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1 Introduction

At RAN2#77bis meeting, the topic of small cell detection was further investigated especially for the inter-frequency scenario. Several companies gave their viewpoints and simulation results partially [1, 2], and the following descriptions were agreed accordingly [3]:

For inter-frequency small cell detection, the study will 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.  The goal is to optimize the data offloading potential (e.g. maximize the amount of data that is transmitted in pico cells rather than in macro cells; maximize the time a UE stays out of the macro cell, …) with the following criteria:

1) UE power consumption for inter-frequency small cell measurements in Hetnet deployments should be minimised.
2) Any interruptions on the serving cell(s) due to inter-frequency small cell measurements should be minimised.
3) Inter-frequency mobility performance should not be degraded by measuring inter-frequency small cells.
4) Mobility performance of legacy UEs should not be degraded to improve inter-frequency small cell detection by Rel-11 UEs.
In [4], we described the objectives and the major scenarios of inter-frequency pico cell discovery in LTE HetNets, analyzed the potential factors of impacting UE power consumption and pico cell discovery efficiency, and finally discussed several possible network-assisted inter-frequency pico cell discovery solutions considering the impacts of some important factors for different scenarios. In this contribution, we will give our simulation results to evaluate the impact of the proposed solution onto the performance in terms of UE power consumption and pico cell discovery efficiency.
2 Discussion
Just as discussed in [4], the performance of UE power consumption and the efficiency of inter-frequency pico cell discovery will be impacted by many factors including the load of the umbrella macro cell, the load of the target pico cell, the location/density of the pico cells, the position/speed of the UE, the DRX configuration of the UE and the inter-frequency measurement gap etc. Due to the limitation of time, we cannot evaluate the impact of all these factors. In this contribution, we focus on evaluating the impacts of different inter-frequency measurement gaps and the performance of the proposed network-assisted location-based solution comparing to that of the Always-On solution. 
3 Simulation
3.1 Assumptions and Configurations 
The main simulation parameters for the simulation are listed in Tab.1. Considering the limitation of simulation time, we do not use the general HO process specified in TR36.839, and the HO is completed once some RSRP conditions are fulfilled as in [1]. The procedures for inter-frequency measurement and inter-frequency HO are described as follows:

(1) For the Always-On solution, inter-frequency measurement is activated with 6ms per 40ms or 6ms per 80ms gap pattern once it is connected to the system.

(2) For the proposed location-based solution, inter-frequency measurement is performed with 6ms per 40ms or 6ms per 80ms gap pattern when it is within the proximity of a pico cell on 
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(3) The proximity criterion is distance-based, i.e. inter-frequency measurement from 
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 is triggered once the distance between a UE and a pico cell is smaller than a predefined threshold of Proximity Distance.(see table 1 for the value used in this simulation). 
(4) If a UE is served by a macro cell on 
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, it will be handed over to a pcio cell which has the strongest RSRP on 
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 once the strongest RSRP exceeds a predefined threshold (e.g. -98dBm). 
(5) If a UE is served by a pico cell on 
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, the inter-frequency measurement on 
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 will start when the RSRP of the serving pico cell is below a predefined threshold (e.g. -109dBm). And the UE will be handed over to a macro cell when the strongest RSRP of the macro cells on 
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 exceeds the RSRP of the serving pico cell on 
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 by A3-offset.
The metrics for performance evaluation include the Average UE power consumption, the number of inter-frequency HO per UE per second and the Average time connect to pico cells, where the later two metrics are used to evaluate the efficiency of pico cell discovery. 
The total power consumed for performing the inter-frequency measurement can be presented as:
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Where 
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 denotes the total power consumption for inter-frequency measurement during the simulation, 
[image: image12.wmf]measure

