
IEEE C802.16ppc-10/0070

	Project
	IEEE 802.16 Broadband Wireless Access Working Group <http://ieee802.org/16>

	Title
	Study Report on Hierarchical Networks: Revision to Subclause 2.2

	Date Submitted
	2011-01-05

	Source(s)
	Peretz Feder
Junghoon Jee
Subir Das
	
    
E-mail: pfeder@alcatel-lucent.com
subir@research.telcordia.com
junghoon.jee@gmail.com


	Re:
	This document provides changes to subclause 2.2 in the hierarchical networks study report.

	Abstract
	 

	Purpose
	Contribution for consideration

	Notice
	This document does not represent the agreed views of the IEEE 802.16 Working Group or any of its subgroups. It represents only the views of the participants listed in the “Source(s)” field above. It is offered as a basis for discussion. It is not binding on the contributor(s), who reserve(s) the right to add, amend or withdraw material contained herein.

	Release
	The contributor grants a free, irrevocable license to the IEEE to incorporate material contained in this contribution, and any modifications thereof, in the creation of an IEEE Standards publication; to copyright in the IEEE’s name any IEEE Standards publication even though it may include portions of this contribution; and at the IEEE’s sole discretion to permit others to reproduce in whole or in part the resulting IEEE Standards publication. The contributor also acknowledges and accepts that this contribution may be made public by IEEE 802.16.

	Patent Policy
	The contributor is familiar with the IEEE-SA Patent Policy and Procedures:

<http://standards.ieee.org/guides/bylaws/sect6-7.html#6> and <http://standards.ieee.org/guides/opman/sect6.html#6.3>.

Further information is located at <http://standards.ieee.org/board/pat/pat-material.html> and <http://standards.ieee.org/board/pat>.


study report on hierarchical networks – Subclause 2.2 changes

Peretz Feder, Subir Das, Junghoon Jee

Alcatel-Lucent, ETRI, Telecordia

[Editors’ Note: All bracketed text in this is subject to review and agreement by the PPC group]
1 Introduction 

2 Usage Models  

2.1 Single Radio Access Technology 

2.2 Multiple Radio Access Technology 

Future hierarchical network deployments are expected to be heterogeneous and integrate multiple radio access technologies. Synergistic utilization of the several available multiple radio interfaces, offers a rich dimension for enhancing the capabilities of hierarchical network deployments. Figure 1 describes some usages exploiting multi-radio access technologies (RATs) in more detail.  The example of multi-radio access within the home is used but several use cases are applicable to more general environments as well.
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Figure 1: Overview of hierarchical multi-radio access usage scenarios
The figure shows a converged device that serves as a gateway managing multiple sub-networks within the home. These networks could be a) a local area network set up to connect computers and peripheral devices b) a low-power M2M network that may be monitoring home appliances c) a body area network where a personal device may be monitoring and recording vital statistics such as heart-beat, temperature etc., and a multi-media network controlled by a set-top box, which may also provides high speed wireless connections to display video. The converged home gateway can potentially assist these “capillary networks” by providing an information, configuration and storage service.  It can also manage the loads on the capillary networks, and control how spectrum is managed and used within the home. It can further serve as a control interface and provide the security layer needed to authenticate and setup peer-to-peer connectivity between devices. The figure emphasizes that 802.16 can be used to efficiently manage diverse in-home networks.

Other usages shown may exist independent of the home gateway. The “mobile hotspot” is a device with multi-protocol connectivity that can help connect devices with local connectivity on 802.11, to access the wider area 802.16 network.   

As mentioned the synergistic use of licensed with unlicensed spectrum is a very important use case for multi-radio deployments. Here we show 2 different examples, where 802.16 and 802.11 connectivity can be used simultaneously to provide enhanced spectrum utilization. It is shown in the example that whenever possible, traffic can be offloaded to an 802.11 local area network by using the capabilities provided by 802.21 Media Independent Services. More synergistic use is possible when 802.11 and 802.16 interfaces may be co-located on the network side for example in an integrated femto device supporting both 802.16 and 802.11connectivity.  The figure shows the case of a home deployment but devices may also exist in an enterprise or a hotspot environment

The next few sections describe some of these use cases in more detail.  
2.2.1 Virtual Carrier 

In a “virtual carrier” usage scenario, an 802.11 carrier is available for use by the 802.16 client to improve network and user performance. This usage model calls for synergistic use of licensed (802.16) and unlicensed spectrum (802.11) to improve network capacity and user quality of service and also to address additional applications and business models. As mentioned, different levels of interworking are possible depending on whether a multi-protocol client connects to a distinct 802.16 base station and 802.11 access point through the use of 802.21 Media Independent Handover (MIH) functionalities, or connects to an integrated 802.16/11 access point which may also include MIH functionality..
The following figures describe the two cases where the multi-RAT client communicates with a) two distinct APs, one with 802.11 and the other with 802.16 b) an integrated device with both 802.16/11 interfaces.
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Figure 2 (a): Network offloading traffic for Multi-RAT client to 802.11 network (b) synergistic aggregation of 802.16/802.11 possible with integrated femto device.  

