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1 Introduction
Small cell on/off is one of the techniques studied for efficient small cell operation as captured in [1]. It has been well recognized that small cell on/off can be supported by the existing RAN3 mechanism, which is fully backward compatible. On the other hand, it has been shown that small cell on/off with reduced transition time can improve the packet throughput. In RAN1-74b, the following conclusions were made:

· Dormant mode based on current existing RAN3 mechanism is the starting point for possible enhancement related to small cell semi-static on/off

· Reduced transition time of small cell on/off can increase the performance

· RAN1 finds it beneficial to introduce the small cell on/off transition time reduction depending on the detailed scheme

· The enhancements for transition time reduction may include support of:

· Discovery and measurement enhancement(s) in DL in cell off state, potentially also in cell on state, and its usage in related procedures such as handover, CA activation/deactivation, and Dual connectivity (if supported), radio link monitoring
In this contribution, we discuss the mechanisms for fast small cell on/off. 
2 Discussion
In general, the smaller the on/off transition time is, the better the performance will be. However, fast small cell on/off is likely to be non-backward compatible. The definition of backward compatibility was discussed heavily in RAN1-74bis. In the context of small cell on/off, assuming RRC_IDLE UEs are supported by the macro serving cells, we use the following definition for (non-)backward compatibility of a small cell:
· With the relevant scheme in use, a small cell is backward compatible if it can be a serving cell for RRC_CONNECTED UEs of earlier releases. 
· With the relevant scheme in use, a small cell is non-backward compatible if it cannot be a serving cell for any RRC_CONNECTED UEs of earlier releases.

To determine the (non)-backward compatibility of a small cell on/off mechanism, the following aspects shall be discussed:
· Time for off-to-on transition

· Time for on-to-off transition

· Frequency of switching between on-state and off-state

The time needed for off-to-on transition based on legacy procedures is captured in TR36.872 [1], as copied below in Table 1. Note that the off-to-on transition time mainly refers to the time needed for a UE to use a small cell. To reduce the off-to-on transition time, discovery and measurement enhancement in cell off-state can be used. The detailed specification work largely includes defining a Rel-12 discovery/measurement signal (including their time-frequency resource) in cell off duration. Since legacy UEs cannot operate when the cell is off, introducing discovery/measurement signal in cell off duration does not change the (non)-backward compatibility of the relevant small cell on/off scheme. 
Observation 1: Introducing Rel-12 discovery/measurement signal in cell off duration does not change the (non)-backward compatibility of the relevant small cell on/off scheme.

It is also possible to use the Rel-12 discovery/measurement signal in both cell off and cell on duration. If the small cell is backward compatible in the cell-on duration, having the Rel-12 discovery/measurement signal will not change the (non)-backward compatibility of the relevant small cell on/off scheme either. Legacy UEs can be scheduled in subframes not containing the Rel-12 discovery/measurement signal. Furthermore, if the Rel-12 discovery/measurement signal reuses the existing signals, then even scheduling restriction is not necessary for legacy UEs in cell on duration. Hence we have the following observation:

Observation 2: Introducing Rel-12 discovery/measurement signal in cell on duration does not change the (non)-backward compatibility of the relevant small cell on/off scheme, provided that all necessary signals for legacy UEs are kept in cell on duration.
Table 1: Small cell on/off time scales based on legacy procedures

	Cases
	Explanations
	Time scales of ON/OFF

	1
	Time before a UE without CA capability can use a just turned on small cell
	2000 to 4000 ms order

The major delay is the time to detect new cell by UE inter-frequency measurement.

	2
	Time before a UE without CA capability can use an already on small cell
	100 to 150 ms order

	3
	Time before a UE with CA capability can use a just turned on small cell as SCell. More than CP length level synchronization between macro and small cell
	500 to 1000 ms order

The major difference from case 1 is intra-frequency measurement.

