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1. Introduction
In this contribution, Vodafone describe a few scenarios of interest for small cell discovery in a HetNet environment and kindly request RAN2 to consider solutions to address those scenarios.
2. Scenarios for Small Cell Discovery in a HetNet Environment
2.1 Multiple Overlapping Layers with Measurements not Configured on some Layers
The primary scenario of interest is the case where the UE is in coverage of cells on different carrier frequencies and potentially on different radio access technologies. In connected mode, even though the eNB has control over which layers it configures UE to make measurements, it is unlikely that eNB would be able or would want to configure the UE to measure on all layers in a HetNet environment. Consequently, it is possible that a small cell on a layer not configured for measurements by the eNB offers the best user experience for a UE in its present location. It is thus essential that mechanisms are in place to allow UEs to detect those small cells even though the radio conditions would not trigger network to initiate measurements on those layers.  
Scenario 1: UE detection of small cells on inter-frequency/inter-RAT layers with the trigger for initiating measurements on those layers being different from experienced radio conditions of the UE. 
2.2 Unplanned Small Cells
In a HetNet environment, it can be foreseen that there will be a dense deployment of small cells, many of which have not been planned by the operator e.g. hybrid cells which allow access to normal UEs, in addition to UEs which are members of the cell.

For UEs which are members of those hybrid cells, a proximity indication can be used by the UE to indicate its closeness to the cell. The trigger for the UE to send the proximity indication is based on the UE’s knowledge about previously visited member cells. However, it is unlikely that UEs will have detailed knowledge about the location of hybrid cells which they are not a member of. Thus mechanisms are required for the UE to effectively detect unplanned small cells such as hybrid cells which the UE is not a member of. 

Scenario 2: Detection of unplanned small cells by UEs 
2.3 Traffic Offloading
In a typical HetNet environment, it is difficult or even not desirable for the macrocell eNB to maintain an interface relation with all small cells under its coverage. However, those small cells can offer the opportunity for the macrocell to offload traffic onto them, especially in situations where the macro cell load is high. It is thus useful to have mechanisms that allow the network to discover small cells in the vicinity of UEs served by the macrocell with enough capacity to absorb the traffic generated by some of those UEs. 

Scenario 3: Discovery of the presence of small cells in the vicinity of UEs served by the macrocell with available capacity to support traffic offloading from macrocell. 
2.4 Small Cells with Unreliable Backhaul Connections
It can be envisaged that small cells will be deployed on an adhoc basis with unreliable backhauls e.g. a WiFi Mesh network not under the control of the operator in a Hetnet environment. In this scenario, it is likely that the coverage provided by the small cell will also be intermittent i.e. depending on the availability of the backhaul link. Hence, mechanisms are required to detect those small cells when available and also to move UEs graciously away from the failed small cells to alternative coverage. 
Scenario 4: Discovery of small cells with intermittent coverage due to the backhaul link being unreliable. 

3. Conclusions
In this contribution, Vodafone highlights some scenarios of interest for small cell discovery in a Hetnet environment:
Scenario 1: UE detection of small cells on inter-frequency/inter-RAT layers with the trigger for initiating measurements on those layers being different from experienced radio conditions of the UE. 

Scenario 2: Detection of unplanned small cells by UEs 
Scenario 3: Discovery of the presence of small cells in the vicinity of UEs served by the macrocell with available capacity to support traffic offloading from macrocell. 

Scenario 4: Discovery of small cells with intermittent coverage due to the backhaul link being unreliable. 

RAN2 is kindly requested to take those scenarios into account in their work on HetNet mobility improvements, especially in relation to the scenario for traffic offload to small cells from the macrocell. 
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