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1.  Introduction
In RAN3 meeting #72, initial discussion has been held on the new WI for carrier-based HetNet ICIC in LTE [1]. 
The WID objectives focus on carrier selection mechanisms (e.g. signalling-based) for robust autonomous solutions at each node which do not require tight synchronization between nodes, work for both legacy (Rel-8/9) and optimized  (Rel-10/11) devices and rely on existing UE features present in the different releases.

As first point it has been decided to look more in details into the significant use cases for the proposed scope and identify which ones are more relevant. In this contribution we present Qualcomm view about this topic and make some recommendations to RAN3 about the use cases and what steps should be considered while proceeding with the work.
2.  Use case aspects
By looking at heterogeneous networks with multiple carriers, different aspects need to be considered when discussing the use cases for carrier-based HetNet ICIC. One of the aspects of interest is about what carrier resources shall actually be considered for autonomous selection. Another aspect concerns the different deployment scenarios of interest for carrier-based ICIC, among the ones occurring in HetNet, where macro, pico and femto cells are operating together in a limited geographical area, on multiple carriers. Finally, some considerations about the available degrees of freedom for the selection process shall also be taken into account.
2.1 Carrier resources considerations
As pointed out in [2] and [3], when it comes to adaptively select what carriers a certain node shall use in certain time, different type of resources shall be distinguished based on the role they assume for the considered node or layer. In particular, carrier resources can be divided into two main groups: resources aiming at coverage (or basic resources) and resource aiming at capacity (or additional resources). This important distinction is further detailed here below.
Basic resources: these are resources that enable the basic coverage and services in a certain area, with sufficient quality. One example (see [3]) is the main or anchor carrier for the macro cell layer, which is typically deployed for basic coverage under a careful network planning process. Another example could be indoor coverage provision via operator-deployed low power nodes. In these cases it may be undesirable for the operator to automate at each node the anchor carrier selection as this may pose significant challenges to service continuity and stability, instead the basic resources could be statically configured.
Additional resources: in case of multiple carriers, a node can also transmit on several carriers, mainly to increase the capacity of the system. Examples of these additional or non-anchor carrier resources could be non-anchor carriers on macro cells as well as carriers for low power nodes, e.g. deployed as hot spots for capacity purposes. Here there is less need of tight control on the usage of such carriers and they are typically combined into the same antenna at each node, which makes them good candidates for coordinated and distributed adaptation at each base station.
Proposal 1: For the scope of this work item and related use cases, it is proposed to distinguish between two groups of carrier resources, the “basic resources” and the “additional resources”, and to capture that in the TR.

Proposal 2: The scope of work should primarily focus on selection mechanisms for additional resources (non-anchor carriers), while adapting basic resources are preferably not considered for use case of interest.
2.2 Deployment scenarios
Figure 1 depicts different situation that can occur in a HetNet deployment with different cells types, like macro, pico and femto. In different areas, interaction between different node types can be the case (see included table), whereby some cases are of higher interest for carrier based HetNet ICIC, compared to others. 

	Node interaction
	Example

	macro-macro
	M1-M2

	macro-pico
	M2-p4

	pico-pico
	p1-p2

	macro-femto
	M2-f6

	pico-femto
	p3-f5

	femto-femto
	f2-f3-f4

	femto standalone
	f1
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Figure 1: HetNet deployment scenarios and related node interactions
Macro-macro: this case is not really of interest for the scope of the WI, as pointed out in [2]. 

Macro-pico: this is one of the main cases for carrier-based HetNet. By focusing on the additional resources, the macro cell could make use of additional carriers to increase capacity. This has anyway to be traded-off with the presence of pico cells, which are also deployed in hot-spots for capacity reasons. While all carriers of the pico cell can be activated, some coordination with the macro cell may be necessary to ensure correct performance of the main/anchor carrier of the pico cell, where basic services and control (for example for UEs capable of carrier aggregation or in cell range expansion) are provided.
Pico-pico: in deployments of macro+pico cells, there could be situation whereby pico cells deployed for capacity are interacting with each other. For these pico cells all resources can be in principle considered additional resources and therefore attractive for autonomous selection, though in practice some restriction may apply as by-product of the macro-pico configuration.
Scenarios with HeNB: HeNBs can be deployed in residential areas (mainly standalone nodes) as well as for enterprises (in a cluster). In case of standalone nodes and considering single-cell HeNBs (up to Rel-10), a selection of the most appropriate carrier could be locally carried out by the HeNB itself, based e.g. on the perceived environment and on configuration data. Future extension of HeNB to multiple cells/carriers could be handled the same way, as those are additional resources and can be autonomously selected. In case of enterprise deployment, interactions between HeNBs occurs for which similar considerations of pico-pico case apply. Particular attention shall be put in case of CSG HeNB, whereby static configuration restrictions may be needed to partition resources and prevent issues with the underlay macro cells.
Proposal 3: The scope of work should prioritize macro+pico deployments, with main focus on the macro-pico interaction and considering also the pico-pico case. 

Proposal 4: The scope of work should also consider HeNBs, with focus on enterprise deployments with inter-HeNB interactions and considering the case of multiple carriers HeNB if capabilities are extended in Rel-11.
2.3 Power considerations
Besides carrier resource types and the deployment scenarios, the transmission power aspect of base station deserves some further considerations and could potentially be also taken into account for the solutions. In fact, the adjustment of the transmit power of macro cell non-anchor carriers, can be explored to allow appropriate protection of the low power nodes /anchor carrier. The expectation is that power adjustment of non-anchor resources could provide additional flexibility to carrier-based HetNet ICIC, but remains unclear if this could lead to excessive complexity or to unstable configurations. In particular frequent variations of the transmit power could for example cause bursts of cell reselection or handover events, where several UEs suddenly perceive a change in signal on the cell they were connected to. Therefore further investigations are recommended to RAN3 while deciding on the precise mechanisms and on whether/in what form to include power adjustments.  

Proposal 5: Power adjustment mechanisms for additional (non-anchor) resources should be also considered in the scope. However, it is recommended that RAN3 carefully assesses the mechanism complexity and possible risks of unstable configurations as part of the work item.
3. Conclusion

In this paper we have presented some considerations for selecting eth use cases of the carrier-based HetNet ICIC work item. Based on the included analysis, we recommend RAN3 the following proposals:

Proposal 1: For the scope of this work item and related use cases, it is proposed to distinguish between two groups of carrier resources, the “basic resources” and the “additional resources”, and to capture that in the TR.

Proposal 2: The scope of work should primarily focus on selection mechanisms for additional resources, while adapting basic resources are preferably not considered for use case of interest.

Proposal 3: The scope of work should prioritize macro-pico deployments, with main focus on the macro-pico interaction and considering also the pico-pico case. 

Proposal 4: The scope of work should also consider HeNBs, with focus on enterprise deployments with inter-HeNB interactions and considering the case of multiple carriers HeNB if capabilities are extended in Rel-11.

Proposal 5: Power adjustment mechanisms for additional (non-anchor) resources should be also considered in the scope. However, it is recommended that RAN3 carefully assesses the mechanism complexity and possible risks of unstable configurations as part of the work item.
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