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1 Introduction 
Solutions listed in the TR 36.839 [1] for small cell detection can be classified mainly into 4 categories as below.
1) Proximity based small cell detection;

2) Relaxed measurement configuration;

3) UE MSE based inter-frequency small cell measurements;

4) Small cell signal based control of inter-frequency measurements.

We would like to share our consideration between these categories. Based on these analysis and comparison, it is proposed to select the relaxed measurement configuration solution as the way forward for the small cell detection.
2 Discussions
2.1  Solution comparison
The proximity based small cell detection has two solutions. One is network-based. The network is required to maintain and track the downlink RF fingerprint, after comparing them with the UE’s periodic measurement report, it will deduce whether the UE is in the proximity to the small cell in inter-frequency. According to the procedure, the accuracy would be a concern considering the ambiguity relationship between the fingerprint and the limited UE’s measurement result. Furthermore, the data volume of storing downlink fingerprint and the implementation complexity at the network side will increase with the number of the small cell deployed. 
The other proximity base solution is UE-based. It uses the similar function, namely autonomous searching function (ASF), from Rel-9 CSG cell detection. A UE is expected to possess a very limited number of CSG, which are deployed at home, the office, regular coffee shop, etc. However, in the scenario of HetNet, there can be a large number of open access small cells (can up to hundreds, in case of dense deployment) deployed, it can be quite demanding for the UE, both from processing power and memory’s perspectives. This violates the original intention of saving power on small cell detection.
Observation 1: The performance of proximity based solution, no matter it is network-based or UE-based, will get affected with the increased number of small cell deployed. 
According to our understanding, way forwards 3) and 4) are complementary solutions to way forward 2). Therefore, we only analyze a little bit on the way forward 3). With solution of UE MSE based measurements, it is suggested that fast-moving UE (e.g. 120km/h) may suspend inter-frequency measurements that are configured for offloading purpose. Assuming that a UE is moving with speed of 120km/h, it only needs about 1.2s to cross a small cell with typical 40m ISD. The ToS (Time of Stay) is so close to the recommended MTS (Minimum-time-of-stay, 1s) threshold [1] which implies short ToS is very likely to happen. Therefore, it may be desirable to suspend the inter-frequency measurement. Since inter-frequency small cell is deployed for offloading but not for mobility purpose in most of cases, the offloading gain after HO doesn’t deserve the UE’s power consumed at cell detection and the following HO overhead.
Proposal 1: The inter-frequency small cell detection may be considered to focus on the low/normal speed UE.
In our previous proposal [2], we presented our simulation results for the solution with the relaxed measure configuration solution. For the low and normal speed UE, it shows that the longer measurement period (relaxed measurement configuration) can significantly reduce the power consumption for inter-frequency small cell detection, at the cost of slightly degradation in small cell traffic offloading gain and mobility performance. 

Furthermore, we supply the simulation for relaxed measurement configuration with different small cell deployed. The number of small cell deployed at the inter-frequency layer of 1, 2, and 4 were tested. And the UE speeds of 3km/h and 30km/h were considered. The high speed UE is excluded according to proposal 1. The detailed simulation assumptions and modelling are described in Appendix A.

The average power spent on the inter-frequency measurement by UEs with speed of 3km/h was depicted In Fig. 1. And the detailed results for the UE in 3km/h and 30km/h are summarized in Table. 1. All the results are normalized to the corresponding reference results collected under an inter-frequency measurement period of 80 ms with same small cell number.
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Fig. 1: Normalized Power Consumed with the UE speed of 3 km/h of 1, 2 & 4-Picos/Marco
Table. 1 Normalized Power consumed with the UE speed of 3 km/h & 30 km/h
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In Fig. 2 shows the average connected time when the UE stays on the small cell layer with speed of 3km/h. Table. 2 presents the detailed results for the UE in 3km/h and 30km/h. All the results are normalized to the corresponding reference results collected under an inter-frequency measurement period of 80 ms with the same small cell number. 
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Fig. 2: Normalized Small Cell Connection Time with the UE in 3 km/h of 1, 2 & 4-Picos/Marco
Table. 2 Normalized Small Cell Connection Time with the UE speed of 3 km/h & 30 km/h
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Observation 2: From above results, it is observed the relaxed measurement configuration can not only retain the inter-frequency small cell detection performance with power consumption in a friendly way, but also these merits wouldn’t be affected when the small cell number increased.
Proposal 2: RAN2 is kindly suggested to consider the relaxed measurement configuration as a baseline solution for improvement of small cell detection.
2.2  Options of relaxed measurement configuration solution
Regarding the solution of relaxed measurement configuration, there are three main options according to [3], which are listed below.

1) The inter-frequency measurements are done with reduced performance without new gap pattern introduced.
2) New gap pattern with longer measurement period and one gap pattern per UE.

