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1
Introduction

At RAN#58 meeting, a new SI of small cell enhancements was agreed [1]. One of the objectives of the SI is,

· 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 discuss small cell discovery areas worth studying further.
2
Discussion

It was agreed in RAN1#72bis to firstly evaluate how legacy cell discovery signals including PSS/SSS/CRS perform in small cell scenarios, especially for the dense small cell deployments. The metrics to be investigated are besides UE power consumption mainly whether current number of supported PCIDs is still sufficient, whether the detection performance could still fulfil the requirement of cell detection [2], and whether the UE could detect available small cells in a timely manner to ensure efficient offloading.  

Independently on the conclusions of the discovery signal type (PSS/SSS/CRS or new discovery signals), it is also beneficial in this stage to discuss other important aspects worth being considered and further studied. In the sections below, we discuss such areas with respect to small cell discovery.

2.1
Macro-assistance for small cell discovery
Macro-assisted small cell discovery has been proposed as one of the methods to be considered as a potential small cell enhancement, promising improvements in several cell detection areas. Among others, RAN3 have previously investigated possible network based methods for a small cell to detect if there are nearby macro-UEs, as well as related inter-eNB signalling between macro and small cells [4,5]. The methods investigated by RAN3 do not require any physical layer specification updates, only enhancements for information exchange between macro and small cell.  

It should be noted that the macro-assistance would not just be available for a new discovery signal but it can be in a similar way deployed on top of the current PSS/SSS/CRS mechanisms by providing the UE with information on Cell_ID, timing etc. Macro-assistance in combination with current discovery signals might be able to provide improvements as well and therefore should also be studied.

Proposal 1: Consider in the studies also macro-assistance on top of current cell discovery mechanisms (i.e. PSS/SSS/CRS).

2.2
Discovery of small cell in dormancy
Based on the discussions at RAN1#72bis, eNB dormancy is to be discussed in RAN1 in relation to potential small cell enhancements. The small cell could be in a dormant state (i.e., suspend transmission) if there is no any traffic to be served within the cell, thus saves eNB power consumption. Moreover, turning the small cell to dormant state also reduces the interference produced to the neighbour cell.
Depending on the specific considered small cell dormancy solution, a small cell in dormant state could periodically transmit the discovery signal to enable the UE to detect also the small cell in dormant state. The periodicity of the discovery signal (including the current discovery signals) in dormant state could be similar as in case of legacy (i.e. 5ms periodicity) or alternatively increased to long(er) periods, which would improve the potential small cell power savings. The discovery signal periodicity in dormant state will need to be carefully studied in terms efficient operation from network and terminal point of view. 
Proposal 2: Studies are needed on small cell discovery supporting eNB dormancy, taking specifically also the UE power consumption into account. Feasibility of utilizing existing discovery signals, i.e. PSS/SSS/CRS, for this purpose should be considered with highest priority.

2.3
Discovery considering UE power saving
One main motivation of small cell discovery enhancements is the aspect of UE power consumption. It should be noted that in RAN2 WI on HetNet Mobility, enhancements are also focusing on minimizing UE battery consumption. The corresponding scenario is the Macro assisted small cell scenario with different frequency carriers deployed in Macro layer and small cell layer, in which case the UE may be configured to conduct continuous inter-frequency cell identification and measurement, even when there are no small cells in the vicinity of the UE. This causes the UE power drain quickly. However, it should be noted here that there are already a number of solutions discussed in RAN2 HetNet Mobility WI [3]. 

Duplication of work and “double/competing feature design” in RAN1/RAN2 to improve the small cell discovery and mobility process in terms of UE power savings should be prevented. Moreover, aspects related to UE discovery requirements are clearly in the scope of RAN4 work, and duplication here is to be prevented as well. This leads us the to following suggestion: 

Proposal 3: RAN1 should focus only on RAN1 specific aspects of UE power savings, taking the ongoing RAN2 studies into account.
3
Conclusion

Based on the discussions in this contribution on small cell discovery in RAN1, we have the following proposals:

Proposal 1: Consider in the studies also macro-assistance on top of the current cell discovery mechanisms (i.e. PSS/SSS/CRS).

Proposal 2: Studies are needed on small cell discovery supporting eNB dormancy, taking specifically also the UE power consumption into account. Feasibility of utilizing existing discovery signals, i.e. PSS/SSS/CRS, for this purpose should be considered with highest priority.
Proposal 3: RAN1 should focus only on RAN1 specific aspects of UE power savings, taking the ongoing RAN2 studies into account.
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