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1. Introduction
In this contribution, we present operators’ views on efficient inter-frequency small cell discovery. 
2. Background

2.1. Issues discussed in RAN4

It was proposed by multiple operators in RAN4 that the maximum number of carriers a UE can monitor for cell reselection or handover should be increased [1]. The number of used carriers/ bands per operator is increasing and the limitation of the number of inter-frequency measurement carriers puts constraints in operator network planning. It was also argued that femto cells would make the situation worse, which would be related to the issues discussed in the following sub-section. The proposed changes for E-UTRA FDD inter-frequency measurements are shown in Table I.
Table I – Proposed changes for E-UTRA FDD inter-frequency measurements
	
	Current specification

	
	Current values
	Proposed values

	Proposal #1
	3
	8

	Proposal #2
	
	4

	Proposal #3
	
	8

	Proposal #4
	
	8


On one hand, the requirements for measurement delay scale with the number of measurement carriers in the current RAN4 specifications so that the UE power consumptions should be constant irrespective of the number of measurement carriers (See Section 8.1.2.3 of TS 36.133 [2]). For example, the requirements for measurement delay can be calculated for the measurement gap configuration with 40 ms repetition period as follows:
· Tindenfity_Inter = 3.84 s (Number of inter-frequency carriers: 1)

· Tindenfity_Inter = 7.68 s (Number of inter-frequency carriers: 2)

· Tindenfity_Inter = 11.52 s (Number of inter-frequency carriers: 3)

It implies that the scaling approach might not work in terms of measurement delay if the number of measurement carriers is increased to more than 3. Trade-off between measurement delay and UE power consumptions would need to be studied further. 
Observation #1: There is a demand from operators that the maximum number of carriers a UE can monitor for cell reselection or handover should be increased.
2.2. Issues identified in RAN2 (Het Net Mobility Enhancements SI)
Section 6 of TR 36.839 summarizes the RAN2 studies on small cell discovery/ identification in the scenarios where the macro cell layer and small cell layer are on different carrier frequencies [3]. Issues identified in the studies are illustrated in Figure 1. Significant UE power consumption might be expected in a scenario, in which UE may always have to do inter-frequency measurements for identifying small cells even in a place where small cells do not exist actually. This is because UE would not know when/where the small cell coverage is available. The situation would become worse when the number of small cell carriers further increases assuming future higher frequency band deployments, as illustrated in Figure 2.

Observation #2: Issues on the maximum number of inter-frequency measurement carriers would be worse in future small cell deployments.
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Figure 1 – Problem on inter-frequency small cell discovery
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Figure 2 – Problem on inter-frequency small cell discovery in multiple-carrier case
3. Inter-frequency small cell discovery enhancements in SCE
The discussions/ studies in RAN2/ RAN4 are based on the existing physical layer design, and any physical layer enhancements have not been taken into account. It means that RAN2/ RAN4 solutions could work as a near-term one, but might not be a long-term and drastic solution. For example, the longer measurement period solution shown in TR 36.839 would not work in super-dense small cell deployments, where the collisions between PSS/ SSS occur and UE needs multiple PSS/ SSS measurement samples as discussed in SCE SI [4]. That is, the longer measurement period solution would cause very long measurement delay, which would not be acceptable in terms of efficient small cell offloading. Therefore, we believe that RAN1 should seek drastic solutions for inter-frequency small cell discovery enhancements in SCE SI/ WI, taking into account the issues discussed in RAN2/ RAN4. 
Proposal #1: RAN1 should seek drastic solutions for inter-frequency small cell discovery enhancements in SCE SI/ WI, taking into account the issues discussed in RAN2/ RAN4. 
For example, the network synchronization and assistance solution captured in TR 36.872 could minimize the search window at UE by rough timing information of the synchronized transmission of SS/ RS so that the UE effort on small cell discovery can be reduced. Some interference cancellation techniques, such as PRS/ CSI-RS based discovery signals or PSS/ SSS interference cancellation, would further enhance the inter-frequency small cell discovery performance together with the network synchronization and assistance. As a result, a super energy-efficient inter-frequency small cell discovery could be realized as illustrated in Figure 3. 
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Figure 3
4. Conclusion
In this contribution, we present operators’ views on efficient inter-frequency small cell discovery, considering the future deployment scenario in which the number of frequency carriers to be measured is increased. According to the discussion in RAN1/2/4 so far, we could reach the following observations and a proposal.

Observation #1: There is a demand from operators that the maximum number of carriers a UE can monitor for cell reselection or handover should be increased.

Observation #2: Issues on the maximum number of inter-frequency measurement carriers would be worse in future small cell deployments.
Proposal #1: RAN1 should seek drastic solutions for inter-frequency small cell discovery enhancements in SCE SI/ WI, taking into account the issues discussed in RAN2/ RAN4. 
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