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1 Introduction
In RAN#58, a New Study Item Proposal for “Small Cell Enhancements for E-UTRA and E-UTRAN – Physical-layer Aspects” was approved in [1], including the following objective:
· Study the mechanisms to ensure efficient operation of a small cell layer composed of small cell clusters. This includes
· 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, we share our views on the consideration of efficient small cell operations.
2 Efficient small cell operation
Dense small cell deployments, where a large number of small cell nodes are deployed in a certain geographical area are envisioned to further improve the system performance. It is expected that the UE distribution and traffic load in small cells are highly dynamic. The main motivations for efficient small cell operation includes interference avoidance and energy saving. In this section, we consider the following two mechanisms for efficient small cell operation:
· Small cell carrier selection with multiple carriers deployed in the small cell layer

· Small cell dynamic on/off
2.1 Small cell carrier selection on a multi-carrier small cell layer 
Small cell carrier selection is only applicable if there are multiple carriers available on the small cell layer. For dense small cell deployments, a small cell can select a favorable carrier for data transmission and reception. The impacts on both small cell nodes and UEs due to small cell carrier selection shall be considered. Depending on the carrier aggregation capability of the small cell node and UE, the combinations in Table 1 are possible.
Table 1: Combinations of small cell and UE CA capability
	
	UE CA capability on the multiple carriers in the small cell layer

	
	Yes
	No

	Small cell CA capability on the multiple carriers in the small cell layer
	Yes
	Case 1
	Case 2

	
	No
	Case 3
	Case 4


For Case 1, small cell carrier selection can be supported by the existing carrier aggregation procedure. For example, the small cell node can operate with carrier aggregation and the UE can be configured with carrier aggregation as well. Thus the carrier (or serving cell) used for data transmission/receiption is purely a scheduler decision. It is further noted that such a small cell carrier selection for data transmission can be very fast and dynamic, which is expected to provide the optimal performance.

For Case 2, the small cell node can operate with carrier aggregation and hence small cell carrier selection has little impact on the small cell node, since the small cell node can determine the carrier (or serving cell) for data transmission/reception depending on its scheduler decision. For the UE, small cell carrier selection can be supported by the existing handover procedure, if the small node decides to move the non-CA capable UE from operating on one carrier to another. It is noted that the current handover procedure does not allow very dynamic carrier selection, since the UE needs to get connected to the serving cell on the new carrier frequency. In case fast carrier selection mechanism(s) shall be supported by the non-CA capable UE, then the study should start from evaluating how dynamic carrier selection needs to be before the design of the detailed mechanisms. 
For Case 3, it is obvious that UEs with the CA capability on the small cell layer shall operate as non-CA capable UEs, since the small cell node does not support carrier aggregation on the small cell layer. Hence, the impact of support small cell carrier selection for Case 3 is similar to that of Case 4 discussed below. 
For Case 4, small cell carrier selection requires the small cell node to switch the carrier frequency, which requires interruption at the small cell node. In addition, the small cell shall indicate to the UE that it is about to switch to another carrier frequency, which would help the UE switching to the corresponding carrier as soon as possible. On the other hand, data transmission interruption is inevitable at the UE since the UE needs to perform time and frequency synchronization on the new carrier frequency. The duration of interruption at the small cell node and the UE shall be considered when evaluating the benefits of small cell carrier selection for Case 4. Further, it needs to be studied if the current handover procedure can be directly reused, since the source serving cell (i.e. the small cell node on the previous carrier frequency) disappears after the small cell node changes its carrier frequency.
For all Cases in Table 1, mechanism(s) to allow small cell to decide on the carrier for data transmission is needed. In principle, either the network based approach or the UE based approach can be considered. For the network based approach, the small cell nodes measure the interference on different carrier frequencies to decide on the favorable carrier to operate on. For the UE based approach, the UE measures the interference (or CSI) on different carriers and feeds back such information to the network, based on which the small cell node selects a carrier. Since small cell carrier selection intends to improve the UE data rate, the UE based approach is more natural and more aligned with designs in previous releases such as UE CSI reporting procedures. 
In summary, the following observations are noted:

· Small cell carrier selection for data transmission can be effectively supported with the existing mechanisms if both the small cell node and the UE are capable and configured to operate with carrier aggregation.

