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1. Introduction
In RAN1 #73 meeting the following wayfords have been proposed for supporting mechanisms for small cell on/off operation:
· Further study the following mechanisms in evaluations for RAN1#74:

· UL/DL signal and measurement enhancements for network adaptation decision making

· Enhancements for cell association and load balancing/shifting

· Signaling (e.g. RRC) to inform UE the network adaptation

· Mechanisms to cope with or avoid disruptive interference/measurement jumps due to network adaptation

· Backhaul signaling and coordination enhancements

In this paper the potential mechanisms have been reviewed and some design principles have been proposed.
2. Discussion
At a dense deployment scenarios turning off the small cells without much traffic could reduce the interference among small cells. According to the discussions in RAN1 #73 meeting the scheme shows some gains and some potential solutions have also been proposed as: 

1. Network assisted: 
Once a UE needs to be offloaded to a small cell, the serving cell (either Macro or another small cell) might wake up the dormant small cells and thus allow UE to perform RRM measurement on these small cells. Following the minimal introduced interference or other metrics a small cell is chosen and kept active, while other small cells turn back to off state again. Unless requested by a macro cell or another small cell, a small cell stays in off state and no active UE is attached. 
In this scheme the “OFF” small cell is waked up by the serving cell (either a small cell or a macro cell) and then the UE performs and reports the RRM measurement. The serving (control) BS collects the UE’s measurement report and decides the exact small cell to be waked up. The centralized control mechanism could balance the potential interference caused by the waking up small cells and thus the whole interference could be kept in an acceptable level. Meanwhile, due to the transparent design the legacy UE could utilize the benefits by small cells.
However there are still some drawbacks including bursty intereference and latency. When the control cell wakes up the dormant small cells the interference caused by the bursty PSS/SSS/CRS could be quite large especially when the waking up small cells number is large. In the current RAN4 specs the PSS/SSS/CRS measurement time is specified as 800ms. With the UE measurement report the control BS need some time to negotiate, decide and wake up the chosen small cell. The latency would be more than 1s or even longer which depends on the backhaul. Another problem is the control small cell maynot detect and wake up all of the dormant small cells as its coverage is limited and thus the UE might miss the best small cell in PSS/SSS measurement. 
2. UE-initiated: 
The small cells on “OFF” state transmit periodic discovery signals (such as PSS/SSS/CRS) in order to assisted UE to find the dormant small cells. When a UE needs to find a small cell, it may wake up dormant small cells in its vicinity by transmitting signals such as PRACH and SRS and then perform RRM measurement to identify the best cell. 

As the small cell waking up process is started by the UE, the small cell with best measurement results could be easily found and waked up. The PSS/SSS/CRS measurement latency might be still needed for synchronization but the measurement latency for cell discovery/reporting could be saved. To avoid too much interference caused by the waking up small cell, the negotiation among small cells might be required and latency is dominated by the non-ideal backhaul. 
The drawbacks are the overhead and interference caused by the discovery RS. If the small cells could be synchronized the interference might be reduced and UE power consumption might be saved. Meanwhile, the backward compatibility might be another problem as the discovery RS is required. 
In table 1 the advantages and drawbacks have been summarized. 
Table 1 Comparison between two ON/OFF schemes
	
	Advantages
	Drawbacks

	Network-assisted
	Backward compatibility, no new air interface signals are required. 
	Bursty interference caused by the PSS/SSS/CRS;
Latency could be large and depends on non-ideal BH;

When the control cell is with limited coverage, UE might miss the best small cell.

	UE-initiated
	No measurement latency for UE;
UE could easily find the best candidate small cell.
	Discovery RS should be considered and backward comtabilty might be a problem;
Overhead and interference caused by discovery RS.


Following the above discussion we can conclude the potential risks as:
1. For the network-assited scheme the bursty interference, latency and the coverage of the control cell should be considered.

2. For the UE-initiated scheme the backward compatibility and overhead should be considered.
To better investigate the ON/OFF scheme these potential risks should be taken into consideration. 
3. Conclusion

Two kinds of ON/OFF schemes have been generally reviewed and the advantages/drawbacks have been discussed. Before further investigate the ON/OFF scheme we propose to take the following drawbacks into consideration. 
1. For the network-assited scheme the bursty interference, latency and the coverage of the control cell should be considered.

2. For the UE-initiated scheme the backward compatibility and overhead should be considered.

