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1 Introduction 
It is agreed in RAN plenary #51 that further enhanced non-CA based ICIC for LTE will be studied for Rel-11 as a work item [1]. Specifically, one of the objectives with this WI is to study possible higher layer enhancements, e.g. for idle mode operation, power saving and mobility enhancements. Idle mode mobility enhancement in a heterogeneous network has not been discussed in details in Rel-10 given the limited discussion time. However, it is an important issue that would greatly impact the UE performance and network loading especially when the network has become a mixed deployment of high power nodes (macro eNB) and low power nodes (e.g. pico cell, femto cell).  In this paper, we provide our thoughts on this issue and propose to study potential idle mode enhancement schemes in a heterogeneous environment.
2 Discussion 

2.1 Range Expansion in RRC_IDLE Mode
Range expansion has been proposed as a scheme to allow more UEs to be served by the lower power eNBs in a heterogeneous network [2][3]. A biased value can be added to the UE measured RSRP during the UE serving cell selection process to favour the UE cell selection towards the lower power node. Although range expansion was initially considered as a technique to balance the network load in the connected mode, it makes sense to apply it in the idle mode as well to improve the network resource usage.  The benefits of applying range expansion based schemes in idle mode can be summarized as follows:

· More efficient system resource usage. Since idle mode UEs are offloaded to the lower power node, the loading among network nodes are more balanced which leads to efficient resource usage and also increased paging channel capacity. 

· Reduce power consumption for uplink transmission. A UE in idle mode will make occasional uplink transmissions (e.g. tracking are registrations and tracking area updates).  Range expansion generally requires less uplink transmission power from UE by having smaller path loss on the radio link.
· Avoid immediate handover when UE enters to connected mode from idle mode. If range expansion is used at the connected mode, the UE may experience immediate handover once entering the connected state. The handover will increase the service latency and signalling overhead over the network. It is unnecessary and should be avoided.
On the other hand, due to the biased cell selection/reselection (i.e., using biased RSRP for cell selection), the UE downlink received signal power from the serving cell, i.e. the lower power node, could be strongly interfered by the downlink transmission signal from the macro cell. Efficient ICIC techniques have to be adopted in order to mitigate the interference when range expansion is applied. The UE can only rely on the coordination between network nodes to avoid UE out of coverage caused by the interference environment. 
Furthermore, in some deployment scenarios e.g. coexistence of macro cell and femto cells, there may not exist an efficient backhaul link between the eNBs that enables inter-cell interference coordination in a timely fashion. If range expansion is applied in these scenarios, it is very likely that UE may be in coverage hole because of lack of efficient interference coordination. Although reliable eICIC techniques are expected in the Rel-10/11 network, it would still be beneficial to consider other UE self recovering mechanisms when the eICIC is not available.  
Another factor to consider is that the biased value associated with range expansion applies to all the UEs in the cell. It is not a UE specific value that can be adjusted according to different UEs’ radio link condition, interference situation, QoS requirements, etc in the idle mode. If the biased value is not chosen appropriately, some UEs may associate with a serving cell that does not provide satisfactory downlink radio quality.   

Overall, we think range expansion is an effective scheme to offload more UEs to the lower power eNBs and thus make better utilization of the system resources.  However, considering the complex interference environment and the UL/DL imbalance issue in the heterogeneous network, it would be desirable to have other alternative schemes to ensure that the UE will not be out of cell coverage because of the range expansion. 
2.2 Idle Mode Hybrid Mobility Procedure   

In this section, we describe a hybrid idle mode mobility procedure that prevents the UE to be in the cell coverage hole when range expansion is applied. As we know, by applying range expansion, the UE may not select the cell with the best downlink received power as the serving cell, which means that the UE could experience degraded downlink received signal quality and be out of cell coverage. In order for the UE to enjoy the benefit of selecting a cell with small path loss and requiring lower UL transmission power, we propose that range expansion be used as a primary cell selection/reselection scheme combined with a fall back mechanism that allows the UE to fall back to Rel 9/10 cell selection/reselection scheme when a coverage hole is detected. This allows the UE to have more flexibility selecting the appropriate cell to camp on based on its radio condition.
The UE will perform the cell selection/reselection following the normal procedure with range expansion. The idle mode range expansion can be realized by eNB broadcasting the range expansion bias value via the system information broadcast channel. A UE will take the range expansion bias into account in a normal situation where no coverage hole is detected. If the UE detects a problem with receiving the downlink broadcast/paging/sync channel from the cell it has camped on, it will fall back to the Rel 9/10 cell selection/reselection scheme without range expansion. The range expansion bias will be ignored at this time. This will allow the UE to camp on the cell with best downlink received power and possibly recover from the coverage hole. In order to avoid ping pong between the two reselection procedures, we need to be careful on the criteria that allows the UE to tune back to the primary cell selection/reselection procedure once it has been recovered from coverage hole. For example, the recovery of coverage hole can be claimed if the measured RSRP/RSRQ of the serving cell exceeds a certain threshold over a certain period of time. 
With the above procedure, even though the inter-cell interference coordination is not implemented effectively, the hybrid cell selection/reselection can still prevent UEs from falling into a coverage hole or quickly recover from a coverage hole. 

Proposal: Enhance the UE idle mode mobility in the heterogeneous network with range expansion based hybrid mobility procedure. 
3 Conclusion  

In this paper, we discussed possible UE idle mode mobility enhancement schemes in a heterogeneous network. Range expansion is an effective scheme to balance network loading and enable better system resource utilization. However, it may also cause cell coverage problem to the UE due to degraded downlink received signal and strong interference from the macro cell. Therefore, we propose the hybrid idle mode mobility procedure that use range expansion as the primary cell selection/reselection scheme and falls back to Rel 9/10 cell selection/reselection scheme when a coverage hole is detected. 
Proposal: Enhance the UE idle mode mobility in the heterogeneous network with range expansion based hybrid mobility procedure. 
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