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1. Introduction
Inter-cell RRM is an important issue for RRM functions. This contribution aims at clarifying the functions related to Inter-cell RRM and describes some methods for these functions.
2. Inter-cell RRM Functions
To our understanding, there are three kinds of functions related to Inter-cell RRM:

1) Handover management

2) Interference management

3) Load balancing

Other functions such as measurement management are part of these three classes of functions and are included in the following descriptions.

All these functions are related to the radio resource of multiple cells, where the radio resource for LTE system mainly includes:

1) sub-carriers

2) time slot

3) power

2.1. Handover management
Handover is a process related to a certain UE. The general process is as follows: UE measures the channel of local and adjacent cells and reports to the source eNodeB; After receiving the report, the source eNodeB makes handover decision based on this measurement report and the radio resource load information of local and adjacent cells; Then the source eNodeB performs the handover process along with the target eNodeB. The following information is required during the process:
1) the uplink/downlink channel state of the local cell;

2) the uplink/downlink channel state of adjacent cells;

3) the radio resource load of the local cell;

4) the radio resource load of adjacent cells.

The information is acquired from:
1) the UE, which gives the downlink channel state of the local and adjacent cells;

2) source eNodeB, which gives the uplink channel state and the radio resource load of local cell;

3) adjacent eNodeBs, which give the radio resource load of adjacent cells.

This information can be acquired and processed either in a centralized manner, which needs a central node, or in a de-centralized manner, which distributes the inter-cell RRM function to separate eNodeBs. Since this information is only required during the handover process, another approach is to acquire this information via the interactive signalling among different eNodeBs when performing the handover process. 
2.2. Interference Management
The interference of evolved network is mainly from the adjacent cells. Several schemes have been proposed for inter-cell interference management in RAN1:

1) Interference randomization, this scheme aims at randomizing the interfering signal(s) and thus  allowing for interference suppression at the UE in line with the processing gain;

2) Interference cancellation, this scheme aims at interference suppression at the UE beyond what can be achieved by just exploiting the processing gain;

3) Interference avoidance/co-ordination, this scheme is to apply restrictions to the resource management (configuration for the common channels and scheduling for the non common channels) in a coordinated way between cells.
To our understanding, interference avoidance/co-ordination is a fundamental method for interference management and the other two schemes can be used as complements.
The following information is required for interference avoidance/co-ordination:
1) real-time radio resource assignment information of local cell;
2) real-time radio resource assignment information of adjacent cells.

The scheme for interference avoidance/co-ordination could be fully static, fully dynamic, or semi-static.

2.2.1. Static Interference Avoidance/co-ordination Scheme

The static scheme divides the radio resource into non-overlapped sub-set to different cells statically. Using this scheme, real-time interaction of the radio resource assignment information among cells is not required during the process, but the efficiency is quite low since only part of the radio resource is allocated to a certain cell.
Another static resource allocation is to partition each cell into the central area which does not overlap with other cells and the edge area which overlaps with other cells. In the edge area, the radio resource is divided into several non-overlapped sub-set (each with usually 1/3 of the total resource) and the UEs in the edge area are assigned certain amount resource in the sub-set. In the central area, the full band of radio resource can be allocated. Scheduling for UEs in the edge area takes precedence over scheduling of UEs in the central area, effectively making the available frequency sub-bands for scheduling of the latter between 100% (all UEs in the central area) to 67% (enough UEs exist in the edge area with scheduling priority to occupy all reserved sub-bands) of the total.This allocation is depicted in figure 1.
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Figure 1. Frequency allocation among cells

2.2.2. Dynamic Interference Avoidance/co-ordination Scheme

This scheme can acquire high efficiency of resource utilization, but requires real-time interaction of radio resource assignment information among cells. Theoretically, the efficiency can be maximized if the information interaction and resource assignment co-ordination are performed each TTI. However, it requires a control plane interface with very low latency among eNodeBs or between eNodeBs and RRM server. The signalling load may be significantly increased as well. 
2.2.3. Semi-static Interference Avoidance/co-ordination Scheme

The third scheme is a compromise of previous two schemes. Based on the second partition method of static scheme, the system capacity could be increased further by adjusting the static resource assignment in a large time scale. This adjusting could be accomplished by the RRM server or by the eNodeBs themselves if the time scale is large enough. This scheme could achieve high system capacity with low signalling load compared to the previous two schemes.
2.3. Load Balancing
Basically, load balancing includes the following aspects:
1) eNodeB takes the loading balancing into account when choosing the target eNodeB in the handover process;

2) eNodeB actively starts the handover process according to the load information of local cell and adjacent cells;
The information required in these processes is:

1) the load information of local cell;
2) the load information of adjacent cells;

3) the downlink/uplink channel state of local and adjacent cells.

A separate RRM server can concentratively acquire the load information of different cells and perform the load balancing along the time, which would increase the efficiency of load balancing.
For a certain cell, the action for load balancing is only required when the load is heavy, which means that this action can be regarded as an event-driven process in a large time scale. So the required information can also be acquired during the process, which may increase a bit of the processing signalling.
Dynamically changing the resource sub-set allocation of cell edge in the interference management can also be regarded as a method for load balancing. 
3. Proposal
According to the description of the functions of inter-cell RRM, three architectures of inter-cell RRM functions are applicable: 1) inter-cell RRM functions and data in an isolated RRM server; 2) inter-cell RRM functions and data distributed among eNodeBs; 3) inter-cell RRM functions distributed among eNodeBs and inter-cell RRM data in an isolated database. Architecture 1 has optimal performance theoretically but is hard to implement for time-critical functions. Architecture 2 and 3 are both de-centralized approaches. There should have control plane interfaces among eNodeBs in architecture 2. Some pre-processing on the RRM data may be available in architecture 3 but the data-collecting signalling load should be considered.
We propose that the de-centralized inter-cell RRM should be considered and the RRM information should be acquired and processed during the RRM processes in a centralized manner or distributedly.

It is proposed that the text proposal below is included into R3.018.

6.12.2.5 Inter-cell RRM (interference management & load management) (ICR)

Due to the spill-over of transmitted power into neighbouring cells and in order to support unequal loading of cells, Inter-Cell RRM will be required. Inter-Cell RRM may be part of logical OAM. Depending on the mobility of users and the dynamics of data-rate changes, even Dynamic Inter-Cell RRM may be required. 
Three inter-cell interference Avoidance /coordination techniques are considered:

1. Static Interference Avoidance/co-ordination
This scheme can acquire the radio resource allocation statically and doesn’t need any signalling information to be exchanged. 
2. Dynamic interference Avoidance/co-ordination
This scheme can acquire high efficiency of resource utilization, but requires real-time interaction of radio resource assignment information among cells, which causes significantly heavy signalling load and latency delay.
3. Semi-static Interference Avoidance/co-ordination
This scheme can acquire information in a larger time scale about cell load, the interference and corresponding restrictions for the resource usage to be exchanged, e.g. sub carriers and power for cell edge regions, pathloss/location estimate and SIR/BER for UE.
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