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1 Introduction

It has been argued in RAN3 for several meetings that inter-cell interference mitigation might play a significant role in the decision on allocation of RRM entities to network nodes. RAN3 sent an LS [1] to RAN1 to consult its opinion. In this contribution, we summarize the various inter-cell interference coordination/avoidance schemes, which have been proposed to RAN1 and its relationship with RRM entity as well as with RRC termination. 
2 Background

RAN1 has been studying different inter-cell interference mitigation schemes. So far three categories have been identified and listed in TR.25.814 [2]

· Inter-cell Interference randomization

· Inter-cell Interference cancellation

· Inter-cell Interference coordination/avoidance

Fundamentally, Inter-cell Interference randomization aims at randomizing the interfering signal(s), and thus to allow for interference suppression at the UE in line with the processing gain. This can be accomplished by Cell-specific scrambling or Cell-specific interleaving or applying different kinds of frequency hopping. Inter-cell interference randomization does not necessitate any dynamic RRM signalling between the network elements, but needs to be configured via radio network planning.

Inter-cell Interference cancellation aims at interference suppression in the UE beyond what can be achieved by just exploiting the processing gain. Spatial suppression by means of multiple antennas at the UE and interference cancellation based on detection/subtraction of the inter-cell interference belongs to this category.  But this contribution will not consider this scheme, since it is related to the UE capability and implementation.

The common theme of Inter-cell interference coordination/avoidance is to apply coordinated restrictions to the downlink and also uplink scheduling between cells. These restrictions can be in form of time/frequency resources as well as power resource. Such restrictions in a cell will provide the possibility for improvements in SIR, cell-edge data-rates and coverage, on the corresponding time/frequency resources in a neighbour cell.
The coordination between the cells can range from a static coordination to a more or less dynamic coordination based on different types of measurements, e.g. UE measurements and traffic distribution.

Thus this latter category is most relevant to the RRM decision. Hence this contribution will concentrate on this issue.
3 Discussion

In general inter-cell interference coordination/avoidance is about configuring the resources and scheduling packets with the configured resources. Some inter-cell interference coordination/avoidance schemes propose packet scheduler to use the configured resources depending on the UE measurement [3][4][5][6][7][8].
In RAN1, many different schemes to coordinate the inter-cell interference have been proposed and discussed. The different schemes vary with respect to what kind of resources are configured whether the coordination is static, semi-static or dynamic, and what kind of UE measurements are being used.

In case the inter-cell resource coordination/avoidance is static we consider it to be part of radio network planning and optimization, and no impact to RRM entity is foreseen. The Packet Scheduler in the eNodeB optimizes allocation of resources to the different UE’s according to the static restrictions set by radio network planning and optimization processes.

In case the resource coordination/avoidance has a semi-static or dynamic behaviour, a faster signalling and more RRM involvement is required. As the packet scheduler is located in the Node B, there may be 2 possibilities for supporting semi-static or dynamic multi-cell interference coordination/avoidance: 

1. One centralized node collects cell resource information from all cells in an area to dynamically decide resource allocation and restrictions between neighbouring cells. 

2. The other possibility is that the peer eNodeBs dynamically exchange cell resource information and coordinate resource allocation and restrictions between them.

. 

Various measurements for support of semi-static or dynamic multi-cell interference coordination/avoidance have been discussed in RAN1, like cell load measurement, needed throughput or load for users (for cell border or cell centre), user distribution, etc [3][5][8]. Obviously for both solutions, signalling might be needed to transfer the measurements obtained in eNodeB to the centralised nodes or neighbouring eNodeBs. Signalling would be also needed to coordinate and restrict the radio resource usage. In some of the RAN1 contribution (In [8], the suggestion is at least 200ms.) it is stated that the periodicity of signalling to coordinate allocation and restrictions of resource should be much longer than packet scheduling period of 0.5ms. We agree with this point and even find it infeasible to perform multi-cell interference coordination and restriction with the periodicity of the packet scheduling period. Consequently, the measurement and signalling periodicity can also be much longer than the packet scheduling period. Depending on RAN1 decision on the period of measurement and resource allocation and restriction, the centralized node may be an O&M server or a CRRM (Common Radio Resource Management) type of node, if needed. 

One important observation here is that this CRRM type of node, if needed to optimize the radio performances at all, does not need to be involved in call related signalling. Hence the decision on the need of such a CRRM type of node doesn’t have any impact on the decision where to terminate the RRC protocol. Therefore other criteria have to be applied for the decision on RRC termination. 

For the dynamic inter-cell interference coordination/avoidance schemes which consider the position of a UE to influence the packet scheduler’s resource allocation and restriction, various different ways how to decide UE position (in other word, depending on this information, Packet Scheduler will allocate resources accordingly) have been proposed, like path-loss, geometry factor, etc. Mostly these will be UE measurement and will be defined in RRC signalling or in MAC layer. In case UE position is deduced from MAC signalling or lower, naturally it will be terminated in eNodeB with packet scheduler. In case UE position is derived from handover measurements which are reported via RRC, it is very logical to terminate RRC in the same location as where the Packet Scheduler is since Packet Scheduler should use this information without any delay. Thus, there is no reason identified to terminate RRC signalling higher than eNodeB due to any of inter-cell interference coordination/avoidance.

4 Conclusion and Proposal

In this contribution, we explained the general principles of different inter-cell interference coordination/avoidance schemes and the role of network nodes and signalling. It is important to emphasize here again that regardless of the details of the inter-cell interference coordination/avoidance schemes, all the RRC messages related to inter-cell interference coordination shall be terminated in eNodeB if any are needed. Also in case that further studies show that semi-static or dynamic interference co-ordination/avoidance schemes provide a clear benefit over the static schemes and if such semi-static or dynamic schemes would need a centralized node, this node shall not directly be involved in the call related signalling.

It is proposed to agree on the RRM role in terms of inter-cell interference coordination/avoidance as discussed in this document and to capture the conclusions in the agreement section in the relevant TR as follows: 

· All RRC messages related to the inter-cell interference coordination/avoidance, if any are needed, are terminated in the eNodeB. 

· In case a centralized node is needed for the inter-cell interference coordination/avoidance, this node is not directly involved in the call related signalling.

It is also proposed that RAN3 studies further the potential interface to a centralized node versus a peer-to-peer eNodeB-eNodeB interface, in case support of dynamic interference coordination/avoidance is later being recommended by RAN1. 

RAN3 also should study further the interface to an O&M depending on which inter-cell interference coordination/avoidance scheme is being recommended by RAN1. 
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