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1
Introduction 
In RAN Plenary meeting 51 a new work item led by RAN3 was approved with focus on carrier based HetNet ICIC. 
The main objectives of the WI are quoted below:

· Evaluate the performance benefits of having interference management on carrier resolution between different BTS nodes in the defined HetNet environments (3GPP TR 36.814). (RAN1 based on RAN3 requests) 

· Study inter-node signalling needed for robust autonomous solutions, where each BTS node selects to use the carrrier(s) that maximize the overall network performance (RAN3).

· Focus on solutions with no physical layer impact that would work for both legacy Rel-8/9 UEs, as well as benefit from optimizations available for Rel-10/11 UEs supporting carrier aggregation. Thus the solutions shall rely on existing UE features in different Releases. Realistic assumptions for availability of UE measurements and power consumption to be used.

· Focus on solutions which do not requiring tight synchronization between eNodeBs

The WID leaves open the possibility to focus on a large number of HetNet scenarios and explore solutions that might not always be of maximum effectiveness for interference mitigation.
Reference scenarios for the study of solutions within this WI shall be carefully selected so to ensure that an efficient solution is reached by the end of Release 11.
This contribution aims at discussing possible scenarios related to carrier based HetNet ICIC and provides guidance in choosing which scenarios are most important to consider.

2
Discussion

Selection of a carrier by an eNB can be due to different reasons and it can be more or less dynamic, depending on the scenarios considered. Two main scenarios are discussed below.

Initial selection of cell carrier by the eNB
If the scenario is that of an eNB being commissioned and turning operational, carrier selection for the cells served by the eNB is normally a static process based on pre-configuration by the OAM system. In fact, successful management and coordination of cell deployments by an operator relies on a balanced allocation of cells to the available carriers, which requires high level of planning usually carried out in the Network Management System (NMS) domain. 
The reasons for the above are multiple, some of them being: 
1) Network-wide cell planning is a process-intense and time consuming procedure, where the overall radio conditions need to be considered on a network-wide basis and where performance degradation could occur by applying very small changes to radio settings;
2) Operators typically have scarce availability of carriers. The possibility to dynamically choose a carrier is normally not available due to the objective of using all the available carriers at the same site. The latter implies careful cell planning in order to avoid harmful coverage overlaps of cells using the same carrier;
3) Once a primary carrier is selected for a specific cell, it is not possible to dynamically change it unless all UEs served by that cell are relocated to another cell or disconnected. Therefore it is very important that primary carrier selection is based on a robust allocation algorithm;
4) It is often the case that operators have constraints on how and where to use certain carriers. For example, in country border regions it is likely that some carriers cannot be used. Also, it is convenient for an operator to use certain carriers (e.g. offering better signal penetration) for wide coverage cells and other carriers for small coverage cells in dense deployments. Therefore, it becomes difficult to allow e.g. an eNB serving a small cell to freely select any carrier.
In a HetNet scenario one could potentially have a very high number of cells with various sizes. 
The first point to take into consideration with such scenario is that selection of cell carrier by an eNB should not be based only on the radio environment surrounding the specific cell under consideration. As mentioned above, utilisation of a specific carrier in a certain geographical area is the result of a carefully executed planning exercise and therefore it would be risky to base cell carrier selection purely on radio conditions encountered in proximity of the eNB serving the cell.
For example, one could imagine how, in particular conditions, an overshooting cell can affect carrier selection in a vast geographical area: a certain carrier selection would be beneficial until such conditions hold, but will become sub-optimal when different conditions prevail. Equivalently, it is possible to think of situations where an eNB serving large coverage cells undergoes maintenance and is therefore taken out of operation: any new eNB in the same coverage area would find the carrier previously used by the eNB under maintenance as the better choice, but the same carrier selection would become sub-optimal as soon as the eNB previously under maintenance is moved back into operation.
Observation 1: RAN3 shall carefully consider the risks associated with autonomous selection of cell carrier by an eNB before discussing how solutions on autonomous carrier selection could be designed.
Observation 2: RAN3 shall always consider whether network-wide carrier planning is the best way forward when discussing scenario-specific dynamic carrier selection.  

