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1. [bookmark: _Toc382509086]Description
[bookmark: _Toc382297404]In recent days, networks with various communication technologies have appeared, interferences between wireless access networks have increased, and thus resource management in heterogeneous networks is needed. For example, 2.4GHz band is used by WLAN devices and WPAN devices such as Bluetooth devices, and 5GHz band is used by WLAN devices and cordless phones. Moreover, 5GHz band is considered for use of LTE (Long Term Evolution) technology, and therefore interference in 5GHz band is expected to increase.
Media independent services framework of IEEE 802.21-2008 standard can be a common platform to support resource management in heterogeneous networks. Media independent services framework of IEEE 802.21-2008 standard supports seamless handover in heterogeneous networks by using MIES (Media Independent Event Service) and MICS (Media Independent Command Service). MIES primitives and messages help MN to monitor link status (e.g., signal strength and data rate), and MICS primitives and messages helps MN to control its link layers (physical layer and data link layer) for seamless handover in heterogeneous networks. It is possible to expect that Media Independent Services Framework enables MN to monitor link status and control radio resources (e.g., frequency, time, and power) for radio resource management. Thus, media independent services framework is appropriate for resource management in heterogeneous networks that use various communication technologies and various frequency bands.
2. [bookmark: _Toc382509087]Actors 
· [bookmark: _Toc382297408]MN (Mobile Node): A user device, such as a smart phone, which equips radio interfaces of multiple radio access technologies
· PoA-A: The PoA (Point of Attachment), such as base station in cellular networks and access point in WLAN, which is a network entity that establishes link connection with the MN
·  PoA-B: PoA-A’s neighboring PoA that can interfere with MN or PoA-A
· AC (Access Controller): A network entity that can manage radio resources of PoA-A
3. [bookmark: _Toc382509088] Pre-conditions 
· [bookmark: _Toc382297412]MN and PoA-A are connected with each other.
· MN and PoA-A may interfere with other devices or network entities that use the same frequency band.
· MN can report its link status to PoA-A.
· PoA-B can report its link status and its allocated radio resources to PoA-A and AC.
· AC can manage radio resources of PoA-A.
· PoA-A can manage its radio resources by itself.
4. [bookmark: _Toc382509089]Triggers 
[bookmark: _Toc382509090][bookmark: _Toc382297422]PoA-A is able to trigger radio resource management of its own link based on monitored link status by MN, itself, or PoA-B. AC is also able to trigger radio resource management of PoA-A’s link.
· [bookmark: _Toc382509091]PoA-A may manage its own radio resources based on link status of MN.
· [bookmark: _Toc382509092]PoA-A may manage its own radio resources based on its own link status.
· [bookmark: _Toc382509093]PoA-A may manage its own radio resources based on link status of PoA-B.
· [bookmark: _Toc382509094]AC may request radio resource management of PoA-A based on link status of PoA-B.
5. [bookmark: _Toc382509095]Service Flows
[bookmark: _Toc382509096][bookmark: _Toc382297426]For radio resource management, PoA-A and AC are able to initiate radio resource management based on link status of MN, PoA-A, or PoA-B. Therefore, service flows can be classified into following four cases.
· [bookmark: _Toc382509097]Radio resource management based on link status of MN
(a) [bookmark: _Toc382509098]MN monitors its link status (e.g., signal strength and data rate) and reports its link status to PoA-A.
(b) [bookmark: _Toc382509099]Based on reported link status of MN, PoA-A can allocate the most appropriate resources (e.g., frequency band, transmission power, and time).
· [bookmark: _Toc382509100]Radio resource management based on link status of PoA-A
(a) [bookmark: _Toc382509101]PoA-A monitors its link status.
(b) [bookmark: _Toc382509102]Based on link status of PoA-A, PoA-A can allocate the most appropriate resources for MN.
· [bookmark: _Toc382509103]Radio resource management based on link status of PoA-B
(a) [bookmark: _Toc382509104]PoA-B monitors its link status and reports its link status to PoA-A.
(b) [bookmark: _Toc382509105]Based on reported link status of PoA-B, PoA-A can allocate the most appropriate resources.
· [bookmark: _Toc382509106]Radio resource management by AC
(a) PoA-B monitors its link status and reports its link status or its allocated radio resources to AC.
(b) [bookmark: _Toc382509107]AC decides to change radio resource allocation of PoA-A based on the report from PoA-B and  requests PoA-A to change radio resource allocation.
(c) [bookmark: _Toc382509108]PoA-A changes its radio resource allocation. 
6. [bookmark: _Toc382509109]Post-conditions 
[bookmark: _Toc382509110][bookmark: _Toc382297436]PoA-A changes its radio resource allocation.
