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1 Introduction
It has been agreed at the RAN1#62 meeting [1] that Time-Domain (TD) and/or Power Setting (PS) based methods will be considered as the baseline solutions for enhanced Inter-Cell Interference Coordination (eICIC) in Macro-Femto co-channel deployment scenarios. Moreover, no backhaul coordination will be defined for Macro-Femto eICIC in Rel-10 [1].

In this contribution, we analyze the specification impacts under the above way forward and provide our views and recommendations.
2 Discussions
The idea of activating Almost Blank Subframe (ABS) has been well discussed and accepted as the baseline solution for Macro-Pico eICIC. The detailed design considerations on ABS patterns are discussed in [2]

 REF _Ref277180819 \r \h 
[3]. The general requirements for ABS pattern design in the Macro-Femto case are the same as those in the Macro-Pico case, which are:

1. Alignment with 8ms HARQ timing;

2. No performance degradation of PBCH/PSS/SSS/PCH/SIB-1 for Macro-UEs (MUEs);

3. Maintain the normal transmissions of PBCH/PSS/SSS/PCH/SIB-1/PRS for HeNBs as in the ABS-free scenario.

Along with ABS, the subframe-level time-shifting mechanism is also needed for protection of the PBCH/PSS/SSS transmissions in the Macro-Femto deployment, as discussed in [4]. Therefore, we propose that:
Proposal 1: ABS as well as time-shifting functions should be used in TD-eICIC in Macro-Femto co-channel deployment scenarios.
However, there are still some differences between the Macro-Pico and the Macro-Femto scenarios, such as:
1. The ABS is activated at HeNB in the Macro-Femto case, while the ABS is activated at the MeNB in the Macro-Pico case;
2. The PS solution, which is not applicable for the Macro-Pico case, can be applied to the Macro-Femto scenario;

3. There is no S1/X2 backhaul signalling for coordination between MeNB and HeNB. Therefore, the design of signalling is more constrained in the Macro-Femto scenario than that in the Macro-Pico scenario in terms of overhead and transmission reliability.
Hence, additional standardization efforts are required in order to support TD-eICIC in the Macro-Femto scenario.
2.1 Triggering mechanism for Macro-Femto eICIC
There are some scenarios where the eICIC function does not need to be enabled, for example when no MUE exists in the vicinity of the HeNB, or when the measured interference level does not appear to be a significant problem for the MUEs close to the HeNB. On the other hand, the throughput of HeNB will have to be decreased, if the eICIC function (ABS and/or PS) is enabled. Therefore, eICIC should be activated only when necessary. In other words, an on-demand eICIC mechanism needs to be considered.
Therefore, in order to support an on-demand eICIC scheme, a triggering mechanism should be defined for eICIC at HeNB in Rel-10.
Proposal 2: A triggering mechanism for eICIC at HeNB should be standardized for Macro-Femto heterogeneous networks.

Without the backhaul cooperation, there may be two possible ways to trigger the eICIC function: MUE-based solution or HeNB-based solution [3].
Option 1 - MeNB-based triggering:

The MeNB-based solution requires that the MeNB is able to become aware of the need of eICIC, through for example identifying the victim MUEs that suffer from severe ICI from their neighboring HeNBs. This may be achieved through existing methods, for instance based on the victim MUE’s measurement report. However, such information may not be an appropriate or even a straightforward trigger for activating the eICIC function at HeNB, especially dispensing with S1/X2 backhaul coordinations in the Macro-Femto scenario.
Furthermore, the MeNB needs to inform the aggressor HeNB of the triggering of eICIC, such that the latter will activate the eICIC function. Although the HeNB may obtain necessary information through the broadcasting channel (BCH) of MeNB [5], it is obviously not a preferred option, since the triggering of eICIC only relates to specific HeNBs concerned and thus should not be delivered in network-wide BCH. An alternative may be that the MUE relays the eICIC trigger received from the MeNB to the HeNB [6]. However, this option requires significant standardization efforts on both the UE and the network sides and hence is not preferred.
Option 2 - HeNB-based triggering:

The HeNB-based solution requires that the HeNB detects the existence of victim MUEs [6] and then to trigger the eICIC function when necessary. More specifically, whether to trigger the eICIC function or not depends on a few factors:

· Firstly, if there exists no MUE in the vicinity of the HeNB, eICIC is obviously not needed.
· Secondly, it also depends on the relative location of HeNB with respect to the MeNB. For example, if the HeNB is close to the center of the Macro-cell, the MUE near the HeNB is expected to have a sufficiently good link quality and therefore the eICIC function may not need to be activated. On the other hand, if the HeNB is located in the coverage hole of the Macro-cell, the eICIC function may not have to be triggered either, since any non-CSG UE in that area cannot access the Macro-cell anyway.
· Last but not least, the number of MUEs that are close to the HeNB may also be one of the criteria for triggering eICIC at the HeNB.

It can be seen that Option 2 has the following advantages. First of all, only concerned HeNB will be triggered and thus unnecessary triggering of unconcerned HeNB can be avoided. Secondly, it needs no backhaul supporting, since at least OAM can inform both HeNB and MeNB a pre-defined ABS pattern, and MeNB can therefore schedule the victim MUEs in the ABS. Furthermore, the triggering guarantees the full control from the network side and is transparent to the UE. Therefore, Option 2 is preferred.
Proposal 3: Whether to trigger or not the eICIC functionality in the Macro-Femto scenario should be decided by an HeNB-based solution only.

2.2 Execution order of different eICIC functions
Since it has been decided that both TD-based and PS-based methods can be applicable for eICIC in the Macro-Femto scenario [1], one question would be that which methods should first be performed by HeNB when eICIC is triggered.

There may be two candidate solutions:

1. Alt-1: An implementation-specific execution order;

2. Alt-2: A standardized execution order.

With respect to Alt-1, there are some concerns on interoperability. If the execution order is not specified, the behaviour of the HeNB may become unpredictable for its neighboring Macro-eNB, especially given that no S1/X2 connection exists for backhaul coordination [1]. Consequently, the amount of conformance and verification testing efforts would become unfavorably large. Therefore, it is necessary to define a standardized execution order of the different eICIC functions as indicated by Alt-2.

Proposal 4: The execution order of different eICIC methods (for instance PS and ABS mechanisms) should be standardised for the Macro-Femto scenario.
Comparing PS and ABS based eICIC functions, PS is significantly simpler and can be applied to legacy Rel-8/9 UEs. Moreover, it requires less signalling overhead, which is in line with RAN1’s agreement that no S1/X2 signalling support for Macro-Femto eICIC. Therefore, it is preferred that PS should be triggered first.

Proposal 5: PS should be performed before the TD-ICIC is applied in the Macro-Femto scenario.
2.3 Synchronisation requirement
In [5], MBSFN-based network listening mechanism (NLM) is endorsed for maintaining synchronization between HeNB and MeNB for both TDD and FDD networks. More explicitly, synchronization is mandatory for TDD and optional for FDD. However, with the introduction of TD-eICIC, synchronization should become mandatory for FDD as well [7].
Proposal 6: MBSFN-based synchronization mechanism is preferred for both LTE TDD and LTE FDD in order to valid the TD-based eICIC function.
3 Conclusion

In this contribution, we discussed the ICIC issues need to be considered in the Macro-Femto scenario, and propose the following:
Proposal 1: ABS as well as time-shifting functions should be used in TD-eICIC in Macro-Femto co-channel deployment scenarios.
Proposal 2: A triggering mechanism for eICIC at HeNB should be standardized for Macro-Femto heterogeneous networks.
Proposal 3: Whether to trigger or not the eICIC functionality in the Macro-Femto scenario should be decided by an HeNB-based solution only.
Proposal 4: The execution order of different eICIC methods (for instance PS and ABS mechanisms) should be standardised for the Macro-Femto scenario.
Proposal 5: PS should be performed before the TD-ICIC is applied in the Macro-Femto scenario.
Proposal 6: MBSFN-based synchronization mechanism is preferred for both LTE TDD and LTE FDD in order to valid the TD-based eICIC function.
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