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1. Introduction
During RAN1#61, way forwards on the need for enhanced ICIC to mitigate interference in closed and open subscriber group scenarios were discussed. For macro-pico scenarios, there was no consensus for an agreement on a way forward. For macro-femto and femto-femto scenarios, the following was agreed in the WF [1]: “dominant interference condition has been shown when Non-CSG/CSG users are in close proximity of Femto, in this case:
· Rel8/9 ICIC techniques are not fully effective in mitigating control channel interference.
· Enhanced interference management is needed
· Techniques in TR36.921 can be considered where appropriate”.
At RAN1#60bis and RAN1#61 several non-CA based methods, with the aim of reducing interference towards downlink control channels across layers within heterogeneous networks, were discussed. These interference coordination techniques for mitigating downlink interference mainly refer to

· Time domain approaches (Time-offset + PDSCH muting, Almost blank subframes, new downlink control channels like ” R-PDCCH” ),
· Frequency domain approaches (PDCCH shrinking, using escape carrier),
· Power domain approaches for adjusting the transmit power of the low-power nodes, 
· Increased robustness/randomness of Rel-8/9 system operations (e.g. sparse PDCCH utilization in time/frequency on aggressor layers, power boosting and large CCE aggregation levels on victim layers), 

In common of most of the discussed enhanced ICIC techniques is the requirement of time synchronized network operations, following from resource sharing across layers. Discussions on mitigating uplink interference within heterogeneous networks mainly refer to parameter settings for Rel-8 power control schemes. It is anticipated that a solution for enhanced ICIC will be selected among above mentioned approaches.
In [3], we made some general observations on implications of non-CA based deployments on Rel-8/9 operations whereas in [4] we discussed some specific technical aspects on using almost blank subframes as a means for ICIC for control channels in non-CA based heterogeneous deployments. In Section 2.2 we further discuss technical aspects and make observations on non-CA based approaches for enhanced ICIC. In this contribution, we also provide some views on the design objectives for non-CA based enhanced ICIC.
2. Discussion
2.1. Views on design objectives on enhanced ICIC
Minimal specification impact and backward compatibility are objectives stated in the WI [5] that have to be fulfilled by any solution for enhanced ICIC. The grade of specification impact (and effort) of currently discussed enhanced ICIC methods will be different between the working groups. Most of the considered enhanced ICIC techniques seem to have minor or relatively small specification impact on RAN1, whereas e.g. the situation for RAN4 appears to be the opposite. A general design objective would be to minimize the specification effort by having a common enhanced ICIC solution for deployments of different low power nodes, preferably working for both FDD and TDD. From an ICIC perspective, the difference between CSG (femto) and OSG (pico) solutions would refer to how coordination information is exchanged between nodes, given that no X2 interface is available for femto’s. Backward compatible in the meaning that solutions shall not prevent legacy operations in the network is of course an obvious design objective in any new release but compatibility also includes ensuring no or minor negative impact on legacy performance. Deploying heterogeneous networks will in some cases affect the performance experiences of Rel-8/9 users negatively. One example is the introduction of co-channel deployed CSG cells which create coverage holes for non-CGS users in the proximity of a non-accessible HeNB. However, potential legacy user drawbacks due to a certain deployment of heterogeneous networks will in the end be an operator decision and be weighted against the fraction of users that can benefit from such deployment. Examples of backward compatible design constraints on any solution for non-CA based enhanced ICIC are the presence of cell-specific reference signals in all subframes and that legacy procedures for paging and SIB messages still apply.
Another objective should be that the cell range of low power nodes should be fully controllable by the network. In relation to this, we make the following observations
· Specification of path loss based cell association is not needed as cell association based on biased RSRP with UE specific RSRP offsets in accordance with TS 36.331 seem to be sufficient
· Specification of new PC schemes is not needed as current schemes in TS 36.213 seem to be sufficient, extension of some parameter ranges could though be considered
Studies conducted so far on non-CA based enhanced ICIC mainly focus on fully loaded network scenarios (full buffer traffic model). However, a solution on enhanced ICIC should also be beneficial for scenarios with low or medium load, which are the typical scenarios in practice.
The impact of introducing non-CA based enhanced ICIC could either be on the network or on the terminal side or on both sides. Where to put the efforts would be a trade-off between specification and network impacts versus terminal complexity and performance.
2.2. Further observations on non-CA based enhanced ICIC
Figure 1 illustrates the currently identified four candidates for non-CA based enhanced ICIC aiming for orthogonal transmission of control channels across layers; three time domain approaches and one frequency domain approach. Below we make a few observations on these approaches.
Almost blank subframes
In this case, the aggressor layer avoids scheduling its users in certain downlink subframes, known by the victim layer. Users on the victim layer that experience strong interference from the aggressor layer can then be scheduled in subframes aligned with the almost blank subframes. 
In addition to avoiding transmission of PDCCHs in certain subframes, it also is desirable to avoid frequent transmissions of PHICHs in these subframes. One way to achieve this would be to configure (regular) blank subframe patterns such that a normal subframe always occurs 8 ms after a sent uplink grant. A potential consequence of such patterns though is that legacy terminals, served by a time synchronized aggressor layer and taken measurement snapshots periodically, may always do some measurements in subframes they will not be scheduled within. Another way to avoid PHICH interference towards the victim layer would simply be to not transmit a PHICH when it collides with an almost blank subframe, which could be acceptable if collisions do not occur frequently.
Observation 1: With regular patterns of almost blank subframes, legacy UEs connected to the aggressor layer may only take measurement snapshots in subframes with low interference, and in subframes they will not be scheduled in.
In [4], it was illustrated that ICIC of synchronization signals and PBCH could be handled by introducing subframe time shifting across the layers. However, this would only apply for FDD. In TDD, the special subframes need to be time-aligned among cells which mean that only configurations with 5 ms periodicity can be considered for a time shift of 5 subframes. Such time shift on subframe basis would however only resolve collisions of PBCH across the layers as the synchronization signals have a periodicity of 5 ms.
Observation 2: For TDD configurations with 5 ms periodicity, a relative time shift of 5 subframes could be introduced to resolve collisions of PBCH across layers, but not collisions of the synchronization signals.
PDCCH shrinking

