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1. Introduction
In this contribution, we analyse the requirements for small cell discovery for the scenario of traffic offloading to small cells. We propose that small cells, especially those that are unplanned, broadcast an indication of their current loading condition and for UEs to report that information to the source eNB to assist in the traffic offloading decision. 
2. Small Cell Discovery in Connected Mode
In connected mode, the network has control over which frequency layer/RAT the UE makes measurements on. The configuration of a UE to measure on a certain frequency layer is usually motivated by the knowledge that there are cells on that frequency layer providing coverage to the UE.
If small cells are deployed on a frequency layer (other than the serving frequency layer), it is usually not appropriate for the network to always configure UE to measure on that layer considering that the coverage provided by those small cells is usually sparse and even unpredictable. Such an action would lead to a waste in UE battery power. 
The CSG Cell handover mechanism [1] provides an optimisation by allowing the UE to report a proximity indication when it is close to a CSG cell or hybrid cell (which it is a member of). Based on this indication, the network may configure the UE to measure and report CSG cells. In this case the driver for mobility is to enable the UE to obtain service from its ‘preferred’ cell (possibly with preferential tariff and prioritised use of resources of the cell) and the trigger to discover the cell is UE initiated.
However, in a HetNet environment, the trigger for small cell discovery can also be network initiated. For the purpose of traffic offloading, it can be envisaged that the network will trigger a UE to measure for small cells on other frequency layers for the following reasons:

1) The current user experience e.g. in terms of achieved throughput is not good even though the current radio conditions would not trigger a measurement report towards the serving eNB to initiate a handover. 

2) The serving eNB cell becomes congested and it becomes necessary for the serving eNB to offload traffic to alternative layers which may have more spare capacity. 
In order to discover small cells for the purpose of traffic offloading, the following mechanisms can be envisaged:

1) Proximity Indication 
The mechanism of proximity indication could be extended so that UE sends a trigger for the network to configure measurements on a certain frequency layer for that UE to discover smalls cells it is aware of. The main issue is how the UE would be aware of the presence of small cells without actually making measurements of the frequency layer.
One solution is to provision the UE with a list of ‘hot spot’ locations and based on the current UE location, the proximity indication can be sent to the network, which will then send the appropriate measurement configuration for the UE. However, this solution assumes that the UE has some positioning function e.g. GPS turned on, which possibly consumes more battery power than having inter-frequency measurements performed all the time. Hence, relying on the proximity indication as a trigger for network to configure UEs to measure small cells is likely not to be effective if based on UE having knowledge of its location. 
2) Traffic Congestion Trigger
The network is aware of the current load condition of the macrocell and hence can trigger UEs to make measurements on different frequency layers or RATs to discover small cells. Existing measurement configuration mechanisms seem sufficient to configure one or more UEs to detect and report cells on a different frequency layer or RAT e.g. with reporting triggers A4/B1 (report neighbour if above an absolute threshold).  
If network cannot identify the cell based on the reported PCI it can request the UE to perform a system information acquisition of the detected small cell and report the relevant information to the network, similarly to the CSG inbound handover mechanism.
 Since the driver for mobility is to offload traffic to a cell which is not loaded, it is also important for the network to be aware of the load level of the reported small cells before taking any action to handover the UE to that cell. For planned cells, the eNB can request the load information of the target cell via network signalling. However, if the cell is unplanned, it is not possible for the source eNB to obtain the loading information without first establishing an X2/S1 interface connection with the prospective target cell. This is an expensive process for an eNB cell with a dense deployment of small cells under its coverage. 
One possible enhancement is for those cells to broadcast an indication of their current loading which the UE can relay to the source eNB when it sends the measurement report containing system information of the target cell. In this way, the source eNB can decide whether to offload the UE to the target cell or not, without having to first establish an X2/S1 interface relation with that small cell. Moreover, it can be envisaged that the UE detects more than one small cell on a frequency layer and the eNB can use the information about the level of loading of those detected cells in order to decide where to offload the traffic. 
Proposal 1: RAN2 should consider the enhancement for a cell to broadcast its current load condition to assist in HetNet mobility improvements when the driver for mobility is traffic offload.

Proposal 2: The UE should provide the load information of detected small cells when reporting those cells to the network so that source eNB can make an informed decision about whether to handover the UE to the reported small cell.  

3. Conclusions
In this contribution, we analyse the requirements for small cell discovery for the scenario of traffic offloading. We observe that since the network knows when the serving layer is congested or when a UE is having a bad experience, this could serve as a trigger to configure UEs to measure and report cells detected on different frequency layers, especially those which the source eNB has no knowledge of. Existing measurement and reporting mechanisms seem sufficient. However, the following improvements would help the source eNB in making the right decision of whether to offload traffic to a small cell and to which small cell to offload traffic:
Proposal 1: RAN2 should consider the enhancement for a cell to broadcast its current load condition to assist in HetNet mobility improvements when the driver for mobility is traffic offload.

Proposal 2: The UE should provide the load information of detected small cells when reporting those cells to the network so that source eNB can make an informed decision about whether to handover the UE to the reported small cell.  
RAN2 is kindly requested to discuss and agree to the above proposals to improve the mobility to small cells when the driver for mobility is traffic offload. 
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