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Introduction
The mechanisms to support the small cell on/off are widely discussed to enable an efficient operation across the small cell layer. In the RAN 62nd meeting, a new work item [1] on the physical layer small cell enhancement is approved as follows:
· Efficient operation with reduced transition time of small cell on/off in single-carrier or multi-carrier operation, with enhanced discovery of small cells
· Can use existing handover, CA activation/deactivation, dual connectivity (if supported) procedures. New L1 procedure for activated Scell operating on/off can further reduce transition time depending on the detailed solutions
· Discovery procedure/signal(s) are needed
· Cells operating a cell on/off may transmit discovery signal(s) supporting at least for cell identification, coarse time/frequency synchronization, intra-/inter- frequency RRM measurement of cells and QCL. (Note that QCL is not always necessary or possible depending on the procedure.)
· This includes support of discovery and measurement enhancement(s) in DL and its usage in related procedures.
In this contribution, we provide the discussion on the design of discovery signals to support small cell on/off.

Support of RRC_IDLE UE
The small cell on/off scheme is target for scenario 2 that a macro coverage layer could be guaranteed. The small cell serves for traffic offloading rather than coverage purpose. In this sense, the RRC_IDLE UEs are not likely to be served in the cell that supports on/off scheme since this would lead to frequent cell reselection and loss of paging information. Thus, the RRC_IDLE UEs should be barred to camp on a cell that supports on/off.

Proposal 1:
· RRC_IDLE UEs shouldn’t be presented in a cell that supports small cell on/off.

Solutions to reduce the transition time
The small cell on/off time scale based on the legacy procedures is summarized as follows [2]:
	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



According to many companies’ performance evaluation results [2], significant gain is observed for the case that less than 100ms transition time delay is assumed than the case that assumes more than 100ms transition time delay. In order to reduce the transition time delay, the discovery enhancement should be taken into account.

1 
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Discovery enhancement
The majority of the time spent on above a few hundred milliseconds to a few seconds is spent by "time to detect new cell by UE intra freq measurement" which is concluded as 400-800ms and "time to detect new cell by UE inter freq measurement" which is concluded 1920-3840ms [2]. In order to reduce this time, the cell detection should be performed even when the cell is in an off state. This necessitates the introduction of the discovery signals.
Several options could be considered regarding the detailed design of the discovery signals as follows:
a) Option a: using CRS/SS
In this option, the CRS/SS could be transmitted with a longer periodicity for the small cells that are in off state. The serving cell should provide assistant information to the RRC_CONNECTED UEs to facilitate the cell detection. Regarding the interference problem between the CRS/SS transmission due to the collided transmission, the CRS/SS IC that is introduced in R11 FeICIC WI could be used. However, it is proposed by multiple operators in RAN4 that the maximum number of carriers a UE can monitor for cell reselection or handover should be increased [3]. Whether further enhancement is needed when using the CRS/SS for discovery purpose should be further studied.
b) Option b: using CSI-RS
In this option, the CSI-RS is transmitted for the small cells that are in off state. However, the central 6 RBs are used for RRM measurement is the common understanding, it is still FFS if the cell detection performance is good enough to meet the RAN4 requirement using the CSI-RS
c) Option c: introduce new discovery signal
In this option, new discovery signalling is introduced, the detailed design is FFS. Obviously, it could be expected that the standard impact would be much larger than above options. However, this option allows more design flexibility to achieve the improved cell detection performance.
The transmission periodicity of discovery signal should be carefully addressed. In one aspect, longer periodicity could reduce the eNB’s energy cost and the detection effort for the UEs, however, this could also reduce the detection performance. In the other aspect, the transmission of the discovery in the off state and potentially in the on state would cause mutual interference with other cells.
Proposal 2:
· Discovery signals based on the CRS/SS should be evaluated first, whether further enhancement is needed is FFS.
· The transmission periodicity of the discovery signals should be carefully addressed.

Conclusions
In this contribution, we provide the discussion on the design of discovery signals to support small cell on/off. Based on our analysis, we have the following proposals:
Proposal 1:
· RRC_IDLE UEs shouldn’t be presented in a cell that supports small cell on/off.

Proposal 2:
· Discovery signals based on the CRS/SS should be evaluated first, whether further enhancement is needed is FFS.
· The transmission periodicity of the discovery signals should be carefully addressed.
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