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1   Introduction
The work item “HetNet Mobility Enhancements for LTE” has been approved [1], one challenge is small cell discovery as described below:
· Improved small cell discovery/identification that minimises battery consumption without significant impact on small cell offloading potential.  While not excluding intra-frequency, focus should be on inter-frequency small cell discovery. 

Nowadays the discussion mainly focuses on the inter-frequency small cell discovery, and some candidate solutions have been proposed in the SI stage and included in TR36.839[2]. In this contibution, we first analyse the deficiency of the existing scheme for small cell discovery in HetNet scenario, and then propose a four step solution based on continuous measurement. Finally we analyse the applicability of the autonomous search  function(ASF) and proximity indication in HetNet.
2   Discussion 
2.1   The deficiency of existing scheme 
In LTE, the UE uses measurement procedure to discover and identify the neighbor cell, where the UE first synchronize with the cell and get the PCI through PSS/SSS signal, and then measure the cell’s CRS to get the RSRP/RSRQ for mobility management.  
According to the legacy measurement procedure described in TS36.331, except for ASF and the measurement object whose “purpose” in the associated reporting configuration is set to “reportCGI”, the inter-frequency measurement can be performed only when the s-measure criterion is satisfied and meanwhile the measurement gap is configured. According to these two restrictions, we think the existing scheme has the following deficiencies:

1. The deficiency caused by s-measure restriction
In the legacy procedure, the UE performs measurement with s-measure restriction, that the UE triggers the measurement for neighbor cells only when the PCell’s RSRP is lower than the s-measure threshold, if the s-measure is configured. The UE detects the PCell’s RSRP continuously to determine if the s-measure criterion is satisfied. 

As shown in figure 1, the small cell may be deployed inside the macro cell in HetNet. When a macro UE is close to the small cell, the PCell’s RSRP may not satisfy the s-measure criterion, so that the UE cannot trigger measurement to discover the small cell. We can see that the s-measure restriction is designed for power saving, but it brings the deficiency for small cell discovery in HetNet. 
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Figure1. The deficiency caused by s-measure restriction 

2. The deficiency caused by measurement gap restriction
To perform inter-frequency measurement, another restriction is the measurement gap configuration. However, as long as the measurement gap is configured, the network cannot schedule the UE on the gap duration. To minimize the service interruption, the network should configure the measurement gap when necessary. In the homogeneous network, the network can assume that the UE should perform the inter-frequency measurement only when the serving quality is bad enough. The network can configure the A2 event for PCell layer, and then when the PCell’s RSRP/RSRQ falls below a threshold, the UE will trigger a measurement report and afterwards the eNB can configure the measurement gap. Another optional method is that the network determines when to configure the measurement gap based on the reported CQI. However, these methods cannot work in HetNet, because the UE may also need to perform the inter-frequency measurement when the serving quality is still good enough for offloading purpose. When to configure the measurement gap is also an issue to be considered in HetNet.
As a conclusion, we think the deficiencies caused by s-measure restriction and measurement gap restriction should be considered for inter-frequency small cell discovery in HetNet.
Observation: The deficiencies caused by s-measure restriction and measurement gap restriction should be considered in HetNet.
2.2   The proposed solution
In this section, we propose a solution for inter-frequency small cell discovery in HetNet. 
With respect to the two deficiencies analyzed in section 2.1, for the first one caused by s-measure restriction, we think the continuous measurement can resolve this problem effectively, where the UE performs the measurement continuously regardless of the s-measure restriction. For the latter one caused by measurement gap restriction, we propose the following two states:

· The relaxed continuous measurement state:

In this state, when and how to create the gap to perform inter-frequency measurement can be left to UE implementation, e.g., the UE can perform this measurement in DRX or in the created autonomous gap with a best effort manner. A more relaxed requirement should be defined for this state. 
· The normal continuous measurement state:

In this state, the network configures the legacy measurement gap for UE, and then UE performs the continuous measurement with the configured gaps. 
It should be noted that both states behave as continuous measurement manner without the s-measure restriction.
The propose solution can be divided into 4 steps as shown in figure 2.
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Figure2. The proposed solution flow chart
The whole procedure is described in detail as following.

· Step 1: The network configures the measurement configuration for UE and indicates the small cell existence in the measurement object associated with the small cell layer.

