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1 Introduction
In 3GPP TSG RAN #58 meeting, the study item of “Small Cell Enhancements (SCE) for E-UTRA and E-UTRAN – Physical-layer Aspects” was approved for Release 12 study [1]. In particular, it specifies the operation efficiency improvement as a focus area:

· 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, small cell on/off adaptation, a candidate technology for operation efficiency improvement via interference avoidance and coordination, will be discussed. Other candidate technologies may be found in a companion contribution [3] and therein references.
2 Clarifications for small cell on/off adaptation 

In this section, the concept of small cell on/off adaptation will be clarified, including the relevant definitions, purposes and scope, the main characteristics including the time scales, and possible distinctions to other related concepts.
2.1 Small cell on/off adaptation
Small cell on/off adaptation refers to the adaptive turning on and turning off of a small cell. When the small cell is turned on, it acts as a legacy carrier and may transmit the signals existing in a legacy carrier and signals necessary for data transmission, such as reference signals used for measurements and demodulation. UEs may access the small cell and may receive data transmission from the cell. When the small cell is turned off, it does not transmit any legacy carrier signals or signals necessary for data transmission, and UEs may not access the small cell and may not receive data transmission from the cell. Note that, however, even if a small cell is turned off, its power amplifier (PA) for DL transmission may or may not be turned off; such a decision is mainly a network implementation issue and should be transparent to the standards in RAN1 and RAN2.
2.2 Purposes

The main purpose of small cell on/off adaptation is for interference avoidance and coordination. A network may turn off certain small cells to reduce intercell interference, especially the interference caused by common channel transmissions such as CRS. With the reduced interference, it may be possible to maintain or even improve the network throughput performance with reduced network resources in cases such as where the traffic load is light or medium. If the traffic load increases, on the other hand, the network may turn on some turned-off small cells to support the heavier traffic load. In any event, it is proposed that 3GPP evaluate the performance of on/off adaptation. Small cell on/off adaptation may also lead to some energy savings, provided energy savings do not compromise the system throughput.
2.3 Characteristics and time scales

Figure 1 illustrates an example of the timing diagram which may be useful to clarify the concepts.
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Figure 1. An example timing diagram for on/off adaptation of a small cell (not drawn to scale)
Descriptions for Figure 1:

· T0: The duration during which the small cell is turned off.

· T1: The duration between the moment that a “turn on” decision is made and the moment that the small cell can transmit PDSCH. The length of T1 may depend on the availability of sufficiently accurate UE measurements at the cell, which may further depend on, e.g., how long it may take for the cell configurations to be detected by UEs or signaled to UEs (e.g., signaled from a macro cell), how long it may take for a UE to receive downlink signals from the small cell or transmit valid uplink signals to the small cell (related to the activation/deactivation delays in [8]), how long the stable measurements may take, and/or UE reporting configurations, etc. Thus, the time scale for T1 may be of a few hundreds of milliseconds using currently existing procedures, and further study may be required, such as RAN4 study.
· T2: The duration during which PDSCH can be transmitted (but whether/when/how the transmissions are performed may depend on implementations, e.g., the scheduler, transmission configurations, etc.).

· T3: The duration between the moment that a “turn off” decision is made and the moment that the cell is turned off. The cell activity during this period may include handing over UEs (if any) to other cells, etc., which may take several milliseconds to a few hundreds of milliseconds, and further study may be required. 
It may be desired to have T1, and T3, sufficiently shorter than T2 and T0 since they may be viewed as “transient” or “overhead”. Small cell on/off adaptation cannot be faster than the time scales dictated by T1 and T3, the transient times needed for, e.g., stable measurement requirements, RRC signalling time scales, etc. 
This suggests that a (possibly loose) lower bound for on/off adaptation time scales be a few hundreds of milliseconds using existing procedures, and potential performance benefits of small cell on/off adaptation need to be evaluated for different time scales. In general, on/off adaptation may be more dynamic than the on/off switching studied in existing RAN3 work in Energy Saving SI/WI [6]. If it is desired to support more dynamic adaptation that what the existing procedures can offer (if justified by throughput performance gains), further studies may be needed in areas such as how to shorten the transient times, etc. 
Therefore, we may conclude that the time scale for small cell on/off adaptation may be in terms of seconds or longer if using currently existing procedures, and further study regarding the transient times of T1 and T3 that limit the on/off adaptation may be needed.
Proposal 1: Reach a conclusion on the feasible time scales for small cell on/off adaptation.

