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1. Introduction

In meeting #62 of RAN WG1, the proposal for the way forward for eICIC on non-CA based HetNets, [1], emphasized the need for X2 based signalling to include a time domain component to coordinate scheduling in the Macro-Pico scenario.  Extensive studies in previous meetings have shown that the severity of the inter-cell interference is highly dependent on the extent to which the range of Pico cell is expanded. In [6], we estimate that an 8-10dB range expansion (RE) is needed, and if the PDCCH can operate with a 5dB RE, a 3-5dB interference mitigation capability is required. In this contribution, we provide X2 signalling information that can be used for additional interference mitigation.
2. Lightly loaded PDCCH region
In [3] we proposed a method to create a lightly loaded PDCCH region to mitigate the inter-cell interference. The Rel-8/9 ICIC scheme was used to mitigate the inter-cell interference for the PDSCH and we proposed a Rel-10 eICIC scheme to mitigate the inter-cell interference for PDCCH. In [4], we provided system level simulation results that demonstrated the effect of interference mitigation in a lightly loaded PDCCH region. In this contribution, we provide examples of time domain extension of a lightly loaded PDCCH region. An almost blank subframe can be viewed as a special case of a lightly loaded PDCCH region in the time domain.
As described in [4], a lightly loaded PDCCH region can be created by coordinating the distribution of PDCCH load among eNBs in the time domain. As illustrated in Figure 1, the periodicity for the PDCCH loading pattern is set to be 3 subframes. It may be observed that each subframe within this periodicity could have a different PDCCH load. In this example, the PDCCH load for SF2 in eNB B is set to be zero, thereby creating an almost blank subframe. No data is transmitted in SF2, assuming there is no data scheduled across subframes.
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Figure 1, Time domain lightly loaded PDCCH region
3. Specification impact
The major specification impact for time domain lightly loaded PDCCH region is in the X2 application protocol. Any related air interface changes need to be carefully evaluated because these changes may only be understood by Rel-10 UEs and not Rel-8/9 UEs. 
In [5], RNTP has already been defined for Rel-8/9 as part of load information to be exchanged among X2 interface. PDCCH interference impact is a field defined in RNTP. This field specifies the number of predicted OFDM symbols used for the PDCCH region. When the PDSCH is fully loaded, changing the number of OFDM symbols used for PDCCH region does not reduce the inter-cell interference in the affected eNB’s control region. The only change is that PDCCH-to-PDCCH interference becomes PDSCH-to-PDCCH interference. The RNTP report could be extended to include periodical time domain PDCCH load information. For example, an octet string “PDCCH CCE usage ratio” could be included in the RNTP report with each element of the string describing a predicted PDCCH CCE usage ratio for a specific subframe.  The length of the string gives the PDCCH load control periodicity.
4. Conclusion
In [6], we have investigated range expansion (RE) in the Macro-Pico scenario. We have estimated that an 8-10dB RE is needed and a 3-5dB interference mitigation capability is needed for PDCCH when it can operate with a 5 dB RE.  In this contribution we provide an example to illustrate the concept of eNB coordination via X2 signalling to create lightly loaded PDCCH regions in the time domain. In our view, lightly loaded PDCCH regions in the time domain provide the easiest solution to mitigate inter-cell interference in PDCCH region, especially in Macro-Pico scenario. We have shown that by setting the PDCCH load for some subframes to zero, it is equivalent to creating almost blank subframes. More generally this scheme can be used for other HetNet scenarios or even Macro-Macro scenario. We note that any related air interface changes should be carefully evaluated with regard to interference mitigation in HetNet. If there is only 3-5dB interference mitigation requirement in Macro-Pico scenario, we do not see a strong need to change the air interface specification.
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