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I. Introduction

Femtocell, known as a home base station, is developed to enhance indoor coverage by reusing the

licensed spectrum as part of the network infrastructure. As an example, WiMAX Femtocell Access Point (WFAP) serves mainly for indoor services, has very small coverage (e.g. < 35m), reuses the same air interface and is operated at the licensed spectrum as macro cells. It is highly possible that many femtocells are deployed in a small area, especially in urban or residential area. So, resource management among femtocells and femtocell/macrocell becomes a critical issue.

The interference avoidance and interference mitigation for femtocells are discussed section 15.9 of SDD [1]. Some basic operations are mentioned and agreed:

· An MS may be requested by its serving macro BS or Femtocell BS to report the signal strength measurement of neighbor BSs, including macro and/or Femtocell BSs. The reported information can be used by the serving BS to coordinate with its neighbor BSs to mitigate the interference at the MSs.

· Based on measurement report, the serving BS and/or the network may request the interfering Femtocell BS to mitigate the interference by reducing transmission power, and/or blocking some resource region.

· The interference between Femtocells and/or macro cells can be mitigated by static or semi-static radio resource reservation and resource sharing using FDM and/or TDM manner.

· An MS connected to a macro BS or Femtocell BS may detect the least interfered resource from surrounding Femtocells and/or Macro BSs and report to the serving BS, so that the serving BS may select appropriate resources for its traffic.

In this contribution, we propose a framework for inter-BS resource transaction to implement the above concepts. Some messages formats are proposed accordingly.

II. Dynamic Resource Transaction 

Messages for DRT (Dynamic Resource Transaction) are proposed, which includes seven message types: 

· DRT_Request (type=000): The message is sent by a BS to ask for specific resource blocks from neighboring BS.

· DRT_Grant (type=001): The message is sent by a BS to reply for the received DRT_Request.
· DRT_Release (type=010): The message is sent by a BS to announce the permanent release of specific resources.

· DRT_Rent (type=011): The message is sent by a BS announce the temporary release of specific resources.

· DRT_Info (type=100): The message is sent in inter-BS and BS/AMS negotiation to exchange resource and interference information.

· DRT_Req_to_Release (type=101): The message is sent by a BS to request a specific neighboring BS to stop from using specific radio resource blocks.

· DRT_Reserved_resource_notification (type=110): The message is sent by a macrocell BS to inform femtocell BS of specific reserved resource. Note that, the message is for macrocell BS only.
· DRT_ACK (type =111) : The message is sent by a BS to acknowledge for the received DRT messages
With the seven signaling message types, the radio resource can dynamically be reallocated between femto-to femto and macro-to-femto BS with corresponding signaling flow.
III. Application Scenarios

To implement these concepts in section 15.9 of SDD, we propose an inter-BS resource transaction method. The method can not only implement those concepts but is useful to negotiate the usage and scheduling of radio resource among BSs. Namely, the dynamic resource transaction method has potential for some useful applications.

    The first application is interference mitigation. The basic principle to implement interference avoidance with this method is that each BS avoids using high interference blocks and reduces the interference to other BSs. The former can be achieved by requesting or exchanging for alternative blocks, and the latter can be done by the interference report of other BSs. For example,

· BSs request low interference radio blocks so as to cause low interference to/from other cells. 
· BSs release radio blocks which suffer severe interference or may cause severe interference to others. The latter case may need interference alerting and report to make the decision.
· BSs exchange radio resource blocks to get low interference blocks and release high interference blocks. Note that since interference varies from one location to the other location, one radio resource block may be poor to one but good to others. 
These operations can do interference mitigation so as to improve resource utilization.


The second application is resouce management during femtocell/macrocell handover by resource reservation. For example, we design that high speed MS will not handover into the cell with small coverage. Furthermore, with the dynamic resource transaction method (DRT method), inter- BS reserved resource region is pre-negotiated, then macrocell BS schedule high speed MS be served by that negotiated resource region. After detecting the high speed MS served by macrocell BS and being approaching Femto BS’s coverage area, FemtoBS should reschedule its subordinated MSs not be served by that negotiated resource region. Based on DRT method, this operation can be easily implemented and it not only solves frequent handover problem but reduce the interference to high-speed MS. 

IV. Text Proposal

================= Start of Proposed Text ========================
X Dynamic Resource Transaction

Dynamic resource transaction (DRT) is a framework for self-organizing RRM in femtocell deployments. The goal is to enhance resource utilization efficiency. In an overlay Macro-Femto network architecture, DRT framework facilitates adaptive radio resource allocation between BSs, where the usage scenario may be macro-to-macro, femto-to-macro,or femto-to-femto. 

X.1 DRT Message 
The message types of DRT framework is defined as follows:
· DRT_Request (type=000): The message is sent by a BS to ask for specific resource blocks from neighboring BS.

· DRT_Grant (type=001): The message is sent by a BS to reply for the received DRT_Request.
· DRT_Release (type=010): The message is sent by a BS to announce the permanent release of specific resources.

· DRT_Rent (type=011): The message is sent by a BS announce the temporary release of specific resources.

· DRT_Info (type=100): The message is sent in inter-BS and BS/AMS negotiation to exchange resource and interference information.

· DRT_Req_to_Release (type=101): The message is sent by a BS to request a specific neighboring BS to stop from using specific radio resource blocks.

