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1. Introduction
Efficient small cell operation is one major task of physical-layer aspects of small cell enhancements which includes mechanisms for interference avoidance and coordination among small cells, and for efficient discovery of small cells [1]. In this contribution, we will discuss the motivation for small cell discovery enhancement and potential candidate improvements, e.g. new/modified discovery signal and mechanisms. 

2. Discussions

The enhancement of small cell discovery should start from confirming whether existing discovery signals, including synchronization signals and cell-specific reference signals and mechanism could efficiently work in new small cell scenario. If critical problems are identified, new discovery RS or existing RS with modified mechanism should be studied. 

2.1 The motivation for small cell discovery enhancement
Both dense and sparse deployment of small cell should be considered when studying small cell discovery. In dense deployments, UE should be able to detect and measure a large number of small cells within a limited time to make the best use of the offloading opportunity of small cells. It puts a heavy burden on both intra-frequency measurement as well as inter-frequency measurement if small cells work on a separate frequency band or small cells are configured with multiple carriers. Otherwise, there would be a larger time delay or more frequent interruption which could significantly reduce the offloading gain of small cells. Thus, it is necessary to consider new mechanisms, e.g. configured/triggered measurement, longer periodic measurement or new discovery signals to simplify the discovery and measurement procedure. ..  
[image: image1.png](K)

¥ 8 7

Detect single or few small cells in Rel-11



       [image: image2.png]((e)

5
by ety iy it

Detect tens of small cells in Rel-12




Fig 1. Heavy burden of cell discovery for dense small cell scenario
Another reason to enhance the small discovery is the interference issue. Since the location of PSS and SSS is fixed, the sequence of these synchronization signals from all small cells are different but the time-frequency domain resources may collide. As a result, the interference between synchronization signals from adjacent small cells could be quite serious especially for dense deployments. Fewer cells could be detected due to poor SINR [2]. For CRS, though the pattern could be shifted supporting different orthogonal CRS for up to 6 cells, the shift is not sufficient for a large number of small cells in dense deployments.  

2.2 Potential solutions for more efficient discovery 
The synchronization between different small cells at least between small cells within the cluster could benefit efficient discovery and interference avoidance and coordination. Synchronization and co-ordination of UL DL configurations is even more important for TDD systems to avoid the inverse link interference. Therefore, we should investigate small cell discovery enhancement with the assumption of synchronized cells at this early stage.
Considering the coverage of each small cell or even of a small cell cluster is limited, it could be reasonable to assume same rough synchronization for all small cells within the cluster. With this assumption, a two-level synchronization mechanism could be considered to accelerate the cell identification process. For example, a UE could identify a cluster as a first step and then distinguish small cells within the cluster. Similar to CoMP scenario 4, PSS/SSS for each small cell within the cluster could be the same and jointly transmitted from all small cells. Something like cluster ID could be introduced and the sequence of PSS/SSS could be generated according to the cluster ID, which would avoid inter-cell interference within the cluster. By decoding PSS/SSS, a UE approaching a small cell cluster could get the knowledge of the cluster ID and also rough synchronization. Then, a cell-specific discovery signal would aid the UE in further identifying a single small cell within the detected cluster. Virtual cell ID could be introduced and the cell-specific discovery signal is generated according to the virtual cell ID (unique within at least a cluster). The available virtual cell IDs could have an upper limit like the existing PCIs. In this case, a UE could run through all possible virtual IDs to distinguish the small cells in a cluster. Or the set of virtual IDs of the small cells of the cluster could be provided to the UE before the UE entering the small cell cluster to accelerate the UE in identifying the small cells, e.g. the virtual IDs list could be provided by macro cell if the small cell cluster is under the coverage of macro cell and the UE has already connected to the macro cell or by the serving small cell. 
Proposal 1: A two-level synchronization mechanism could be considered to accelerate the cell identification process. A cluster-specific PSS/SSS is jointly transmitted from all small cells within the cluster while a cell-specific discovery signal is unique for each small cell. 
The design of the new cell-specific discovery signal should take the small cell energy efficiency, cell detection performance and the effect on legacy UE into account. 
To improve network energy, it is benefit to turn small cell into dormant mode when no UE is served by the cell. In the dormant mode, only few signals are transmitted with long period to support UEs to detect the existence of the nearby small cells. There is a tradeoff between energy efficiency and cell discovery performance. Longer period is desirable to save more energy while more frequent transmission of discovery signal is favorable for timely discovery of nearby cells. Thus, both energy efficiency as well as detection time should be included as the performance metrics for small cell discovery evaluation. 
In non-dormant mode, the optimal design of discovery signal could be different. However, one common discovery signal and mechanism is desirable to simplify the specification and UE behaviors. 
If a new discovery signal is to be introduced, the signal modified from a legacy signal, e.g. CRS sparsely transmitted in time domain which has already been discussed in NCT, should have higher priority than totally newly designed signal. Since the possibility for legacy UEs to access a small cell is desirable for small cell deployment [3], the new discovery signal should not exert much effect on legacy UEs. 

Proposal 2: The design of a new cell-specific discovery signal should take the small cell energy efficiency, cell detection performance and the effect on legacy UE into account. The performance metrics of small cell discovery evaluation should reflect these factors. 
3. Conclusions

In the contribution, we discuss the motivations for enhancement of small cell discovery. We come to the conclusion that the existing discovery signal and mechanism can be significantly improved to support small cell discovery especially for dense deployments. Then, we propose potential candidate improvements and some consideration on the simulation evaluation.  
Proposal 1: A two-level synchronization mechanism could be considered to accelerate the cell identification process. A cluster-specific PSS/SSS is jointly transmitted from all small cells within the cluster while a cell-specific discovery signal is unique for each small cell. 

Proposal 2: The design of a new cell-specific discovery signal should take the small cell energy efficiency, cell detection performance and the effect on legacy UE into account. The performance metrics of small cell discovery evaluation should reflect these factors. 
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