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1. Introduction
A WI on enhanced ICIC was established during RAN#47 with the aim of evaluating non-CA based inter-cell interference coordination within heterogeneous deployments [1]. The main motivation for the WI is the potential need for inter-cell interference coordination of downlink control channels across the layers to avoid severe interference caused by non-accessible CSG cells or caused by biased RSRP based cell association in the case of extending the cell range of small OSG cells. Interference management in CSG deployments has extensively been studied by RAN4 in the context of HeNBs and Rel-8/9 [2]. Extending the cell range of pico cells by adding an offset to RSRP measurements has been proposed  (see e.g. [3]) as a tool to increase the possibility to further off-load macro cells, mainly targeting highly loaded network scenarios with more or less uniformly distributed traffic within the macro cell coverage area. In contrast to CSG deployments, it is anticipated that Rel-8/9 users can always operate reliably in heterogeneous networks with OSG cells when using traditional RSRP based cell association. 
At RAN1#60bis, basically three approaches aiming for inter-cell interference coordination of downlink control channels in non-CA based heterogeneous deployments were discussed: almost blank subframes, time shifting and new control design [4]. Among these approaches time shifts across the layers and the use of almost blank subframes on the aggressor layers represent the candidates that seem to have the largest potential to fulfill the objectives of the WI [1], i.e. minimal specification impact and backward compatibility, as Rel-8 control channel structure is reused. 
In this contribution we focus on the approach of using almost blank subframes for ICIC of control channels primarily. We assume OSG cells though many technical aspects (observations) would also be valid for CSG deployments, in which the macro user may be the victim instead of macro eNB being the aggressor as in the OSG scenarios with extended cell ranges of pico’s.
2. Discussion
The definition of an almost blank subframe might be somewhat company dependent but the general idea is to leave at least the control region as empty as possible in some downlink subframes in the macro cell. In our view, it has the following characteristics: 
· Occurs on the aggressor layer
· PDCCH not present
· PCFICH may not need to be present
· PHICH may need to be present in order to keep UL HARQ timing

· PDSCH present in case of FDM partitioning of data across the layers and support for inter-subframe scheduling
· CRS present as a backward compatibility request 

· PSS/SSS and PBCH can be present
For certain configurations of almost blank subframes, one could possibly operate without PHICH but may impact the UL scheduling flexibility in earlier subframes. The presences or not of PHICH in those subframes need further considerations as well as its impact on the pico cells if being present.
The use case of almost blank subframes would then be that macro users are not scheduled in those subframes whereas pico users operating within the extended pico cell range are scheduled in subframes aligned with the almost blank subframes at the macro layer. Users closer to the pico site (i.e. users within pico cell RSRP coverage) can however be scheduled in all subframes. Some implications of using almost blank subframes would then be that:

· Pico eNBs obviously need to know the locations of the almost blank subframes

· Macro users cannot be paged in almost blank subframes

From above we observe that paging occasions should preferably not overlap across the layers which can e.g. be achieved by configuring macro and pico’s to be subframe aligned but not radio frame aligned. Such non-alignment of radio frames would however be needed to avoid overlapping of PSS/SSS and PBCH across the layers, usually the main motivation for non-alignments of radio frames across the layers. Then, macro avoids scheduling data in RB’s that collide with PSS/SSS and PBCH associated with the pico, whereas pico does not schedule data to cell edge users in RB’s that collide with PSS/SSS and PBCH associated with the macro cell, as illustrated in figure 1. Hence, macro and pico schedulers would then need to know the radio frame time offset across the layers (static parameter given by the configuration of the eNB nodes)
. 
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Figure 1. Alignment of macro and pico layers

Another implication of using almost blank subframes is that
· “Pico UEs” may not base measurements on arbitrary subframes due to fluctuations of the interference level from the macro which may have an impact on the reliability of e.g. mobility measurements. Furthermore, this may also trigger unnecessary radio link failure as anticipated in [5]. 
Which subframes to base mobility and RLF measurements on is not specified in Rel-8/9, and the potential need to restrict UE measurements to certain subframes for Rel-10 and beyond should be evaluated. Multiple measurement configurations can be foreseen, but a plurality of supporting configurations would impact on RAN4 test cases. Therefore, in case of restricting UE measurements to certain subframes an alternative to configurable UE measurement subframes is to base the measurements on synchronization signals in subframe #0 and #5. In summary,
Alternative 1: In case of restricting UE measurements to certain subframes, the UE base measurements on a set of subframes signaled by higher layer.
Alternative 2: In case of restricting UE measurements to certain subframes, the UE base measurements on synchronization signals (i.e. measurements restricted to subframe #0 and #5). 

In order to avoid macro CRS interference in the data region, MBSFN subframes could be configured in the macro cell such that they align with subframe #0 and #5 of the pico’s. Alternatively, or in addition, IC in the UE to cancel interference from macro CRS could also be considered, which then would apply to all subframes and likely improves the overall performance. However, mandatory support of IC in the UE would require new RAN4 requirements.
Inter-subframe assignments would be needed to exploit almost blank subframes for data transmissions in the macro cell in the case of frequency partitioning of resources across the layers, as illustrated in the top of figure 2. Inter-subframe scheduling could also be considered for cell edge users in the pico cell in subframes where the macro cell transmits PDCCH, as illustrated in the middle of figure 2. Furthermore, with a 50-50 frequency split of resources, 25% of the data resources would be available for Rel-8/9 macro cell users (and Rel-8/9 pico cell edge users). 

Inter-subframe assignment is part of LTE TDD, and similar technique could also be considered to address data transmissions in the almost blank subframe approach. Demodulation of data should preferably use UE-specific RS, which would certainly be required when almost blank subframes correspond to MBSFN subframes. Hence, mandatory support for UE-specific RS would also be beneficial for non-CA based heterogeneous deployments.
. 
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Figure 2. Scheduling illustration of different users on macro and pico layers
3. Conclusions
In this contribution, we have made some observations on using almost blank subframes as a tool for ICIC of control channels in non-CA based heterogeneous deployments. One observation was that UE measurements might need to be restricted to certain subframes, for which we anticipated two alternatives:
Alternative 1: In case of restricting UE measurements to certain subframes, the UE base measurements on a set of subframes signaled by higher layer.
Alternative 2: In case of restricting UE measurements to certain subframes, the UE base measurements on synchronization signals (i.e. measurements restricted to subframe #0 and #5). 

The potential benefits of introducing inter-subframe scheduling to further exploit the use of almost blank subframes should be evaluated. Mandatory support for UE-specific RS should be considered.
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� Introducing a radio frame time offset across the layers would also apply to the time shifting approach (subframe(s) + few OFDM symbols) of same reasons, i.e. to avoid collisions of PSS/SSS and PBCH across the layers. 





