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1 Introduction
Small cell on/off has been discussed for several meetings in RAN1 and the discussion to date has been captured in [1]. On aspects that has not yet been discussed is to handle IDLE mode UEs when operating small cell on/off. This topic we address in this contribution.

2 Discussion

A cell operating in small cell on/off mode should not be targeting IDLE mode UEs, although the final design should support the existence of IDLE mode UEs in the network. If the network cannot handle IDLE mode UEs when operating in small cell on/off mode, it would force all UEs to operate in CONNECTED mode, whereby the network capacity and UE power consumption would be heavily impacted. Therefore, the solutions designed for small cell on/off need to be backward compatible as we cannot break the IDLE mode UE support for legacy UEs by introducing small cell on/off.

Observation

· Small cell on/off must provide a solution for the network to handle IDLE mode UEs without any specification impact
Within the area of study for IDLE mode, there are mainly two aspects that are of interest to study further. The first being the case when the UE moves from cell to cell in IDLE mode and should in this case not move to a cell that can be turned off. The other aspect to consider is when a UE is moved from CONNECTED mode to IDLE mode. Here we will discuss both these aspects further.

2.1 UEs within IDLE mode

A UE in IDLE mode will connect to the network as soon as it enters a new paging area. By this behavior, the UE would register its presence within that paging area. The size of the paging area is configured by the network. However for this discussion we can simply assume that it is a set of multiple eNBs and the network do not know where within the paging area the UE is located. A UE in IDLE modewill listen for paging messages and read the system information from its associated cell with a certain periodicity. Furthermore, when the UE moves out of coverage of a cell it will automatically try to access another cell instead and by that continue to be within reach of paging messages from the network.

In Rel-8, there are a few mechanisms specified to control which cell the UE camps on during IDLE mode. The first is that it is possible within the system information to indicate that the cell itself shall not be used for camping in IDLE mode. This concept is referred to as cell barring [2]. Furthermore, it is also specified that in case the UE cannot acquire the system information, the UE shall consider the cell as barred for 300s [6]. 

In addition to the above behavior it is also possible for a cell to indicate in its system information that UEs shall not perform cell reselection to certain PCIs on certain frequencies [2]. 

2.2 Transition from CONNECTED to IDLE mode

The main issue that needs to be addressed when a UE is moved from CONNECTED mode to IDLE mode is that the UE should camp on a cell that supports IDLE mode. The transition from CONNECTED mode to IDLE mode is under network control. 

There are at least two possible options on how to handle the transition from CONNECTED to IDLE mode for UEs operating on a cell that does not support IDLE mode due to small cell on/off. The first option is that the UE is handed over to a cell that does support IDLE mode and the second is that the UE is simply moved to IDLE mode and the network relies on the UE performing cell reselection to an appropriate cell when the UE is in IDLE mode. The second option further assumes that the current serving cell indicates in its system information that the UE is barred for camping. 

2.3 Conclusions about IDLE mode support

We can observe from the Rel-8 specification that there are tools available within LTE for barring cells in general and it is possible to signal to the UE to exclude certain cells from IDLE mode operation. Further, we observe that there are multiple ways of handling transitions between CONNECTED and IDLE mode.

Observation

· Small cell on/off relies on the network operating on at least two frequencies

· Rel-8 provides sufficient tools to facilitate the support of IDLE mode for deployments using small cell ON/OFF
3 Conclusion

In this contribution we discuss how to support IDLE mode UEs together with small cell on/off. Based on the discussion in the contribution we make the following observations

· Small cell on/off must provide a solution for the network to handle IDLE mode UEs without any specification impact
· Small cell on/off relies on the network operating on at least two frequencies

· Rel-8 provides sufficient tools to facilitate the support of IDLE mode for deployments using small cell ON/OFF
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