	4
	Time before a UE with CA capability can use an already on small cell as SCell
	80 to 120 ms order

	5
	Time required switching off a cell. All UEs in a small cell were RRC_CONNECTED and no Idle UE present in a cell. All UEs already reported measurement report as the target neighbor cells.
	100 to 150 ms order


The time needed for on-to-off transition is mainly used to hand over any legacy UE to other cells before entering the cell off-state. The time needed for hardware to switch off is much smaller than the value shown in Table 1. In practice, a cell is free to switch off any time. For the legacy UEs that have not been handed over to other cells, they will rely on other legacy mechanisms (RLF, cell resection) to connect to other cells. Hence, the on-to-off switching time does not change the backward compatibility of the small cell on/off mechanism.

Observation 3: The on-to-off switching time does not change the (non)-backward compatibility of the relevant small cell on/off scheme.

The frequency of switching between on-state and off-state in a small cell on/off mechanism can greatly impact the backward compatibility of the small cell on/off mechanism. In particular, if the frequency of on/off switching is high, the continuous on duration can be short. For example, small cell on/off with packet arrival/completion requires that a small cell is turned on when there is traffic and turned off when there is no traffic. It has been shown that on average less than 100ms is required to complete the transmission of a 0.5Mbytes file [2]. Correct operation of legacy UEs (e.g. RRM measurement and RLM measurement) cannot be guaranteed in such a short on duration. The mechanism of small cell on/off with packet arrival/completion is therefore non-backward compatible. When the frequency of on/off switching is low (i.e. the continuous on duration is longer), the small cell on/off mechanism approximates the existing backward compatible RAN3 mechanism. It is difficult to define an exact on/off switching frequency as the line between backward compatible and non-backward compatible on/off mechanisms.  
Observation 4: Small cell on/off with frequent on/off switching is non-backward compatible.
In terms of performance (e.g. packet throughput), small cell on/off with frequent on/off switching (e.g. small cell on/off with packet arrival/completion) provides better performance, since a small cell is only turned on when necessary. This consequently generates as little inter-cell interference as possible.
Observation 5: Small cell on/off with frequent on/off switching provide better performance.
In order to move forward the work on small cell on/off in Rel-12, it is necessary to first decide whether the small cell on/off mechanism in Rel-12 is backward compatible or not. If it is decided that small cell on/off in Rel-12 shall be backward compatible, then we need to summarize the gain of the relevant Rel-12 enhancements in the context of backward compatible small cell on/off mechanisms. If it is decided that small cell on/off in Rel-12 can be non-backward compatible, then this can also be classified as a new carrier type, which is now a plenary topic.
Proposal: RAN1 shall first decide whether backward compatibility shall be maintained for the Rel-12 small cell on/off mechanism.
3 Conclusions
In this contribution, we discuss the (non)-backward compatibility of small cell on/off. The following definition is used for (non)-backward compatibility assuming RRC_IDLE UEs are served by other cells:

· With the relevant scheme in use, a small cell is backward compatible if it can be a serving cell for RRC_CONNECTED UEs of earlier releases. 

· With the relevant scheme in use, a small cell is non-backward compatible if it cannot be a serving cell for any RRC_CONNECTED UEs of earlier releases.

 Then we obtain the following observations regarding small cell on/off:
Observation 1: Introducing Rel-12 discovery/measurement signal in cell off duration does not change the (non)-backward compatibility of the relevant small cell on/off scheme.
Observation 2: Introducing Rel-12 discovery/measurement signal in cell on duration does not change the (non)-backward compatibility of the relevant small cell on/off scheme, provided that all necessary signals for legacy UEs are kept in cell on duration.
Observation 3: The on-to-off switching time does not change the (non)-backward compatibility of the relevant small cell on/off scheme.
Observation 4: Small cell on/off with frequent on/off switching is non-backward compatible.
Observation 5: Small cell on/off with frequent on/off switching provide better performance.
In order to move forward the work on Rel-12 small cell on/off, the following proposal is made:

Proposal: RAN1 shall first decide whether backward compatibility shall be maintained for the Rel-12 small cell on/off mechanism.
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