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1 Introduction

It has been agreed in RAN1#62 that Time-Domain (TD) and/or Power Setting (PS) solutions will be considered as the baseline solutions for enhanced Inter-Cell Interference Coordination (eICIC) in Macro-Femto co-channel deployment. In this contribution, we analyze the possibility of combining PS and TD methods for Macro-Femto eICIC, and consider the triggering of eICIC functionality.
2 Downlink considerations

2.1 Commonality between TDD and FDD modes

It was concluded in [1] that TDM methods should be restricted in the TDD mode. With specification effort and time constraint taken into account, the commonality between TDD and FDD eICIC methods should be maximized. Naturally, PS methods needs minimum specification effort and can be applied in both TDD and FDD systems. Hence, the combination of TDM and PS techniques is preferred.
Proposal 1: Commonality between TDD and FDD eICIC methods should be maximized.
2.2 Joint power setting and time-domain solutions
TD-based ICIC solutions coordinate the Inter-Cell Interference (ICI) in the time domain by partitioning TD resource for the use of Macro and Femto User Equipment (UE), respectively. Typically, all resource in normal subframes is available for use by both Macro eNB (MeNB) and Home eNB (HeNB), while in coordinate subframes the resource for HeNB is limited. The following Time-Domain Multiplexing (TDM) methods were investigated in past RAN1 meetings [2]:
· MBSFN subframe

· Fully-blank subframe
· Almost-blank subframe
· Fake UL subframe

· Symbol-level/subframe-level time-shifting

So far, there are still some remaining issues for TDM implementations. For example, considering the PBCH/PSS/SSS channel interference coordination, either subframe-level time-shifting or power suppression can be used to reduce the aggressor’s interference in the FDD mode [3]. However, the applicability of all TDM methods, except the fake UL subframe scheme, are restricted in the TDD mode [1]. 
On the other hand, PS is very efficient for reducing the aggressor’s interference and thus it can be a good complement to TDM solutions.  It has been shown in [4] that the employment of PS can efficiently reduce the interference from the aggressor HeNB to the victim MUEs. In [4], we show that an optimized PS scheme can further improve the SINR of victim MUEs and that the SINR target can be met with proper parameters setting. Table 1 summarizes the simulated cell-edge SINR performance improvement with the employment of PS methods, where details of each method and simulation parameters can be found in [5]:
Table 1:  5%-tile cell-edge SINR performance in dB.
	
	No eICIC
	PS 1
	PS 2
	Optimized PS

	MUE
	-19.7
	-12.0
	-8.2
	-4.4

	FUE
	-2.0
	-10.6
	-9.7
	-4.0


Naturally, PS can work without TDM methods, especially in the scenarios where TDM is not applicable. Therefore, the combination of TDM with PS can effectively resolve the ICI issue in Macro-Femto co-channel deployment without the need of introducing further strategies, for instance muting reference signal symbols for further interference reduction.
Observation: Power setting is a good complement to TDM ICIC methods.
Proposal 2: No further strategy is needed for TDM eICIC methods, if they are combined with power setting techniques.
2.3 Triggering of eICIC functions
There exists some scenario where the ICIC function is not needed. For instance, if there is no MUEs surrounding the HeNB or the measured interference level does not result in a significant problem, the ICIC function may be deactivated in order to avoid any overhead needed to support ICIC Therefore, the eICIC function should be triggered according to the environment status.
Proposal 3: To avoid the unnecessary overhead, eICIC function should be triggered only when necessary.
There are two ways to trigger the eICIC function: MeNB/MUE triggering or HeNB triggering [6]. For the MeNB/MUE triggering case, MUE detects the aggressor HeNB and report the event to the serving MeNB for triggering eICIC function. This option requires specification efforts on the UE side, and it is difficult for the network to identify a mistaken triggering. In the HeNB triggering option, HeNB detects the existence of victim MUEs [7] and thus trigger the eICIC function. This method is transparent to the UE with full control on the network side, and hence is recommended.
Proposal 4: HeNB should trigger the eICIC functionality according to the environment surrounding.
3 Uplink considerations

In contrast to the DL case discussed in Section 2, in the UL case in the Macro-Femto co-channel deployment, the interference aggressor turns to the MUEs that are in the vicinity of a HeNB. Especially, the interference on the victim HUEs imposed by the cell-edge MUEs that need maximum transmit power to guarantee the latter’s UL performance can be significant.
On the other hand, since the initial transmit power of FUE is determined by open-loop power control, where the parameter P0 is determined only by the background noise and pathloss between the serving HeNB and the FUE itself. As a result, when the location of the cell-edge MUE is very close to the HeNB, significant interference can be observed at HeNB at the RBs co-scheduled for both the MUE and the FUE. However, since the HeNB typically serves much less number of UEs than the MeNB does, sufficient resource will be available for scheduled to other RBGs such that the interference from MUE can be avoided. Possible solutions to the UL ICIC issues are listed below:

· Option 1: Implementation solutions, such as applying an appropriate scheduling scheme at HeNB such that FUEs are not scheduled in the interfered RBs, or applying wideband power control at HeNB such that the interference on FUE is minimized;
· Option 2: Standardization solutions, such as applying per-RB power control for FUEs.

Among the above two options, Option 1 requires no specification efforts, while Option 2 requires additional specification efforts, such as for example additional power control specification and new PDCCH signaling design. In order to maintain simplicity, Option 1 is preferred.
Proposal 5: No standardization effort is needed for UL Macro-Femto eICIC.
4 Conclusion
In this contribution we analyze the combination of power setting and time-domain eICIC methods, and consider the triggering of eICIC functionality. The following proposals are recommended:
Proposal 1: Commonality between TDD and FDD eICIC methods should be maximized.
Proposal 2: No further strategy is needed for TDM eICIC methods, if they are combined with power setting techniques.
Proposal 3: To avoid the unnecessary overhead, eICIC function should be triggered only when necessary.
Proposal 4: HeNB should trigger the eICIC functionality according to the environment surrounding.
Proposal 5: No standardization effort is needed for UL Macro-Femto eICIC.
Proposal 5: No standardization effort is needed for UL Macro-Femto eICIC.
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