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In RAN1#76, the issues related to small cell discovery signal are discussed, and the agreements are as following:
· In the enhanced cell discovery procedure, UE can assume multiple signals are transmitted
· UE can assume transmission of PSS (identical to the Rel-8 waveform) at least for coarse time synchronization
· Which other signal(s) the UE can assume are transmitted is FFS
· Possible candidates are one or more instances of SSS, CRS, CSI-RS, and PRS
· Which signals are useful for which purpose is FFS
· In addition to purposes given by the WID, cell multiplexing capability, UE power efficiency, and impact to legacy UE’s measurement can be considered when discussing candidate solutions
· Rel-12 discovery procedure is configured only for RRC_CONNECTED UEs
· FFS: Network assistance is provided to UEs for performing enhanced cell discovery. The information provided includes at least timing related information of discovery signal(s)

· Network assistance related to at least timing associated with discovery measurement is provided to UEs for Rel-12 discovery procedure
· It does not mean that DRS-based measurement reporting based on autonomous UE detection is precluded 
· Accuracy of timing considered for network assistance will be defined by RAN4
· FFS: What is timing information associated with discovery measurement
· FFS: Other information provided

· Followings can be considered as candidate signals for each purpose
· For coarse time synchronization:
· Candidate signals are PSS, PSS/SSS, PRS
· For coarse frequency synchronization:
· Candidate signals are PSS, PSS/SSS, CRS, CSI-RS, PRS
· For cell/transmission point identification:
· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS
· For RSRP measurement:
· Candidate signals are PSS/SSS, CRS, CSI-RS, PRS
· For received signal quality (RSRQ) measurement:
· FFS: Whether RSSI can be measured by symbols including discovery signals or symbols not including discovery signals
· For any of above purposes, Tx-side enhancement, e.g.,  muting and utilizing multiple instances, and/or Rx-side enhancement, e.g., interference cancellation, can be considered
· UE can utilize a combination of discovery signals for any of above purposes

· In addition to evaluation assumptions in SI, following evaluation assumptions can be considered to down select candidate signals
· Propagation delay between a cell and UE should be considered in the evaluations
· At least top (3) small cell within Y dB RSRP gap should be detectable
· Values of Y will be given in the evaluations
· Initial time/frequency offsets are assumed within +/- 2.5 ms and within +/- X ppm
· Value of X will be given in the evaluations
· For cell identification
· The signal should be able to achieve over 90% detection probability for all detectable small cells
· For RRM measurement
· The signal should be able to achieve comparable RSRP measurement performance to legacy CRS-based RSRP for all detectable small cells
In this contribution, we mainly discuss the remaining issues related to small cell discovery signal design and corresponding signaling.
[bookmark: _Ref129681832]Discovery signal design
With the super dense deployment and dynamic on/off of small cells, the cell identification ability for a specific UE should be improved for efficient cooperative operation. In legacy releases, the cell identification procedure is based on PSS/SSS and composed of two steps. The first step is to identify one specific physical layer identity in the ranges from 0 to 2 by PSS; and the second step is to confirm one physical layer cell identity group index within the ranges from 0 to 167 by SSS. By combing the two steps, the cell ID can be identified within the ranges from 0 to 504.
There have been several discovery signal design methods proposed during the small cell SI, such as the ones with CSI-RS, PRS based solutions, the cluster common discovery signal, as well as the companion discovery signal in addition to the traditional discovery signal. For CSI-RS and PRS based solutions, orthogonal time frequency resources are allocated to different cells to mitigate interference. Consequently, the resource overhead is increased. Cluster common discovery signal forces all the cells within the same cluster to transmit same discovery signal in a time frequency synchronized way for a specific UE. It is hard for a UE to identify any specific cell. As to the companion discovery signal which makes use of the 10 boundary subcarriers, it ruins the guard subcarriers to tolerate interference and coarse synchronization.
Considering resource consumption and backward compatibility, code domain enhancement based on legacy synchronization signal is more attractive. In subsequent sections we will introduce how to use OCC to enhance secondary synchronization signal and provide performance evaluation results.
At the transmitter side, in addition to the legacy processing, an OCC enhanced processing is added to the secondary synchronization signal sequence. Different sequences are allocated to different small cells to further differentiate the cell IDs. At the receiver side, there is an additional process to identify the OCC sequence, and then to identify the cell ID. The association between OCC sequence and cell ID can be configured to the UE in advance to ease the decoding effort. Without explicit configuration, blind decoding can be adopted. Based on the correlation result, the OCC sequence can be judged. To get the diversity gain, pre-processing is necessary to make the signal to be combined the same. With different OCC sequences allocated to different small cells, mutual interference can be mitigated.
With the OCC enhanced secondary synchronization signal, if necessary, more cells can be multiplexed with different OCC sequences even with the same SSS m-sequence index. To maintain backward compatibility, macro cell can serve the legacy UEs with the all "+1" OCC configuration.
Performance evaluation
The detected small cell number is simulated under small cell scenario 2a. Whether a specific small cell can be detected or not depends on the SINR after processing. The detailed simulation parameters are shown in the annex. The simulation results with legacy SSS and OCC enhanced SSS are shown in Fig 1.
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Fig 1 Performance comparison of different SSS methods
The number of detected small cells has increased dramatically with the OCC enhanced secondary synchronization signal. Considering the dense deployment of small cells and measurement in the off state, the OCC enhanced secondary synchronization signal is very attractive.
Considering the cell multiplexing capability, cell identification ability, resource consumption, complexity and impact to legacy UEs, we propose to consider this OCC enhanced secondary synchronization signal for cell identification.
Proposal 1:
· Consider the OCC enhanced secondary synchronization signal for cell identification.
Necessary signaling
To make the whole system work efficiently, the macro cell should configure a specific UE the time-frequency-code domain resources used by surrounding small cells to assist the cell discovery procedure [7]. Meanwhile, macro cell should also configure small cells in its coverage area specific time-frequency-code domain resources indicating specific cell IDs to avoid collisions within its coverage area and harvest the gain of local resources planning. Hence, signaling overheads on the access link and backhaul link are necessary.
Proposal 2: 
· Consider signaling to indicate the concrete time/frequency/code resource on the access link and backhaul link.
Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we analyzed the characteristics of discovery signal considering the dense small cell deployment and dynamic on/off, introduced an OCC enhanced secondary synchronization signal for cell identification, and our proposals are as following:
Proposal 1:
· Consider the OCC enhanced secondary synchronization signal for cell identification.
Proposal 2: 
· Consider signaling to indicate the concrete time/frequency/code resource on the access link and backhaul link.
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Annex
· Simulation assumptions
	Parameter 
	Value 

	System bandwidth 
	10 MHz 

	Simulation scenario 
	SCE2a 

	Number of UEs per sector 
	60 

	Channel model 
	Macro UMa, Pico UMi 

	Number of clusters per sector 
	1 

	Number of picos per cluster 
	10 

	Detection method 
	Remove the interference with different OCC code before sequence correlation comparison 

	UE distribution 
	2/3 within the cluster area, 1/3 within the macro coverage
80% indoor, 20% outdoor 

	UE noise figure 
	9 dB 

	Detection SINR Threshold 
	-6dB 

	Transmission power 
	Macro:46dBm
Pico:30dBm

	OCC code 
	g0 = (-1,-1,+1,+1);
g1 = (+1,+1,+1,+1)
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