· Evaluations are necessary to show the benefits of small cell carrier selection for UEs not capable of carrier aggregation, considering the time scale for small cell carrier selection, the required interruption time for carrier switching, and the corresponding procedures to enable carrier selection.

2.2  Small cell ON/OFF dual state 

Given that it is expected the traffic load in a small cell is very dynamic, it is important to consider mechanisms for energy saving in small cells, including the following aspects:

· Network energy saving

· New carrier type

· Dynamic cell ON/OFF dual state

Network energy saving here refers to higher layer approaches (RAN3) in the past releases as well as the Rel-12 work in [2], where it is more of a long term cell ON/OFF mechanism. While such mechanisms do not impact the physical layer design, it is important to take them into consideration when developing other energy saving mechanisms in RAN1.
New carrier type (NCT) was discussed in Rel-11 and postponed to Rel-12. One of the main motivations to introduce a new carrier type is for energy saving purpose. It has been agreed that legacy control and CRS are not present on NCT. A tracking reference signal (TRS) is transmitted with a 5ms periodicity for UE to perform time and frequency synchronization. For a small cell with NCT, it is expected that significant energy saving can be achieved by NCT since no transmission occurs in about 80% of subframes when there is no traffic in the small cell. It is also noted that the energy saving on small cell can be achieved with NCT even if the traffics in small cells are very dynamic in nature.

Dynamic cell ON/OFF dual state is similar to eNB DTX, where a network node switches off transmission for a certain time period. It is expected that the dynamics of cell ON/OFF dual state can be on the order of tens to hundreds of milliseconds. The design of dynamic cell ON/OFF dual state shall address the tradeoff between energy saving and cell throughput. While a longer OFF duration provides larger benefits for energy saving, it also reduces the potential to provide data transmissions. Mechanisms for a cell in the OFF state to quickly switch ON are essential. Further, for a small cell with dynamic cell ON/OFF dual state, performance of legacy UEs is impacted since legacy UEs are not aware of the cell ON/OFF state. Without legacy UEs connected to a cell with dynamic cell ON/OFF dual state, NCT shall be considered for such a cell.

In summary, the following observations are made:

· Small cell energy efficiency can be achieved by different mechanisms, including RAN3 approaches for network energy saving, new carrier type, or dynamic cell ON/OFF dual state.
· It is not recommended for legacy UEs connected to a cell with dynamic cell ON/OFF dual state. New carrier type shall be considered for such a cell. Hence the additional benefits on energy saving achievable by dynamic cell ON/OFF on top of new carrier type shall be evaluated.
3 Conclusions
This contribution discusses efficient small cell operations for small cell carrier selection with multiple carriers deployed in the small cell layer, as well as small cell dynamic ON/OFF. The following observations are made:

· Small cell carrier selection for data transmission can be effectively supported with the existing mechanisms if both the small cell node and the UE are capable and configured to operate with carrier aggregation.

· Evaluations are necessary to show the benefits of small cell carrier selection for UEs not capable of carrier aggregation, considering the time scale for small cell carrier selection, the required interruption time for carrier switching, and the corresponding procedures to enable carrier selection.

· Small cell energy efficiency can be achieved by different mechanisms, including RAN3 approaches for network energy saving, new carrier type, or dynamic cell ON/OFF dual state.

· It is not recommended for legacy UEs connected to a cell with dynamic cell ON/OFF dual state. New carrier type shall be considered for such a cell. Hence the additional benefits on energy saving achievable by dynamic cell ON/OFF on top of new carrier type shall be evaluated.
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