7. [bookmark: _Toc382509111]High Level Illustration 
[bookmark: _Toc382509112]Figure 1 shows media independent service framework for resource management in heterogeneous networks. AC can control resources of PoAs that use various communication technologies (e.g., WLAN, Wi-Fi Direct, Bluetooth, and LTE) by using MICS message. PoAs can use different communication technologies and share its link status by using MIES message.


[image: ]
[bookmark: _Toc382297440][bookmark: _Toc382509114]Fig. 1. media independent service framework for resource management in heterogeneous networks 

8. [bookmark: _Toc382509115]Signal Flows
8.1 [bookmark: _Toc382509116]Radio resource management based on link status of MN
[image: ]
1. [bookmark: _Toc382509118]MN’s link layer reports its bad link. (New primitive to report bad link status should be defined.)
2. [bookmark: _Toc382509119]MISF of MN reports MN’s link status to PoA-A. (New message to report link status of MN should be defined.)
3. [bookmark: _Toc382509120]MISF of PoA-A reports MN’s link status to its own MIS User. (New primitive to report MN’s bad link status should be defined.)
4. [bookmark: _Toc382509121]MIS User of PoA-A decides to change radio resource allocation of PoA-A and requests changing radio resource allocation. (New primitive to change resource allocation should be defined.)
5. [bookmark: _Toc382509122]MISF of PoA-A requests link layer of PoA-A to change radio resource allocation. (New primitive to change resource allocation should be defined.)
6. [bookmark: _Toc382509123]Radio resource allocation of PoA-A is changed.
8.2 [bookmark: _Toc382509124] Radio resource management based on link status of PoA-A
[image: ]
0. [bookmark: _Toc382509126]PoA-A interferes with neighboring PoAs and MNs, and link layer of PoA-A detects that PoA-A’s link status becomes bad.
1. [bookmark: _Toc382509127]PoA-A’s link layer reports bad link status to MISF. (Link_Detected primitive of IEEE 802.21-2008 standard can be used.)
2. [bookmark: _Toc382509128]PoA-A’s MISF reports bad link status to MIS User. (MIH_Link_Detected primitive of IEEE 802.21-2008 standard can be used.)
3. [bookmark: _Toc382509129]MIS User of PoA-A decides to change radio resource allocation of PoA-A and requests MISF to change radio resource allocation. (New primitive to change resource allocation should be defined.)
4. [bookmark: _Toc382509130]MISF of PoA-A requests link layer to change radio resource allocation. (New primitive to change resource allocation should be defined.)
5. [bookmark: _Toc382509131]Radio resource allocation of PoA-A is changed.
8.3 [bookmark: _Toc382509132] Radio resource management based on link status of PoA-B
[image: ]
1. [bookmark: _Toc382509134]MISF of PoA-B reports PoA-B’s link status to PoA-A’s MISF. ( New message to report PoA-B’s link status should be defined.)
2. [bookmark: _Toc382509135]MISF of PoA-A reports PoA-B’s link status to MIS User of PoA-A. (New primitive to report PoA-B’s link status should be defined.)
3. MIS User of PoA-A requests MISF of PoA-A to change resource allocation of PoA-A. (New primitive to change resource allocation should be defined.)
4. MISF of PoA-A requests PoA-A’s link layer to change resource allocation. (New primitive to change resource allocation should be defined.)
5. [bookmark: _Toc382509136]Radio resource allocation of PoA-A is changed.
8.4 [bookmark: _Toc382509137] Radio resource management by AC
[image: ]
1. [bookmark: _Toc382509139]MISF of PoA-B reports radio resources of PoA-B to MISF of AC. (New message to report of PoA-B’s resources should be defined.)
2. [bookmark: _Toc382509140]MISF of AC reports radio resources of PoA-B to MIS User of AC. (New primitive to report PoA-B’s radio resources should be defined.)
3. MIS User of AC decides to change radio resource allocation of PoA-A. (New primitive to change radio resource allocation of PoA-A should be defined.)
4. [bookmark: _Toc382509141]MISF of AC requests PoA-A to change its radio resource allocation. (New message to change resource allocation of PoA-A should be defined.)
5. [bookmark: _Toc382509142]MISF of PoA-A requests link layer of PoA-A to change radio resource allocation of PoA-A by using new primitive. (New primitive to change resource allocation should be defined.)
6. [bookmark: _Toc382509143]Radio resource allocation of PoA-A is changed.
9. [bookmark: _Toc382509144]Requirements 
[bookmark: _Toc382297503][bookmark: _Toc382509145][REQ1] MN can report its link status to PoA that MN connects to.
[bookmark: _Toc382509146][REQ2] PoA can monitor its own link status.
[bookmark: _Toc382509147][REQ3] PoAs can exchange their own link status between them.
[bookmark: _Toc382509148][REQ4] PoA can report its link status and radio resource allocation to AC.
[bookmark: _Toc382509149][REQ5] PoA can manage its own radio resources.
1
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