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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 discovery procedure for more efficient cell discovery.  
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 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 define physical layer enhancements. We address the interference issues in [1] with a proposal to enable fast cell on/off functionality and in this contribution focus on discovery. 

3
Discovery mechanisms
In order to enable efficient operation of small cells, as discussed in [1], we see opportunistic activation of small cells and fast cell on/off important features in order to address mobility and interference issues and control network and UE power consumption. We described in [1] a mechanism for fast cell on/off feature. In order to enable fast on/off it is necessary for the UE to detect, measure and report an “off” cell. Therefore, a cell in “off” state needs to transmit a “discovery signal” so that UE can detect, measure and report it to the network.
3.1 Fast cell on/off mode 

The main idea behind fast cell on/off 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. Our proposal is that the overhand channel transmission for a given cell would occur in bursts that occur less frequently than in Rel-11:

· PSS/SSS/PRS 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 within a burst 

· N, M, L and the bandwidth of the PRS 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 an “off” cell transmitting a discovery signal with its Physical Cell ID (PCI). For that reason, it may be necessary that a cell in “off” state supporting fast cell on/off procedure broadcasts its Cell Global Identity (CGI).
Proposal 1: Adopt low duty cycle burst transmissions of existing sync and position reference signals for small cell discovery.
Proposal 2: If deemed necessary, Scell in “off” state should be able to transmit CGI.

If the discovery subframe does not contain CGI information then the eNB in “off” state does not transit CRS in the discovery subframe (only PSS/SSS and PRS). The cells in “on” state transmit or omit CRS according to their MBSFN configuration applicable to the discovery subframe. 

Reduced density for the sync and position 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 addresses potential interference issues with the minimal impact to the eNB and UE implementation. RRM measurements of the cells in “off” state would be based on PRS.
We propose to utilized PRS due to the fact that the number measurement occasions will be reduced (PSS/SSS/PRS will be transmitted only every M ms, where typical value for M could be around 80 ms or more) compared to CRS transmissions in Rel-8/11. RS density of PRS is higher than CRS and given lower periodicity, PRS is preferred in order to guarantee measurement accuracy. For the same reasons, we strongly suggest not adopting CRI-RS, as it can be seen from [2], the measurement accuracy that can be achieved with CSI-RS is not adequate for RRM measurements. 

3.1.1. Impact on legacy UEs

Our proposal for fast cell on/off feature is described in [1]. As indicated in [1], fast cell on/off should be introduced on Scell only. This is primarily due to the fact that legacy UEs will not be able to deal with fast cell on/off procedure. While we do not envision legacy UEs utilizing a cell with fast on/off feature, we do believe that legacy UEs may be operating on the same frequency layer and be served by neighbouring cells that do not turn on and off in a fast manner.  Therefore, we considered as important the impact on the legacy UEs in the neighbouring cells that may detect synchronization signal from eNB in an “off state”.
Due to reduced periodicity of PSS/SSS, however, legacy UEs will not be detecting cells in an “off” state on a regular basis. “Accidental” discovery would only occur if the legacy UE is in close proximity of a cell in “off” state and PSS/SSS is very strong, which will not be common scenario for a neighbouring cell. Even if a sync signal from a cell in “off” state is detected, before UE reports the cell, UE needs to conduct RRM measurements based on CRS. Given that CRS will not be present, RSRP measurements are not likely to result in measurement reporting such triggers such as event A3 are not likely to be met. Given the analysis above, we do not perceive any significant impact on the legacy UEs with the proposed design. 
Observation: If reduced periodicity for PSS/SSS with PRS is adopted for small cell discovery signal, there is no significant impact on the legacy UEs even if they operate on the same frequency layer. 
3.2 Cell discovery performance using PSS/SSS

In this section, we illustrate the performance gain that can be achieved if PSS/SSS IC techniques are utilized (standardized in Rel-11) compared to the baseline Rel-8 receiver. Figure 2 and Figure 3 summarise PSS/SSS performance given the simulation methodology specified in [3]
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 \* MERGEFORMAT [4]. Performance of PSS/SSS with interference cancellation (IC) is compared to the scenario where PSS/SSS IC was not utilized. In these simulations, single PSS/SSS burst is considered and top 16 cells are selected. As it can be seen from the figures, utilizing PSS/SSS IC allows the UE to discover significantly more cells than when PSS/SSS IC is not utilized. As it can be seen from the figures, with PSS/SSS IC even single burst transmission is sufficient for satisfactory cell search performance. For a consider scenario (cluster of 10 small cells according to [3] and single burst transmission), 93% of the UEs can discover at least 3 cells, while median number of discovered cells is 4.7. 
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Figure 2: Number of detected cells vs RSRP with and without PSS/SSS IC (1 burst).
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Figure 3: CDF of the number of detected cells (1 burst)
Proposal 3: PSS/SSS IC techniques should be utilized for enhanced cell discovery mechanism. 

4
Conclusions 
In this contribution, we discussed the discovery mechanisms for efficient small cell operation. As a discovery signal for Scells in “off” state low duty cycle burst transmission of Rel-8 sync and position reference signals is adopted. 
Proposal 1: Adopt low duty cycle burst transmissions of existing sync and position reference signals for small cell discovery.
Proposal 2: If deemed necessary, Scell in “off” state should be able to transmit CGI.

Observation: If reduced periodicity for PSS/SSS with PRS is adopted for small cell discovery signal, there is no significant impact on legacy UEs even if they operate on the same frequency layer. 

Proposal 3: PSS/SSS IC techniques should be utilized for enhanced cell discovery mechanism. 
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