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1 Introduction

One item in the feasibility study of LTE small cell enhancement [1] is mechanisms for efficient discovery of small cells and their configuration.    Three alternatives of signal design for small cell discovery were proposed in the way forward [6] in RAN1#72bis as follows,      
· Option 1: PSS/SSS/CRS based approach

· Option 2: Modification of legacy SS/RS based approach

· Option 3: New discovery signal based approach
The evaluation methodology and performance metrics for small cell discovery based on WF in [7] were discussed through the email reflector after RAN1#73 and agreed in [6].   This paper discusses general system design considerations for small cell discovery.   
2 System Design Considerations for Small Cell Discovery
The design considerations for signals suitable for small cell discovery are the unique identity of small cell with minimized cell ID collision probability,  high processing gain for fast acquisition at low SINR, legacy UEs support, and system overhead and complexity.  
· Considerations of unique identity of small cell with minimized collision probability - The two-stage synchronization channels design  of PSS/SSS for cell discovery/search in current LTE system for cell discovery has the following features:
· Large number of available cell IDs with reduced number of hypotheses testing - current LTE system supports 504 cell IDs from the combination of 3 distinct PSS sequences and 168 distinct SSS sequences.   Each distinct sequence requires one hypothesis testing.   Two-stage PSS/SSS design would only require 171 hypotheses testing in total to support 504 cell IDs compared to 504 hypotheses testing with single stage discovery signal design.    
· Implicit derivation of cyclic prefix length - Using both PSS and SSS transmission timing, the UEs can determine the symbol length, from which they can derive whether the normal cyclic prefix length or extended cyclic prefix length is used for DL transmission.    Once the cell ID is detected, the UE can fine tune the received timing using the CRS, whose RE locations are also based on cell ID.

One concern of small cell discovery is whether the number of cell IDs is sufficient for dense small cell deployments, where cell IDs are not well planned.    The probability of a UE detecting two cells with same cell ID (cell ID collision) is very small if the small cell IDs are different than the macro cell ID as shown in Figure 1.   The other concern of small cell discovery is the possibility of small cell detection in the dormant state.   If a small cell is in dormant state, it could still wake up for a short period of time and transmit PSS/SSS/CRS for UEs to discover and go back to dormant state if no UE access requests.   This dormant state and active state for interference mitigation and energy saving is similar to DRX cycle for UE’s energy saving.  

Proposal 1: The principle of two-stage PSS/SSS design should be retained for small cell discovery.    

· Considerations of high processing gain for fast acquisition at low SINR -For PSS/SSS design in the current LTE system, the length 63 Zadoff-Chu sequence for PSS was selected mainly because of the benign autocorrelation property of Zadoff-Chu sequences to allow UEs to detect the coarse timing of DL transmission at low SINR.   The three selected Zadoff-Chu root sequences also have a good cross-correlation property.   Maximum length (ML) sequence was selected for SSS due to its property of low cross-correlation among ML sequences and flat frequency spectrum.  The processing gains of PSS and SSS are sufficiently large and allow UEs to discover the cell at low SINR.   Additional PSS/SSS interference cancellation has been part of Rel-11 UE capabilities to support PSS/SSS detection at even lower SINR up to -9 dB.   
Proposal 2: The sequence design of PSS/SSS should be retained for small cell discovery. 

· Considerations of Legacy UE support – The motivation of dense small cell deployments is to increase capacity and provide services to large numbers of UEs.  In the initial deployments of Rel-10 small cells, more than 90% of LTE UEs in the field are Rel-8/9 UEs.  Thus, it is important to consider the impact to legacy UEs for any change to the small cell discovery signal design.   If a completely new small cell discovery signal or other RS were to be the  only mechanism available for small cell discovery, legacy UEs would not be able to detect new small cells, and the new small cells would become non-backward-compatible.  Rel-12 small cells could only serve Rel-12 UEs with new small cell discovery capability.   The benefit of Rel-12 small cells would not be shown until majority of UEs are Rel-12 and beyond.  

Proposal 3: PSS/SSS is the only candidate for small cell discovery that is backward compatible to support legacy UEs. 

· Consideration of system overhead and complexity -  The other possibility for supporting legacy UEs is to transmit both legacy PSS/SSS and a new small cell discovery signal.  Legacy UEs could detect the small cell from PSS/SSS and Rel-12 and beyond UEs could detect the cell from the new discovery signal.   This would, however, result in additional overhead and operational complexity.   
Proposal 4: For system overhead and complexity considerations, new discovery signals other than PSS/SSS are not supported.      
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Figure 1: Small Cell Discovery in Dense and Sparse Small Cell deployment Scenarios
In summary, current PSS/SSS design is the best candidate for small cell discovery signals from the considerations of unique cell ID, small cell detection at very low SINR, support of legacy UEs, and low overhead. 

3 Conclusions

In this paper, we discuss the different options for small cell discovery.  
The current PSS/SSS design is the best candidate for small cell discovery signals from the considerations of unique cell ID, small cell detection at very low SINR, low overhead, and importantly backward compatibility so the small cells can support legacy UEs. 
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