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1. Introduction
In RAN3 #73, the use cases and priority of carrier based HetNet ICIC had been extensively discussed. A way forward [1] focusing on solutions for following HetNet interference scenarios had been agreed. 

	
	operational carriers selection
	Per UE carrier selection for CA

	Macro -pico 
	FFS for pico
NO for macro
	YES for pico
YES for macro

	Macro – SC HeNB (coordinated)
	FFS for HeNB
NO for macro
	N/A for HeNB
NO for macro

	Macro – MC HeNB (coordinated)
	FFS for HeNB
NO for macro
	FFS for HeNB
NO for macro

	Macro – SC HeNB (uncoordinated)
	FFS for HeNB
NO for macro
	FFS for HeNB
NO for macro

	Macro – MC HeNB (uncoordinated)
	FFS for HeNB
NO for macro
	FFS for HeNB
NO for macro


As can be seen from the table, macro-pico scenario has the highest priority to be investigated, especially the issues on per UE carrier selection for CA. In this paper, several aspects for the macro-pico interference scenario are proposed for discussion.  

2. Discussion
2.1 Operational carrier selection

Pico cell is usually used to enhance the capacity, to offload the traffic and to reduce the coverage hole. The current mechanism of pico cell allocation is configured by OAM. This well-planned method may have better inter-cell interference coordination between pico cell and macro cell, but may lead to less flexible spectrum utilization. From RAN3 #73 meeting, whether a pico cell is allowed for operational carrier selection is FFS. 

Support of autonomous carrier selection of pico may bring the advantage on radio resource scheduling. For example, as shown in Figure 1, in the day time, more operational carriers can be selected in the city hot spot to serve the office workers; in the night time, more operational carriers can be selected in the residential district to provide service to the residents. However, some aspects should be carefully considered. 
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Figure 1: autonomous operational carrier selection for pico cell

1. Operational carriers in different bands cause different coverage. For the pico cell with the coverage hole reduction purpose, the operational carrier selection should not affect the coverage of the pico cell; otherwise new coverage hole might be introduced. UE will experience RLF when moving across the coverage hole. 
2. For the pico cell with the capacity enhancement purpose, the operational carrier selection should not cause intolerant interference to the existing operational macro cell. 

Thus, if the autonomous operational carrier selection of pico cell is supported, additional information exchange, e.g., carrier loading, interference level per carrier, between macro and pico should be considered before pico performs autonomous carrier selection. Detailed signaling to be exchanged among macro cell and pico cell is FFS.

Observation 1: Autonomous carrier selection of pico may bring the advantage on radio resource utilization. 
Observation 2: For the pico cell with the coverage hole reduction purpose, the operational carrier selection should not affect the coverage of the pico cell. 

Observation 3: For the pico cell with the capacity enhancement purpose, the operational carrier selection should not cause intolerant interference to the existing operational macro cell. 
Proposal 1: Additional information exchange, e.g., carrier loading, interference level per carrier, between macro and pico should be considered before pico performs autonomous carrier selection. Detailed signaling to be exchanged among macro cell and pico cell is FFS.
2.2 Per UE PCell/Scell selection for CA 
In Rel-10 HetNet scenario, CA with cross-carrier scheduling can be used for inter-cell interference coordination. Downlink interference for control signaling can be handled by partitioning component carriers (CCs) in each cell layer into two sets, one set used for data and control and one set used mainly for data and possibly control signaling with reduced transmission power. One example is illustrated in Figure 2, where there are two CCs; one for data (yellow) and control (green), called PDCCH CC, and the other for data only, called non-PDCCH CC. The PDCCH CCs of macro and pico are different. In so doing, control signal of pico is not interfered with by control signal of macro. 
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Figure 2: Cross-carrier scheduling

In macro-pico deployment, a pico UE in the cell-range extension (CRE) region suffers from severe interference from the macro cell. The signal from the macro eNB to its non-nearby UE tends to cause interference to pico UEs. Thus, pico UEs in the CRE region are vulnerable to interference, and macro UEs non-close to the serving eNB tend to cause interference. 

Take Figure 3 as an example. UEs A and B are vulnerable UE and aggressor UE, respectively, and their selection of PCell/SCell should be determined by the PDCCH/non-PDCCH CC, i.e. PDCCH CC as PCell and non-PDCCH as SCell. For UEs C and D, they are neither interference contributor nor victim so the arrangement of PDCCH and non-PDCCH CCs is not critical for interference coordination, i.e., either f1 or f2 can be their PDCCH CC. The PDCCH CC of UE C (or UE D) can be different from that of UE A (or UE B) so that the problem of PDCCH capacity can be relieved. Thus, observations and proposals are made:
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Figure 3: Selection of PCC/SCC in macro-pico deployment

Observation 4: For pico UEs in the CRE region and macro UEs non-close to the serving eNodeB, PCell/SCell selection should follow the cross carrier scheduling rule in macro and pico cells.
Observation 5: For the UEs (both pico and macro) near the serving eNodeB, PCell/SCell selection can be any carrier among the operational carriers.  

Proposal 2: CA with cross-carrier scheduling can be considered as baseline ICIC for the macro-pico scenario. 
Proposal 3: PCell/SCell allocation for cross-carrier scheduling should be coordinated between macro cell and pico cell.
3. Conclusions
In this paper, several aspects for the macro-pico interference scenario have been proposed for discussion. Observations and proposals are summarized as follows:  

For operational carrier selection:

Observation 1: Autonomous carrier selection of pico may bring the advantage on radio resource utilization. 

Observation 2: For the pico cell with the coverage hole reduction purpose, the operational carrier selection should not affect the coverage of the pico cell. 

Observation 3: For the pico cell with the capacity enhancement purpose, the operational carrier selection should not cause intolerant interference to the existing operational macro cell. 

Proposal 1: Additional information exchange, e.g., carrier loading, interference level per carrier, between macro and pico should be considered before pico performs autonomous carrier selection. Detailed signaling to be exchanged among macro cell and pico cell is FFS.

For per UE PCell/Scell selection for CA:

Observation 4: For pico UEs in the CRE region and macro UEs non-close to the serving eNodeB, PCell/SCell selection should follow the cross carrier scheduling rule in macro and pico cells.

Observation 5: For the UEs (both pico and macro) near the serving eNodeB, PCell/SCell selection can be any carrier among the operational carriers.  

Proposal 2: CA with cross-carrier scheduling can be considered as baseline ICIC for the macro-pico scenario. 

Proposal 3: PCell/SCell allocation for cross-carrier scheduling should be coordinated between macro cell and pico cell.
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