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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. 
This contribution focuses on discussing potential X2 enhancements, i.e., the carrier pattern configuration information that need be exchanged via X2 interface. In particular, we propose two options for the informing of the carrier pattern to be included in the X2 control message. 
2. Informing of Carrier Pattern
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 PDCCH or not for the severely interference UE. That implies that the carrier pattern configuration need to be informed between the macro eNB and pico eNB or between pico eNBs so that the carrier allocation is coordinated and interference is avoided.
Carrier resource 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. 
In the following, we propose three options for informing of carrier pattern.
We propose option 1 that the bitmap of carrier pattern may be exchanged over X2 interface between macro eNB and pico eNB, and neighboring pico eNBs as well as neighboring home eNBs. In a Macro-Pico deployment, if we define the Macro eNB as the interfering eNB and the Pico cell as the interfered cell, the bitmap should indicate which carriers are the adopted basic carriers at the macro eNB side. The recommended number of these chosen basic carriers depends on the number of available carriers and the traffic load of highly interfered UEs in the serving area. Meanwhile, the bitmap should together indicate the complimentary carriers at the macro eNB side, i.e., all possible carriers that the Pico eNB serving UEs interfered by the Macro eNB can use for co-channel interference avoidance scheduling. 
This bitmap should be updated semi-statically in order to ensure that scheduling resources in the interfering eNB are not wasted, while still providing sufficient means for the interfered eNBs to schedule UEs located in the cell edge. The length of the bitmap depends on the candidate carriers applied for based carrier ICIC. If all the available carriers of eNB side are included, the length of the bitmap is the number of all the available carriers. If a part of available carriers have been configured for based carrier ICIC, the length of the bitmap is the number of the configured carriers.
Besides, we propose option 2 that the identifier of the adopted carriers may be exchanged over X2 interface between macro eNB and pico eNB.
Option 3 is to employ 1bit indicator based on serving cell list in the eNB configuration update information to show the whether the carrier has been selected as the basic carrier. 
The comparison about the two options is shown as follows:

	Candidate options
	Overhead of X2 interface
	OAM configuration

	Option 1
	Small 
	OAM need to do configuration for related carrier mapping

	Option 2/3
	Large 
	No


We have some preference for option 1, which may reduce the control overhead in the X2 interface. However, for implementation, it requires that the OAM establish the carriers mapping table at both the macro eNB and the pico eNB. Accordingly, both may have the knowledge that which carrier each bit of basic/complementary carrier configuration information represents. That is, the carrier mapping shows the mapping of various carrier identifier with the corresponding bit of basic/complementary carrier configuration information. 

Proposal 1: The negotiation procedure of carrier pattern may be through carrier bitmap or specific carrier indication/identifier, however, whether option 1 or option 2/3 is adopted should be further discussed. We have the slight preference for option 1.
Proposal 2: The interfering macro eNBs should use the same sequence of the carriers to determine carrier pattern, i.e., the carrier identifier represented by each bit of basic/complementary carrier configuration information. The carriers mapping table can be configured by OAM.
3. Conclusion
This contribution gives some consideration on RAN3 work for carrier based eICIC backhaul support with the following proposals:.
Proposal 1: The negotiation procedure of carrier pattern may be through carrier bitmap or specific carrier indication/identifier, however, whether option 1 or option 2 is adopted should be further discussed. We have the slight preference for option 1.
Proposal 2: The interfering macro eNBs should use the same sequence of the carriers to determine carrier pattern, i.e., the carrier identifier represented by each bit of basic/complementary carrier configuration information. The carriers mapping table can be configured by OAM.
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