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1
Introduction
In the past RAN4 meetings, a scheme with which UE evaluates multiple criteria for cell reselections was proposed [1] as an alternative to mobility state detection based cell reselection. The evaluation scenarios and performance measures for investigating were proposed in [2]. Several investigations have been done by interested companies [3-7]. In the last meeting, it was suggested that this scheme is introduced to the specifications since simulation results showed that cell reselection decisions with this scheme seem to be more "successful" than the single setting in the current specifications. 
This contribution presents our simulation results based on more realistic parameters and settings, and discusses whether this scheme should be introduced or not.
2
Simulation Assumptions
The simulation model is similar to the one used in [7]. The simulation parameters are listed in the Table 1. Throughout the simulations, there is one UE and it was simulated 40 times. Statistics are gathered by the 40 results. The UE in each trial placed at random positions in the network and it moves at random directions with a fixed speed throughout the simulations. RSRP measurements are done every DRX cycle and the result is averaged with the last previous measurement. The filtering procedure is common through all simulations.
It should be noted that in the simulations the UE measures DL RSRP only every DRX cycle from real implementation point of view and obeys “one second rule” for the cell reselection in section 5.2.4.6 of [8] as below:
In all cases, the UE shall reselect the new cell, only if the following conditions are met:

-
the new cell is better ranked than the serving cell during a time interval Treselections
-
more than 1 second has elapsed since the UE camped on the current serving cell.
Table 1: The list of simulation parameters

	Parameters
	Value

	Cellular layout
	19 base stations/ 3 sectors per cell

	Inter-site distance
	500 [m], 3 [km]

	Minimum distance between UE and cell site
	35 m

	Antenna pattern
	75-degree sectored beam

	Shadowing correlation between cells/sectors
	0.5 / 1.0

	Traffic model
	Full load

	Propagation condition 
	Typical Urban

	UE Speed
	3, 50, and 200 km/h

	Receiver diversity
	2RX MRC

	Qhyst
	{4, 2, 1, [4,1], [4,2], [2,1]} [dB] (See Table 2)

	Treselection
	{0, 1280, 2560, [0, 2560], [0, 1280], [1280, 2560]} [ms] (See Table 2)

	DRX cycle length
	1.28 [s]

	RSRP measurement bandwidth
	5MHz (Channel bandwidth)

	RSRP Measurement Period
	1.28 [s]

*every DRX cycle

	Sliding Window (for averaging RSRP Measurements)
	Linear averaging with the last result only

	Number of UEs in the simulation
	1 (simulated 40 times)

	Simulation time 
	3000 [sec] per each trial

	Channel bandwidth
	5 MHz


The cases where parallel triggers are used were compared to the ones where a single setting of triggers is used. In our simulations, six different configurations are tested. The first three configurations have a single triggering set, namely "Single Setting" 1 to 3 respectively. In the second three configurations, two cell reselection triggers are used in parallel, namely "Parallel Setting" 1 to 3 respectively. Table 2 shows the configurations above.
Table 2: The parameter configurations

	No.
	Setting
	Set
	Treselection [ms]
	Qhyst [dB]

	1
	Single Setting 1
	
	0
	4

	2
	Single Setting 2
	
	1280
	2

	3 
	Single Setting 3
	
	2560
	1

	4
	Parallel Setting 1
	1
	0
	4

	
	
	2
	2560
	1

	5
	Parallel Setting 2
	1
	0
	4

	
	
	2
	1280
	2

	6
	Parallel Setting 3
	1
	1280
	2

	
	
	2
	2560
	1


3
Simulation Results

The following performance measures are investigated in the simulations: 

· The total number of cell reselections
· The RS SINR distribution from the camped cell

