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Discussion and decision
1 Introduction
Efficient operation is one objective of small cell enhancement study item, which is to ensure the operation in small cell cluster. The mechanism of this topic includes [1]:
·  Mechanisms for interference avoidance and coordination among small cells adapting to varying traffic and the need for enhanced interference measurements, focusing on multi-carrier deployments in the small cell layer and dynamic on/off switching of small cells.

· Mechanisms for efficient discovery of small cells and their configuration.
According to the conclusion of RAN#61, RAN1should focus on the topics below, 
· ...
· 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.
· …

In this phase of study, RAN 1 should narrow down the solution candidates. According to the conclusion of RAN plenary [2], we discuss the functions of discovery signals and operations related with discovery. 
2 More functions of discovery signals
The small cell discovery enhancement is one of the objects of small cell enhancement, which targets to  find more small cells and facilitate other operation efficiency operation.  Several potential motivations are expected for small cell discovery enhancement in order to solve the following, e.g,
· Severe interference among synchronization signals/reference signals of densely deployed small cells

· Larger UE effort on inter-frequency small cell identification in multi-carrier operation scenarios

· Larger cell planning effort to avoid PCI collision and PCI confusion in super-dense deployment

· Necessity of efficient mechanism to support the small cell on/off operation if it is introduced
The interference among synchronization and reference signals would be solved by modification or some new design of discovery signals. And the second issue about multiple-carrier operation will firstly depend on the solution of the first issue. And the PCI collision and confusion issue seems not a problem under current assumptions [3].The small cell on/off could be seen as a key feature which could reduce the interference on small cell layer. 
And as the small cell in dormant state will not transmit many signals, the discovery mechanism is very important for UE to find more usable cells.
From the perspective of small cell discovery, the legacy PSS/SSS could work well as discovery signal. Simulation results show that UEs has an almost 90% or higher probability to find the first strong RSRP cells in the small cell scenario 2a. The enchantment should focus on the finding more cells in a short time. 
Besides, 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

The measurement of discovery could be introduced to facilitate the positioning of small cells, which could help UE find an more suitable serving cell.

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
	Alternative 3

	Small cell

off
	Cell identification
	Cell identification
discovery RSRP
	Cell identification
discovery RSRP
discovery RSRQ

	Small cell

on
	Cell identification
legacy RSRP
	Cell identification
discovery RSRP
legacy RSRP
	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. Network could choose an suitable cell from the set of small cells, no matter if the small cell is on or off.
For alternative Case 3, 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 1:

More functions should be considered for discovery signals, such as discovery RSRP/RSRQ measurements, which could help UE to find a better serving cell.
In the Rel-8 system, the PSS/SSS have the same function of discovery signal helping to find a serving cell. PSS and SSS contain other functions as while, such as synchronization and cell identification. Discovery signal can consider more functions, which is listed below,

1, Finding the existence of small cell, and cell identification
2, Identification of state on/off (if the on/off mechanism is introduced)
3, The measurement function of small cell, such as RSRP and RSRQ
4,  The initial synchronization and synchronization tracking (if possible).

The functions list above could bring the efficiency of small cell operation. The performance needs further evaluation.
Proposal 2:

The discovery should contain more functions to facilitate the operation efficiency. But the performance under small cell scenario needs more evaluations.
3 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 benefit of alternative 2 would be UE battery consumption reduction because of  the network assistance, which also results in more number of discovered cells.

Proposal 3:
Network assisted cell discovery mechanism should be considered.
4 Conclusion

In this contribution, we discuss the functions of discovery signals and operations related with discovery and provide simulation results on detection probability. The following proposals are provided as follows,
Proposal 1: 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 2: The discovery should contain more functions to facilitate the operation efficiency. But the performance under small cell scenario needs more evaluations.
Proposal 3:Network assisted cell discovery mechanism should be considered.
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