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1. Introduction 
In the Rel-12 study item, many simulations and analysis show that small cell on/off can bring benefits, and the discovery signal can facilitate the mechanisms of small cell on/off.  The conclusion was captured in [1] as follows,
· 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 gain increases with decreasing transition time. 

· The small cell on/off with reduced transition time 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
The scope of Work Item is includes the following agreements,
· 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 discuss the procedures of small cell on/off and the impacts of discovery signals to the RAN1 procedure based on the aforementioned agreements.
2. Periodicity of discovery signal
The introduction of small cell on/off could bring benefits of energy saving and improve the performance. In the some scenarios, small cells could be turned off and only send discovery signals if there is no subscribers. And in others, small cells could be turned on and off according to the traffic load or UE associations. The transmission of discovery signals varies in different scenarios.
Scenario A

Discovery signals are used for identification of “off” cell. In this scenario, the discovery signal could transmit in a long period from the perspective of energy saving. And the requirements for RRM measurement are not very high.

Scenario B

Discovery signals are used to improve the performance of small cell clusters. And the discovery signal could be used to facilitate the transition time reduction, as the RRM measurements based on discovery signals could executed before small cell is turned on. In this situation, the discovery signal is requested to transmit in a short periods which is similar to the CRS 5ms period to full fill the RRM requirements. This is very different from the scenario A. Since the usage of discovery signal is mainly in the low speed scenarios, discovery signal could have a lower density than CRS. But the requirements of RRM measurements based on discovery signal should be the same as CRS.
Proposal 1:
The discovery signals can be considered to transmit in a different periodicity for different scenarios. 
From the energy saving perspective, the discovery signal should be transmitted in a long period for the initial discovery. For small cells fast on/off perspective, the discovery signal should transmit in a short period to sustain the reliability of measurement in off mode.

For example, if the small cell is in off state for energy saving, the transmission period could be in the order of 100ms. If the discovery signal is used to support fast on/off or transition time reduction, the period could be in the order of 10ms.
3. Measurement of discovery signal 
Discovery signal could be used for measurements when the cell is off, which could reduce the on/off transition time. Once the cell is turned on, small cells could use this information to support the procedures such as handover, CA activation and dual-connectivity.
As the discovery signal transmitted in cycles, UE could detect the received power of signal to facilitate the intra and inter frequency measurements.  Those measurements information could help UE to find a more suitable cell or carriers. If there is no signal other than discovery signal transmitting in the off state, the measurement in off state could facilitate the cell selection. And if no measurement can be carried out, the off-state cells have to turn on and send some signals for this potential user. These kinds of procedure costs lots of time. And if the small cell cluster support multiple carriers, these measurements of discovery signal could help UE find a more suitable carrier to associate.
Therefore, if the small cell on/off was introduced, more functions can be taken into consideration for discovery signal. For example, 

· Small cells will be dynamically turned on after UE find that cell (previous in dormant state) through discovery signal. 

· Measurement of the RSRP/RSRQ by discovery signal

In the Table 1 we compare the different measurements based on discovery signals.
Table 1 Combinations of on/off state and measurement reports
	Measurement

Reports
	Alternative 1
	Alternative 2

	Small cell

off
	Cell identification
	Cell identification
discovery RSRP
discovery RSRQ

	Small cell

on
	Cell identification
legacy RSRP/RSRQ
	Cell identification
discovery RSRP
discovery RSRQ
legacy RSRP
legacy RSRQ


The basic function of discovery is to find the existence of small cell and identification, which is represented in alternative 1. UE could identify the small cell in dormant state but have no idea where the small cell is. If the small cell is turned on, UE could find the small cell and executed the legacy measurement. But the legacy measurements precision would be impacted because of interference.

For alternative 2, the discovery RSRP is introduced and UE could get a valid discovery received power. This could help to find the propagation fading between the dormant cell and the UE. As in the dense deployment scenario, there are always lots of small cell around the UE. UE could choose a more suitable cell to camp on or access. And if some small cells are turned on, UE could receive both the legacy and discovery signal received power. Furthermore, the discovery RSRQ could be measured which could help to choose a better component carrier to access. As multiple carriers could be deployed in the small cell layer, this measurement could give more information about the small cell.

Proposal 2:
More functions should be considered for discovery signals, such as discovery RSRP/RSRQ measurements, which could help UE to find a better serving cell.
4. Open issues on discovery signal measurements 

As mentioned above, the discovery signal could bring more flexibility on several procedures. But the benefits will be based on the reliability of discovery signal measurements and introduction of new procedures. Once the RRM measurements based on discovery signal is introduced, there are several issues to discuss.
Open issue 1:
The RRM requirements of discovery signal measurements should be evaluated and determined. 

Open issue 2:

The new procedures of hand over, CA activation and the dual-connectivity using the discovery signal measurement should be discussed. 
5. Facilitation of synchronization

The synchronization of small cell cluster is so important that it could help to reduce the interference in dense deployments through Interference cancelation and other coordination methods. And synchronization through network listening could be implemented as the supplement of GPS [2]. In some cases, the small cell may be deployed in buildings without GPS sources or backhauls supporting 1588. So the radio interface method is the important alternatives to keep the small cell cluster synchronized. And the discovery signal could be as synchronization reference signal when the small cell is working as the synchronization source and is turn down for energy saving. The always-on discovery signal could be used as the synchronization source signal.
There might be 2possible options for UE to get synchronization with the off-state small cell. One is blind detection which is similar to the current procedure. The other one is network assistance. Obviously the network assistance could a faster procedure to acquire synchronization. But the first option could work alone and could be the supplement of option 2.
Proposal 3
Discovery signal could work as reference signals for synchronization.
6. Enhancement of small cell discovery

As a lot of enhancement mechanisms and simulation results and are summarized in [3],  we could divided those scheme into 2 alternatives base the enhancement subjects.

Alternative 1:

The first category is to enhance the PSS/SSS signals, which works at the phase of initial synchronization. Legacy PSS/SSS enhancements could be achieved by interference coordination, interference cancellation, densification and etc. this mechanism will reduce the interference between PSS and SSS, reducing the detection time.

Alternative 2:

The second mechanism is to enhance the tracking signals. This method utilizes the information of timing, PCI and etc to facilitate the discovery of other cells. In this mechanism, UE may skip the initial synchronization procedure and follows the singling of serving cell. CSI-RS and PRS can be candidates to replace the legacy CRS, orthogonal resource allocation between neighboring cells can reduce the interference from each other.

Both two alternatives can enhance the discovery of small cells, shortening the discovery procedure and time. But from UE’s behavior, there may be some differences. 

For alternative 1, UE may not need any priori information and could discovery any small cell independently. 

For alternative 2, the discovery of small cells depends on the information provided by the serving cell. UE should first access to a serving cell and then begin the discovery works normally. Serving cells need to know the information of the neighboring cells before it can provide any assistance to its UEs for fast cell discovering. 

One of the benefits of alternative 2 would be UE battery consumption reduction because of the network assistance, which also results in more number of discovered cells.

Proposal 4:
Network assisted cell discovery mechanism should be considered.

7. Conclusion
In this contribution, we discuss the procedures of small cell on/off and the impacts of discovery signals to the RAN1 procedure. We propose that,
Proposal 1:
The discovery signals can be considered to transmit in a different periodicity for different scenarios.
Proposal 2

More functions should be considered for discovery signals, such as discovery RSRP/RSRQ measurements, which could help UE to find a better serving cell.
Proposal 3
Discovery signal could work as reference signals for synchronization.
Proposal 4:
Network assisted cell discovery mechanism should be considered.
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