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1 Introduction
RAN1 LS [1] mentions that no new idle mode UE behaviour will be specified for handling small cell ON/OFF. The current assumption in RAN1 is that the ON/OFF cells will transmit legacy signals in the ON state, so a legacy UE/Rel 12 RRC Idle mode UE may detect these cells 

This paper discusses a method to avoid ON/OFF cells for Legacy UEs and Rel 12 RRC Idle mode UEs.
2 Discussion
Both in RRC Idle and in RRC connected mode the UE needs to know when the serving cell is ON or OFF for certain procedure to work properly.

In RRC Idle mode, for certain procedures like channel estimation (for decoding paging) or serving cell measurements, the eNB is not aware of the exact time when the UE performs these procedures. So without ON/OFF state information at the UE, these procedures will not work properly.
However NW may operate an ON/OFF cell in legacy mode (keeps it ON for an extended time and allows UEs in Idle mode to camp to such a cell).
Observation 1: In RRC Idle mode, there is a need to have a provision to avoid Legacy UEs and Rel 12 UEs camping to a cell operating in ON/OFF mode. 
Observation 2: If the ON/OFF cell does not transmit legacy signals when the cell is ON, then RRC Idle mode and Legacy UEs will never detect the ON/OFF cells and nothing needs to be done to avoid RRC Idle mode UE from camping to an ON/OFF cell.
In section 2.1 it is discussed how Rel 12 RRC idle mode UEs can be stopped from camping on to ON/OFF cells.
2.1 Avoiding RRC Idle mode UEs camping to ON/OFF cells
The deployment scenario may have dedicated frequency layer for ON/OFF cells or may have both coverage cells and ON/OFF cells on the same layer. So based on the deployment , NW may either use frequency barring when a frequency has ON/OFF cells only or may apply cell barring if one frequency layer has both ON/OFF cells and normal cells.

Cell Selection:

When an ON/OFF cell is in the ON state, an Idle mode UE may detect the ON/OFF cell and may try to camp to this cell. 

The UE may not decode MIB or one of the essential SIBs while trying to camp if the cell goes OFF while the UE is trying to camp. This will lead to barring of the cell for 300 seconds. 
If MIB and essential SIB decode is completed successfully, the ON/OFF cell can bar the frequency or the cell in SIB1 for 300 seconds. The ON/OFF cell can apply frequency barring if a dedicated frequency is used for ON/OFF cells, and also if no ON/OFF cell on the same frequency layer is operated in legacy mode. 

Observation 1: Existing cell barring mechanism can be used to avoid RRC Idle mode UEs camping to ON/OFF cells.

Cell Reselection

If all ON/OFF cells are on a dedicated frequency layer, the eNB shall not configure the particular layer for inter frequency RRM measurements in SIB5. 
If a frequency has both coverage and ON/OFF cells, then the eNB has to configure the frequency for measurements. However all the ON/OFF cells within the macro eNB’s coverage needs be blacklisted. 
If a frequency has both coverage and ON/OFF cells, it is possible to have ON/OFF cells as intra frequency neighbors. Intrafrequency ON/OFF cells can also be blacklisted in SIB4.
The above steps would prevent the UE attempting to reselect to an ON/OF cell.

However there may be other ON/OFF cells under neighboring macro eNB’s coverage which are not blacklisted by the serving macro eNB. If the UE tries to reselect to such a cell, the reselection will fail as the cell will be barred. So though unsuccessful reselection attempt is not desirable, cell barring is a fallback mechanism to handle this issue. Also proper network planning can avoid occurrence of this type of unsuccessful reselection attempts.
Observation 2: Existing intra and inter frequency measurement configuration in SIB4 and SIB5, cell blacklisting mechanism and cell barring can be used to avoid reselection to ON/OFF cells.
2.2 Legacy UE behavior 
Observation 3: In RRC Idle mode, legacy UEs and Rel 12 UEs can be restricted from camping to an ON/OFF cell using similar methods.

In RRC Connected mode, UE’s mobility is completely controlled by the network. So it is up to the network to avoid handover of legacy UEs to an ON/OFF cell, or may operate an ON/OFF cell is a legacy mode and handover legacy UEs to an ON/OFF cell. 

For re-establishment, if the legacy UE is not configured to measure frequency layers dedicated to ON/OFF cells or when same layer has ON/OFF cells and coverage cell cells, the ON\OFF cells are blacklisted. The probability of UE trying to re-establish to one of these cells is very low. However if the UE tries to re-establish to an ON/OFF cell, NW can control success/failure of re-establishment.

Observation 4: In RRC connected mode, legacy UEs mobility is fully controlled by the network, so network can avoid handover of Legacy UEs to an ON/OFF cell. 
Based on the above observations, we make the following proposal:

Proposal 1: For avoiding legacy UEs/Rel 12 RRC Idle mode UEs from camping to an ON/OF cell, the existing procedures are sufficient and no new procedure needs to be specified.

3 Conclusions
Observation 1: Existing cell barring mechanism can be used to avoid RRC Idle mode UEs camping to ON/OFF cells.
Observation 2: Existing intra and inter frequency measurement configuration in SIB4 and SIB5, cell blacklisting mechanism and cell barring can be used to avoid reselection to ON/OFF cells.
Observation 3: In RRC Idle mode, legacy UEs and Rel 12 UEs can be restricted from camping to an ON/OFF cell using similar methods.

Observation 4: In RRC connected mode, legacy UEs mobility is fully controlled by the network, so network can avoid handover of Legacy UEs to an ON/OFF cell. 
Proposal 1: For avoiding legacy UEs/Rel 12 RRC Idle mode UEs from camping to an ON/OF cell, the existing procedures are sufficient and no new procedure needs to be specified.
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