier in the network hierarchy without incurring additional infrastructure deployment cost. Here intelligent client cooperation can improve capacity as well as connectivity for the client. 
The figure also shows multiple radio access technologies (RAT) being integrated and managed as part of a single hierarchical network (multi-radio network elements are indicated in “blue”: ). Here the additional, spectrum and connectivity available across these different networks may be exploited synergistically to further improve system capacity and client quality of service. The cost associated with this additional capacity can be significantly lower as the alternate spectrum may be the essentially free unlicensed spectrum. For example, an operator can judiciously offload “best-effort” traffic to IEEE 802.11 hotspots in its network to add capacity at a much lower cost. Also new network devices, such as the integrated IEEE 802.11/16 femto AP shown, can implement tighter coupling across these two radio technologies and efficiently utilize the spectrum available across both licensed and unlicensed bands.  
The network is also expected to be “self organizing” (SON) providing for low-cost deployment,, configuration and management of network infrastructure.
Also note that client devices form an important part of the multi-tier network hierarchy and can take on new roles as network elements. In this study report we explore several uses cases that allow clients to serve as access points and relays and have the ability to cooperate with each other to improve network capacity and link quality of service. 
To summarize, this study report focuses on “low cost” network architectures and enabling techniques to maximize system capacity and user quality of service.
Strict requirements will be set for this objective and should be followed by features investigated to satisfy them. As mentioned above, the objectives can best be approached by “hierarchical network” architectures, comprising low-cost infrastructure and clients acting as network elements, where spectrum (especially unlicensed spectrum) across multiple radio access technologies may also be utilized for low-cost capacity enhancement. Hence the study report will evaluate both Single-RAT multi-tier and Multi-RAT based hierarchical networks. Specifically, the following techniques, enabling such architectures, will be investigated. 

· Enhanced coordination techniques between devices, between cells in same tier and multi tiers by allow multiple signaling to be communicated per channel (i.e., multi-cell coordination techniques along with multi-user precoding/decoding techniques among tiers)
· Enhanced interference avoidance/mitigation techniques by allowing a single transmission per channel among tiers (i.e., resource allocation among tiers in views of time/frequency/code-domain) for Single-RAT and/or Multi-RAT
· Enhanced spectrum utilization  between Multi-RAT systems 
· 
· Seamless mobility of connection flows among Multi-RATs (e.g. selective data offloading, handover)

· Enhanced interworking with other RAT (e.g. IEEE802.11) involving access points (i.e. IEEE802.11) and IEEE802.16 BS. 
· Collaboration between Multi-RAT devices (i.e. restricted to terminal, or client, only) 

To address the aforementioned features, the following sections below consist of key usage scenarios, network architecture, requirements and IEEE 802.16 standards implications for hierarchical network topologies, based on single or multiple radio access technologies.
2 Usage Models  

2.1 Single Radio Access Technology 

2.1.1 Multi-tier Networks
Multi-tier networks refer to a hierarchical or overlay deployments of cells which may have increasingly base stations of smaller sizes: macro base station, micro base station, pico base station, femto base station, and relay base station (Figure 2). The hierarchy shown in Figure 2 is not strict and is mainly illustrative of the increasingly smaller cell sizes that may be included as part of a multi-tier deployment.  For example, in a given deployment, a 2 tier hierarchical relationship may exist between a Macro and both pico and/or a femto cells, with the pico and femto cells comprising the same tier in the hierarchy. Typical deployment would consist of the tiers operating on the same radio access technology (RAT). Femto and relay are included as a part of the IEEE 802.16m specification [‎2]. Coordination techniques between devices and between cells  across the multiple tiers are important aspects of multi-tier network design to achieve the cell capacity enhancements and interference avoidance/mitigation techniques across tiers are also critical to achieving the user throughput enhancements. But it is not fully enabled in IEEE 802.16m because lots of base stations (including Macro, Pico, Femto, Relay) will be deployed in multi-tier networks and it causes more complicated channel circumstance. Therefore enhanced interference avoidance/mitigation and coordination techniques are needed with the enhanced channel measurement, downlink signaling, and uplink feedback schemes, etc. In particular, multi-tier deployments affect the areal capacity (bps/Hz/square meters) of the system due to the deployment of significantly more cells in a given area. The highest tier macro cells are still needed to provide broader coverage and seamless mobility.  
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Figure 2: An example of Single RAT Hierarchical (Multi-tier) Architecture Framework

---------------------------------- The end of text -----------------------------------------
---------------------------------- The start of text -----------------------------------------
3 Hierarchical Network System Network Architecture
3.1 Protocol Structure 
Figure x shows the IEEE 802.16 HN Protocol Structure.
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Figure x: IEEE 802.16 HN Protocol Structure
3.1.1 Single-RAT Protocol Structure
In order to support single-RAT hierarchical network operation, following functions may be enhanced.

· Radio resource management

· Multi-carrier support

· Mobility management
· Interference Management


· Scheduling and Resource multiplexing
· Control Signaling

Radio resource management and Scheduling and resource multiplexing are the functions to utilize the resource in views of time/frequency/space/power efficiently to avoid/mitigate the interference and/or coordinate transmission among multi-tiers.
Multi-carrier support is the function in order that data/control channels can be allocated over the distinct set or the same set of carriers across tiers.
Mobility management is the function to support the MS to search for the cells not in the neighbor list without much searching overhead.
Interference management is the function to control the severe inter-cell interference due to lots of cells in multi-tier network to enhance the user throughput.
Control signal may be enhanced to support downlink control and uplink feedback to control and measure, respectively, lots of channels among multi-tiers.
---------------------------------- The end of text -----------------------------------------
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