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1. Introduction
At the RAN1#73 meeting, many companies submitted their contributions with performance evaluation results for the legacy mechanism [1], and some companies provided performance evaluation results for their own enhanced discovery mechanisms [2][3]. Furthermore, updated evaluation results based on the latest agreements are given in a separate contribution [4]. Therefore, now we can fairly accurately predict the performance gain of the enhanced discovery mechanism based on the discovery signal compared to the legacy mechanism based on legacy SS/RS.
In this contribution, we discuss usage cases for small cell discovery in small cell deployment scenarios. Then we present our views on the benefits of the enhanced discovery mechanism based on the discovery signal compared to the legacy mechanism based on legacy SS/RS.
2. Fundamental Policy for Discovery Function
Considering actual small cell deployment scenarios, there would be many possible applications and corresponding techniques for efficient operation. As shown in Fig. 1, in order to achieve sufficient gain/improvement using each application/technique, the discovery function must provide the required detectability for each application/technique. Although gains from those applications/techniques are still under investigation, some of the techniques will possibly be supported in Rel. 12 and some of those applications may be attractive in future small cell deployment scenarios. Therefore, we believe that the discovery function should not be a bottleneck for any usage case. Otherwise, some applications may not be actualized due to a lack of detectability.
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Figure 1 – Fundamental policy for discovery function

3. Benefits of Enhanced Discovery Mechanism for Some Applications
In this section, we present the benefits of enhanced discovery mechanism based on the discovery signal for some attractive applications except for the small cell on/off which is presented in other contributions [4][5]. As discussed in [4], features that are expected to be implemented in the new mechanism based on the discovery signal and the legacy mechanism are described below.
· The enhanced discovery mechanism can detect and measure multiple small cells within a very short time, e.g., 1 subframe, even in dense small cell deployments.
· The legacy mechanism would often need several measurement samples to detect and measure the best RSRP small cell and need more samples for the 2nd and 3rd best RSRP small cells in dense small cell deployments.

3.1.
Load balancing among dense small cells
Considering real traffic fluctuations, there is a large discrepancy between the UE distribution and small cell distribution, and thus the traffic load is no longer uniform in a cluster of small cells. In reality, therefore, the traffic distribution becomes non-uniform in a cluster of small cells. In such a dense small cell scenario, it was shown in [6] that load balancing is effective in improving the throughput performance by offloading the traffic loads to the small cells that have a lighter traffic load. Therefore, UEs in the dense small cell deployment should detect and measure not only the best RSRP small cell but also the 2nd and/or 3rd best RSRP small cells.
In addition, a small cell with full dimension MIMO (FD-MIMO) is a possible application for the efficient operation of small cells in a dense deployment, especially when using a higher frequency band for small cells. As shown in Fig. 2, a larger load balancing gain can be obtained using FD-MIMO because the interference from the closest small cell can be orthogonalized in the spatial domain. Since the DL-RS for cell identification is transmitted without beamforming even in such a scenario, the UE needs to detect and measure the 2nd and 3rd best RSRP small cells for load balancing. According to the expected features of the discovery mechanisms, the enhanced discovery mechanism would be suitable for this application in terms of higher detectability within a certain short time.
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Figure 2 – Load balancing based on FD-MIMO

3.2.
Multi-carrier operation for small cells

Figure 3 shows an example of a typical LTE deployment scenario. Generally, the first LTE band would be deployed as a macrocell to maximize the coverage area. In addition, the second and the third LTE bands would be deployed sequentially in a high traffic area to offload a large amount of data traffic onto the macrocell. In addition, such high traffic areas are motivation for a dense small cell deployment. Therefore, densely deployed small cells in a high traffic area would have multiple operational carriers in the future. However, as considered in carrier-based inter-cell interference coordination (CB-ICIC) and component carrier selection, i.e., small cell on/off in a multi-carrier scenario, some operational carriers can be turned off to achieve interference coordination and/or the eNB energy savings.
Figure 4 shows two possible cases of small cell identification in a multi-carrier operation scenario. As shown in Fig. 4(a), the DL-RS for cell identification is transmitted on the operating carriers. That is, the UE needs to perform cell identification and measurements for all operating carriers. One drawback to this case is that the UE effort for the inter-frequency measurement becomes large if the number of operational carriers increases. We note that the current specification, TS 36.133, supports only three carriers for measurement.. 

Figure 4(b) is an alternative case of cell identification in a multi-carrier operation scenario. The DL-RS for cell identification is transmitted on a common carrier for measurement (hereinafter, measurement carrier) irrespective of the operating carrier in this case. As a result, the UE effort for the inter-frequency measurement can be relaxed, because the UE has only to perform cell identification and measurements for that measurement carrier. However, 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 RSRP small cell on another carrier. 
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Figure 3 – Example of typical deployment scenario
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Figure 4 – Two possible cases for cell identification in multiple carrier operation

According to the expected features of the enhanced discovery mechanism, the mechanism based on the discovery signal can achieve detection/measurement of multiple small cells even if densely deployed small cells transmit discovery signals on the same carrier at the same time. In addition, the enhanced discovery mechanism based on the discovery signal can minimize the UE effort for cell identification on each carrier since accurate detection/measurement can be achieved without averaging multiple measurement samples. Therefore, for both cases of cell identification in multi-carrier operation, the enhanced discovery mechanism based on the discovery signal can provide a benefit.
3.3.
Future MDT and location-based services with small cells

Minimization of drive tests (MDTs) would be very useful for future dense small cell deployment, in which operation cost reduction would be quite important. Needless to say, the operation cost increases as the number of cells increases in general. MDT techniques using the discovery signal could provide the following benefits:

· Power efficient measurements

· due to short time detection/ measurements

· 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.

· even in indoor environments, where GPS is not available

The above fine location information based on the discovery signal 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 5 – Future MDT for dense small cell deployment
4. Conclusion

In this contribution, we presented our views on the benefit of the enhanced discovery mechanism based on discovery signal for various applications. 
Observation 1: An enhanced discovery mechanism based on the discovery signal would be beneficial for various attractive applications such as small cell on/off, load balancing, multi-carrier operation, future MDT, and location-based services in a dense small cell deployment.

Proposal 1: An enhanced discovery mechanism based on the discovery signal should be supported in Rel. 12 LTE to avoid limiting the possibility of applications due to a lack of detectability.
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