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1 Introduction

This contribution provides a text proposal of small cell on/off, which is a potential technique to ensure efficient operation in small cell enhancements study. The text proposal includes

· Time scales of small cell on/off

· Impacts on networks

· Standards impacts 
The related discussions on performance evaluations of small cell on/off are included in a companion text proposal.
-------------------------------------------Start text proposal----------------------------------------------------------
7.1.1.3
Time scales for on/off transitions
7.1.1.3.1 
Feasible time scales based on legacy procedures 

Various assumptions on small cell and UE capabilities, status, protocols, etc., can affect the feasible time scales for on/off adaptation. Legacy procedures such as handover, Scell activation/deactivation may be used to connect/disconnect a legacy UE to a cell:
· Utilizing handover procedure: The network may hand over a connected UE into or out of a small cell when it is on. The transitions generally take hundreds of milliseconds to a few seconds. RRC reconfiguration is generally needed.

· Utilizing SCell procedures: The network may activate/deactivate a configured SCell. The transitions generally take tens of milliseconds to hundreds of milliseconds, and RRC reconfiguration is generally not needed. On the other hand, to configure/release a SCell may take hundreds of milliseconds, and RRC reconfiguration is generally needed; however the configuring/releasing a SCell are needed only once in a while.

The feasible time scales based on legacy procedures are summarized in Table 7.1.1.3.1-1.
Table 7.1.1.3.1-1 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 order of magnitude of feasible time scales using legacy procedures for small cell on/off mainly depend on UE capability (CA capable or not), UE status (idle, DRX, or continuous RX), and the frequency (inter-frequency or intra-frequency) of the cells. Small cell on/off is feasible at least at the seconds level when legacy mechanisms are used. 
The small cell on/off schemes that can be supported by legacy procedures include semi-static on/off based on traffic load, UE association, and/or based on data burst with transition time of a few hundred milliseconds (when all UEs connected to the cell are CA capable) to a few seconds. On the other hand, dynamic small cell on/off at the time scale of subframe level is not backward compatible. 

7.1.1.3.2 
Feasible time scales enhancements 

Faster transitions for small cell on/off have also been discussed, mainly based on discovery enhancement and dual connectivity. 
· Utilizing discovery signals. Discovery signals may be sent from a turned-off small cell and UE can perform necessary measurements. The measurements may be utilized so that additional measurement duration after the cell is turned on can be significantly reduced (to, e.g. tens of milliseconds or even shorter).  

· Utilizing dual connectivity. Legacy handover procedures may be streamlined under the assumptions such as dual connectivity. Dual connectivity may allow a faster transition by reducing/eliminating the needs for handover to and from a small cell performing on/off. Once dual connectivity between a UE and a small cell is configured, the activation/deactivation of the cell based on a procedure similar to carrier aggregation may be used, and the time scale may be in the tens of milliseconds level or possibly even less. 

To summarize, with enhanced procedures based on discovery signals during small cell off and dual connectivity operations, small cell on/off feasible time scales can be reduced to less than 100milliseconds.
7.1.1.4
Potential impacts on network performance other than throughputs
Other potential network impacts may include network coverage, legacy UE support, mobility, and energy consumption.  

· Network coverage and idle UE support can be ensured if a coverage layer (e.g. macro layer) exists.
· Mobility: Mobility aspects have not been discussed in RAN1.

· Energy consumption: reduction of energy consumption is expected, see 7.1.1.2.
7.1.1.5
Standards impacts for enhancements
Potential standards impacts for several enhancements of mechanisms and procedures for small cell on/off mainly include:
· Physical signals to assist adaptation, such as DL/UL discovery signals, see 7.2
· Enhanced network load/utilization metrics and exchange, see 7.1.4
· Enhanced procedures for reducing transition feasible time scales, such as simplifying/eliminating handover procedures by utilizing, e.g. dual connectivity, see 7.1.1.3.2.

· Procedures and measurements enhancements for coordinated network decision making 
There may also be impacts on other aspects, e.g. CSI feedback.











































































