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1 Introduction

At the RAN2 #77bis meeting, the main use case for inter-frequency small cell discovery was agreed [1]:
For inter-frequency small cell detection, the study should focus on the following use case where the UE does inter-frequency small cell measurements for a carrier that is expected to have non-uniform coverage (e.g. hotspot deployment) for offloading/load balancing purposes.
Moreover, the criteria for evaluating the performance of inter-frequency small cell discovery were agreed [1]:

Criterion 1: UE power consumption for inter-frequency small cell measurements in Hetnet deployments should be minimised.


Criterion 2: Any interruptions on the serving cell(s) due to inter-frequency small cell measurements should be minimised.


Criterion 3: Inter-frequency mobility performance should not be degraded by measuring inter-frequency small cells.


Criterion 4: Mobility performance of legacy UEs should not be degraded to improve inter-frequency small cell detection by Rel-11 UEs.
In this contribution, we provide simulation results to evaluate the performances of potential solutions to inter-frequency small cell discovery according to the agreed criteria. Based on the results, we share our opinions for RAN2’s consideration.
2 Discussion
Normal measurement gaps are spaced at 40 or 80 ms intervals according to specification [2], which is designed for supporting UE inter-frequency mobility. However, this may not be suitable in a heterogeneous network (HetNet), especially for the high priority scenario agreed by RAN2, where one macro frequency layer provides full coverage and where pico cells are deployed on a secondary frequency layer for traffic offloading purpose. In this scenario, the existing gap pattern may seem to be too frequent, which drains the UE battery and reduces the resources available for data transmission. Moreover, the search rate (i.e. 40 or 80 ms intervals) for inter-frequency small cell may also be reduced, as the need for handover due to traffic offloading is less critical than that due to mobility.
Hence, potential solutions have been proposed in previous RAN2 meetings to enhance the performance of inter-frequency small cell discovery. In general, there are four way forwards proposed as in [3]:
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.
As the way forwards 3) and 4) are complementary solutions to way forward 2), we will focus on the first two way forwards in the sequel.

2.1 Proximity based small cell detection
There are two proximity based solutions. The network-based proximity detection scheme does not impose changes on UE. Instead, the network has to track and maintain the downlink RF fingerprintings, and to compare them based on UE’s RRM measurement reports to detect whether the UE is in proximity to an inter-frequency small cell. This solution has minimal specification efforts. However, the accuracy may be a concern, given that only limited downlink measurement results are available at the network side, e.g. RSRP and RSRQ. Furthermore, many other kinds of useful information that are typically utilized by UE for proximity detection, such as timing offsets from different eNBs, are not available at the eNB. As a large volume of data, e.g. multiple UEs’ measurement reports, has to be jointly processed for checking the existence of small cells, significant implementational complexity is imposed on the network side.
Observation 1: Network-based proximity detection solution imposes significant implementational complexity on the eNB, while the accuracy of detection is also a concern.

On the other hand, the UE-based proximity detection scheme relies on the autonomous searching function of UE for inter-frequency small cell detection, which has already been used since Rel-9 for CSG cell detection. With minimum impacts on the specifications, this solution may also be extended to hotspot-type small cell discovery. As it is possible to perform inter-frequency measurement only around the target location where the small cell resides, the number of inter-frequency measurements required for UE can be reduced. This solution can avoid unnecessary inter-frequency measurements, thus benefits UE by power saving and reduces U-plane interruptions caused by inter-frequency measurement.
The UE is expected to have only limited number of CSG member cells, e.g. at home or at the office [4]. In this case, it is not an issue for it to maintain the fingerprintings for those CSG member cells. However, in the scenario where a large number of open access small cells (e.g. picos) are deployed, it may become a problem for the UE to track all the RF fingerprintings for each small open cell, which may become a problem of the UE-based proximity detection.
Observation 2: UE-based proximity detection solution would benefit UE by power saving and reduces U-plane interruptions caused by inter-frequency measurements. However, the fingerprinting tracking for a large number of small cells may be an issue.

2.2 Relaxed measurement configuration
In [5], it is proposed to use longer measurement period and/or relaxed measurement performance requirements to reduce UE power consumption concerning the detection and measurement of hotspot-type small cells. The approach is a natural extension to the existing inter-frequency measurement mechanism, which seems to be quite straightforward without significant specification efforts. Moreover, as the measurement gap period becomes longer, the interruptions to UE’s normal transmissions on serving cell also decrease accordingly. However, the relaxed measurement requirements may in turn degrade the inter-frequency mobility performance due to the less accurate measurement results. Such an impact should be evaluated, as to be analyzed in Section 3.