Proposal 2: Evaluate the potential performance benefits of small cell on/off adaptation.

Some related considerations are listed below:
· Discovery signals. The discovery signals may be transmitted from the antenna(s) of a small cell that is turned off. However, from a UE’s measurement perspective, all that the UE experiences is certain discovery signals that may be associated with a small cell when it is turned on. In this sense, the small cell when turned off does not transmit anything and logically does not exist from a UE point of view even if discovery signal is transmitted from the same set of antennas. More detailed discussions on small cell discovery can be found in [4].
· Uplink. For a turned off small cell, it may be assumed that it does not monitor any uplink channels, or alternatively it may be assumed that it can monitor a limited set of uplink channels. The operations can be rather different for these cases, and either may be considered in studying the mechanisms to support on/off adaptation.
· Small cell carrier activation/deactivation. The small cell on/off adaptation concept can be naturally extended to the scenario of having multiple carriers available at small cells, which is particularly feasible in higher frequency bands considered for small cell deployment. 
· Legacy UEs. Legacy UEs may be served by small cells that are turned on. Before a small cell is turned off, the legacy UEs served by it as primary carrier may be handed over to other cells.
3 Possible solutions to support small cell on/off adaptation 
Solutions have been proposed in RAN3 [6] and RAN1 (cf. e.g. [7] for a summary) to support the transitions between a switched on and off. Roughly speaking they fall into two main categories:
· UL-signal based solutions. Small cells monitor uplink, such as RACH, SRS, IoT, or modifications of existing signals.
· DL-signal based solutions. The network decides to turn on certain DL channels, e.g., DL reference signals for UE measurements, based on several mechanisms such as periodic DL reference signal transmissions, using load/location information sent from some network entities as a trigger (i.e. wake-up signal), or using UL signals as a trigger.
Note that the UL-signal based solutions by themselves may not be sufficient as DL measurements may be needed for the network to make better transition decisions. On the other hand, some DL-signal based solutions may use a UL signal as the wake-up signal. Namely, the DL reference signals for UE measurements may be triggered by a UL signal from UEs. New downlink signalling could also be envisaged to enable the network alert UEs potentially in its proximity of its presence and trigger the transmission of a wake-up signal. In summary, UL-signal based and DL-signal based solutions may be closely related and both may be useful. Therefore, both may be studied in RAN1.
Proposal 3: Study both UL-signal based solutions and DL-signal based solutions to support small cell on/off adaptation.

4 Evaluations

Performance benefits of introducing small cell on/off adaptation have been observed in system-level simulations. The baseline may be the case without any on/off adaptation, namely all cells remain on throughout the simulations. To compare, consider the simple, static case that a small cell is turned off if there is no UE associated with it. The performance gains are summarized in Figure 2, in which about 10% ~ 30% user perceived throughput (UPT) gains are observed. Further enhancement may provide higher gains. Detailed simulation assumptions can be found in Appendix.
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Figure 2. UPT gain due to small cell on/off adaptation
5 Conclusion
This contribution discussed small cell on/off adaptation for interference avoidance and coordination which may improve operation efficiency. The following are proposed:
Proposal 1: Reach a conclusion on the feasible time scales for small cell on/off adaptation.

Proposal 2: Evaluate the potential performance benefits of small cell on/off adaptation.

Proposal 3: Study both UL-signal based solutions and DL-signal based solutions to support small cell on/off adaptation.
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Appendix
Table 1. Simulation assumptions
	Layout
	Scenario #2a
Macro 7*3
Small cell: Clusters uniformly random within macro geographical area; small cells uniformly random dropping within cluster area

	System bandwidth
	Macro: 10MHz, small cell:10MHz

	Carrier frequency 
	Macro: 2.0GHz, small cell: 3.5GHz

	Carrier number
	Macro: 1, small cell: 1

	Total BS TX power (Ptotal per carrier)
	Macro: 46dBm, small cell: 30dBm

	Antenna configuration
	2Tx2Rx

	Number of clusters/buildings per macro cell geographical area
	1

	Number of small cells per cluster
	10

	Number of UEs 
	30 UEs per macro sector area

	Traffic model
	FTP model 3

	UE dropping
	Baseline: 1/3 UEs per macro cell, randomly and uniformly dropped in macro geographical area, 2/3 UEs randomly and uniformly dropped within the clusters. 

	Cell selection criteria
	RSRQ + selection bias between layers 