If in the above scenarios a further element should be introduced, namely the presence of un-coordinated cells of the like of those being supported by HeNBs, it becomes very challenging to imagine how dynamic selection of any available cell carriers can lead to a robust and stable network planning. 
In fact, not only an operator would not have control on the carrier selected by an un-coordinated HeNB, but also there would be no control on where such carrier selection takes place (due to the lack of deployment coordination).

With the above it is not intended that a certain level of autonomy for cell carrier selection is not possible for un-coordinated HeNBs: the main observation should be that an un-coordinated cell shall not be able to freely select within the whole range of available carriers, but selection shall happen only within a subset of carriers pre-allocated by the operator. In other words, the operator shall be able to confine un-coordinated cells to pre-configured carriers.

Observation 3: In scenarios where a level of autonomous carrier selection is foreseen, the operator shall be able to confine uncoordinated HeNB cells to pre-configured carriers.
Selection of carriers for UEs supporting Carrier Aggregation

The second scenario in which carrier selection could be envisaged is the case of Carrier Aggregation, where a UE already assigned to a primary carrier could be also assigned a secondary carrier.  In this case the secondary carrier could be chosen among a number of available carriers, depending on the radio conditions encountered by the UE and the measurement reports received by the serving eNB. Therefore, this is a scenario in which carrier selection could be performed in a more dynamic way due to the nature of assigning secondary carriers to UEs.

As shown in figure 1, a scenario that could be worth exploring consists in selecting the secondary carrier in a way that minimises interference to neighbour cells, in particular in cases of macro <-> small-cells interference.  In this case an exchange of information between macro and small cells could be beneficial for the selection of secondary carriers not only based on the strongest secondary carrier signal received by the UE but also based on a selection that minimises interference in the secondary cell neighbourhood.
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Figure 1: Example of Secondary Component Carrier (SCC) assignment aimed at reducing interference

The scenario shown in Figure 1 could benefit from some form of coordination between the aggressor eNB and the victim eNB, where information could be exchanged between the peers in order to identify specific interference conditions caused the use of certain SCCs in the aggressor eNB.

Observation 4: Dynamic selection of secondary component carriers for UEs using carrier aggregation could be based on minimisation of interference caused to secondary cell neighbours. Potential coordination between neighbour cells could help achieving selection of SCCs aimed at interference mitigation 
It needs to be pointed out that such dynamic selection of secondary carriers would be available to eNBs supporting carrier aggregation and by definition to eNBs supporting more than one cell. The latter automatically excludes HeNBs from actively selecting secondary carriers because HeNBs can support only one cell and such cell, if serving the UE, will have to play the role of primary component carrier.

In the case of carrier selection for carrier aggregation, scenarios of uplink interference detection could be worth studying: it is in fact possible in a heterogeneous environment that a UE can cause uplink interference to a cell without being able to detect that cell reference signal. In such conditions it is difficult for the eNB serving the UE to understand which UE is causing interference and therefore how to adjust allocation of secondary carriers.

Observation 5: Uplink interference scenarios are worth analysing in the contest of dynamic secondary carrier selection aimed at interference mitigation.
3
Conclusion and Proposal
In this paper a high level analysis of the scenarios that could be potentially treated under the carrier based HetNet ICIC WI has been performed.
A number of observations have been outlined, providing guidance on how to select the essential reference scenarios for an autonomous carrier selection for HetNet ICIC, in order to set the scope of the work.

RAN3 is therefore recommended to converge on the selection of a valid reference scenario/s before starting discussions on how to design solutions. Failure to do so would bring the risk of diluting discussions among several corner cases and jeopardize the outcome achievable by the end of Release 11.
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