 Several techniques are applicable for utilizing the additional carrier to improve multiple metrics. Table 1 describes the multiple different ways the virtual 802.11 carrier may be used and their associated advantages.

	Techniques
	Description 
	Target Gains 

	Handoff to 802.11 controlled by same 802.16 operator
(Baseline)
	Offload to 802.11 networks when possible 
	Interference avoidance gains ~3x for indoor users; 

	Interference Avoidance 
	Dynamically switch between 802.11 & 802.16 to avoid interference
	Increase system throughput > 3x.

	Diversity/Redundancy Transmission 
	Use added spectrum to improve diversity, code rates with incremental redundancy
	Increases SINR ~3-5 dB, HARQ gains, decreases cell-edge outage, latency advantage

	Virtual Carrier Aggregation
	Use added spectrum to transmit independent data streams (potentially different connections)
	Increases peak throughput ~2-3x

	Multi-Service Flow QoS/ Load Balancing 
	QoS-aware mapping of service flows to different virtual carriers
	Improves QoS, system capacity

	Reduced Overhead w/ Unified Control across 802.16 and 802.11
	Streamline access, paging, other control procedures across networks
	Improves power consumption, overhead


Table 1: Use cases and advantages for “virtual” carrier 







2.2.2 Multi-RAT Client Cooperation 

Dual RAT devices are mobile devices, with mobile IEEE 802.16 and IEEE 802.11 functionalities, which also have the capability to directly cooperate with each other. The dual RAT device is able to communicate with IEEE 802.16 BS while also communicating with other dual RAT device using IEEE 802.11 air interface. When both a direct IEEE 802.16 link to the IEEE 802.16 BS and indirect IEEE 802.11 link via other dual RAT device to the IEEE 802.16 BS are available to a dual RAT device, it can choose one of them depending on link quality or use both links to communicate with the IEEE 802.16x BS.
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Figure 3. Example deployment model of dual RAT device
2.2.3 Unlicensed Spectrum Access 

IEEE 802.16 allows the use of unlicensed spectrum for its operation. While this allows for access to additional spectrum, it may create co-existence issues with other radio access technologies. Here 802.16 may be used to facilitate communication between the multi-radio protocols. 
2.2.4 Efficient Multi-Radio Operation for Client Devices

As client devices evolve to support multiple radio protocols, cost considerations may drive towards increasing hardware reuse across protocols. Here additional protocol support from the network may be required to enable efficient hardware reuse. An example of this protocol support is that the network may support periodic silence periods, to allow devices to listen to other networks while using the same hardware. Another example is the use of 802.21 Media Independent Services in the client and in the network to allow devices to discover the neighboring network information using the serving attached hardware. 
2.2.6 BS-AP interworking by coordinated AP (C-AP)
In order to provide higher level of interworking function, cellular IEEE 802.16 BS and an IEEE 802.11 AP may help each other through the wireless connection. Figure N illustrates coordinated IEEE 802.11 AP for BS-AP interworking. Hierarchical relations based on the coverage are defined between cellular IEEE 802.16 BS and IEEE 802.11 APs, and BS may provide configuration/coordination information to the IEEE 802.11 APs in order to increase the interworking benefits. Coordinated AP (C-AP) is an IEEE 802.11 AP which has 802.16 wireless connectivity to a BS, which implies that the BS may be able to manage the C-APs under its coverage.
· The BS and C-APs can facilitate interworking for handover, SON operation etc.

· The C-APs can communicate with each other via the 802.16 BS..
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Figure N. Example of interworking IEEE 802.16 BS and IEEE 802.11 AP

�EMBED Visio.Drawing.11���





[image: image7.emf]Converged 

Gateway 

heartbeat

EKG

Multimedia 

Network

Short Range

Comm.

SetTop

 LAN Network

Bad 802.16 link

Good 802.16 link

Good 802.11

link

802.11AP

Setup Peer-to-Peer 

cooperation 

Offload to 802.11

Mobile Hotspot 

Virtual Carrier: 

Use 802.16 and 11 

Simultaneously 

M2M Network 

Integrated AP

Body Area 

Network


  


_1355750283.vsd
�

�


_1355750284.vsd
�

IEEE 802.16x BS


IEEE 802.16 link


IEEE 802.11 link


Multi-RAT client



_1355750281.vsd
�

Dual RAT device


IEEE 802.16x BS


IEEE 802.16 link


IEEE 802.11 link



_1355750282.vsd
�

Dual RAT device


IEEE 802.16x BS


IEEE 802.16 link


IEEE 802.11 link



_1355750280.vsd
�

Dual RAT device


IEEE 802.16 BS


IEEE 802.16 link


IEEE 802.11 link



_1355750197.vsd
�


