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1. Introduction & Background
The new study item [1] for small cell enhancements was approved for Release 12 in RAN #58 meeting, where the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters include
· 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.

In this contribution, potential architectures for small cell scenario to ensure efficient operation are discussed.
2. Coordinations for small cell cluster
2.1. Motivation to enable coordination between small cells
LTE small cell enhancement which is targeting for 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. 
In dense deployment scenario, which is introduced to further improve the system performance, dynamic on/off switching of small cells is used for energy saving. However, there is no central controller among these cells to make the decision in the current E-UTRAN architecture. Therefore, the concept “small cell cluster” is introduced in order to enable efficient coordination.
A small cell cluster is organized by many small cells. Within the cluster, the cells are coordinated with each other in order to achieve efficient operations for interference avoidance, cell discovery, TDD UL/DL reconfiguration and etc. Therefore, it should be characterized as follows (Figure 1), [2]
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Figure 1. Coordination between small cells and macro cells

(1) The small cells within a small cell cluster are coordinated with each by “coordination entity”. 

Such “coordination entity” is a logical entity in the network. When the macro cell is presented, such coordination entity can be located in the macro cell with macro eNB. Otherwise, the “coordination entity” is located in some other place.

(2) The small cells can coordinat with macro cell in case macro cell is presented.

(3) Coordination via ideal or non-ideal backhauls is possible, including wireless backhaul, e.g., over-the-air listening and measurement.

Since the current E-UTRAN architecture doesn’t support fast coordination between cells, it is proposed that a logical entity which acts as a “coordination entity” should be introduced to enable the related functionalities. Hereafter, we named it as Master entity.

Proposal 1: a Master entity, which acts as the “coordination entity”, should be deployed as the central controller in the cluster.
2.2. Motivation to enable anchor cells in a cluster
For a macro and small cell overlay deployment scenario, in order to enable efficient and seamless mobility management, macro can act as an “always-on cell” which assists UE for handover between small cells.
Also, for a small cell cluster without macro coverage, in order to enable UE to access the network when all the cells are in sleep mode, an anchor small cell can act as an “always-on cell” to allow UE initial access to the network.

Proposal 2: an Anchor cell, which is an always-on cell, should be deployed in the cluster.
2.3. Network architecture
As aforementioned, the small cell cluster consists of master entity, anchor cell and other normal cells,
· Master entity, which acts as the “coordination entity” and can be deployed as the central controller in the cluster.

· Anchor cell, which could be either small cell or macro cell, is always active in order to guarantee continuous coverage of the cluster.

· Normal cell, which is controlled by master entity, 
· It can be turned on active mode or sleep mode for energy saving purpose at the appropriate time.
Depending on whether the master entity can coordinate all the cells within cluster, and whether anchor cell acts as a coordinator for the cells in its control, Figure 2 to Figure 4 lists possible architectures to support coordination within a small cell cluster. The interconnection between each cell could be any type, such as fiber, xDSL, over the air, etc.
· Alt.1 Distributed architecture
· Multiple master entities in cluster, each master entity can be located in an anchor cell.

· Alt.2A Centralized architecture (2-level control)
· Single master entity in a cluster which can centrally control cells. 

· Both anchor and other normal cells have an interface to the master entity.
· Alt.2B Centralized architecture (3-level control)

· Single master entity in a cluster which can centrally control all the anchor cells. 

· Each normal cell has an interface to its anchor cell and is controlled by its anchor cell.
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Figure 2.  Distributed architecture (Alt. 1)
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Figure 3.  Centralized architecture (Alt. 2A)
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Figure 4.  Centralized architecture (Alt. 2B)

Note: The anchor cells are connected by means of I0 interface to the master entity. The normal cells are connected by means of I1 interface to the master entity. The normal cells are connected by means of I2 interface to the anchor cell.

2.4. Functional Split
2.4.1. Distributed architecture (Alt. 1)
The master entity (anchor cell) hosts the following functions:
· Configuring or assisting the network to configure each cell in the cluster in case of central-configuration, such as PCI, carrier, power, synchronization signal, reference signal, etc;

· The master is located in the anchor cell, which is always active to guarantee the coverage of the cluster, thus initial access could be done quickly;
· Adjusting the configuration information of each cell;
· Informing UE’s serving cell of the configuration information of neighbour cells, to ensure efficient handover;

· Making decision for cells to turn on active mode or sleep mode for energy saving purpose;
· Functions for load balance and interference coordination;

· Treated as PCell in case of CA mode;

· Providing control plan information to UE in case of dual-connectivity mode;

The normal cell hosts the following functions:
· Turn to sleep mode when no traffic occurs for the purpose of  energy saving;

· Turn to active mode for high capability by master entity (anchor cell) at the appropriate time, and could be turn to sleep mode again when no traffic occurs;

· Informing master entity (anchor cell) of load/interference condition of neighbour cells;

· Informing master entity (anchor cell) of its configuration information in case of self-configuration;

2.4.2. Centralized architecture (Alt. 2A)
The master entity hosts the following functions:
· Configuring or assisting the network to configure each cell in the cluster in case of central-configuration, such as PCI, carrier, power, synchronization signal, reference signal, etc;
· Adjusting the configuration information of each cell;

· Informing UE’s serving cell of the configuration information of neighbour cells, to ensure efficient handover;

· Making decision for normal cells to turn on active mode or sleep mode;

· Functions for load balance and interference coordination;
The anchor cell hosts the following functions:
· Always active to guarantee the coverage of the cluster, thus UE initial access could be done quickly;
· Informing master entity of load/interference condition of its neighbour cells;

· Informing master entity of its configuration information in case of self-configuration;

· Treated as PCell in case of CA mode;
· Providing control plan information to UE in case of dual-connectivity mode;

The normal cell hosts the following functions:
· Turn to sleep mode when no traffic occurs for the purpose of energy saving;

· Turn to active mode for high capability by master entity (anchor cell) at the appropriate time, and could be turn to sleep mode again when no traffic occurs;

· Informing master entity of load/interference condition of its neighbour cells;

· Informing master entity of its configuration information in case of self-configuration;

2.4.3. Centralized architecture (Alt. 2B)
The master entity hosts the following functions:
· Configuring or assist the network to configuring each cell in the cluster in case of central-configuration, such as PCI, carrier, power, synchronization signal, reference signal, etc;

· Adjusting the configuration information of each cell;

· Informing anchor cell and normal cell (via the connected anchor cell) of the configuration information of neighbour cells, to ensure efficient handover;

· Making decision for normal cells to turn on active mode or sleep mode;

· Functions for load balance and interference coordination;

The anchor cell hosts the following functions:
· Always active to guarantee the coverage of the cluster, thus UE initial access could be done quickly;
· Collecting neighbour cells’ load/interference condition of the connected normal cells and forwarding it (including that of itself) to master entity;
· Collecting the configuration information of the connected normal cells and forwarding it (including that of itself) to master entity in case of self-configuration;

· Treated as PCell in case of CA mode;

· Providing control plan information to UE in case of dual-connectivity mode;

The normal cell hosts the following functions:
· Turn to sleep mode when no traffic occurs for the purpose of energy saving;

· Turn to active mode for high capability by master entity (anchor cell) at the appropriate time, and could be turn to sleep mode again when no traffic occurs;

· Informing anchor cell of load/interference condition of its neighbour cells;

· Informing anchor cell of its configuration information in case of self-configuration;

2.5. Interface definition

In order to support efficient small cell management and to provide high network energy efficiency, new interfaces are designed to exchange information between the Mater entity and the small cells. 
· Interface definition
As shown in Figure 2-4, there are three kinds of interfaces, I0, I1, and I2.

For distributed architecture (Alt. 1), where Master entity is located in each Anchor cell, 

· Interfaces between Mater entity and Normal cell, named “I1” here for simplicity.

For centralized architecture (Alt. 2a), where Master entity has direct interfaces to every sell (including Anchor cell and Normal cell),

· “I0” is interface between Master entity and Anchor cell;

· “I1” is interface between Master entity and Normal cell;

For centralized architecture (Alt. 2b), where Master entity doesn’t connect to the Normal cell directly, and information exchange is relayed by Anchor cell.

· “I0” is interface between Master entity and Anchor cell;

· “I2” is interface between Anchor cell and Normal cell;
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Figure 5. New interfaces in distributed and centralized network

· Information exchange on interfaces
1) For distributed architecture (Alt. 1)
When the Master entity collects information to do cell management,

a) Normal cells will share their neighbour relationship, for example, their neighbour cell’s PCI, to Master entity through “I1”. In that way, when a UE served by a cell A needs to find a sleep Normal cell, Master entity knows to inform the serving cell A about which cells’ configuration. 

b) Normal cell will transmit interference level it suffers in different carrier frequencies by “I1” to Master entity. With such knowledge, Master entity can find a better carrier frequency for a cell when it turns to active.

c) If Normal cells determine the configurations of measurement reference signal, discovery signal, synchronization signal, carrier frequency and uplink-downlink configurations themselves, 

i. Normal cell should report the configurations of measurement reference signal, discovery or synchronization signal, such as sequence used, time and frequency locations and transmit period of those signals to Master entity through “I1”. 

ii. Normal cell should report its carrier frequency and uplink-downlink configurations to Master entity through “I1”.
d) If Master entity determines the configurations of measurement reference signal, discovery signal, synchronization signal, carrier frequency and uplink-downlink configurations, such information is not transmitted from Normal cells to Master entity.

Based on information it received and some management functions, Master entity will perform management.
a) Master entity will deliver to serving cell the configurations of discovery signal or synchronization signal of its neighbour Normal cells by “I1”. With such information, the serving cell can configure its UE to discovery neighbour cells in exact time and frequency.
b) Master entity will deliver to serving cell the configurations of measurement reference signal of its neighbour Normal cells by “I1”. With such information, the serving cell can configure its UE to do measurement with exact information of the measurement reference signal.
c) Master may transmit control signal to Normal cell within its coverage, such as control signal for Normal cell to return from sleep mode to active mode or from active mode to sleep mode, power control information, and tell the Normal cell to use which carrier frequency and which uplink-downlink configuration when it turns to active mode.
When a UE served by cell A need to discover other sleep Normal cells, like cell B, C, D, due to capacity requirement or poor service quality, with knowledge of cell A’s neighbour cells (reported by cell A through “I1”), Master entity can deliver configurations of discovery or synchronization signal, measurement reference signal, such as sequence used, time and frequency locations and transmit period in cell B, C, D to cell A. And then, cell A configures UE to discover those cells based on the configurations and measurements are also done. With exact configurations, UE doesn’t have to search blindly, so power is saved. Master entity decides which Normal cell should turn to active based on the measurement result and information it collects, for example Normal cell C. Then Master entity will transmit control signal, power control information to Normal cell C, and tell it to use which carrier frequency and which uplink-downlink configuration.


[image: image6.emf]Cluster

Master (anchor)

Master (anchor)

Normal cell B

Normal cell

Master (anchor)

Normal cell C

Normal cell A

Normal cell D

I2

I

2

I

2

I

2

Normal cell

Normal cell

Normal cell


Figure 6. Example of information exchange in distributed architecture
2) For centralized architecture (Alt. 2a)
Similar information is transmitted between Master entity and Anchor cell/Normal cell as in distributed network, and the only difference is that information is transmitted through “I0” between Master and Anchor cell instead of “I1”. “I0” can be the same with “I1” in most cases, but if Anchor cell has some specific enhanced functions, additional information may be transmitted through “I0” than “I1”.

3) For Centralized architecture (Alt. 2b)
Information exchange between Master and Normal cell is relayed by Anchor cell.

When the Master entity collects information to do cell management,

a) Normal cells will transmit their neighbour relationship, for example, their neighbour cell’s PCI, to Anchor cell through “I2”. 

b) Normal cell will transmit interference level it suffers in different carrier frequencies by “I2” to Anchor cell. 

c) If Normal cells determine the configurations of measurement reference signal, discovery signal, synchronization signal, carrier frequency and uplink-downlink configurations themselves, 

i. Normal cell should report the configurations of measurement reference signal, discovery or synchronization signal, such as sequence used, time and frequency locations and transmit period of those signals to Anchor cell through “I2”. 

ii. Normal cell should report its carrier frequency and uplink-downlink configurations to Anchor cell through “I2”.
d) Anchor cell should transmit above information it received from Normal cells and the responding information of its own to Master entity by “I0”.

e) If Master entity determines the configurations of measurement reference signal, discovery signal, synchronization signal, carrier frequency and uplink-downlink configurations, such information is not  needed to transmitted from Normal cells to Anchor cell and then to Master entity.

Based on information it received and some management functions, Master entity will perform management.

a) Master will deliver to Anchor cell the configurations of discovery signal or synchronization signal of some Normal cells by “I0”.  As to deliver which Normal cells’ configurations, that depends on the serving cell whose UE wants to discover other cells, such as the neighbour cells of the serving cell.

b) Master entity will deliver to Anchor cell the configurations of measurement reference signal of some Normal cells by “I0”. As to deliver which Normal cells’ configurations, that depends on the serving cell whose UE wants to discover other cells, such as the neighbour cells of the serving cell. Since the Normal cells reports their neighbour relationship to Master entity (relayed by Anchor cell), Mater entity knows every cell’s neighbour cells.
c) Master entity may transmit control signals to Anchor cell by “I0”, such as control signal for Normal cell to return from dormant to active or from active to dormant, power control information, and the carrier frequency and uplink-downlink configuration it should use.

d) Anchor cell will deliver the information above it received from Master entity to corresponding serving cell or Normal cell within its coverage through “I2”.
When a UE served by cell A need to discover other dormant Normal cells, like cell B, C, D, due to capacity requirement or poor service quality, with knowledge of cell A’s neighbour cells (reported by cell A through “I2”, and then relayed by Anchor to Master entity through “I0”), Master entity can deliver configurations of discovery or synchronization signal, measurement reference signal, such as sequence used, time and frequency locations and transmit period in cell B, C, D to Anchor cell 0 through “I0”. Upon receiving the information, Anchor cell 0 will deliver them to cell A. And then, cell A configures UE to discover cell B, C and D based on the configurations and measurements are also done. With exact configurations, UE doesn’t have to search blindly, so power is saved. Master entity decides which Normal cell should turn to active based on the measurement result and information it collects, for example Normal cell C. Then Master entity will transmit control signal, power control information to Normal cell C, relayed by Anchor cell 0, and tell it to use which carrier frequency and which uplink-downlink configuration.
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Figure 7. Example of information exchange in centralized network (Alt. 2b)

2.6. Summary

Proposal 3: In order to support efficient small cell operation and to provide high network energy efficiency, necessary network architecture and its functionality/interface should been studied in small cell enhancement, which targeting cluster-based coordination architecture. 
3. Conclusion
The potential architectures, which consist of master entity, anchor cell and normal cell, are discussed in this contribution in order to ensure coverage as well as energy saving.
According to different architectures, interfaces are designed, and information transmitted on the interfaces is also discussed, which can support dormant small cell to be discovered quickly and to wake up when needed, motivated to provide high network energy efficiency. The following proposals are made,
Proposal 1: a Master entity, which acts as the “coordination entity”, should be deployed as the central controller in the cluster.

Proposal 2: an Anchor cell, which is an always-on cell, should be deployed in the cluster.
Proposal 3: In order to support efficient small cell operation and to provide high network energy efficiency, necessary network architecture and its functionality/interface should been studied in small cell enhancement, which targeting cluster-based coordination architecture. 
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