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1. Introduction
One of the most challenging issues in heterogeneous network is the inter-cell interference coordination between different cell layers. Numerous contributions were submitted to address this inter-cell interference coordination issue [e.g., 1-10]. In order to fully exploit the potential performance gain of heterogeneous network, it is important to enhance the currently existing ICIC technologies especially focusing on the co-channel deployment of MeNB and HeNB. Considering that Rel-8/9 ICIC is limited to the frequency domain, this contribution proposes to extend ICIC to the time and space domain.

2. Extending Rel-8/9 ICIC to the time domain
One direction to enhance ICIC is to extend it to the time domain. A typical example of this direction is cooperative silencing where one cell turns off its transmission for the purpose of reducing inter-cell interference to a closely located other cell UE. This cooperative silencing seems to be essential in case of a CSG HeNB depicted in Figure 1 as the DL signal of MUE under the coverage of the HeNB would be severely corrupted if the HeNB transmits its own DL signal simultaneously. 
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Figure 1. An example of inter-cell interference scenarios in co-channel HeNB deployment scenarios.
It is needed to determine the details of each eNB in the subframes it performs cooperative silencing. From the DL perspective of the HeNB (the aggressor), it seems natural to stop PDSCH transmission in a coordinated subframe. Then the remaining issue points are regarding

1) DL control channels, PDCCH/PHICH/PCFICH.
2) CRS
First, HeNB does not need to transmit PDCCH/PHICH/PCFICH in a coordinated subframe at the cost of some restriction in utilizing UL subframes. HeNB becomes unable to instruct PUSCH transmission at subframe #(n+4) by stopping all these DL control channels at subframe #n, but this restriction seems to be acceptable if we consider the inter-cell interference mitigation effect that would be achieved by muting all the DL control channels.

CRS does not need to be transmitted in the PDSCH demodulation perspective as there is no DL control/data channel in the coordinated subframes and CRS transmission causes unnecessary inter-cell interference. However, stopping CRS transmission without any explicit signaling degrades the HUE’s measurement performance which may lead to serious channel estimation error and even a radio link failure. Thus, one simple way is for HeNB to keep transmitting CRS with the same power in the coordinated subframes. We can also consider two possibilities to reduce the inter-cell interference from CRS; one is to configure the coordinated subframe as an MBSFN subframe and the other is to deboost the CRS transmission power to some acceptable level. Further study seems to be needed regarding this issue.
Proposal 1: We propose to adopt cooperative silencing where HeNB stops all the signal transmission except for CRS in a coordinated subframe as a time domain extension of Rel-8/9 ICIC. 

One issue that can be raised under the above-mentioned cooperative silencing case is UE’s (especially a MUE close to the HeNB) CQI/PMI/RI measurement and report procedure. A MUE located close to a HeNB which participates in cooperative silencing experiences high fluctuation of interference level subframe-by-subframe. There are two groups of subframes; one with low interference and the other with high interference. For an accurate channel adaptation, the CQI/PMI/RI needs to be measured and reported in the basis of the subframe group as discussed in [12]. Averaging the channel measurements should be limited to the subframes that belong to the same group, and the CQI/PMI/RI should be reported separately to the serving eNB. One extreme operation is to report CQI/PMI/RI of only one group. However, it is noteworthy that some MUE that are geographically separated from the concerned HeNB will experience the interference from that HeNB but can reuse the subframe occupied by the HeNB if CQI/PMI/RI for both subframe groups are reported and the link adaptation is done correspondingly. Thus, we can generally say that it is better to determine the reporting period of each group based on the frequency of a certain UE being scheduled in that subframe group; in other words, more frequent feedback for a group at which the UE will be scheduled more frequently.
Proposal 2: We propose to introduce the subframe grouping for CQI/PMI/RI measurement and report. We also propose to study how to support multiple CQI/PMI/RI feedback having different feedback period.
3. Extending Rel-8/9 ICIC to the space domain
Another direction to enhance ICIC is to extend it to the space domain [13]. Considering that RNTP in Rel-8/9 ICIC indicates the downlink transmission power of each subband of the sending eNB and the receiving eNB takes this into account in its scheduling, a natural extention of RNTP is that the sending eNB informs the receiving eNB of the PMI which will be used for each subband. If the receiving eNB knows the interference channel – the channel between the UEs associated with it and the sending eNB, it becomes possible to estimate the interference statistics and more accurate CQI/PMI/RI selection can be done. 
Figure 2 shows an example of how to utilize the PMI information of the neighboring cell.
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Figure 2. An example of utilizing the neighboring cell’s PMI.
1) UE1 feeds back the recommended PMI to eNB1.
2) eNB1 delivers the scheduled PMI to eNB2.

3) eNB2 feeds forwards the eNB1’s PMI to UE2.

4) UE2 calculates the best CQI/PMI/RI in consideration of the eNB1’s PMI. For example, UE2 determines its PMI such that it becomes orthogonal to the interference direction from eNB1.
We note that the above exemplary operation does not require a new feedback format; the only change is that UE2 determines the feedback contents by using the knowledge of the neighboring cell’s PMI, and all the CQI/PMI/RI reporting mechanisms are used as they are. This implies that this operation can be supported with minimal specification work. We also note that this coordination needs to be done in a semi-static manner, thus it is desirable for eNB1 in Figure 2 to be a HeNB to which a small number of low mobility UEs are active at a time.
Proposal 3: We propose to consider feeding forward the neighboring cell’s PMI as a space domain extension of Rel-8/9 ICIC.
4. Conclusion
We have discussed several methods to enhance Rel-8/9 ICIC. Extensions to the time domain and space domain are considered in this contribution, and the followings are proposed to boost the performance gain of heterogeneous networks.
Proposal 1: We propose to adopt cooperative silencing where HeNB stops all the signal transmission except for CRS in a coordinated subframe as a time domain extension of Rel-8/9 ICIC.
Proposal 2: We propose to introduce the subframe grouping for CQI/PMI/RI measurement and report. We also propose to study how to support multiple CQI/PMI/RI feedback having different feedback period.

Proposal 3: We propose to consider feeding forward the neighboring cell’s PMI as a space domain extension of Rel-8/9 ICIC.
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