P

 is the required power in a certain time interval for a UE to performance the measurement. More specifically, the power consumed for inter-frequency measurement in each millisecond is: 
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 is the total time the UEs performing the inter-frequency measurement.
Therefore, Average UE power consumption is calculated as: 
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where 
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 denotes the total number of UEs and 
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 denoted the total simulation time. 
Average time connect to pico cells is calculated as: 
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where 
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 denotes the total time connected to picos for all UEs. Once a UE is handed over to a pico cell, the measure of the time of stay in this pico cell is started till it is handed over to a macro cell again. The 
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is accumulated from the time of stay in pico of all the UEs during the total simulation time. And 
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 denotes the total numer of picos that UEs have connected to.
Table 1: Main simulation parameters
	Parameter
	Assumption

	Cell deployment
	Bounding-circle model in TR36.839

	Pico cell placement
	At 0.5ISD on the boresight direction

	Bandwidth
	10MHz

	Proximity distance
	20m*

	UE speed
	{30, 60, 120} km/h

	Cell loading
	100%

	A3-offset 
	3 dB

	Layer 3 Filter parameter 
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	 -98dBm

	Antenna configuration
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	Macro BS TX power
	46 dBm

	Pico BS TX power
	30 dBm

	Macro cell ISD
	500m

	Inter-frequency measurement gaps
	6 ms gap every 80 ms (Pattern 1), 6 ms gap every 40 ms (Pattern 2)


*Note: According to [5], the radius of the picos at 0.5 ISD is about 20m. Therefore, we set proximity distance as 20m accordingly.
3.2 Simulation Results
The simulation results are shown in Tab.2 and the performances Average UE power consumption of different solutions with different inter-frequency measurement gap patterns are shown in Fig.1. 
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Figure 1. Average UE power consumption of different solutions with different gap patterns

Comparing the simulation results of Pattern 1 and 2, we have our first observation:  
Observation 1: Pattern 1 can reduce 
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 about 50% almost without impact onto 
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It is quite a big power saving. Therefore, the gap pattern could be configured according to different conditions. For an example, considering the potential impact of the density of the target cells to be discovered, if the macro eNB knows that a UE is approaching to an area with sparse pico cell deployment, it could configure the inter-frequency measurement gap sparsely. We give the following proposal accordingly:

Proposal 1: RAN2 is kindly suggested to configure different inter-frequency measurement gap patterns for different scenarios.

Comparing the simulation results of the Always-On and the network-assisted location-based solutions, we have our second observation:

Observation 2: The network-assisted location-based solution can reduce 
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 more than 98% almost without impact onto 
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The power saving is significant. Therefore, our proposed network-assisted location-based solutions could be used as an enhanced solution for inter-frequency pico cell discovery in HetNets. We give the following proposal accordingly:

Proposal 2: RAN2 is kindly suggested to select network-assisted location-based solution as an enhanced solution for pico cell discovery in HetNets.
4 Conclusion

In this contribution, we investigated the impact of different inter-frequency gap patterns and different solutions onto the performance in terms of UE power consumption and pico cell discovery efficiency. Based on the simulation results, the gap pattern could be configured according to different conditions and the network-assisted location-based solution could be used as an enhanced solution for inter-frequency pico cell discovery in HetNets. Therefore, we give our following proposals accordingly:

Proposal 1: RAN2 is kindly suggested to configure different inter-frequency measurement gap patterns for different scenarios.

Proposal 2: RAN2 is kindly suggested to select network-assisted location-based solution as an enhanced solution for pico cell discovery in HetNets.
Table 2: Simulation results
	Speed(km/h)
	Metric
	Always-On solution
	Location-based solution

	
	
	Pattern 1
	Pattern 2
	Pattern 1
	Pattern 2

	30
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	0.002
	0.002
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	1.573
	1.565
	1.573
	1.565
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	18.720

((49.998%)
	37.439 

(Baseline)
	0.275
((99.265)
	0.551

((98.528%)
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	0.453
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	0.453
	0.457
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	18.704
((49.989%)
	37.40

(Baseline)
	0.185
((99.505)
	0.371
((99.008)

	120
	
[image: image38.wmf]InterF

pUEpS

HO


	0.007
	0.007
	0.007
	0.007
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