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1   Introduction
In RAN#58 plenary meeting, a new R12 work item “HetNet Mobility Enhancements for LTE” was approved [1]. One object of this WI is:
· 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. 

The small cell discovery is necessary in both RRC_CONNECTED state for handover and RRC_IDLE state for cell reselection. As the UE follows different measurement rules in two different RRC states, so we think the small cell discovery issue should be considered separately according to each state. This contribution focuses on RRC_CONNECTED, and we also submit a contribution focusing on RRC_IDLE[2].  
Actually the small cell discovery in RRC_CONNECT has been discussed efficiently in the R11 SI stage, and some solutions were proposed and included in TR36.839[3]. However, the discussion before mainly focused on the inter-frequency scenario, and we think some solutions cannot solve the problem. In this contribution, we first describe the problem, and then propose the solutions for inter-frequency and intra-frequency scenarios respectively. 
2   Discussion 
2.1   Problem description
In LTE, the UE uses measurement procedure to discover and identify the cell, wherein the UE first synchronize with the cell and get the PCI through PSS/SSS signal, and then measure the cell’s CRS signal to get the RSRP/RSRQ for mobility management.  

In the legacy networks, the UE performs measurement with s-Measure criterion, 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 by RRC signaling. The UE detects the PCell’s RSRP continuously to determine if the s-Measure criterion is satisfied to trigger the measurement. 
In the homogeneous networks, the PCell’s RSRP being good enough means the UE is in the inner area of the cell and no handover will occur, so that there is no need to perform the measurement. However, the s-Measure criterion will cause some problem in HetNet, where the small cell may be deployed inside the macro cell. As shown in figure 1, the s-Measure criterion is satisfied in the yellow ring area, while the small cell locates in the center white area. When a macro UE is close to the small cell, the PCell’s RSRP doesn’t satisfy the s-Measure criterion, so that the UE cannot trigger measurement to discover the small cell. We can see that the s-Measure criterion is designed for power saving, but meanwhile brings the small cell discovery problem in HetNet. 
The s-Measure criterion applies for all configured measurement objects, so this problem exists in both intra-frequency and inter-frequency HetNet scenarios. 
As analyzed above, the key problem is that the UE cannot trigger the measurement in the inner area of macro cell under the s-Measure criterion, so the proposed solution should focus on the measurement trigger enhancement.
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Figure1. The problem caused by s-Measure criterion 

Proposal 1: The solution should focus on the enhancement of measurement trigger scheme.
2.2   The candidate solutions

In the R11 SI stage, the following candidate solutions have been proposed for inter-frequency scenario [3]:

Solution 1:
Longer measurement period 
Solution 2:
Small cell discovery signal in macro layer
Solution 3:
Relaxed side condition 
Solution 4:
Measurements without gap assistance
Solution 5:
Proximity detection based on macro cell listening
Solution 6:
UE based proximity detection
Solution 7:
Proximity detection based on pico cell listening
Solution 8:
Proximity detection with broadcast assistance
Solution 9:
UE MSE based measurements 
Solution 10:
Small cell signal based control of measurements 
When considering the key problem of this issue as described in section 2.1, we think some above solutions cannot solve the problem, and can be only regarded as an optimization method. As solution 9, it is an optimization scheme for the high speed UE, but cannot solve the problem for the low speed UE, but the latter scenario is the focus of this issue and should be more concerned. Regarding solution 10, it is only an optimization method to reduce the power consumption based on the assumption that the UE can already detect the small cell, which is just the key problem to be solved.
For the solutions based on the UE position, we are confused about how to get the UE’s position information for network or UE. As solution 5, it says the UE’s position is deduced from the UE’s measurement report, but the key problem is that the UE cannot trigger the measurement for neighbor cells. If the solution requires the UE to perform the measurement to deduce its position, then it is a chicken-egg problem. 