3) New gap pattern with longer measurement period and multiple gap patterns per UE.
The number of inter-frequency layer deployment scenario for these options can be only one or multiple layers, which doesn’t pose effect on their function. Hence, for the simplicity, we select the single one scenario for below analysis.
For option 1), UE will lose some scheduling opportunities due to UE not needing all gaps configured. This will cause the side effect to the UE’s service QoS.

For option 2), we also collected its mobility performance from the simulation in last section. The overall handover failure (HOF) rates for each measurement gap period tested under various UE speeds are depicted in Fig. 3. As expected, it shows that the handover performance degrades when the measurement gap period becomes longer. This is because less measurement samples can be acquired, which reduces the accuracy of measurement, when longer measurement periods are configured. The degradation of measurement accuracy in turn results in higher handover failure rates.  However, this issue is not severe for UEs at low-to-normal speeds. And the HOF rate will get reduced when more small cells are deployed, the detailed results are captured in Table. 3. Furthermore, the network can re-configure the legacy gap pattern to meet normal measurement accuracy when HO for mobility purpose is required. 
Option 2) will degrade UE’s mobility performance slightly, given the high speed UE is suspended for the inter-frequency small cell detection and following HO as proposal 1.
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Fig. 3: Overall HOF rate under different measurement gap periods with 1 Pico/Marco
Table. 3 Overall HOF rate under different measurement gap period, UE speed and Pico#/Marco
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For option 3), the longer measurement period is used for offloading purpose and the others for mobility purpose.  However the latter purpose can be achieved by option 2) almost, especially for the denser small cell deployment.  The only drawback of option 2) is the overhead of measurement gap pattern re-configuration, when compared to option 3). However, given the traffic offload activity most probably happens to the UE having continual data transmission request, the measurement gap pattern re-configuration can be piggybacked to the data they are sending without too much overhead.
Proposal 3: RAN2 is kindly suggested to consider the relaxed measurement configuration with one measurement pattern configured as the specified solution for inter-frequency small cell detection if no concern from RAN4. 
3 Conclusions
In this contribution, we discussed the solutions on improving the small cell detection, and have following observations:
Observation 1: The performance of proximity based solution, no matter it is network-based or UE-based, will get affected with the increased number of small cell deployed.
Observation 2: From above results, it is observed the relaxed measurement configuration can not only retain the inter-frequency small cell detection performance with power consumption in a friendly way, but also these merits wouldn’t get affected when the small cell number increased.
Following the above analysis, below proposals are being presented to RAN2 for consideration:
Proposal 1: The inter-frequency small cell detection may be considered to focus on the low/normal speed UE.
Proposal 2: RAN2 is kindly suggested to consider the relaxed measurement configuration as a baseline solution for improvement of small cell detection.
Proposal 3: RAN2 is kindly suggested to consider the relaxed measurement configuration with one measurement pattern configured as the specified solution for inter-frequency small cell detection if no concern from RAN4.
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 Appendix A: Simulation assumptions and modeling
The simulation assumptions for the performance evaluation in this contribution are based on 3GPP TR 36.839 [1] with some modification described below. One Pico node per macro cell is randomly deployed within the macro cell’s geography area according to Configuration 1 specified in 3GPP TR 36.814 [4]. However, the Pico cells operate at another carrier different from that of the macro cell. Both carriers are in the same frequency band. The RSRQ based measurement and reporting are applied for inter-frequency handover. The inter-frequency measurement errors are modelled according to the requirement specified in 3GPP TS 36.133 [5]. Similarly to [6], UE’s power consumed for measurement is calculated as 6 ms x 0.25 W/s = 1.5 mW per measurement gap.
Table. 4: Basic radio configurations.

	Configuration
	Macro cell
	Pico cell

	ISD
	500 m
	Conf. 1 in TR 36.814

	Distance-dependent path loss
	TR 36.814 Macro-cell model 1
	TR 36.814 Pico cell model 1

	Number of sites/sectors
	19/57
	1 per macro cell

	BS Antenna gain including Cable loss
	15 dB
	5 dB

	MS Antenna gain
	0 dBi
	0 dBi

	Shadowing standard deviation
	8 dB
	10 dB

	Correlation distance of Shadowing
	25 m
	25 m

	Shadow correlation
	0.5 between cells/ 1 between sectors
	0.5 between cells

	Antenna pattern
	The same 3D pattern as is specified in TR 36.814, Table A.2.1.1-2
	Omni, as is specified in TR 36.814, Table A.2.1.1.2-3

	BS Total TX power
	46 dBm 
	30 dBm

	Penetration Loss
	20 dB
	20 dB

	Antenna configuration
	1x2
	1x2
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