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1. Introduction & Background
LTE small cell enhancement (SCE) which is targeting for the local access point for hotspot and indoor is a promising extension for expanding capacity. More dense deployment plays an important role, and it should be very flexible for deployment from operators’ perspective with the growing number of cells in anywhere. A concept of small cell cluster is proposed in [1], and it compromises of one or more small cells. Within the cluster, the cells are coordinated with each other in order to achieve the efficient operation, such as interference avoidance, cell discovery, TDD UL/DL reconfiguration, etc [2]. In the last RAN1 #72 meeting, several companies have proposed their views on mechanisms for interference avoidance and efficient discovery of small cells. 
This contribution introduces procedures for an efficient cell discovery for the UE in the small cell cluster. 
2. Efficient Discovery of Small Cells
2.1. Autonomous small cell active/sleep controlled by “Master Entity”
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Figure 1. The coordination entity assists small cells in order to autonomously turn it into active/sleep mode
One of the interested and also important scenarios for small cell enhancement is dense deployment. In such case when few UEs are in the coverage of a small cell, the network is beneficial to turn some small cells in to sleep mode in order to reduce the power consumption. Time-domain muting of the small cell when no traffic is occurred is valuable to be taken into consideration in such scenario. Figure 1 is an illustration of such concept. By coordination of the “Master Entity”, the network is able to turn the small cells into active mode when a UE is about to come, and turn small cells into sleep mode when all UEs are leaving. Contribution [1] gives the possible architecture and interfaces by introducing such “Master Entity”.
2.2. Cell discovery mechanism to assist autonomous small cell active/sleep
A common cell discovery reference signal is helpful in order to assist UE discover the small cell (with/without presence of the macro cell). In a small cell scenario with dense deployment, it is helpful that the Discovery-RS occurs with a long periodicity in order to reduce the transmission power as well as the interference to other cells. 
In order to enable autonomous small cell active/sleep as well as fast UE discovery procedure, the network and UE need to exchange information so as to 

· Make the network be aware of which small cells need to be turn into active/sleep mode for the purpose of more efficient operations such as better service, load balance and interference coordination
· UE may provide discovered cell list to network to assist the network awareness of which small cells to be active/sleep mode.
· Make the UE discover the neighbouring small cells in a fast and power efficient way.
· Network may provide information to UEs in order to assist UE for fast cell discovery.
Make the UE report the information of discovered cells to the network in a fast and power efficient way.
Therefore it is proposed,

	Proposal 1: For small cell cluster based architecture, the following information may be provided for efficient cell discovery mechanism.

· UE may provide discovered cell list to network to assist the network awareness of which small cells to be active/sleep mode.

· Network may provide information to UEs in order to assist UE for fast cell discovery.

· Make the UE report the information of discovered cells to the network in a fast and power efficient way.


2.3. Architecture of small cell cluster
      Target to keep a common solution for small cell enhancement both with macro and without macro coverage, three options on the small cell cluster architecture could be considered as in Figure 2, i.e., two-layer distributed, two-layer or three-layer centralized architecture, details on which can refer to another contribution [1]. In these coordination schemes, a small cell cluster is organized by many small cells and it is characterized as: 

1. The small cells within a small cell cluster are coordinated with one or more logical coordination entities, named as “master entity”; The master entities could be organized distributed or centralized in the small cell cluster;

2. Anchor cells introduced in the centralized small cell architecture usually work under an active mode for the potential requirement such as enhancing coverage and dual connectivity; 
3. Normal cells in the small cell cluster might be in active mode or sleep mode, which always carrying the cell discovery-RS with a long periodicity.
It is noted that when the macro cell is presented, such master entity can be located in the macro cell with macro eNB. Otherwise, the master entity can be located in some other place when the macro cell is presented or absent, e.g. anchor small cell [1]. 
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Figure 2. Architectures for Small Cell Cluster

2.4. Procedures for Cell Discovery
In this part, cell discovery procedures within the small cell cluster based are discussed based on autonomous small cell active/sleep mechanism in section 2.1 and 2.2. 

Two-level distributed or centralized architecture is assumed. But similar procedure can be foreseen considering three-level architecture. 
In prior to cell discovery procedure, it is naturally that UE need to complete initial access procedure. So a serving cell is prepared for the UE. One assumption is that the UE which is prepared to initiate cell discovery has accessed its serving cell under the RRC connected status. Probably further discussions are needed for higher layer design.
A common solution for small cell enhancement both with macro and without macro coverage is expected with the same aforementioned architecture.
Table 1 is a list of step-by-step cell discovery procedure according to the purposes of autonomous cell active/sleep as aforementioned in section 2.2.
Table 1: Procedure of cell discovery for small cell cluster (including both w/o and w/ macro coverage)
	
	Procedure description
	Purpose for UE 
	Purpose for Network 

	1
	The master entity signals the serving cell information about the discovery RS configuration on its neighbour cells, e.g.,  neighbour cell list, discovery-RS periodicity, offset, etc.
	UE awareness of discovery RS configuration of neighbour cells.
	Network signals UE to assists UE discover neighbour cells.

	2
	Serving cell signals the discovery RS configuration of neighbour cells to UE.
	
	

	3
	UE performs the cell discovery among the neighbour cell list based on the received DS configuration from the serving cell. After UE performing cell discovery procedure, the “discovered cell list” is prepared.
	UE perform cell discovery
	-

	4
	UE reports the “discovered cell list” to the serving cell after the UE request to serving cell is confirmed; where the “discovered cell list” is usually a subset of the neighbour cell list;
	UE reports the list of “discovered cell” to the network
	Network awareness of the UE discovered cells among neighbouring cell list.

	5
	Serving cell reports the “discovered cell list” to the master entity;
	
	

	6
	The master entity actives one or several sleep cells from the “discovered cell list”, as well as turning other cells into sleep mode.
	-
	Network turns the related neighbouring cell into active/sleep mode.
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        Figure 3.  Procedures of Cell Discovery – UE reporting “discovered cell list” scheme
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        Figure 4.  Procedures of Cell Discovery – network triggered reporting “discovered cell list” scheme


Figure 3 is an illustration of the signalling procedure according to Table 1. Note that in step 4, differs from UE reporting, network triggering is also possible way to enable UE reports discovered cell list. 
The main different between two alternative procedures is whether the UE reports the cell list discovered by UE or by network triggering. The benefit of UE reporting is the relative simple design and the less signalling optimization, with the cost of more UE power consumption; while with network triggering, it may be more efficient at least from the side of UE energy saving, but an additional triggering signalling design is required for both the serving cell and the UE.
Proposal 2: With two-level distributed or centralized architecture for the small cell cluster, Procedure of cell discovery for small cell cluster (including both w/o and w/ macro coverage) as in Table 1 should be considered to design related higher layer signalling.
Note that, for the three-layer small cell cluster architecture of option 3, an additional interface definition is required in order to support signalling or data delivery from the master entity to normal cells through an anchor cell. The cell discovery procedure in this case should be further optimized considering whether the serving cell is located at an anchor cell or not, and this can be left FFS.
3. Conclusion
In this contribution, the mechanisms on how to perform the efficient cell discovery for small cells are discussed. The small cell cluster architectures and cell discovery procedures are designed aiming at a common solution for small cell enhancement both with macro and without macro coverage. It is proposed that
Proposal 1: For small cell cluster based architecture, the following information may be provided for efficient cell discovery mechanism.

· UE may provide discovered cell list to network to assist the network awareness of which small cells to be active/sleep mode.

· Network may provide information to UEs in order to assist UE for fast cell discovery.

· Make the UE report the information of discovered cells to the network in a fast and power efficient way.
Proposal 2: With two-level distributed or centralized architecture for the small cell cluster, Procedure of cell discovery for small cell cluster (including both w/o and w/ macro coverage) as in Table 1 should be considered to design related higher layer signalling.
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