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1. Introduction
At the RAN1#74 meeting, the following summary on small cell discovery was agreed upon according to evaluations and analyses presented by many companies during the SCE SI [1]:

As a conclusion, enhancement of small cell discovery would be beneficial at least when small cell on/off is supported. In addition, fast and efficient discovery of small cells provides benefits for inter-frequency measurement.

Efficient small cell discovery procedures can be achieved by enhancing the transmission and/or reception of existing SS/RS, including that of PSS/SSS/CRS, CSI-RS, and PRS.
In addition, the following candidate solutions for the enhancement of small cell discovery were described in  Section 7.2.2 in TR36.872 [2].
· PSS/SSS interference cancellation

· Burst transmission of DL-SS/RS

· Network synchronization and assistance

· New discovery mechanism

· Transmission of DL-SS/RS at specific carrier

· Relaxed RAN4 requirement

From the perspective of UE behavior, intra-frequency small cell discovery and inter-frequency small cell discovery using a measurement gap should be separately discussed since the requirements for intra- and inter-frequency cell identification in the current specification are different [3] and issues pertaining to intra- and inter-frequency small cell discovery in SCE scenarios would be different.
In this contribution, we discuss efficient intra-frequency small cell discovery. First we present our views on target requirements for efficient intra-frequency small cell discovery and then discuss the applicability of the above solutions for enhancement to satisfy the target requirements. We also have a separate contribution for efficient inter-frequency small cell discovery [4].
2. Target Requirements
A UE performs intra-frequency small cell discovery when the UE is connected to a small cell layer and searches for neighboring small cells on the same frequency of the serving small cell. As we argued in [5], there are many possible usage scenarios in which non-best small cells are discovered and used by a UE, especially in a dense small cell deployment. In order to establish a performance gain from using the non-best small cells, some evaluation results are shown in the Annex in addition to our previous contributions [6], [7].
In terms of the throughput gain, the target number of detectable cells should be considered based on the RSRP gap between the best small cell and the non-best small cells. This is because a throughput gain from using a non-best small cell that has a large RSRP gap compared to that from the best small cell would be marginal in general.
However, in the following usage scenarios there are benefits to discovering multiple small cells irrespective of the RSRP gap.
· Future MDT and location-based services with small cells

Minimization of drive tests (MDTs) would be very useful for future dense small cell deployments in which reducing the operation cost would be quite important. Needless to say, the operation cost increases as the number of cells increases in general. Detecting multiple small cells for MDT could provide the following benefits.
· Fine location information 

· based on information for many surrounding small cells

· For example, two or three surrounding cell RSRPs could improve location accuracy, although it may not be as accurate as OTDOA.

· It is noted that power-efficient small cell discovery would be more attractive than GPS or OTDOA in terms of power consumption.
· even in indoor environments, where GPS is not available

The above fine location information based on power-efficient small cell discovery would be useful for location-based services, which would also be attractive for operators. For example, proximity-triggered advertisement/marketing services are possible applications based on the location information using small cells.
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Figure 1 – Future MDT for dense small cell deployment

· Multi-carrier operation for small cells with a specific carrier for discovery
The transmission of SS/RS on a specific carrier is beneficial to relax the UE effort for inter-frequency small cell discovery in a multi-carrier operation scenario, as shown in Fig. 2. This scenario is a possible scenario for small cell discovery. The UE would need to detect/measure multiple small cells on CC#1 in this case because a non-best RSRP small cell on CC #1 would be the best small cell on another carrier in terms of the RSRQ or SINR due to ICIC operations.
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Figure 2 – Multi-carrier operation for small cells with specific carrier for discovery

· Load aggregation (Small cell on/off) for NW energy savings
Figure 3 shows the load aggregation for NW energy savings. Although Cell #1 is the best RSRP small cell for UE #1 and UE #2, the NW decides to turn off Cell #1 and to move UE #1 and UE #2 to Cell #2 and Cell #3, respectively. In terms of throughput performance, this load aggregation, i.e., turning off Cell #1, should be done only when the interference from Cell #1 to other UEs is more dominant than the RSRP gap between Cell #1 and other cells for UE #1 and UE #2. However, in terms of NW energy savings, turning off Cell #1 is beneficial even if UE #1 and UE #2 are very close to Cell #1. Therefore, to actualize this load aggregation operation, a UE must discover non-best small cells that have a sufficient RSRP level.
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Figure 3 – Load aggregation for NW energy savings
· CSG small cell operation

A non-CSG UE may need to discover surrounding accessible small cells even in the center of a CSG small cell area. It is noted that CSG-cell interference to non-CSG UE’s data channels (ePDCCH/ PDSCH) can be mitigated by ICIC technique, and that if non-best cell discovery is realized by efficient small cell discovery, operators could provide CSG cells in more efficient manner than in conventional (R8/ R9) CSG operations.
Considering the above attractive scenarios, we propose the following target requirement for efficient intra-frequency small cell discovery.

Proposal 1: The top 3 small cells with sufficient RSRP level should be detectable for efficient operation in SCE scenario.
· Detection probability for the above target small cells should be over 90%.
· Target of the minimum RSRP level is FFS, but it should be sufficiently larger than the side condition for the existing RSRP/ RSRQ accuracy requirements.