In this case, the control signals on different layers are transmitted on different carriers within the channel bandwidth. This approach share many similarities with CA based deployments of heterogeneous networks within contiguous 20 MHz bands e.g. such that legacy terminals operate in part of the system bandwidth. In this approach, collisions of cell specific reference symbols across layers can be avoided and Rel-10 terminals could be scheduled within the whole shared bandwidth by using UE specific reference symbols for demodulation of data.

Observation 3: With PDCCH shrinking, collisions across layers of PSS/SSS and PBCH can be avoided.
Observation 4: Segmentation of system bandwidth within 20 MHz reduces peak rates for Rel-8/9 terminals.
Time-offset + PDSCH muting

In this case, a relative time-shift of the downlink control region is coordinated across layers in order to avoid overlapping control channel transmissions. As the control region on the victim layer is shifted into the PDSCH region of the aggressor layer, PDSCH resource elements colliding with the control region need to be muted. 
Observation 5: Introducing a time-offset + PDSCH muting on the aggressor layer share similar TDD issues related to coordination of PSS/SSS and PBCH transmission across layers as the approach of almost blank subframes.
 “R-PDCCH like”

In this case, users on the victim layer that experience strong interference from the aggressor layer are receiving assignments/grants in new control channels located in Rel-8/9 data region, and in resources that are aligned with muted resources on the aggressor layer. Users on the victim layer that do not experience strong interference from the aggressor layer can receive assignment/grants via Rel-8 control channels.
Observation 6:  By introducing new control channels, Rel-10 terminals and beyond evidently need to be able to handle two control channel mechanisms within the system. This approach also share similar TDD issues related to coordination of PSS/SSS and PBCH transmission across layers as the approach of almost blank subframes.
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Figure 1. Non-CA based candidates for enhanced ICIC.
3. Conclusions
In this contribution, we provided some views on design objectives for non-CA based enhanced ICIC and made some further observations on candidate solutions that have been discussed during the last RAN1 meetings. 
The following observations on the candidate solutions have been made:
Observation 1: With regular patterns of almost blank subframes, legacy UEs connected to the aggressor layer may only take measurement snapshots in subframes with low interference, and in subframes they will not be scheduled in.

Observation 2: For TDD configurations with 5 ms periodicity, a relative time shift of 5 subframes could be introduced to resolve collisions of PBCH across layers, but not collisions of the synchronization signals.

Observation 3: With PDCCH shrinking, collisions across layers of PSS/SSS and PBCH can be avoided

Observation 4: Segmentation of system bandwidth within 20 MHz reduces peak rates for Rel-8/9 terminals

Observation 5: Introducing a time-offset + PDSCH muting on the aggressor layer share similar TDD issues related to coordination of PSS/SSS and PBCH transmission across layers as the approach of almost blank subframes

Observation 6:  By introducing new control channels, Rel-10 terminals and beyond evidently need to be able to handle two control channel mechanisms within the system. This approach also share similar TDD issues related to coordination of PSS/SSS and PBCH transmission across layers as the approach of almost blank subframes.
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� An alternative wording for this approach could be PDSCH expanding