Some solutions can be classified into the background measurement, as solution 1/4/6/8. With the background measurement, the UE measures the neighbor cells continuously without any trigger restriction. This can solve the key problem effectively, but some unnecessary measurement will be introduced and much power will be wasted. For improving this defect, some solutions also contain the optimization schemes. In solution 1, the network can configure a longer measurement gap period to UE. In solution 8, the UE can apply a longer measurement period autonomously in DRX. 
From above analysis, we think the background measurement can solve the problem and should be adopted as a baseline solution for inter-frequency scenario, and how to reduce the power consumption can be further discussed. In the following sections, we propose the solutions for inter-frequency and inter-frequency scenarios respectively. 
2.3   Inter-frequency scenario
In the inter-frequency scenario, there is no interference between macro cell and pico cell, so that a much better system performance can be expected. During the SI stage, the discussion on small cell discovery mainly focused on this scenario.  
We think the background measurement can be a baseline solution for this scenario, but the UE should not perform the background measurement on all frequencies, but only on the small cell layer. For the macro cell layer, the measurement should also follow the s-Measure criterion to avoid unnecessary measurement.
Proposal 2: The background measurement on small cell layer should be a baseline solution for inter-frequency scenario.
The network has to indicate the small cell existence to UE for background measurement. Here we propose to indicate this information in the measurement object configuration. We know that each measurement object corresponds to a carrier frequency (ARFCN-ValueEUTRA), so the eNB can use 1 bit to indicate the small cell existence in the measurement object corresponding to small cell layer. After that, the UE will perform the background measurement on this frequency. We think this indication method is signalling efficient with minimal specification modification. 
As shown in figure 2, the network configures 1 bit to indicate the small cell existence in measurement object 2. Afterwards, the UE performs the measurement with s-Measure restriction on measurement object 1’s frequency but background measurement on measurement object 2’s frequency. 
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Figure2. Measurement configuration to indicate small cell existence
Proposal 3: The network uses 1 bit to indicate the small cell existence in measurement object configuration.
2.4   Intra-frequency scenario
For small cell discovery issue, the intra-frequency scenario is not excluded in this WI. Considering the scarcity of spectrum resource, the intra-frequency deployment is a good choice, and it has been concerned a lot in the former release, as the non-CA based ICIC related WIs in R10 and R11. As analysed in section 2.1, the intra-frequency scenario has the same problem on small cell discovery as inter-frequency scenario, which should also be solved in this WI.
Here we propose the following two solutions for this scenario.
1. Background measurement
The background measurement can be reused here, that the UE performs background measurement for the serving frequency. The difference is that the UE doesn’t need the measurement gap here. For power efficiency, a more relaxed measurement requirement can be defined for this intra-frequency background measurement.
In this scenario, the network should also indicate the small cell existence in the measurement object corresponding to the serving frequency. Afterwards the UE performs the background measurement on the serving frequency with a more relaxed requirement than the normal measurement. When the UE detects a small cell, it turns to the normal measurement autonomously.
Observation 1: The background measurement can be used in intra-frequency scenario with a relaxed requirement.
2. RSRQ based trigger solution

In the background measurement solution, some unnecessary measurements are inevitable. For saving more power consumption, here we propose a RSRQ based trigger solution. Inspired by the measurement rule in RRC_IDLE, where the measurement for the frequency with lower or equal priority than the serving frequency can be triggered by RSRP or RSRQ [4]. If either of them is below the corresponding threshold, then the measurement will be triggered. As shown in figure3, the RSRP may be still good enough while the RSRQ will definitely decrease when the UE moves towards the small cell, so we think that the RSRQ based trigger scheme can be used in intra-frequency scenario. In this solution, the UE autonomously triggers the measurement when the RSRQ goes below the threshold. 

Compared with the background measurement, the RSRQ based trigger solution can avoid unnecessary measurements, which has the same effect as the s-Measure criterion. 
Observation 2: RSRQ based trigger solution can be used in intra-frequency scenario to avoid unnecessary measurements. 
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Figure3. The RSRQ based trigger scheme in HetNet
As a conclusion for the intra-frequency scenario, we give the following proposal:
Proposal 4: RAN2 considers the two proposed solutions for intra-frequency scenario. 
3   Conclusion
In this contribution, we first describe the key problem of the small cell discovery in RRC_CONNECTED state, and then propose the solutions for inter-frequency and intra-frequency scenarios respectively. For the first scenario, we propose that the network uses 1 bit to indicate the small cell existence in the measurement object configuration and then the UE performs the background measurement on the corresponding frequency. For the latter scenario, we think the background measurement can be used with a relaxed requirement, and we also propose the RSRQ based trigger solution to avoid unnecessary measurements to improve the power efficiency. 
Proposal 1: The solution should focus on the enhancement of measurement trigger scheme.
Proposal 2: The background measurement on small cell layer should be a baseline solution for inter-frequency scenario.

Proposal 3: The network uses 1 bit to indicate the small cell existence in measurement object configuration.

Observation 1: The background measurement can be used in intra-frequency scenario with a relaxed requirement.
Observation 2: RSRQ based trigger solution can be used in intra-frequency scenario to avoid unnecessary measurements. 
Proposal 4: RAN2 considers the two proposed solutions for intra-frequency scenario. 
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