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1 Introduction

Resource partitioning on both the time and frequency domains are considered. Semi-persistence fractional frequency reuse (FFR) is used as a frequency-domain scheme, where the entire band is divided into low-power band (band-1) for macro-cell and high-power band (band-2) for cell-edge coverage, respectively, while coordinate subframes and normal subframes are used to partition the time-domain resource for both macro and pico-cells.
1. For downlink case, instead of muting the Macro-eNB (MeNB) in coordinate subframes [1][2], we propose to schedule the cell-center UEs suffering less interference from Pico-eNB (PeNB), with reduced power as well as reduced interference to pico-cell.
2. For uplink case, we propose that only cell-center UEs can be scheduled at coordinate subframes in macro-cell. In normal subframes, MeNB will schedule the non cell-edge UEs to band-1 and the cell-edge UEs to band-2, while the PeNB will treat the band-2 as a lower priority band which suffers high interference from MeNB.. The employment of FFR further improves the cell-edge performance in normal subframes in macro-cell.
2 Hybrid resource partitioning schemes
In the TDM scheme, the MeNB will be muted in a coordinate subframe [1][2]. One disadvantage of the muting method is that it may lead to throughput degradation, and can not maintain the backward compatibility for Rel8/9 UEs in TDD [3]. Instead of being muted in the coordinate subframes, the MeNB could impose a power reduction on cell-center UEs that are not sensitive to the power reduction and therefore can be scheduled to improve the spectrum efficiency, while low inference to the PeNB can be achieved. This case is shown in Fig. 1. The power reduction value is FSS.
Proposal 1: For the downlink data channel utility, MeNB schedules the cell-center UEs with power reduction in coordination subframes.
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Fig. 1 DL hybrid ICIC scheme
Similar to the downlink, power limitation in coordinate subframes is also applicable for the uplink data channel. Moreover, FFR can be implemented in normal subframes to further improve the SINR performance. The strategy of hybrid ICIC on uplink is shown in Fig.2, in which the two bands are used to separate the cell-edge (band-2) and non cell-edge (band-1) UEs for MeNB in normal subframes. As macro UEs in band-2 may cause high interference to the victim PeNB, PeNB should treat band-2 as a low priority band while scheduling its UEs on the uplink. The width of band-2 is FFS.
Proposal 2:
a) In normal subframes, MeNB schedules the cell-edge UEs and non-cell edge UEs on band-2 and band-1, respectively, while PeNB should treat band-1 with higher scheduling priority than band-2.
b) In coordination subframes, MeNBs only schedule the cell-center UEs on the entire band.
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Fig.2 UL hybrid ICIC scheme
3 DL Control channel considerations
DL control channel could also benefit from the proposed hybrid design when the time shifting scheme for control channel is implemented [2][3]. As shown in Fig.3, interference between PeNB control channel and MeNB data channel can be reduced by power reduction at coordinate subframes.
Proposal 3: Based on Proposal 1, the power of control channel and CRS is maintained as normal. The control channel and CRS of PeNB should be shifted in time-domain to avoid interference from control channels of MeNB.
By using time-shifting, in most cases interference between control elements is replaced by interference between control and data elements. Further, the SINR performance of  PeNB can be improved benefiting from the power reduction on coordinate subframes at MeNB.
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Fig.3 Control channel
4 Conclusion
This contribution shows hybrid resource partitioning eICIC schemes for DL/UL data channels. Control channel may also benefit from the combination of the time-shifting and hybrid resource partitioning schemes. The backward compatibility for R8/9 UEs can be maintained. We summarize our proposals below.
Proposals:
1. Proposal 1: For the downlink data channel utility, MeNB schedules the cell-center UEs with power reduction in coordination subframes,
2. Proposal 2:

a) In normal subframes, MeNB schedules the cell-edge UEs and non-cell edge UEs on band-2 and band-1, respectively, while PeNB should treat band-1 with higher scheduling priority than band-2.

b) In coordination subframes, MeNBs only schedule the cell-center UEs on the entire band.
3. Proposal 3: The power of control channel is maintained as normal. The control channel of PeNB should be shifted in time-domain to avoid interference from control channels of MeNB.
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