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1. Introduction

The way forward [1] in RAN3#73 meeting agreed that operational carrier selection for femto and macro respectively will be FFS in the macro plus femto deployment. The issue of femto cells is unique in that it may employ single carrier or enable multiple carriers. It also suffers from the case that multiple femto cells are coordinated or non-coordinated. In this contribution we present our consideration on operational carrier selection and per UE carrier selection for macro+femto deployment. 
2. Consideration  
2.1. Femto application/case
In the deployment of macro plus femto cells, it is quite difficult for macro eNB to pre-plan the operational carrier coordination as home eNB is deployed randomly and may shut on/off anytime. Hence, the carrier partitioning between macro and femto could be static. The femto cells may choose the operational carrier in a separate carrier list and coordinate with each other in order to minimize the interference. 

Proposal 1: The carrier partitioning between macro and femto could be static. The femto cells may choose the operational carrier in a separate carrier list.

HeNBs are usually offered in residential areas and large commercial area as well as enterprises. In the case of locating in residential area, the X2 interface is not available. Consequently, the operational coordination can only be resolved via some distributed probing algorithm to identify the carrier that is minimal from the surrounding interference. In contrary, in large commercial area and enterprises, the X2 support is usually enabled. Hence, the selection of the most appropriate carrier may be done through exchanging control information over the X2 interface. More reliable and accurate carrier coordination may be accomplished through interaction of home eNBs. 
Proposal 2: The carrier coordination between home eNBs may either be through implementation oriented solution or via interaction over X2 interface. 
There are many distributed algorithms, and we will not discuss it in detail. Next we focus on the solution via interaction over X2 interface.

2.2. Solution over X2 interface
We discuss the possible approaches to do the coordination over X2 interface between home eNBs. 
The key issue is to let the neighbouring home eNB have the knowledge of the adopted carrier resource of the local home eNB so that the neighbouring home eNB may determine its actual adopted carrier resource free of interference between each other. The selection of carrier resource further depends on the channel condition of the various carriers. When the basic carrier is increased or decreased, we need to identify the carrier priority for carrier increase/decrease according to the channel state of the highly interfered UE in a certain carrier. It can follow some rules such as 

Rule 1: The carrier with the highest number of strongly interfered UE in a good channel condition is of higher priority;

Rule 2: The carrier with the best mean value of channel state of the strongly interfered UE according to the EESM etc. stochastic computation is of higher priority;
Hence, we propose that
Proposal 3: The actual adopted carrier pattern info, specifically basic/complimentary carrier configuration information should be included in the control message over X2 interface.
When the traffic load varies, additional carrier need to be allocated as complimentary carrier. We consider a large shopping mall, where many home eNBs are deployed. In a certain time, some places maybe are on sale, which causes that a large quantity of UEs migrate there. This leads to the heavy traffic load within a certain period at a certain place. In this case, the control information should be exchanged 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. 
We consider the two cases as follows.
Case 1: For HeNBs that support only single carrier
For a local home eNB that supports only single carrier, the neighboring home eNBs may determine whether to utilize the carrier that is adopted by the local home eNB based on the informed carrier resource combined with PRB utilization ratio. That is,

Approach 1: When the basic carrier is of light traffic load, the local home eNB informs the PRB utilization ratio to neighboring home eNB and neighboring eNBs could integrate the PRB utilization ratio to consider whether it could be added as the complementary carrier so that the carrier can be utilized dynamically;
Case 2: For HeNBs that support multiple carriers

A local home eNB that supports CAs, may make a proper decision for its carrier pattern by considering its own resource status and the neighbouring home eNB’s resource status with respect to the severely interfered UE protected by basic carrier. Some appropriate resource utilization status should be considered to be included in the resource status information. In case that the carrier utilization status is low, the local home eNBs may consider whether to reduce the operational carrier and inform the updated carrier resource based on the resource utilization status information. Meanwhile, the neighboring home eNB may determine whether to utilize the carrier that is adopted by the local home eNB based on the updated carrier information;
Approach 1: When one basic carrier is of no traffic load, the local home eNB may downgrade the basic carrier as complementary carrier and inform the neighboring home eNB so that the carrier can be utilized dynamically to improve the spectral utilization efficiency;

Approach 2: When one basic carrier is of light traffic load, the local home eNB informs the neighboring home eNB and neighboring eNBs could integrate the resource utilization status and combine multiple factors to make a comprehensice decision to consider whether it could be added as the complementary carrier so that the carrier can be utilized dynamically;

In summary, we propose that 
Proposal 4: Resource status information need to be exchanged to facilitate the more appropriate selection of the carrier resource. In case of supporting single carrier, the PRB utilization ratio in the specification may be used to reflect for the cell load; while in case of supporting CA, new resource utilization status information need to be considered to reflect for the cell load.
4.
Conclusions

In this contribution, we analyze the various cases in macro plus femto deployment and present possible approaches. We propose RAN3 to consider and agree the followings.
Proposal 1: The carrier partitioning between macro and femto could be static. The femto cells may choose the operational carrier in a separate carrier list.

Proposal 2: The carrier coordination between home eNBs may either be through implementation oriented solution or via interaction over X2 interface. 

Proposal 3: The actual adopted carrier pattern info, specifically basic/complimentary carrier configuration information should be included in the control message over X2 interface.
Proposal 4: Resource status information need to be exchanged to facilitate the more appropriate selection of the carrier resource. In case of supporting single carrier, the PRB utilization ratio in the specification may be used to reflect for the cell load; while in case of supporting CA, new resource utilization status information need to be considered to reflect for the cell load. 
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