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1 Introduction

In the email discussion on “Way Forwards on eICIC” after RAN1 #61 meeting, it has been shown that in Macro-Pico deployment without any range expansion, there is no problem for downlink control channel and Rel-8/9 ICIC methods can be reused for data channel. However, for Macro-Pico deployment with large bias range expansion scenario, the downlink SINR performance for pico-eNB degrades significantly and enhanced ICIC schemes are therefore required.
Muting schemes can be used to improve the cell edge performance for Pico-eNB UEs (PUE) [1][2], which however results in reduction of spectral efficiency. In this contribution, instead of muting the Macro-eNB (MeNB) in coordinate subframes [1][2], we propose to reduce the transmit power of MeNB and only schedule the cell-center UEs that suffer less interference from Pico-eNB (PeNB) in coordinate subframes. This will help to reduce the interference to pico-cells. Furthermore, control channel may benefit from the power reduction scheme too, when resource segment schemes are implemented to avoid the interference of control channel from different cell layers.
2 Power reduction based ICIC scheme for downlink
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, instead, the MeNB can reduce the transmit power and only schedule the cell-center UEs that are not sensitive to power reduction, thus improving the system’s spectrum efficiency while the inference level to the PeNB can also be reduced. This case is shown in Fig. 1. The power reduction value can be obtained through simulations. In [4], simulation results are provided for evaluating control channel SINR performance with power reduction and RE.
Proposal 1: For downlink data channel, MeNB schedules the cell-center UEs with power reduction applied in coordinate subframes.
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Fig. 1: Downlink ICIC scheme with power reduction.
Downlink control channel could also benefit from the proposed design when the time shifting scheme for control channel is implemented [2][3]. Alternatively, frequency shifting can also be used. As shown in Fig.2, as an example, time shifting ensures that interference from MeNB control channel on PeNB control channel is avoided. Furthermore, interference from MeNB data channel to PeNB control channel can also be reduced by power reduction at coordinate subframes.
Proposal 2: Based on Proposal 1, the power of control channel and CRS is maintained as in Rel-8, while the control channel and CRS of PeNB can be shifted in time-domain and/or in frequency-domain to avoid interference from control channels of MeNB and to reduce interference from data channels of MeNB in coordinate subframes.
By using time/frequency shifting schemes, in most cases interference between control elements is replaced by interference between control and data elements, which is typically lower the former. Furthermore, the SINR performance of PeNB can also be improved, benefiting from power reduction in coordinate subframes at MeNB.
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Fig.2: Benefit for control channel with power reduction combined with time or frequency shifting techniques (assuming time-shifting for example).
3 Conclusion
This contribution shows hybrid resource partitioning eICIC schemes for DL 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 downlink data channel, MeNB schedules the cell-center UEs with power reduction applied in coordinate subframes.
2. Proposal 2: Based on Proposal 1, the power of control channel and CRS is maintained as in Rel-8, while the control channel and CRS of PeNB can be shifted in time-domain and/or in frequency-domain to avoid interference from control channels of MeNB and to reduce interference from data channels of MeNB in coordinate subframes.
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