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1 Background 

Sections 1-2 of the Hierarchical Network Study Report were approved in November, 2010, under group review subject to certain “editor’s comment.” This contribution proposes editorial changes to address some of these comments.
2 Proposed Text Modifications 
The proposed text modifications to resolve Editor’s comments for Sections 1 and 2.1 are included below in  (red text) . Explanatory comments are added in-line on the text.
----------------------------Begin Text Modifications----------------------------

3 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.
[ Editors Note: Figure needs some updates. 

· Explain the terminology and clarify focus of the study report

· Clarify the color schemes used and the intention

· Clarify the relevance of SON in the figure
· Also provide an editable figure
· In the client relay scenario, replace wireless backhaul with wireless access.

· Replaced yellow lines (wired backhaul) and show control plane only
· Delete DAS scenario from the figure



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 802.11 hotspots in its network to add capacity at a much lower cost.  Also new network devices, such as the integrated 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. 

This study report focuses on key usage scenarios, architecture, requirements and 802.16 standards implications for hierarchical network topologies, which include hierarchical networks based on single or multiple radio access technologies.  In summary this study report will focus on a) how to make optimal use of single RAT multi-tier infrastructure through maximal frequency reuse b) investigate techniques for synergistic use of multi-RAT technologies to maximize capacity and QoS, and c) investigate the use of clients as an additional tier in the multi-tier infrastructure to further maximize system capacity and QoS.
4 Usage Models  

4.1 Single Radio Access Technology 

4.1.1 Infrastructure Tiers 
Multi-tier networks refer to a hierarchical or overlay deployments of cells which may have increasingly smaller sizes:  macro cells micro, pico and more recently femto (Figure 2). A relay may also be part of this hierarchy to extend the range of the network.  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.  Additionally the relay is shown separately in the figure as it typically does not function as base-station in the hierarchical deployment. Typical deployment would consist of the tiers operating on the same radio access technology (RAT).  Note that femto overlay networks are included as part of the IEEE 802.16m specification [‎2].  Spectrum allocation across the multiple tiers is an important aspect of multi-tier network design. Aggressive reuse of spectrum across the tiers is critical to achieving the capacity enhancements promised by multi-tier network architectures and it is not fully enabled in IEEE 802.16m.  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.  
[image: image3.emf]
Figure 2: Single RAT Hierarchical (Multi-tier) Architecture Framework
[Editors note: 
1. Please clarify role of the relay in the figure
2. This picture is not intended to imply a strict hierarchical deployment and that all tiers are always present.
]


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

· Gains in areal capacity:  Preliminary performance evaluation of multi-tier femto cell deployments with full spectrum reuse, indicate that the areal capacity increases linearly w/ increasing number of femto cells [‎4]
· Favorable cost structure: significant cost benefits are available for smaller lower-cost base-stations, 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.
The key attributes or use cases for multi-tier deployments are indicated in the following sections.
----------------------------End Text Modifications----------------------------
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�We have updated the figure to a) be editable b) removed yellow lines indicating wireless backhaul c) added clarifying text and focus of the study report d)  removed the DAS example.


�Clarifying comments have been added to address this comment.
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