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Introduction
In [1], we reviewed Rel 8/9 interference management techniques from [2] and concluded that none of them can provide effective inter cell interference coordination (ICIC) mechanisms for the DL control channel. 
In [4], we introduced extension of Rel 8/9 ICIC to include time domain component that addresses ICIC for the DL control channel. In this contribution, we provide more details about how partitioning in time domain effectively enables increased footprint for all scenarios of interest in heterogeneous networks.
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Time domain ICIC for DL control channels interference mitigation
As we have shown in [4] and further discuss in detail in [5], simple extension of the Rel 8/9 ICIC techniques that includes time domain component (subframe partitioning) can be used to improve reliability of the DL control channels. That technique  effectively increases the footprint of a low power node and enables significant HetNet capacity enhancement or prevent service outage in case of closed HeNBs, as shown in [3] and [9], respectively . 
In Figure 1, we illustrate a subframe resource split that can be used to improve reliability of the DL control channels and enable increased footprint for low power (pico) nodes. In this particular example, a low power node can use all resources while macro nodes can use only half. As discussed in [5], this approach results in utilization of almost blank subframes [7]
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[8], where the network  relies on cooperative scheduling for the data channel, negotiated over the backhaul to enable interference management for the DL control channels as well. 
When transmissions on the DL data channel are not scheduled, the corresponding DL control channel is not transmitted either, and as discussed in [5]
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[6], for the most part, the only transmissions on those subframes are from the CRS that each eNB continues to transmit regardless of the scheduling decisions for legacy support matters. 
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Figure 1: Partitioning of resources (subframes) between macro and pico cells. Macro cell can use ½ of resources. Low power (Pico) cell can use all resources. Increased footprint is enabled for low power nodes. 

The resource partitioning scheme illustrated in Figure 1 is only one example that facilitates increased footprint for the open access low power nodes. Another example of the same technique is given in Figure 2, where closed HeNB (femto) gives up half of the subframes to enable DL control and data channel transmissions to the macro UEs in its footprint. Regardless of the scenario, the same time domain technique can be utilized to improve reliability of the DL control channels.
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Figure 2: Partitioning of resources (subframes) between macro and closed HeNB. Macro cell can  use all of resources. Closed HeNB (femto) cell can only use ½ of resources. Improved DL control channel reliability is enabled for the macro UEs on subframes that closed HeNB is not utilizing. 
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Reliable DL control channel reception for all scenarios 
As mentioned above, TDM partitioning in conjunction with the advanced UE receiver [6], enables interference protection for the DL control channel. As we discussed in [5], scheduling coordination negotiated over the backhaul applies only to unicast data traffic and it does not apply to paging messages and SIB-1 transmissions due to their fixed schedule defined in Rel 8. Given the static nature of the subframe location and relatively small resources needed for the potential paging messages and SIB-1 transmissions, orthogonal PDSCH resources could easily be negotiated in the frequency domain, but PDCCH and PCFICH cannot. Therefore, despite coordinated scheduling for unicast traffic, there still exists a potential for interference due to PCFICH/PDCCH transmissions to support paging messages and SIB-1. 

As discussed in [6], this transmissions are broadcast in nature and can be handled (suppressed) by advanced UE receiver, since PCFICH locations are known, as well as the RNTIs and search space of the potential PDCCH transmission (P-RNTI for paging and SI-RNTI for SIB-1). This type of interference can also be avoided by resource partitioning configuration and/or bypassed by scheduling restrictions and configurations [6]. Cross subframe scheduling as described in [8] and illustrated in Figure 3 is another possibility. 

[image: image3]
Figure 3: Cross subframe scheduling indicated on a paging message example, when UE associated with pico cell needs to receive paging messages while receiving dominant interference from macro eNB. The same principals could apply for SIB-1 scheduling if needed.
Note that the cross subframe scheduling may only be necessary to address reception of paging messages and SIB-1. UE needs to receive PDCCH for these two messages only when the UE is in RRC_IDLE mode since RRC_CONNECTED UEs do not necessarily need to decode paging messages, and resources for SIB-1 can be scheduled in semi-persistent manner. Cross subframe scheduling for unicast traffic can be avoided, but it is certainly feasible and could provide further flexibility for the DL control and data channel ICIC.
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Conclusions

In this contribution, we provided our views how DL data channel reliability can be improved with time domain extension to Rel 8/9 ICIC. It is not necessary to define new DL control channel. 
The proposed time domain extension to Rel 8/9 ICIC effectively enables increased footprint for all the scenarios of interest in heterogeneous networks. 
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