· DRT_Reserved_resource_notification (type=110): The message is sent by a macrocell BS to inform femtocell BS of specific reserved resource. Note that, the message is for macrocell BS only.
· DRT_ACK (type =111) : The message is sent by a BS to acknowledge for the received DRT_Grant and DRT_Reserved_resource_notification.
X.2 Signaling Flow of DRT
The DRT operations are as follows:

X.2.1 Rent/Release resource
When a BS (named “giver BS”) has available resources, it sends DRT_Rent to inform their neighboring or overlaid BS of temporary availability of specific resources. When the giver BS intends to release the resource permanently, DRT_Release is sent. The DRT_Rent and DRT_Release message should specify related interference information of these unused resources. After receiving the message, the BS requiring extra resource (named “acceptor BS”) should send DRT_Request back to claim its request. Upon receiving DRT_Request, the giver BS responds with DRT_Grant. If the giver BS only agrees to release or rent part of its available resources, then the agreed blocks should be specified in DRT_Grant. Upon receiving DRT_Grant, acceptor BS should return a DRT_ACK. When giver BS receives the DRT_ACK, the negotiation is done.
X.2.2 Request for resource
For an acceptor BS requiring extra resource allocation, it can send DRT_Request, in which the desired radio block region (and/or required SINR value) is specified. After receiving the DRT_Request , the giver BS sends a DRT_Grant back to specify the available resource region that satisfying acceptor BS’s requirement. The acceptor BS then returns an ACK to obtain the ownership of the blocks.

X.2.3 Request to release resource
For a BS (named “originator BS”) requesting for allocation suspension of some radio blocks in the neighboring cells, it sends a DRT_Req_to_Release message to the target BS. Upon the reception of the message. if the target BS determines to accept the request, it stops the allocation of the specified resources. The target BS sends a DRT_Grant back to respond the request. The originator BS returns an ACK to acknowledge the grant message.
X.2.4 Negotiation of resource reservation
Two approaches can be applied to adjust the size of resource reservation between femtoBS and macroBS. The first approach is to directly assign part of macro’s own resource as reserved resource, where no explicit signaling message between macroBS and femtoBS is required. The second approach is to assign femtoBS’ resource blocks as reserved resource. Before the assignment, macroBS should first obtain resource from femtoBS by operations showed in Figure 1 or Figure 2.. After getting the ownership of the desired resource blocks, macroBS then could apply DRT to adjust the quantity of resource reservation. After the adjustment of reserved resource quantity, marcoBS should notify femtoBS the allocation change of reserved resource by DRT_ Reserved_resource_notification message.
The corresponding signaling flows are shown as follows. Note that the giver-acceptor BS pair and target/originator pair can be femto BS-to-femto BS , marco BS-to-femto BS,or femto BS to marco BS .              
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X.3 Trigger Condition for DRT operation
ABS can estimate the resource quantity requirement based on the QoS parameters of active flows in the cell. Dynamic resource transaction may be triggered by the following events:

· the utilization ratio of current radio resource
· Interference measurement event

· interference mitigation event
· signal quality (e.g. RSSI, or CINR) measurement event

· LBS measurement event
DRT for resource reservation in overlay macro/femto network may be triggered based on the number of MSs and types of MSs (e.g. high-speed MS or low-speed MS). Inter-cell (macro-femto, femto-femto) DRT for adjusting resource reservation is triggered by Macro BS or femto BS based on the cell resource utilization condition. 
X.4 Dynamic Resource Transaction Message

Table xxx DRT message format

	Syntax
	Size (bit)
	Notes

	DRT _Message_format() {
	-
	-

	Sender BS ID
	8
	-

	Receiver BS ID
	8
	It may be macrocell/femtocell ID

	Transaction Request Type
	3
	000 : DRT_Request
001 : DRT_Grant
010 : DRT_ Release
011 : DRT_Rent
100 : Request to Release

101 : DRT_Info 
110 : DRT_Reserved_resource_notification
111 : DRT_ACK

	If (Transaction Request Type==000){
	-
	-

	Specific Requested Radio Resource 
	TBD
	Specify the desired radio resource

	}
	-
	-

	If (Transaction Request Type==010,011){
	-
	-

	Number_of_Unit_Transaction_Radio_Resource (N_UTRR)
	TBD
	Depend on radio resource planning and interference level

	For (i=0; i< N_UTRR; i++) {
	-
	-

	Interference Information
	TBD
	Provide the interference strength of unit radio resource so that the receiver can decide how to do transaction.

	}
	-
	-

	If (Transaction Request Type==001){
	
	

	
	TBD
	Reply agreement or disagreement message to resource requester.

	}
	
	

	If (Transaction Request Type==100){
	
	

	Specific Stop-to-Use Radio Resource
	
	Specify the radio resource that induces high interference. The message will be sent to the interference source BS. 

	}
	
	

	If (Transaction Request Type==101){
	-
	-

	Interference Source
	TBD
	Report the interference source ID if the ID causes high interference.(The message may be sent directly to the interference ID or to the macrocell).

	}
	-
	-

	If (Transaction Request Type==101){
	-
	-

	Reserved Resource Allocation
	TBD
	Notify the reserved resource allocation

	}
	
	

	If (Transaction Request Type==111){
	
	

	Acknowledge received DRT_Grant
	
	Acknowledge the received DRT_Grant

	}
	-
	-

	}
	-
	-

	
	
	


----------------------------------------------------------------- End of the Text------------------------------------------

[1] IEEE 802.16m-09/003r9a, “IEEE 802.16m System Description Document”
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Figure 1. Acceptor-initiated DRT Signaling Flow
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Figure 2. Giver-initiated DRT Signaling Flow
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Figure 3. Signaling Flow for Resource Reservation in Overlay Femtocell (a) Macro BS initiated (b) Femto BS initated
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