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1. Introduction
In the RAN1#74 meeting, many analysis about small cell on/off have been given out. The WI of ‘Small cell enhancement of physical layer’ is expected be finished. In the RAN#61 meeting, the WI was decided to be postponed one season and continue the discussion about several concerned issues. The open issues include：
· Spectrum efficiency with introduction of higher order modulation, i.e., 256QAM, in the downlink transmission

· Efficient operation with introduction of features needed to support semi-static small cell on/off [further clarification is needed in RAN1 referring to 7.1.1.1 in TR 36.872 v12.0.0, RP-131321] mechanisms for interference avoidance and coordination among small cells adapting to varying traffic, including mechanisms to wake up off cells and the necessary measurement and procedure for efficient cell association under small cell on/off., with , focusing on connected mode enhancement 

· Enhanced mechanisms, procedures and measurements to assist adaptation with reduced transition time scales. 

· Efficient small cell discovery procedures with supporting small cell on/off in single-carrier or multi-carrier operation within a short time period, by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS
· Note: a small cell can also refer to a component carrier when more than one component carrier is available.

· Further assess the radio interface based inter-cell synchronization, focusing on network listening, to achieve synchronization between a small cell and the overlaid macro cell, synchronization between small cells in the same cluster and synchronization between small cell clusters. 
In this contribution, we discuss some issues about the small cell on/off schemes.

2. Discussion
2.1. Schemes of small cell on/off
The several schemes about small cell on/off mechamisms given in the TR 36.872 include: long time scale small cell on/off, semi static small cell on/off and ideal small cell on/off. They can be categoried by the following two schemes:
· DL based small cell on/off

· UL based small cell on/off

For the DL based small cell on/off schemes, the dormant cell should transmit a DL-SS/RS burst with low duty cycle. The introduction of the new discovery signal needs the presence of the new UE categary. For the legacy UE, it can’t discover the new discovery signal. In the DL based small cell on/off schemes, the UE can’t know the reactivation of the dormant cell uncless the introducion of new signalling to inform the UE the switch on of the dormant cell. UE can select the dormant small cell with the strongest RSRP to be reactived in the many discoveried dormant small cell and transmit the data in this small cell. 
Meanwhile, in the DL based small cell on/off, UE can measure all the active small cells through transmitting PSS/SSS/CRS and decide the switch on or off of the small cells.
Proposal 1: for the DL based small cell on/off schemes, the design of the new discovery signal and additional signalling to inform the UE should be considered.
In the UL based small cell on/off schemes, the dormant cell would transmit UL signal, eg., PRACH, SRS and the modified UL reference signal. UE can detect the UL signals of the neighbouring cells and decide to reactive the dormant small cell. Using this method, it doesn’t need the additional signalling to inform UE and the dormant small cell can be reactived automatically. For example, the dormant small cell can be reactived automatically when it receives the UL signals, such as PRACH. The legacy UE can be supported in this kind of scheme.The reactived small cell transmit the DL reference signals and start the measurement. UE measures each small cell in the small cell cluster and select the small cell with the strongest RSRP to transmit data.
Proposal 2: for the UL based small cell on/off schemes, UL signal, such as PRACH can be act as the triggering condition for the reactivition of the dormant cell.
2.2. Issues to be considered
Both DL/UL based small cell on/off methods and the fast dormant scheme have some issues to be solved.
· In the DL based scheme, the existing DL reference signals is not suitable to be act as the discovery signals and it needs to design the new efficient discovery signals. But the introduction of new discovery signal involves the backward compatility which the legacy UE can’t discove the new discovery signal. Thus the legacy UE can only apply the UL based small cell on/off schemes.
· For the fast dormant scheme with subframe level transition, RRC_IDLE UE in the dormant small cell can’t report the dicovered discovery signal immediately and can't reactive the dormant cell. So the small cell with RRC_IDLE UE shouldn't be switched off. It will appear the frequent cell reselection and many missings of paging messagees. The fast dormant scheme can be applied only for SCell and its main operation mode can be the RRC_CONNECTE UE with the carrier aggregation ability. This method is feasible since the small cells are mostly used to increase the capacity and there is a macro layer cell to cover the small cell. The macro cell will be switched off never. 
· When the dormant small cell is reactived, there will be the interference jumps for the neighbouring cell. So the initial power of the reactived should be set reasonably. Meanwhile, the power adaptation should be applied for the reactived small cell according to the interference status so that the interference to the neighbouring cell can be decreased.
Proposal 3: backward compatibility should be considered, such as legacy UE can’t discover the new discovery signal in DL based small cell on/off scheme.
Proposal 4: small cell on/off should consider the RRC_IDLE UE.
Proposal 5: the interference jumps to the neighbouring cells due to the reactivation of the dormant small cell should be considered if the small cells on/off mechanisms are supported.
3. Conclusion

In this contribution, we analyze some issues about small cell on/off . We have the following proposals:
Proposal 1: for the DL based small cell on/off schemes, the design of the new discovery signal and additional signalling to inform the UE should be considered.
Proposal 2: for the UL based small cell on/off schemes, UL signal, such as PRACH can be act as the triggering condition for the reactivition of the dormant cell.
Proposal 3: backward compatibility should be considered, such as legacy UE can’t discover the new discovery signal in DL based small cell on/off scheme.
Proposal 4: small cell on/off should consider the RRC_IDLE UE.
Proposal 5: RRC_IDLE UEs and the interference jumps due to the reactived small cell should be considered if the small cells on/off mechanisms are supported.
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