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1
Introduction
In this contribution, we discuss discovery signal in case of hyper dense small cell deployments, where large number of small cells is deployed within coverage of a macro cell. We consider the challenges that come with such deployments and propose mechanisms to be studied for more efficient cell discovery mechanism.  
2
Hyper dense deployment of small cells
Hyper dense deployment of small cells could potentially provide significant capacity gain compared to traditional macro/pico deployment where relatively limited number of pico cells (approximately 4-10) are deployed within coverage of a macro cell. A hyper dense network example is illustrated in Figure 1. These small cells can be deployed in a planned manner or unplanned manner (through SON functionality). 
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Figure 1: Hyper dense network example.

Having large number of cells can provide significant increase in available network capacity. However, these deployments can create challenging radio environment and it is necessary to study whether physical layer enhancements are needed [1]. We discuss the interference issues in [2] and in this contribution focus on discovery. 

3
Discovery mechanisms
In order to enable efficient operation of small cells, as discussed in [2], we see opportunistic activation of small cells and cell dormancy important features in order to address mobility and interference issues and control network and UE power consumption. We described in [2] a mechanism how dormant eNB that does not transmit DL signals can detect presence of a UE by monitoring UL transmissions. However, in order to manage radio resources properly, it is necessary that the network receives measurement report from the UE. In order to enable UE measurement reports, it is necessary that eNB transmits DL sync and reference signals. 

We see opportunistic cell activation and cell dormancy as two step process. UL transmissions can be utilized to trigger a an eNB to transition from a dormant state in a TX off mode, where DL signals are not transmitted into another dormant state mode referred to as Discontinuous Transmission (DTx), where DL sync and reference signals are transmitted with reduced periodicity. For example, UL transmissions can be utilized to identify hot sports and where eNBs would be configured to transmit overhead (sync and reference) signals with lower periodicity. UE would then be ebale to detect and report cells in DTx mode and the network would be able to make a quick decision on whether to activate an eNB or not. 

3.1 eNB DTx mode 

The main idea behind DTx mode is that eNB transmits sparse overhead signals and channels that contain sufficient information for RRC_CONNECTED UE to detect, measure and report neighboring dormant cells to a serving cell. The overhand channel transmission for a given cell would occur in bursts:

· PSS/SSS/CRS and MIB/System Information (SI) transmitted in N ms bursts every M ms with L ms offset (compared to serving cell)
· Waveform identical to Rel-8 waveform with a burst 

· N, M, L configured by serving active cell

In order to uniquely identify a potentially large number of dormant small cells within coverage of a relatively large macro, it may be necessary to uniquely identify a dormant small cell as Physical Cell ID (PCI). For that reason, it may be necessary that dormant eNB broadcast its Cell Global Identity (CGI).
Proposal 1: Consider low duty cycle burst transmissions of existing sync and reference signals for small cell discovery as a baseline.
Proposal 2: Dormant eNB in DTx mode should be able to transmit CGI.

Reduced density for the sync and reference signals is necessary in order to avoid interference issues when large number of small cells is deployed in a small geographical area. Transmission of Rel-8 legacy sync and reference signals in bursts (DTx mode) addresses potential interference issues with minimal impact to the eNB and UE implementation. An alternative approach to small cell discovery would be to consider signals (potentially) defined for discovery under D2D agenda item [3]. 
3.2 eNB transition from dormant to active

The UE procedure for detecting, measuring and reporting dormant cells is not significantly impacted compared to Rel-11 under DRx mode. The only difference is that subframes where UEs performs cell search are deterministic and signaled by the network as opposed to left for UE implementation and governed by the DRx procedure. SFN synchronization (with or without SFN offset) is a requirement on the network side since the serving cell needs to be able to configure a UE with overhead burst occasions of the neighboring cells.

We illustrate the eNB transition from dormant to active state on a call flow in Figure 2. RRC_CONNECTED UEs perform measurements of neighbouring cells at burst locations. Upon reporting, serving macro cell may activate reported dormant and handover all RRC_CONNECTED UEs in the coverage of the activated dormant cell to the activated dormant cell. 
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Figure 2: eNB transition from dormant to active.
4
Conclusions 
In this contribution, we discussed the discovery mechanisms for efficient small cell operation. We propose that as a baseline we consider burst transmission of Rel-8 sync and reference signals. 
Proposal 1: Consider low duty cycle burst transmissions of existing sync and reference signals for small cell discovery as a baseline.
Proposal 2: Dormant eNB in DTx mode should be able to transmit CGI.
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