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1 Introduction 

A study for a contribution toward ITU-R Cognitive Report was discussed during the IEEE 802.16 session #77 in January 2012. According to the closing report of Project Planning Committee (see page 4 of IEEE 802.16-12-138-00-Gdoc), members were requested to contribute toward a draft liaison statement based on the presented outline (attachment 1 to IEEE 802.16-12-0111-00-Gcon) in the session. It was planed to draft a liaison statement to ITU-R WP 5A in ITU-R Liaison Group at the session #78 in March 2012, by extracting cognitive radio aspects from the Hierarchical Network Study Report. This contribution proposes a draft liaison statement to ITU-R WP 5A on this issue.
2 Proposals 

A proposed draft liaison statement to ITU-R WP 5A on cognitive radio is shown in Attachment 1. It is proposed to finalize it during this session and submit it to May meeting of ITU-R WP 5A.
Attachment 1: Proposed draft liaison statement to ITU-R WP 5A
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1 Source Information
This contribution was developed by IEEE Project 802®, the Local and Metropolitan Area Network Standards Committee (“IEEE 802”), an international standards development committee organized under the IEEE and the IEEE Standards Association (“IEEE-SA”).
The content herein was prepared by a group of technical experts in IEEE 802 and was approved for submission by the IEEE 802.16™ Working Group (WG) on Wireless Metropolitan Area Networks, the IEEE 802.18 Radio Regulatory Technical Advisory Group, and the IEEE 802 Executive Committee, in accordance with the IEEE 802 policies and procedures, and represents the view of IEEE 802. 
2 Introduction

The IEEE 802.16 WG has assigned a Project Planning Committee (PPC) to develop multi radio access technology combined with cognitive radio techniques, through development of the hierarchical network study report. The technical scope of the hierarchical network study report is well aligned with that of ITU-R WP 5A’s cognitive radio activities.
3 Proposal
IEEE 802.16 WG would like to propose to include its studied result of the multi radio access technology combined with cognitive radio techniques into the working document towards a preliminary draft new Report ITU-R [LMS.CRS2] – “[Cognitive radio systems [(CRS) applications] in the land mobile service]” as technologies that could be used for cognitive radio applications. The related text is provided in Appendix 1.

Hierarchical Network Study Report being developed in IEEE 802.16 WG is shown in [3] as a reference.

IEEE 802.16 WG is looking forward to continuing the fruitful cooperation with ITU-R WP 5A.

4 References
[1] Document 5A/TEMP/354, Draft revision of Question ITU-R 241-1/5 “Cognitive radio systems in the mobile service”
[2] Document 5A/TEMP/348, Working document towards a preliminary draft new Report ITU-R [LMS.CRS2] “[Cognitive radio systems [(CRS) applications] in the land mobile service]”.
[3] IEEE 802.16, “Hierarchical Network Study Report,” https://mentor.ieee.org/802.16/dcn/12/16-12-0136-00-Gdoc-hierarchical-network-study-report-clean-version.doc.
Appendix 1

(Additional bullet in page 5 of [2])
3.3 Other references
[IE12] [IEEE802.16]
IEEE 802.16, “Hierarchical Network Study Report,” https://mentor.ieee.org/802.16/dcn/12/16-12-0136-00-Gdoc-hierarchical-network-study-report-clean-version.doc

(Additional text in page 20 of [2])

5.2.6
Network configuration of three radio systems in service 

Within a heterogeneous radio environment, a network configuration of three radio systems in service is considered. A system block diagram is shown in Figure 8, where one service provider deploys three radios systems on different frequency bands. These systems have different coverage areas from small to large cell. The resource manager collects the radio operation environment information from the base stations and user terminals on the geo-location basis, which is one of CR functionality (obtaining knowledge). The radio environment information may include the information of signal strength, throughput, and system delay. The resource manager provides the information to the control equipment. Based on this information, the control equipment selects the appropriate connectivity for the user terminal, which is another one of CR functionality (decision and adjustment). 

The deployment of multi radio access technology combined with cognitive radio techniques can be advantageous in several scenarios. Of particular importance can be its applicability to service continuity in disaster situations in that there is a possibility that a certain radio access network may be disrupted or degraded for a sustained period of time. In such situations, deployments of multi radio access technology with cognitive techniques can be useful in providing continuity of communications. Appendix E provides the abstract of IEEE WirelessMAN-OFDMA and WirelessMAN-Advanced mobile systems for Cognitive Radio Systems, which summarizes the studies in IEEE on hierarchical network. [IE12].

(New ANNEX in page 64 of [2])
Annex E
IEEE WirelessMAN-OFDMA and WirelessMAN-Advanced mobile systems for Cognitive Radio Systems
As stated throughout this document, Cognitive Radio aims to bring communication technologies and services to the market in a large scale with minimal operational and capital expense using pre-existing networks. The IEEE 802.16 mobile system is able to serve as a technical ground for providing management of a Cognitive Radio network specific technologies. The objective of the study on hierarchical network in IEEE 802.16 is to enable a range of Cognitive Radio applications that are automated rather than human-controlled and which require Wireless Metropolitan Area Network (WMAN) communication in licensed bands.
Hierarchical networks, which encompass 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 E.1 shows system architecture of multiple radio access technologies (Multi-RAT) being integrated and managed as part of a single hierarchical network. 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 examples include:

· Offloading “best-effort” traffic to IEEE 802.11 hotspots. 

· Offloading traffic from other licensed band such as 3GPP LTE/EUTRA, and vice versa.

The cost associated with this additional capacity may be significantly lower when offloading to unlicensed spectrum. 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.
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Figure E.1. System architecture of multiple radio access technologies
The IEEE 802.16 Working Group (WG) is studying toward a project on hierarchical network. To meet the above requirements, the following considerations are taken into account in IEEE 802.16 WG:
· Enhanced interference mitigation techniques by allowing a single transmission per channel among Multi-RATs
· Enhanced spectrum utilization between Multi-RAT systems
· Seamless mobility of connection flows among Multi-RATs (e.g. selective data offloading and handover)

· Enhanced interworking with other RAT (e.g. IEEE 802.11) involving access points (i.e. IEEE 802.11) and IEEE 802.16 BS. 

· Collaboration between Multi-RAT devices (i.e. restricted to terminal, or client, only) 

· Enhanced Energy Saving mechanisms and optimization.
Technical descriptions may be found in the following specifications. The technical descriptions of hierarchical network can be found in the study report [IE12], which is still under development.
IEEE Std 802.16-2009
IEEE Standard for Local and Metropolitan Area Networks - Part 16: Air Interface for Broadband Wireless Access Systems

IEEE Std 802.16m-2011
Amendment to IEEE Standard for Local and Metropolitan Area Networks - Part 16: Air Interface for Broadband Wireless Access Systems - Advanced Air Interface
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