Observation 3: Relaxed measurement configuration can reduce the power consumption and U-plane interruptions without severe implementation issues on both network and UE sides.

3 Simulation results and analysis
3.1 Simulation setup
The solution of introducing new measurement gap patterns with longer periods was evaluated in our simulations. The inter-frequency measurement periods of 80 ms, 1 s, 2 s, and 6 s were tested. The UE speeds of 3, 30, and 120 kmph were considered. The detailed simulation assumptions and modeling are described in Appendix A.
3.2 Simulation results
In Fig. 1, the average power spent on the inter-frequency measurement by UEs for detection of inter-frequency pico-nodes was presented. All the results are normalized to the reference results collected under an inter-frequency measurement period of 80 ms.  From the results, we can observe that the power consumed by inter-frequency small cell detection can be significantly reduced, if longer measurement periods are applied. This essentially fulfils the agreed Criterion 1 outlined in Section 1.
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Fig. 1: Power consumption normalized to that of 80 ms period for inter-frequency measurements.
Fig. 2 shows the average dwell time when the UE stays on the small-cell layer at different velocities, where all the results are normalized to the case of the inter-frequency measurement period of 80 ms. As we can see from Fig. 2, the longer the measurement gap period is, the shorter the time the UE may stay on the small-cell layer. This phenomenon implies that the desirable traffic offloading gain is reduced proportionally to the length of measurement gap. However, this degradation is not significant, especially for the low speed UE. Such performance loss may be acceptable, taking into account the attractive power saving obtained by applying longer measurement gap period.
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Fig. 2: Average dwell time normalized to that of 80 ms period when UEs stay on small-cell layer.

The overall handover failure (HOF) rates for each measurement gap period tested under various velocities are depicted in Fig. 3. As expected, it shows that the handover performance degrades when the measurement gap period becomes larger. 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-medium speeds.
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Fig. 3: Handover failure rate under various measurement gap periods.

Observation 4: The longer measurement period (relaxed measurement configuration) can significantly reduce the power consumption for inter-frequency small cell discovery, at the cost of slightly degradation in small cell traffic offloading gain and mobility performance under low speeds.

Following the above analysis, we kindly recommend RAN2 discuss and agree on the proposals below:
Proposal 1: The approach of relaxed measurement configuration can provide significant power saving gain without imposing implementation complexity, thus should not be precluded from Rel-11.
Proposal 2: Further study is necessary for the proximity based solution for judging whether the gain justifies its complexity.
Proposal 3: It is proposed to capture the evaluation results in TR 36.839 as reference, for further studies on inter-frequency small cell detection.
4 Conclusion

In this contribution, we evaluated several solutions to the inter-frequency small cell discovery issue with respect to the agreed criteria. Based on the results, we have the following observations:
Observation 1: Network-based proximity detection solution imposes significant implementational complexity on the eNB, while the accuracy of detection is also a concern.
Observation 2: UE-based proximity detection solution would benefit UE by power saving and reduces U-plane interruptions caused by inter-frequency measurements. However, the fingerprinting tracking for a large number of small cells may be an issue. 

Observation 3: Relaxed measurement configuration can reduce the power consumption and U-plane interruptions without severe implementation issues on both network and UE sides.
Observation 4: The longer measurement period (relaxed measurement configuration) can significantly reduce the power consumption for inter-frequency small cell discovery, at the cost of slightly degradation in small cell traffic offloading gain and mobility performance under low speeds.
Following the above analysis, we kindly recommend RAN2 discuss and agree on the proposals below:
Proposal 1: The approach of relaxed measurement configuration can provide significant power saving gain without imposing implementation complexity, thus should not be precluded from Rel-11.
Proposal 2: Further study is necessary for the proximity based solution for judging whether the gain justifies its complexity.
Proposal 3: It is proposed to capture the evaluation results in TR 36.839 as reference, for further studies on inter-frequency small cell detection.
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Appendix A: Simulation assumptions and modelling
The simulation assumptions for the performance evaluation in this contribution are based on 3GPP TR 36.839 [6], 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 [7]. 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 modeled according to the requirement specified in 3GPP TS 36.133 [8]. Similarly to [5], UE’s power consumed for measurement is calculated as 6 ms x 0.25 W = 1.5 mW per measurement gap.
Table 1: 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


Table 2: The parameters for RLF configuration.
	Parameter 
	Value

	Qout
	-8 dB

	Qin
	-6 dB

	T310
	1 sec (the default value currently defined in standards)

	N310
	1

	T311
	1 sec (the default value currently defined in standards)

	N311
	1
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