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1. Introduction
At the RAN#58 plenary meeting, a new study item on small cell enhancements – higher layer and physical aspects was approved [1]. According to [2], we should consider deployments both on the macro and small cell deployed at the same frequency and separate frequency. This together with that both synchronized and un-synchronized scenario should be considered between small cells and macro cell(s). One of the objectives of the study item is as follows:

· 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.

For small cells, it is usually expected that the traffic load often will be very low (at least lower compared to large cells). Thus, it is desirable to shut down the small cells when there are no users associated to the cell. Besides, when a UE is connected to another small cell (or to a macro network), it needs to discover other small cells for mobility and network management purposes. This creates a challenge whether a UE can find the small cell when it is close to the small cell (that can either be in dormant mode or active).

In this contribution we discuss about the discovery mechanisms of a small cell. We mainly concentrate on the purpose of the discovery mechanisms, and the requirements of a potential discovery signal.

2. Discussion
At this point it is not fully clear what problem a potential detection signal is to solve. Some topics on the table are:

· Mobility improvements in dense deployments

· Coverage hole management for sleeping capacity boosting small cells
· Reduced UE inter-frequency measurement effort

2.1. Small Cell Power Characteristics
Energy efficiency is an important aspect in network deployments. Even though the macro layer constitutes the majority of the anticipated power consumption also in networks with dense small cell deployments [3], improving the energy consumption of the small cell layer may still be worthwhile. 
The energy efficiency of eNBs has been thoroughly analyzed within the European EARTH project. For example; relative power consumption of different components of an eNB for different power classes, was summarized in Figure 12 in [4], which is copied here for convenience in Figure 1.
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Figure 1 BS power consumption breakdown (Reference to Figure 12 in [4])
It is worth noting that for a Micro node, a full 38% of the power consumption is due to the base band processing, which is on par with the power consumption of power amplifiers. For Pico and Femto nodes, the baseband constitutes an even larger fraction. 

Hence, for small cells, being able to fully turn off the baseband processing as well as the radio hardware is highly beneficial from a power efficiency perspective.

Observation:

· The power consumption of a small cell is not dominated by the power amplifier(s)

· To effectively conserve power in a small cell, baseband, power amplifier, and RF parts should all be powered off

Hence, if small cells that only act as a capacity booster should be completely powered off, whenever the additional capacity is not needed; for example, outside of busy hours. However, it is very challenging to know whether or not turning off a node will result in a coverage hole where network service cannot be provided. In particular it is very challenging to manage idle mode UEs, for which the network has no means to detect when they enter into an area where a coverage hole is present. This is especially true in case we consider a case with many indoor stationary MTC devices.
In practice the worry of coverage holes can often be a show stopper for turning off nodes, and it would therefore be beneficial to provide a means to avoid the detrimental effects of a coverage hole. 

Observation:

· The worry for introducing coverage holes in the network is often a show stopper for turning off small cells during off-peak hours.
2.2. Discovery Signal Aided Coverage Hole Management

As concluded above, to substantially save power consumption in a small cell it is preferable to completely turn off the small cell for an extended period of time. However, the small cell eNB could be activated periodically for short intervals during which the UEs being unfortunate to enter a coverage hole will have the opportunity to connect to the small cell. Upon connection by a UE, the small cell persists to provide service to the connected UE. 

For this scheme to be effective the reactivation period of the small cell must be substantially longer than the small cell on time—the reactivation periodicity should therefore be in the order of 10th of seconds.

Naturally, the cell search of a UE will not be able to detect the presence of the small cell node during the times it has been deactivated. Therefore the cell search must persist at least for the duration of one reactivation cycle (i.e., 10th of seconds). Such an operation is not suitable whenever a UE loses coverage, and it is therefore desirable with a mechanism allowing a UE to determine that a cell may eventually be reactivated; that is, that it shall extend the cell search window. 
This can be done by letting the small cell node broadcast a detection signal with a denser periodicity of approximately 100ms. The detection signal should then be designed so that it can be transmitted without powering on the baseband of the small cell node (e.g., a simple shift-register design). Moreover, the detection signal should have a minimum duration in time, as to minimize the RF and power amplifier on-time in the small cell.
Hence, a (idle) UE failing the regular cell-search procedure should proceed to search for cell detection signals. Upon successful detection of a detection signal, the UE proceeds with a cell search with an extended search window to successfully access the small cell the next time it reactivates. A prerequisite for this operation is however that the detection signal can be detected without any assistance from the macro network.

