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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 on intra- and inter-frequency cell identification in the current specification are different [3] and issues on intra- and inter-frequency small cell discovery in SCE scenarios would be different.
In this contribution, we discuss efficient inter-frequency small cell discovery. First we present our views on target requirements on efficient inter-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 intra-frequency small cell discovery [4].
2. Target Requirements
A UE performs inter-frequency small cell discovery when the UE is connected to a macrocell or small cell and searches the surrounding small cells using a different frequency than the serving macrocell or small cell. In general, inter-frequency cell discovery is performed using a measurement gap as shown in Fig. 1. 
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Figure 1 – Inter-frequency cell discovery using measurement gap

As discussed in the HetNet mobility SI/WI [5], the UE effort and corresponding battery consumption would be problematic in inter-frequency small cell discovery, i.e. significant UE power consumption might be expected in some cases. One of the reasons is that UE may always have to do inter-frequency measurements for identifying small cells even in a place where small cells do not exist actually, because UE would not know when the small cell coverage is available, as illustrated in Figure 2. More quantitative analysis is shown in Section 6.3 of TR 36.839 [5].
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Figure 2 – Inter-frequency cell discovery using measurement gap
In the RAN2 discussions, several solutions for the efficient inter-frequency small cell discovery from RAN2 perspective were proposed [5]. A longer measurement period and relaxed side condition are representative solutions for UE battery savings. However, these two solutions would not always work in dense small cell deployments. 
For example, the relaxed side condition approach would cause the problems in which slightly-low-SINR (e.g. 0 dB) small cells could not be identified. It is noted that neighbor cell interference can be mitigate by ICIC techniques, and so such slightly-low-SINR small cells should also be identified for off load purpose.
The longer measurement period approach would be beneficial for UE battery saving, but it would not work in future small cell deployments, where multiple carriers operated for further capacity enhancement. For example, if the number of inter-frequency measurement carriers is expanded to more than 3, the measurement delay would not be acceptable. 
Therefore, fast and power-efficient inter-frequency small cell discovery is highly required in Rel. 12 small cell enhancements. In addition, considering the application scenarios in a dense small cell deployment as described in [4], it is preferable to discover not only the best RSRP small cell but also the second and third best RSRP small cells even in inter-frequency small cell discovery.
Proposal 1: Fast and power-efficient inter-frequency small cell discovery is highly required in Rel. 12 small cell enhancements.

· It is preferable to discover not only the best RSRP small cell but also the second and third best RSRP small cells even in inter-frequency small cell discovery.
Since the PSS/SSS are transmitted in a 5 ms period, the legacy mechanism can exploit only 1 measurement sample for small cell discovery within 1 measurement gap. According to RAN1 evaluation results on the legacy mechanism summarized in [2], 1 measurement sample is not sufficient for the legacy mechanism to achieve accurate detection of target detectable small cells in a dense small cell deployment. Therefore, a new efficient discovery mechanism should be supported in LTE Rel. 12 so that UE battery consumption for small cell discovery can be minimized using a longer measurement period (i.e. less frequent measurement occasions) based on an accurate one-shot discovery procedure.
Proposal 2: A new efficient discovery mechanism should be supported in LTE Rel. 12 for energy-efficient inter-frequency small cell discovery.
If the new efficient discovery mechanism can achieve accurate detection of target detectable cells within a short time such as 1 ms, energy-efficient inter-frequency small cell discovery can be performed as shown in Fig. 3.
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Figure 3 – Energy-efficient inter-frequency small cell discovery
3. Applicability of Each Solution 
According to Section 7.2 in TR36.872, the following candidate solutions are considered for efficient inter-frequency small cell discovery.
· Network synchronization and assistance
· PSS/SSS interference cancellation

· New discovery mechanism

· Transmission of DL-SS/RS at specific carrier
· Relaxed RAN4 requirement

At first, the relaxed RAN4 requirement on the SINR of a detectable cell is not a solution to enhance the discovery performance. As shown in Section 7.2.1.1 in TR36.872, the best small cell could not even be detected accurately in one-shot using the legacy mechanism with 1 measurement sample.

Since a significant change is required in the measurement procedure for the transmission of DL-SS/RS on a specific carrier, implementing this solution seems premature even though it will lower the UE effort for small cell discovery on multiple carriers.
Although the network synchronization and assistance do not seem to enhance the discovery performance, i.e., detection probability, this solution can lead to lower UE effort by minimizing the search window for the DL-SS/RS.
As described in Sections 7.2.1.2 and 7.2.1.3 in TR36.872, both PSS/SSS interference cancellation and new discovery mechanism based on a discovery signal can improve the discovery performance and may achieve fast and accurate detection of target detectable small cells. However, the new discovery mechanism based on a discovery signal is more preferable than the PSS/SSS interference cancellation due to the following reasons.
· UE with PSS/SSS interference cancellation may suffer from a higher complexity and corresponding battery consumption especially for inter-frequency cell identification procedures, in which UE power savings would be more critical than in intra-frequency cell identification. 
· 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, a new discovery mechanism based on a discovery signal is better than the PSS/SSS interference cancellation as shown in the TR. A shorter measurement sample for accurate detection leads to a shorter burst transmission of the SS/RS in small cell on/off operation. In addition, inter-frequency cell discovery based on PSS/SSS can exploit only 1 measurement sample within a measurement gap.

Proposal 3: A new discovery mechanism based on a 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 inter-frequency small cell discovery. 
Proposal 1: Fast and power-efficient inter-frequency small cell discovery is highly required in Rel. 12 small cell enhancements.

· It is preferable to discover not only the best RSRP small cell but also the second and third best RSRP small cells even in inter-frequency small cell discovery.
Proposal 2: A new efficient discovery mechanism should be supported in LTE Rel. 12 for energy-efficient inter-frequency small cell discovery.
Proposal 3: A new discovery mechanism based on a 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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