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1 Introduction
In Rel-10, cross-carrier scheduling had been introduced for inter-cell interference coordination of control region. Cross-carrier scheduling with the Carrier Indicator Field (CIF) allows the PDCCH of a serving cell to schedule resources on another serving cell. In Rel-11, the UE in the pico cell range expansion (CRE) region suffering severe interference from macro cell has been identified as a problem and it should be solved in carrier-based HetNet ICIC WID. Cross-carrier scheduling seems to be a good candidate to solve the interference problem pico UE in the CRE region. In this contribution, we share our view on applying cross-carrier scheduling in carrier-based HetNet ICIC. 

2 Discussion

2.1 Cross-carrier scheduling in macro-pico scenario
In Rel-10 HetNet scenario, CA with cross-carrier scheduling can be used for inter-cell interference coordination of control region. Cross-carrier scheduling allows the PDCCH of a serving cell to schedule resources on another serving cell. With the proper coordination of PDCCH CC, the control region can be protected from inter-cell interference. 
In macro-pico deployment, with setting a suitable threshold, i.e., CRE bias, for pico cell, the load of macro cell can be off-loaded to pico. However, a pico UE in the cell range expansion (CRE) region may suffer from severe interference from the macro cell. Without interference coordination, as shown in Figure 1, UE A in the pico CRE may not be able to hear from pico when macro communicates with UE B which is near CRE region by using co-channel resource. The ICIC techniques should be applied to mitigate the interference of pico UE in the CRE region. 
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Figure 1: interference to pico UE at CRE region

Among ICIC techniques, cross-carrier scheduling is a good candidate to solve this problem. For the pico UE in the CRE region, the control channel can be coordinated by cross-carrier scheduling to prevent interference from macro cell. For example, macro eNB can use f1 as PDCCH CC to communicate with UE B while pico eNB can use f2 as PDCCH CC to communicate with UE A, which is shown in Figure 2. The macro control region on f2 needs to be silenced, to create interference protected resources for the pico. However in the pico cell, both f1 and f2 can be used for scheduling, as long as the severely interfered UEs (in the CRE region) are scheduled using f2. With proper coordination of PDCCH CC(s), the interference of control region for a pico UE in the CRE region can be mitigated. For the protection of data region, ICIC techniques proposed in Rel-8 can be applied.  
Proposal 1: Cross-carrier scheduling should be considered as a solution for Rel-11 carrier-based HetNet ICIC. 
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Figure 2: Cross-carrier scheduling for pico UE at CRE region

2.2 PDCCH CC(s) coordination
In order to operate cross-carrier scheduling well between eNB(s), the PDCCH CCs used for cross-carrier scheduling should be coordinated. Several methods are proposed for consideration for PDCCH CC coordination. 
Method 1: OAM provides PDCCH CC list to eNB
· OAM provides PDCCH CC lists to macro and pico eNBs separately. Macro and pico eNBs can choose PDCCH CC(s) among the list which OAM configures to them when cross-carrier scheduling is enabled. The lists may contain mutual exclusive CCs.
Method 2: PDCCH CC is chosen by eNB(s) and the information is exchanged through X2

· When cross-carrier scheduling is enabled, eNB can chose one of its operational carriers as the PDCCH CC and the information should be exchanged through X2 to the partner eNB performing cross-carrier scheduling. After the paired eNB receives the information, it should echo back with the PDCCH CC which it chooses.  
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Figure 3: flow of Method 2

Method 3: OAM provides PDCCH CC preference list to each eNB. eNB chooses PDCCH CC in the PDCCH CC list and exchanges the information with its cross-carrier scheduling partner through X2 whenever the cross-carrier scheduling is enabled.
· OAM provides PDCCH CC lists to each eNB. After cross-carrier scheduling is enabled, eNB should choose one PDCCH CC is the PDCCH CC list and exchange the information with its partner eNB through X2. By alternating the preference priorities among CCs for each eNB, the probability that neighbouring eNBs choose the same CC can be reduced.
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Figure 4: flow of Method 3 

Proposal 2: For the operation of cross-carrier scheduling, RAN3 is requested to consider the PDCCH CC coordination methods mentioned above.
3 Conclusions
In this paper, we share our view on applying cross-carrier scheduling in carrier-based HetNet ICIC. The following proposals are suggested: 
Proposal 1: Cross-carrier scheduling should be considered as a solution for Rel-11 carrier-based HetNet ICIC. 
Proposal 2: For the operation of cross-carrier scheduling, RAN3 is requested to consider the PDCCH CC coordination methods.

Method 1: OAM provides PDCCH CC list to eNB

Method 2: PDCCH CC is chosen by eNB(s) and the information is exchanged through X2

Method 3: OAM provides PDCCH CC preference list to each eNB. eNB chooses PDCCH CC in the PDCCH CC list and exchanges the information with its cross-carrier scheduling partner through X2 whenever the cross-carrier scheduling is enabled.
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