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1. Introduction 
In the recent RAN1#61 meeting, it has been identified that in Macro-Femto and Femto-Femto co-channel deployment, the dominant interference scenario is when the non-CSG/CSG users are in close proximity of Femto [1]. In this scenario, the Rel8/9 ICIC techniques are not fully effective in mitigating control channel interference. Enhanced interference management is needed and the techniques in [3] can be considered where appropriate. 
While control channel interference is an important aspect to be addressed in CSG deployment, the available techniques are restricted to time shifting and/or frequency partitioning [2] due to the PDCCH spanning over the whole system bandwidth. No less important is data channel interference mitigation, for which some promising techniques are listed in Section 7.2.2 of [3]. In this contribution we present an alternative scheme for data channel eICIC in the co-channel, heterogeneous deployment of macro eNBs (MeNBs) and home eNBs (HeNBs), addressing the case for Macro UE (MUE) ( HeNB UL interference i.e HeNB is the victim. This is achieved by UL interference pattern measurement through for instance UL signal/RS detection by the HeNB for MUE identification at the MeNB, and subsequently coordinated scheduling between the interfered HeNB and the MeNB for the HeNB UL. Furthermore, the same UL measurements by the HeNB can also be used to mitigate HeNB ( MUE DL interference, i.e. MUE is the victim, by coordinated scheduling in the HeNB DL.
2. HeNB UL Measurement to Protect MUE DL and HeNB UL 
Figure 1 is a simple illustration of the UL interference scenario under consideration. The macro-connected UE (MUE), possibly operating at cell edge, is creating large UL interference to HeNB, assumed to be operating as a CSG in which the MUE are not allowed to associate. 
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Figure 1 – Simple illustration of UL interference with co-channel deployment

It has been mentioned in [4] that this MUE ( HeNB UL interference can be addressed by interference-aware scheduling at the HeNB, assuming that the UL resource allocation is fixed. Such interference-aware scheduling will most likely require UL measurements and/or UL RS detection [3] capability in the HeNB. Therefore it may be desirable to further make use of this information by feeding back these measurements to the MeNB, provided that an interface (such as X2) exists between the MeNB & HeNB to exchange information within an acceptable latency [6]. As highlighted in [6], the identification of active mode UEs in the vicinity of HeNB could be useful for eICIC. In addition to the techniques in [3], this identification can also be achieved by comparing the interference pattern feedback against the MeNB’s own UL grants. An example of the interference pattern report is illustrated in Figure 2. After the identification of these interfering MUEs, the MeNB can inform the HeNB their UL resource allocations, so that the HeNB can avoid these MeNB UL resource allocations during its own UL scheduling for better efficiency and throughput enhancement. 
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Figure 2 – An illustration of an interference report
Once the identities of the interfering MUEs are known through the UL interference pattern, an additional benefit that can be achieved is that the MeNB can also inform the HeNB of the DL scheduling information of the identified MUEs in proximity to the HeNB. In the DL, the aggressor-victim role is reversed from that of the UL, so that the MUE is being interfered by the DL CSG signals from HeNB as shown in Figure 3. By making use of DL scheduling information, the HeNB can choose to avoid the resource blocks allocated to the DL-interfered MUE. This is similar to the hybrid approach in [5] to a certain extent, but here we provide further mechanisms for the identification of MUEs in the vicinity of the HeNBs, since only their scheduling information is necessary for eICIC. 
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Figure 3 – Simple illustration of DL interference with co-channel deployment

Figure 4 shows a summary of the steps involved in this proposal. We would like to note that besides performing eICIC entirely at the HeNB scheduler, the HeNB may feedback to the MeNB its own preferred UL scheduling information together with the measured UL interference pattern so that interference aware scheduling takes place at the MeNB side.
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Figure 4 – Steps of the proposed scheme
If the HeNB is able to hear the MeNB’s PDCCH, this DL scheduling information can be conveyed over-the-air (OTA). In this OTA case, the only extra signaling required on the backhaul would be the (M)UE-IDs for PDCCH blind decoding by the HeNB if it has DL reception capability. By decoding the PDCCH, it is also possible for the MeNB to inform the HeNB of any new UL grant relevant to the MUEs. It should be pointed out that the proposed scheme can be employed in conjunction with most of the ICIC methods summarized in [3]. Of particular interest would be based on the known timing offset between MeNB & HeNB as shown in Figure 5, since it provides not only PDCCH protection but also processing time for the HeNB to take the decoded MeNB PDCCH for its own scheduling purposes.
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Figure 5 – Fixed offset between MeNB and HeNB for PDCCH ICIC

It is also notable that this proposal is backward-compatible to Rel-8/9 UE implementations, since it requires no extra feedback or signaling from the UEs. The new implementation burden rests instead on the HeNBs and MeNBs and their associated interface.
3. Conclusion
In this contribution we have presented an eICIC scheme based on HeNB UL measurements/UL RS detection and coordinated scheduling between the MeNB and HeNB. The detected UL interference pattern is fed back to the MeNB, based on which the identities of the interfering MUEs are determined. The MeNB then provides the UL and DL scheduling information of the MUEs in proximity to the HeNB for eICIC purposes. Therefore the following interference scenarios can be addressed:
· MUE ( HeNB UL

· HeNB ( MUE DL
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