· RSRP measurement accuracy for the above target small cells should be comparable to the accuracy of legacy measurements.
· Considering the scalability for future super-dense deployment, detectability for more than three small cells is preferable.

As summarized in Section 7.2.1.1 in TR36.872, the legacy mechanism cannot meet the above requirement for efficient intra-frequency small cell discovery. Therefore, a new efficient discovery mechanism should be supported in LTE Rel. 12 so that small cell on/off and many attractive usage scenarios can be achieved.
Proposal 2: A new efficient discovery mechanism should be supported in LTE Rel. 12 for small cell on/off operation and efficient intra-frequency small cell discovery for many attractive scenarios.

3. Applicability of Each Solution 
According to Section 7.2 in TR36.872, the following candidate solutions can be considered for efficient intra-frequency small cell discovery by which at least the top three small cells are accurately discovered.
· Network synchronization and assistance
· PSS/SSS interference cancellation

· New discovery mechanism

Although the network synchronization and assistance seem not to enhance the discovery performance, i.e., detection probability, it can maximize the discovery performance gain for both PSS/SSS interference cancellation and a new discovery mechanism based on the discovery signal.
As described in Sections 7.2.1.2 and 7.2.1.3 in TR36.872, both the PSS/SSS interference cancellation and new discovery mechanism based on the discovery signal can improve the discovery performance and may satisfy the target requirement for efficient intra-frequency small cell discovery. However, the new discovery mechanism based on the discovery signal is preferable to the PSS/SSS interference cancellation due to the following reasons.
· In terms of the detection probability especially for the 2nd and 3rd best small cells with 1 measurement sample, i.e., within the duration of 1 ms, the new discovery mechanism based on the discovery signal is better than the PSS/SSS interference cancellation as shown in the TR. The shorter measurement sample for accurate detection leads to a shorter burst transmission for the SS/RS in small cell on/off operation. In addition, we are not sure whether the current SS/RS canceller discussed in RAN4 can work well even in a dense small cell deployment.
· Considering the scalability of discovery performance and the UE implementation complexity, the new discovery mechanism based on the discovery signal seems to be better than PSS/SSS interference cancellation. In other words, the UE with PSS/SSS interference cancellation may suffer from a higher level of complexity and corresponding battery consumption if the UE tries to cancel more interference signals.
Proposal 3: A new discovery mechanism based on the discovery signal with NW synchronization and assistance should be supported as a new efficient discovery mechanism.

· Discovery signal design is FFS.
4. Conclusion
In this contribution, we presented our views on the efficient intra-frequency small cell discovery. 
Proposal 1: The top 3 small cells with sufficient RSRP level should be detectable for efficient operation in a SCE scenario.

· Detection probability for the above target small cells should be over 90%.

· Target of the minimum RSRP level is FFS, but it should be sufficiently larger than the side condition for the existing RSRP/ RSRQ accuracy requirements.

· RSRP measurement accuracy for the above target small cells should be comparable to the accuracy of legacy measurements.

· Considering the scalability for future super-dense deployment, detectability for more than three small cells is preferable.

Proposal 2: A new efficient discovery mechanism should be supported in LTE Rel. 12 for small cell on/off operation and efficient intra-frequency small cell discovery for many attractive scenarios.

Proposal 3: A new discovery mechanism based on the discovery signal with NW synchronization and assistance should be supported as a new efficient discovery mechanism.

· Discovery signal design is FFS.
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Annex A.  Performance Evaluation on Small Cell ON/OFF with Load Aggregation

We evaluated the small cell on/off with load aggregation scheme. In this scheme, if all UEs in a small cell (the best RSRP cell of the UEs) could find other target small cells that satisfy the conditions below, the NW decides to move them to their corresponding target small cells and to mute the small cell as shown in Fig. 3 in Section 2.
· The RSRP gap between the target small cell and the best RSRP small cell is within 5 dB.

· The number of UEs in the target small cell is greater than zero.

The simulation assumptions are the same as those in [8]. Evaluation results are summarized in Tables AI and AII. We can see that this scheme achieves both improvement in the user throughput and a NW energy savings effect.
Table AI. Simulation Results with Load = 8 and RSRQ Bias = 6 dB
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Table AII. Simulation Results with Load = 12 and RSRQ Bias = 6 dB
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Annex B.  Performance Evaluation on CoMP Among Clustered Small Cells

DL CoMP among clustered small cells is efficient in dense small cell deployments. We show our initial evaluation results on CoMP in SCE scenario 2a. Here, we assume an ideal backhaul among the clustered small cells, i.e., Rel.11 CoMP is performed. The maximum CoMP set size is 2 and the CoMP set is configured based on the RSRP gap within 6 or 10 dB. Ten small cells within a cluster and only UEs within a cluster region are considered for the evaluation. Evaluation results are summarized in Tables AIII and AIV.
The results show the CoMP gain itself and further improvement of the CoMP set based on a larger RSRP gap. In addition, the ratio of CoMP UEs in the cluster region is approximately 60% and 82% in the case of a 6 dB gap and a 10 dB gap, respectively. A RSRP gap within 10 dB means that the second best small cell in the CoMP set may often have a SS SINR lower than -10 dB due to the collision irrespective of the traffic load.
Table AIII. Simulation Results with CoMP Set Based on RSRP Gap Within 6 dB
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Table AIV. Simulation Results with CoMP Set Based on RSRP Gap Within 10 dB
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