To utilize the measurement resource (e.g., the measurement gap and the UE power) more efficiently, the UE should perform the continuous measurement only on the small cell layer. For the macro cell layer or other inter-RAT/inter-frequency layers, the legacy principle should also be followed that UE starts the measurement when the serving quality is bad enough, so that the s-measure restriction should also works. For this purpose, the network should indicate the small cell layer existence to UE. 
In the candidate solution 8[2] and the contribution [3], the broadcast method was proposed to indicate the small cell existence. However, even though the network broadcasts the small cell layer frequency and maybe furthermore the PCI list, it has to configure the associated measurement object for UE sooner or later, which includes more information of neighbor cells for measurement performing and reporting, e.g., the allowed measurement bandwidth, the antenna port configuration, the MBSFN and TDD UL/DL configuration, the frequency specific offset, the white cell list, the black cell list and so on. Based on this consideration, here we propose to use 1 bit to indicate the small cell existence in the measurement object associated with the small cell layer, and the UE can assume that the cells in white cell list and black cell list in this measurement object are all small cells. The proposed method is shown in figure 3. We think it is more signalling efficient and less specification affected than the broadcasting way. 
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Figure3. Measurement configuration to indicate small cell existence
After above measurement configuration, the UE performs the measurement with s-measure restriction on the layers of measurement object 1 and 3, and continuous measurement on the layer of measurement object 2. 
This indication method is not applicable for the RRC_IDLE UE, however, we think that firstly the problem in RRC_IDLE needs to be clarified, and then we can discuss the solution. The small cell discovery in RRC_IDLE has not been discussed until now, so we think it is too early to consider the RRC_IDLE state here. As the measurement rules are totally different in RRC_CONNECTED and RRC_IDLE, we think the small cell discovery in RRC_IDLE has its own particularity. Furthermore, the measurement behaviour of a RRC_CONNECTED UE is mainly controlled by the dedicated measurement configuration in the legacy network, we think it is better to follow this principle.
· Step 2: The UE performs the relaxed continuous measurement. 
Here UE performs the continuous measurement on small cell layer in DRX or in the created autonomous gap with a best effort manner. As no explicit measurement gap is configured, UE doesn’t measure other inter-frequency/inter-RAT layers. 
When UE moves into the proximity of a small cell, a measurement report will be triggered if the reporting condition is satisfied.
· Step 3: There are two options 3A and 3B, one of them is implemented.
· 3A: The network makes the HO decision directly.

After receiving the measurement report, the network can make the HO decision directly if the measurement results already satisfy the HO condition.
· 3B: The network configures the legacy measurement gap for UE.
If the measurement results don’t satisfy the HO condition, the network may further configure the legacy measurement gap for UE. 
· Step 4: If 3B is implemented, the UE performs the normal continuous measurement.
After 3B, UE performs the continuous measurement on small cell layer with the configured gaps. For the other inter-frequency/inter-RAT layers, even though the measurement gap is configured, the s-measure restriction also applies. We can see that the UE behaviour here is still different from the legacy procedure, where the s-measure restriction applies for all frequency layers configured by measurement objects.
From above description, we can see that the propose solution can resolve the deficiencies analysed in section 2.1 effectively. We propose RAN2 to consider this solution. 
Proposal 1: RAN2 considers the proposed solution for small cell discovery in HetNet.
2.3   The ASF and proximity indication applicability
Some companies propose to reuse the ASF and proximity indication for small cell discovery. These procedures are introduced for the CSG cell where the CSG related access control is a key issue to be considered. However, nowadays the HetNet scenario mainly focuses on the pico cell with open access mode. From the perspective of mobility management, the pico cell is much similar to the macro cell, so we think these procedures may be too complicated as the following reasons: 
· ASF can only search the CSG cell which the UE has ever visited, that requires the UE to record the finger-print of the CSG cell, e.g., PCI, frequency and location information. We think this restriction is unreasonable for pico cell. In HetNet, the UE should be able to discovery an unvisited pico cell and doesn’t have to record the finger-print of the pico cell, as that may cause an extra burden for UE especially in the dense pico cell deployment scenario.

· When a UE is entering or leaving the proximity of the CSG member cell, it reports the proximity indication, afterwards the eNB will configure the UE to acquire the ECGI and CSG ID of the CSG cell, which is used for resolving PCI confusion and access verification for the following HO procedure. However, when considering the HetNet scenario, the PCI confusion can be avoided by network planning as the pico cell is mainly deployed by operator, and the CSG access verification is not needed. We think the proximity indication is meaningless for the pico cell, a more sensible way is that UE directly sends the measurement report instead of the proximity indication, and then the network can make the HO decision timely when necessary. 
As a conclusion, we think the mobility management for pico cell is much similar to the normal macro cell, so the CSG related function is unnecessary and just introduces more complexity.
 Proposal 2: ASF and proximity indication should not be used for small cell discovery in HetNet.
3   Conclusion
In this contibution, we first analyse the deficiency of the existing scheme for small cell discovery in HetNet scenario, and then propose a four step solution based on continuous measurement. Finally we analyse the applicability of the ASF and proximity indication in HetNet. We give the following proposals:

Proposal 1: RAN2 considers the proposed solution for small cell discovery in HetNet.

Proposal 2: ASF and proximity indication should not be used for small cell discovery in HetNet.
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