· The RS SINR before and after the cell reselection
· The amount of time the UE is camped to a cell
3.1
The total number of cell reselections
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Figure 1: The total number of cell reselections (UE speed 3 km/h and ISD 500 m)
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Figure 2: The total number of cell reselections (UE speed 50 km/h and ISD 500 m)
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Figure 3: The total number of cell reselections (UE speed 200 km/h and ISD 500 m)
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Figure 4: The total number of cell reselections (UE speed 3 km/h and ISD 3000 m)
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Figure 5: The total number of cell reselections (UE speed 50 km/h and ISD 3000 m)
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Figure 6: The total number of cell reselections (UE speed 200 km/h and ISD 3000 m)
It can be seen that the total number of cell reselections has not been increased with Single Setting 1, which is assumed as a setting for abrupt and big channel variations, in low speed. The reason for this behaviour is that there is a rule that the UE has to stay more than 1 second on a cell before reselecting to another cell. In the case of the parallel setting, on the other hand, the total number of cell reselections has been increased compared to Single Setting 1. From the total number of cell reselection point of view, Single Setting 1 could outperform the parallel settings.
3.2
The RS SINR distribution from the camped cell

[image: image7]
Figure 7: The RS SINR distribution from the camped cell (UE speed 3 km/h and ISD 500 m)
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Figure 8: The RS SINR distribution from the camped cell (UE speed 50 km/h and ISD 500 m)
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Figure 9: The RS SINR distribution from the camped cell (UE speed 200 km/h and ISD 500 m)
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Figure 10: The RS SINR distribution from the camped cell (UE speed 3 km/h and ISD 3000 m)
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Figure 11: The RS SINR distribution from the camped cell (UE speed 50 km/h and ISD 3000 m)
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Figure 12: The RS SINR distribution from the camped cell (UE speed 200 km/h and ISD 3000 m)

It can be seen that there is not much difference between the single settings and parallel settings in low and medium speed. Even in high speed with ISD: 500 ms, Single Setting 1 provides the same performance as Parallel Setting 4 and 5 since Set 1 mainly triggers cell reselections in Parallel Setting 4 and 5 (see also Figure 3 and 6).
3.3
The RS SINR before and after the cell reselection

[image: image13]
Figure 13: The RS SINR before and after the cell reselection (UE speed 3 km/h and ISD 500 m)
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Figure 14: The RS SINR before and after the cell reselection (UE speed 50 km/h and ISD 500 m)
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Figure 15: The RS SINR before and after the cell reselection (UE speed 200 km/h and ISD 500 m)
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Figure 16: The RS SINR before and after the cell reselection (UE speed 3 km/h and ISD 3000 m)
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Figure 17: The RS SINR before and after the cell reselection (UE speed 50 km/h and ISD 3000 m)
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Figure 18: The RS SINR before and after the cell reselection (UE speed 200 km/h and ISD 3000 m)

It can be seen that Single Setting 1 seems to jump into the target cells with a big increase of SINR in low speed, however it would not matter because the low speed scenarios would not be difficult conditions, i.e. slightly degraded performance in low speed scenarios would not cause any cell reselection problems. It is further noted that there is no difference between Single Setting 1 and Parallel Setting 1 and 2.
3.4
The amount of time the UE is camped to a cell
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Figure 19: The amount of time the UE is camped to a cell (UE speed 3 km/h and ISD 500 m)
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Figure 20: The amount of time the UE is camped to a cell (UE speed 50 km/h and ISD 500 m)
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Figure 21: The amount of time the UE is camped to a cell (UE speed 200 km/h and ISD 500 m)
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Figure 22: The amount of time the UE is camped to a cell (UE speed 3 km/h and ISD 3000 m)
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Figure 23: The amount of time the UE is camped to a cell (UE speed 50 km/h and ISD 3000 m)
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Figure 24: The amount of time the UE is camped to a cell (UE speed 200 km/h and ISD 3000 m)
It can be seen that the UE is camped to a cell for the longest time with Single Setting 1 in low speed and the UE is camped for the longest time with Single Setting 3 in medium and high speed. The results indicate that there is almost no difference between Single Setting 1 and Parallel Settings.
4
Conclusions
This contribution provided our simulation results on the usage of multi-trigger based cell reselection. From the results, the following conclusions could be derived:
· At the low speed, Single Setting 1 (Treselection: 0 and Qhsyt: 4) is the best since the DL RS SINR is highest in addition to less number of cell reselections.
· At the medium speed, there is almost no difference between Single Setting 1 and Parallel settings.

· At the high speed, mainly the first setting triggers the cell reselections so that the second setting is not needed.
· Based on the above points, Multi-trigger based cell reselection would not be needed in the specifications.
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