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1 Introduction
While heterogeneous network deployments can significantly improve system capacity, they also pose some challenges from the system performance perspective. In particular, interference may vary significantly and be more severe as compared to wide-area only deployments.

In has been shown in [1]

 REF _Ref250729520 \r \h 
[2]

 REF _Ref250729539 \r \h 
[3]

 REF _Ref250729550 \r \h 
[4] that co-channel deployment of heterogeneous networks leads to outage due to lack of interference management for the DL control channels. Moreover, Rel-8/9 RRM measurements are not adequate for the detection, measurement and reporting of weak cells that are good candidates to become serving cell.
In this contribution, we discuss the scope of potential enhancements for the Rel 8/9 interference management techniques that would enable efficient co-channel heterogeneous network deployments.

2 Enhanced Interference Management
Enhanced interference management needs to overcome limitations of Rel. 8/9 techniques. There are three aspects that need to be addressed:
· Interference management for control and data

· Detection of weak cells

· Enhanced feedback

2.1 Interference management for control and data
Rel 8 backhaul interference management does not address the control channels. Therefore, under harsh interference conditions as shown and discussed in [1]

 REF _Ref250729520 \r \h 
[2]

 REF _Ref250729539 \r \h 
[3]

 REF _Ref250729550 \r \h 
[4], UE is likely to declare radio link failure and experience service outage due to unreliable DL control channels.

In order to prevent radio link failure, interference management for the DL control channels is necessary. Therefore, Rel 8/9 backhaul-based scheme should be enhanced to provide reservation and partition of resources for a group of co-ordinating cells for reliable DL control communication under harsh interference conditions.
Proposal 1: Introduce interference management for control - coordinated control channel resource reservation/partition/power control among cells for reliable control communication.

Rel 8/9 backhaul based scheme allows for interference management of the data channels, but it may not be fully adequate in heterogeneous networks. The issue is particularly pronounced on DL. Extension of the Load information message to include time component is relatively straightforward and it could be very useful in mitigating dominant interference from for example, femto (CSG) cells. 
Proposal 2: Enhance interference management for data - extension of Rel-8/9 data interference management to include time component.

Extension to include time component in the Load Information message as shown in Figure 1 could actually enable interference management for both the control and data channels under harsh interference conditions.
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Figure 1: Enhancing Load Information message to include time component.
2.2  Detection of weak cells

Early detection and reporting of weak cells that are good candidates to become serving is important, and complements the control and data interference management. In order to enable enhanced interference management techniques, UE must be first be able to detect, measure, and report measurements of cells that it may potentially significantly interfere, or which from the network perspective are more suitable to serve the UE. Therefore, UE must be able to detect cells which signal straight is well below current C/I of – 6 dB. 
The scenario is illustrated in Figure 2. After UE has detected and reported a weak cell, the network can handover the UE to that cell if the cell is less loaded cell.
Proposal 3: Enhance UE measurements - early detection and reporting of the interfering cells that can be good candidates to becoming serving cell.
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Figure 2: Detection of weak cells.
2.3 Enhanced feedback

Enhancement of Rel 8/9 techniques for the interference management of the data channels and extension to include DL control is required to prevent service outage. Improvement of RRM measurements is necessary in order to prevent excessive uplink interference and to allow load balancing techniques in which UE may be served from a weak cell. 
UE feedback enhancement is another potential area for improvement. In our view, it is not as critical as enhancement of interference management for the control and data. Nevertheless, in the context of heterogeneous networks, feedback enhancements should be studied and if justified, introduced in Rel 10. For examples, enhanced feedback may include:
· Multi-cell feedback
· Resource specific feedback
· Inter-cell SRS coordination, etc

Proposal 4: Enhance UE feedback - if justified by performance advantages.
3 Conclusions
In this contribution we have proposed that backhaul based Rel 8 interference management mechanisms are enhanced to include:

Proposal 1: Interference management for control - coordinated control channel resource reservation/partition/power control among cells for reliable control communication.

Proposal 2: Enhanced interference management for data - extension of Rel-8/9 data interference management to include time component.

Proposal 3: Enhanced UE measurements - early detection and reporting of the interfering cells that can be good candidates to becoming serving cell.

Proposal 4: UE feedback enhancements - if justified by performance advantages.
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