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1 Introduction

In [1], we proposed a “discovery signal” based approach to assist the identification of inter-frequency small cells. The summary of this approach is captured in email discussion RAN2-77#31 [2] as follows:
	Discovery signal formed by legacy control channels (PSS, SSS, System information) is transmitted on the macro layer at the location of inter-frequency small cell. The UE identifies the discovery signal as a regular intra-frequency cell and report the cell to the serving eNB according to the measurement configuration. The eNB can either immediately trigger a handover to the inter-frequency small cell (if the discovery signal is known to represent the coverage of the inter-frequency small cell) or request the UE to perform inter-frequency measurement.


In this paper, we provide a text proposal to capture this scheme in the TR, and discuss some of the issues raised in RAN2#77.
2 Discussion of discovery signal based scheme
2.1 Benefits of scheme
Benefit 1: Does not rely on inter-frequency measurements to detect small cells. The configuration of inter-frequency measurements can reduce the peak UE throughput, and can cause a drain on UE battery life. Further, since the serving macro eNB does not know which UEs are in the vicinity of the small cell, the inter-frequency measurements have to be configured for all UEs. In a scheme based on discovery signals on the macro layer, inter-frequency measurements are needed only after the UE reports the discovery signal to the serving eNB, i.e. only for those UEs that are in the vicinity of the small cell.

Benefit 2: Does not rely on UE remembering the location of small cells via fingerprints or other methods. Techniques such as  UE autonomous detection of small cells are useful for Home eNBs which have been previously visited by the UE. However, autonomous search based schemes do not scale well for large deloymens of small cells because (a) the cells may not have been visited previously by the UE, (b) UE memory limitations, and (c) changes to network topology that invalidate the fingerprint. 
Benefit 3: Immediate detection of small cell. The discovery signals on the serving frequency can be detected by the UE as quickly as any intra-frequency cell. In comparison, periodic gaps delay the detection of new cells due to the time interval between gaps, and due to the need for averaging across multiple gaps.
2.2 Deployment Issues fo Discovery Signals

Some concerns related to discovery signals were raised during RAN2#77:

Hardware cost and complexity in the small cell: The transmission of discovery signals impose some cost and complexity in the small cell. We believe it is a deployment option to consider whether this cost is justified in terms of the reliability of small cell detection and benefits to the UE in terms of peak rate and battery life.
Pilot pollution caused by discovery signals: For UEs in the coverage of the small cell, it is expected that service will be provided by the “small cell layer”, and hence the pilot pollution caused on the layer of the macro cell is not a concern. For UEs outside the coverage of the small cell,  discovery signals can cause some background interference. This interference is limited because discovery signals consist of common channels only, and their power can be set to prevent leakage outside the intented coverage of the small cell.  The effect of the interference can be reduced even urther if UEs implement advanced receiver algorithms to cancel the interference seen from the discovery signals.
One case where the discovery signal transmitted by the small can be unacceptable is when a UE does not have the RF capability to operate in the layer of the small cell, because the discovery signal can cause unacceptable interference on the macro layer as the UE moves very close to the small cell. The deployment of a discovery signal based solution therefore depends on the capabilities of UEs in the deployment. For example, this will not be a problem if the small cell is on a channel of the same band as the large cell.
3. Conclusion

In this paper, we discussed some of the benefits and concerns associated with discovery signals for detection of small cells. 
Proposal 1:Document the discovery signal based scheme as a deployment option in the TR on het-net mobility.
Proposal 2: Recognize that the discovery signal based scheme may not be applicable to all scenarios (e.g. if significant fraction of UEs do not support the RF band of the small cell), and hence continue with ongoing evaluations of other Het-Net mobility enhancement schemes.

4. Text Proposal

<start text proposal>
A discovery signal formed by legacy control channels (PSS, SSS, System information) is transmitted on the macro layer at the location of inter-frequency small cell. The UE identifies the discovery signal as a regular intra-frequency cell and reports the cell to the serving eNB according to the measurement configuration. The eNB can either immediately trigger a handover to the inter-frequency small cell (if the discovery signal is known to represent the coverage of the inter-frequency small cell) or request the UE to perform inter-frequency measurement. Note that the system infromation on the discovery signal can either be absent, or indicate a barred cell to prevent the UE from camping.
The detection of inter-frequency small cells using a discovery signals removes the need for continuous configuration of measurement gaps, and is hence beneficial to the UE peak rate and battery life. As it is not limited to prior visited cells, the use of discovery signals is a more scalable solution than UE autonomous search using proximity indication. Discovery signals also allow for rapid detection of small cells, as they can be measured continuously, unlike measurement gap based detection which has to wait for a gap to occur.

There are some deployment related considerations related to the use of discovery signals. The hardware cost and complexity of transmitting these signals from the small cell needs to be balanced with the improvement in small cell detection. 

The interference impact of the discovery signal on UEs also needs to be considered during deployment. For UEs that are outside the coverage of the small cell, this impact is mitigated since the discovery signal does not contain any traffic, and hence is a low energy signal. The impact can be further mitigated by appropriate transmit power setting of the discovery signal or by the use of advanced receiver algorithms in the UE to cancel the interference cause by the discovery signals. For UEs that are in the coverage of the small cell, the interference impact is immaterial as the UEs can be expected to be handed over to the small cel layer. However, if there are UEs that do not support the RF band of the small cell layer, there will be a negative impact as the UE moves into the coverage of the small cell. 

Overall, discovery signal based small cell discovery brings significant benefits to many deployments, but is not a universally applicable solution for all deployments.

<end text proposal>
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