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1. Introduction

At the March RAN plenary, a new Rel-11 Work Item on carrier based HetNet ICIC for LTE was approved [1]. Among it, one of the objectives of this new work item [1] is to study inter-node signalling needed for robust autonomous solutions, where each node selects to use the carrier(s) that maximize the overall network performance (RAN3). The work [2] further elaborates the discussion of possible scenarios where carrier based interference management techniques can bring benefits and suggests to focus on the use case of carrier selections for macro and pico/micro eNBs in a coordinated manner assisted via X2 signaling. The main goal for standardization under this work item is the inter-node signaling for facilitating carrier information exchange. 
The way forward [3] in RAN3#73 meeting agreed that per UE carrier selection for pico and macro respectively will be the highest priority in the macro plus pico deployment in the offline discussion of RAN3 #73. In this contribution we present our consideration on operational carrier classification and per UE carrier selection for macro+pico deployment. 
2. Carrier selection
When the carrier based inter-cell interference coordination is used to mitigate interferece in macro plus pico deployment, both macro eNB and pico eNB need to have the knowledge of which carriers to transmit for their severely interfered UE. Next, we provide the classification of carrier resource and propose the regulations of per UE carrier selection.
2.1 Carrier classification and utilization
In macro and pico scenario, macro eNB, due to the large coverage, will serve a large number of the UEs, so it seems unfeasible for macro eNB to change carriers adaptively. For the macro eNB, the operational carrier can be statically configured by OAM. 
Proposal 1: The operational carrier at the macro eNB is statically configured. 
On the carrier classification

Herein, the operational carrier can be categorized as basic carrier and complementary carrier. Basic carrier resource is required to have the capability of serving its coverage area with ensured quality, which may be referred as the main carrier. In contrast, the complementary carrier targets at providing more capacity for the system. 

On the carrier utilization

Then question is that how the classified carrier could be utilized efficiently. There are various coordination solutions are analyzed below with different flexibility and different spectrum efficiencies.
Option 1
In figure 1, the participation of the basic carriers is orthogonal. Moreover, the complementary carriers are totally orthogonal to both of the basic carriers. This option may cause some spectrum efficiency loss since some carriers remain unused at both macro eNB and pico eNB as shown in the blanked part in the figure 1. 
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Figure 1: option 1
Option 2
Actually, macro may utilize the basic carrier of pico eNB as the complementary carrier by reducing the transmission power of the PDCCH or that of both the PDCCH and PDSCH, in order to increase the spectral utilization efficiency overall the system. Likewise, the pico eNB may utilize the basic carrier that is employed for macro eNB as the complementary carrier. Via cross carrier scheduling, the complementary carrier may be under good utilization for improving spectral utilization efficiency albeit the blanking of the PDCCH. Figure 2 shows that both of macro and pico eNBs may use all the operation carriers with the precondition that basic carriers are totally orthogonal to each other. Compared to the option 1, option 2 offers more flexibility and increases the spectrum efficiency.
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Figure 2: option 2
That is, the basic carrier at the macro eNB can be utilized as complementary carrier at pico eNB through blanking of the PDCCH and enabling cross carrier scheduling, and vice versa. The resulting carrier pattern knowledge could be informed through the X2 between macro and pico eNB.
Proposal 2: The participation of the basic carriers is orthogonal. We prefer option 2 to ensure the spectral utilization efficiency.

Proposal 3: The resulting carrier pattern may be signalled over X2 interface.
2.2 Per UE carrier selection
On per UE carrier selection
Usually, the PCC selection for UE in a certain coverage should orthorgonize to each other in order to improve the capacity of a certain carrier. In principle, for the cell edge UE, we propose that the PCC/SCC selection should follow the following criterion. 

Criterion 1: The PCC of cell edge UE can be only in the basic carrier list; 

Criterion 2: The SCC of cell edge UE that is intended to transmit the PDCCH can be in both the basic carrier list and the complementary carrier list, and is preferred from the basic carrier list;
Criterion 3: The SCC of cell edge UE that is not intended to transmit the PDCCH can be in both the basic carrier list and the complementary carrier list, and is preferred from the complementary carrier list;

For the cell centre UE, the PCC/SCC selection may disregard these rules. However, PCC/SCC selection of this part of UE should be preferred from the complementary carrier list to leave more selection scope to the cell edge UE considering the precious basic carrier. Therefore, we have
Criterion 4: PCC/SCC selection of cell centre UE should be preferred from the complementary carrier list.

Proposal 4: Per UE carrier selection should observe the above mentioned Criterions1-4. 
3. Conclusion
This contribution gives some consideration on RAN3 work for carrier based HetNet ICIC support with the following proposals:
Proposal 1: The operational carrier at the macro eNB is statically configured.  
Proposal 2: The participation of the basic carriers is orthogonal. We prefer option 2 to ensure the spectral utilization efficiency.

Proposal 3: The resulting carrier pattern may be signalled over X2 interface.
Proposal 4: Per UE carrier selection should observe the above mentioned Criterions1-4. 
Criterion 1: The PCC of cell edge UE can be only in the basic carrier list; 

Criterion 2: The SCC of cell edge UE that is intended to transmit the PDCCH can be in both the basic carrier list and the complementary carrier list, and is preferred from the basic carrier list;

Criterion 3: The SCC of cell edge UE that is not intended to transmit the PDCCH can be in both the basic carrier list and the complementary carrier list, and is preferred from the complementary carrier list;

Criterion 4: PCC/SCC selection of cell centre UE should be preferred from the complementary carrier list.

We believe such consideration is beneficial for flexible scheduling resource management in Macro plus Pico deployment scenarios.
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