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1. Introduction
   In the requirements of LTE-Advanced[1], achieving two targets of the spectral efficiency (average and cell edge) simultaneously is required. The resource management cooperation among eNBs for controlling ICIs seems important in order to improve the cell edge spectral efficiency. Several technologies about ICIC (Inter Cell Interference Coordination) and Network Collaborative MIMO[2-10] were proposed as the technologies which require for the resource management cooperation. 
   To apply ICIC and Network MIMO effectively, alignment of the resource management policy between an eNB and adjacent eNBs is necessary. We consider that the constraints on the resource management policy are needed because alignment of resource management policy can not be achieved if each eNB managed its policy by itself. In this contribution, we provide the scheme of resource management cooperation among eNBs.
2. Proposed concept of resource management cooperation
   In this chapter, we introduce the concept of the resource management cooperation. The point of the resource management cooperation is that each eNB retains the profile including several resource management policies, and each eNB selects certain policy in alignment with other eNBs. An example of the profile is shown in table 1.
   The feature of the policy #0 is equal transmission power on all frequencies. Thus this means normal OFDM transmission. This is the default case of the resource management policy. The feature of the policy #1 is that the frequencies with strong output are different among eNBs.  This means FFR policy. The feature of the policy #2 is that the frequencies with strong output are the same among eNBs. In the policy #2, the frequency "F1" is used for the Network MIMO.
   We consider that aligning the policy of an eNB and adjacent eNBs is important to apply ICIC (including FFR) or Network MIMO effectively. Each eNB performes packet scheduling within the constraints of these policies.
Table 1. An example of the profiles including several resource management policies. 

	Policy ID
	eNB #1
	eNB #2
	Remarks

	Policy #0

(default)
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	Normal OFDM

	Policy #1

(FFR)
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	The frequency with strong output is different among eNBs for FFR.

	Policy #2

(Network MIMO)
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	ICI collision is made on F1 for Network MIMO.
F2, F3, and F4 are used for non cell edge users. 


3. Proposed scheme of resource management cooperation
   In this chapter, we introduce the scheme to achieve the above concept. To achieve the concept shown in Chapter 2, each eNB shall have the following functions:
· Each eNB has the profile including several resource management policies.
· Each eNB accepts an indicator that shows which policy should be used in operation, and applies the policy shown by the indicator.
· Each eNB accepts the change request of the policies, and changes its policies.
   The first item is indispensable function for applying this technique. The profile shall be preset in each eNB, and can be changed later from outside (as described in the third item). 
   The second item means that an interface specification to accept the indicator from outside is necessary. In this case, the word "outside" means adjacent eNBs or remote Operation & Maintenance apparatus. In the case when eNB is unable to accept the indicator, the eNB can negotiate with the transmission origin of the indicator. If the eNB could accept the request, the eNB starts to apply the policy shown by the indicator. As a matter of course, the eNB which is the origin of the request also applies the policy of the indicator.
   The third item means that each eNB shall accept to change its policies by the request from outside. The reasons necessary to change policies are shown as follows:
· Increasing/Decreasing the number of eNB
· Resolving the problems of the present policies 
   The first reason is clear because ICI changes when increasing/decreasing the number of eNB. The second reason means resolving problems, for example, such as blind area occurring on the present policies. To overcome these problems, eNB needs to adjust its policies.
   We provide the actual scheme to achieve the third item below. Figure 1 shows the group of resource blocks for the resource management policy definition. Spatial and frequency resource blocks are finite, but time resource blocks are infinite. Thus time resource blocks should be limited by certain duration. Time resource blocks are treated as the set of the resource blocks of equal interval. For example, The subframes numbered 0, 4, 8, … 4n are treated as the same resource block of time domain when the limited duration is assumed as four subframes.
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Figure 1. The group of resource blocks for policy definition

   The resource management policies are defined as the aggregation of the policy parameters of each resource block. That is, each resource block has the policy parameters shown in Table.2. The parameter of "Transmission power" can be defined arbitrarily within the constraint of the total transmission power. The parameter of "Usable for cell edge" is the flag indicating whether the resource block can be used by cell edge users or not.  Similarly, the parameter of "Usable for non cell edge" is the flag indicating whether the resource block can be used by non cell edge users or not. We consider these two kinds of flags are necessary parameters to enable cell edge users to select the resource blocks with good SINR. And, each eNB shall perform packet scheduling following these policy parameters.

   Table 2. The structure of policy parameters of each resource block
	Parameters
	Values

	Transmission power
	Arbitrary

	Usable for cell edge
	0 or 1

	Usable for non cell edge
	0 or 1


4. Effects of the proposed scheme
   In this chapter, the effects of the proposed resource management scheme are shown. We consider the proposed scheme can achieve:
· Simple-step synchronization of the resource management policies among eNBs adaptive to traffic situation.
· Quick policy switching according to the traffic forecast.
   The first item intends that the number of steps necessary to change policies is only two. That is, when an eNB wishes to change the resource management policies of the adjacent eNBs: (1) it sends the policy ID to the adjacent eNBs, and (2) receives the responses from the adjacent eNBs. And each eNB can send the policy ID to the adjacent eNBs whenever necessary. Thus, adaptive synchronization of the resource management policies according to the traffic demand can be achieved simply by only exchanging the policy IDs.
   The second item intends that each eNB can change its policy according to the forecast based on the results of the past traffic. The traffic change is considered able to be forecasted to some degree because the traffic behavior seems correlated with the user's daily habits. The policy selection scheme with quick response to the traffic situation can be provided by utilizing this feature. The procedure of policy switching based on the traffic forecast is described as follows:
(a) The eNB or the remote Operation & Maintenance apparatus analyzes the traffic behavior (Fig.2).
(b) The resource management profiles based on the analyzed behavior are given to eNBs.

(c) The appropriate resource management policy of each eNB is selected based on the forecast of the traffic behavior.
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Figure 2. An example of the traffic behavior at certain area.
   Fig.2 shows an example of the behavior of the traffic in an office area. In an office area, we consider the amount of the traffic is high during the working time on weekdays. Thus, high spectral efficiency should be prioritized. To prioritize it, the normal OFDM policy may be applied. During nighttime, high spectral efficiency may not be prioritized because the amount of the traffic is low. For example, the FFR policy may be applied to prioritize the connectivity of the cell edge users during nighttime.
   Fig.3 shows an example of policy switching based on the analyzed traffic behavior. It is assumed that each eNB has the profile of the resource management policies as shown in Table.1. On 7:00 a.m., policy ID #1 is used on both eNBs because it is not at the working time yet. On 8:00 a.m., when it comes to the working time, each eNB changes its policy to the policy ID #0 as simultaneously as possible. The trigger to change may occur from inside or outside of the eNB. The word "inside" means the self-timer of each eNB. The word "outside" means the adjacent eNBs or the remote Operation & Maintenance apparatus. 
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Figure 3. An example of policy switching based on the analyzed traffic behavior.
5. Conclusion
   In this contribution, we propose the scheme of the resource management cooperation among eNBs. Our claim is that each eNB shall have the following functions:

· Each eNB retains the profile including several resource management policies.

· Each eNB accepts an indicator that shows which policy should be used in operation, and applies the policy shown by the indicator.

· Each eNB accepts the change request of the policies, and changes its policies.
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