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1 Introduction and Background
In the latest RAN1 meetings it has been found that a discovery signal is beneficial for the network and UE performance at least when being transmitted in the small cell "off" state. 

This contribution summarizes more use cases where the legacy signal performance is not sufficient and a discovery signal would give benefits. Also, an overview is given about the different solutions proposed by various companies.

Because there are many applications that benefit from a discovery signal and there also exist several proposed solutions to realize the discovery mechanism, it is proposed that a work item for small cell discovery should be started.     
2 Legacy detection performance

The legacy PSS/SSS based detection performance is shown TR 36.872 [1], the following table is copied out from section 7.2.1.1 of that document. It can be seen that only the strongest cell is detected with a high probability. Even when using 4 samples, the detection performance for the second and third strongest cells is rather poor.  

	Number of 
measurement
 samples for 
PSS/SSS
	
	Detection probability

	
	
	1st cell
	2nd cell
	3rd cell

	1 sample
	Source 1
	0.87
	0.38
	0.11

	
	Source 2
	0.86
	0.35
	0.10

	
	Source 3
	0.90
	0.32
	0.11

	
	Source 4
	0.96
	0.58
	0.25

	
	Source 5
	0.99
	0.55
	0.21

	
	Source 6
	0.97
0.99*
	0.89
0.95*
	0.75
0.88*

	
	Source 8
	0.99
0.99*
	0.87
0.95*
	0.55
0.74*

	
	Source 9
	0.93
	0.30
	0.04

	
	Source 10
	1.00
	0.71
	0.21

	2 samples
	Source 1
	0.97
	0.52
	0.17

	
	Source 2
	0.94
	0.52
	0.20

	
	Source 6
	1.00
1.00*
	0.97
0.99*
	0.92
0.96*

	
	Source 9
	0.97
	0.46
	0.11

	
	Source 10
	1.00
	0.80
	0.33

	
	Source 11
	0.95 
	0.54 
	0.27 

	4 samples
	Source 1
	0.98
	0.54
	0.22

	
	Source 2
	0.97
	0.54
	0.18

	
	Source 4
	0.99
	0.81
	0.55

	
	Source 9
	0.98
	0.55
	0.14

	
	Source 10
	1.00
	0.89
	0.50

	
	Source 11
	0.96 
	0.55 
	0.28 

	8 samples
	Source 1
	1.00
	0.62
	0.28

	
	Source 2
	0.99
	0.61
	0.20

	
	Source 3
	0.97
	0.50
	0.28

	
	Source 5
	1.00
	0.79
	0.63

	
	Source 7
	1.00
	0.94
	0.87

	
	Source 11
	0.99 
	0.57
	0.28


Table 1 - Detection performance with legacy PSS/SSS as summarized in [1]

3 Use cases that could benefit from the Discovery Signal
In the following sub-sections, different use cases that would benefit from a discovery signal are discussed. As a result of the following sub-sections, following observation is made:

Observation 1: Besides the fast activation time for small cell off-to-on, there are several other important use cases that benefit from an enhanced discovery mechanism. 
Small cell on/off

Using the legacy mechanism, the transition time from when the cell is activated until data can be sent to the UE is rather long [2]. The reason is that PSS/SSS and CRS are transmitted after the activation of the cell. First then, the UE can find the cell, measure and report the RSRP/RSRQ. 
When dormant cells transmit a discovery signal, the UEs are able to detect the off-state cells and can also perform RRM measurements. When data is available to the UE, it could be transmitted rapidly from the dormant cell,  the off-to-on transition time would be reduced compared to the legacy mechanism. Simulation results show (e.g. in [3]) that this gives an increased throughput gain compared to the always-on scenario.

CoMP

In CoMP two aspects can be distinguished. For both of them, the introduction of a discovery signal is needed.
1) CoMP of activated cells: For performance reasons, it is beneficial to have at least 3 cells in the CoMP measurement set [4]. As stated in section 2, the detection performance of the legacy mechanism is not good enough to detect sufficiently many cells. Therefore, a discovery signal is needed to detect more cells than what is possible with the legacy PSS/SSS mechanism. 

2) CoMP of active and dormant cells: CoMP can also be used as a fast method to switch on a dormant cell. If the dormant cell transmits a discovery signal, the UE can perform RSRP measurements and the network can include the dormant cell into the CoMP measurement set. Then, the network can set-up CSI-RS resources for transmission from the dormant cell and at the UE. After the first CQI report, data could be transmitted from the previously dormant cell. This method is not possible without a discovery signal being transmitted in the dormant state. With the legacy mechanism, the PSS/SSS/CRS are first transmitted after the activation of the dormant cell. Thus, in the legacy case, dormant cells cannot be included in the CoMP measurement set.
Observation 2: CoMP operation can benefit from discovering more cells than the legacy PSS/SSS can offer.
Observation 3: A discovery signal makes it possible for a dormant cell to be rapidly activated and included in the CoMP operation.  

Observation 4: A UE does not need to detect PSS/SSS/CRS of a cell to be able to receive/transmit data from it/to it, using CoMP.  
Load Aggregation
The legacy PSS/SSS mechanism only guarantees that the strongest cell will be detected by a UE as it is shown in section 2. 
With an enhanced discovery mechanism, the UE could be able to detect several cells. Then, the traffic can be concentrated into fewer cells and the other small cells can be turned off in order to mitigate inter-cell interference. In [5] it was observed that with load aggregation, the performance can be further enhanced in both dynamic and semi-static small cell operations.

Besides the interference mitigation, another beneficial aspect of load aggregation is the network energy saving which has been described in [6].
Energy efficient search for inter frequency small cells

In Small Cell scenario 2a, the overlaid macro and the small cells transmit on different frequencies. 

The Discovery Signal can be transmitted by the Small Cells on the Macro Cell frequency. Then, the UE does not need to perform inter frequency measurements to detect the Small Cells. This methods becomes very attractive especially when there are multiple Small Cell carriers that the UE should search on. With the legacy mechanism, the UE power consumption and cell detection time can become quite large. With the discovery signal being transmitted on the Macro frequency, both the PCI and the carrier frequency of the small cell can be identified by the UE. This is described e.g. in [8] and [9].      
4 Overview of enhanced discovery mechanisms
Candidate solutions for a Discovery Signal have been investigated by several companies, the results are found e.g. [1], [7] and [9]. Below some solutions are listed: 
· Network synchronisation and assistance

· PSS/SSS interference cancellation

· New discovery mechanism (e.g. based on CSI-RS, PRS or on CDS)

· Transmission of a DL-SS/RR at specific carrier

· Relaxed RAN4 requirement 
Observation 5: There exist several possible solutions to enhance small cell discovery with zero to moderate resource overhead and high detection probabilities.
5 Conclusion
Observation 1: Besides the fast activation time for small cell off-to-on, there are several other important use cases that benefit from an enhanced discovery mechanism. 
Observation 2: CoMP operation can benefit from discovering more cells than the legacy PSS/SSS can offer.
Observation 3: A discovery signal makes it possible for a dormant cell to be rapidly activated and included in the the CoMP operation.  

Observation 4: A UE does not need to detect PSS/SSS/CRS of a cell to be able to receive/transmit data from it/to it, using CoMP.  
Observation 5: There exist several possible solutions to enhance small cell  discovery with zero to moderate resource overhead and high detection probabilities.
Proposal: Besides the short activation time for small cells, there are several other important use cases that benefit from the introduction of a Discovery Signal. Also, it has be shown that there exist several candidates to realize the mechanism. It is proposed that a Work Item for small cell discovery should be started.
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