Observation:

· A prerequisite for detection signal assisted coverage-hole management is that the detection signal can be detected without any assistance from the macro network.
It should be noted that this procedure is not expected to be a regular event, but rather a backup procedure to detect and resolve unexpected coverage holes potentially caused when capacity boosting small cell nodes are powered off. If a small cell node repeatedly receives connections during reactivation instances, it is expected that will no longer be powered off since it indeed provides coverage extension (thereby avoiding future problems with coverage holes).
Proposal:

· If a detection signal is introduced, it should be detectable without any assistance from the network

· This does not preclude that the detection procedure/efficiency can be improved whenever assistance from the network is present
· Consider introducing standardized mechanisms for managing coverage holes
3. Mobility and Cell Detection Improvements

Another area that is considered is mobility improvements in heterogeneous deployments. This is related to the RAN2 lead study item on mobility enhancements in heterogeneous networks; see technical report in [5]. One of the solutions outlined therein is based on a new cell detection signal, which would allow detection of cells at a lower SINR level. However, at this point it is not clear whether a new detection signal is needed for this purpose, considering that several alternative solutions without standards impact were also outlined in [5]; for example, network based proximity detection can be applied [6].
4. Power Efficient Inter-frequency Measurements
In synchronized network, the search for a detection signal can be significantly improved, in particular if the detection signal is transmitted relatively infrequently (e.g., every 100ms). If the UE is synchronized with the network, and has information about which particular subframes are used for the transmission of detection signals, it is sufficient to measure in that particular subfame (i.e., with a minimal search window). This has the benefit that the measurement time is minimized. This will improve the power efficiency of the measurement procedure, but also has other advantages such as 
Observation:

· The benefit of network synchronization can be used to improve the current inter-frequency measurement procedure, since the UE knows in which subframe the PSS/SSS will be present. The search window for the PSS/SSS can thus be minimized.

Another aspect raised is the number of inter-frequency measurements that can be performed. Currently, LTE is limited to three inter-frequency measurements. At can be discussed if more inter-frequency measurements are needed to support deployment scenarios on higher frequencies, where potentially a larger number of component carriers may be available. However, it should be noted that component carriers within the same band will experience similar RSRP values (assuming same transmit power, and transmission nodes), and it is therefore not necessarily so that separate measurements are needed on all component carriers. 
Proposal:

· Further study the need for extending inter-frequency measurement capabilities

· Study benefits of network synchronization knowledge

· Further study the need for a detection signal to aid inter-frequency measurements

· Measurements on PSS/SSS/CRS(ESS) should be baseline
5. Conclusions
Herein we discussed some use cases for detection signals and made the following observations and proposals
Observations:

· The power consumption of a small cell is not dominated by the power amplifier(s)

· To effectively conserve power in a small cell, baseband, power amplifier, and RF parts should all be powered off

· The benefit of network synchronization can be used to improve the current inter-frequency measurement procedure, since the UE knows in which subframe the PSS/SSS will be present. The search window for the PSS/SSS can thus be minimized.

Proposals:

· If a detection signal is introduced, it should be detectable without any assistance from the network

· This does not preclude that the detection procedure/efficiency can be improved whenever assistance from the network is present

· Consider introducing standardized mechanisms for managing coverage holes unexpectedly originating from small cells that are turned off

· Further study the need for extending inter-frequency measurement capabilities

· Study benefits of network synchronization knowledge

· Further study the need for a detection signal to aid inter-frequency measurements

· Measurements on PSS/SSS/CRS(ESS) should be baseline
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