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1. Introduction

In Release 8, RAN4 has started investigating the potential of mobility detection-based cell reselection [2]-[8]. At the end of release 8, it was decided to proceed with investigations of the existing mobility detection-based schemes within Release 9. Up to now, two schemes implementing mobility state detection-based are identified: i) the scaling of cell reselection triggers, i.e. Qhyst and Treselection, on the basis of the number of cell reselections performed in a given time window and ii) the use of more than one set of cell reselection triggers. The first feature is described in [1]. The second one was presented and its performance is described in [5]-[8]. A study plan for the investigation of these two schemes is described in [9]. This contribution presents simulation results on the performance of the double set of cell reselection triggers, when compared with the single set of triggers without the speed dependent adaptation scheme.  This case-single setting without speed dependent adaptation-is the ideal case of the scheme existing in the standard, since it does not include the deficiencies which are observed during triggers adaptation.
2. Evaluation Methodology
The performance of the scheme employing two sets of cell reselection triggers is compared to the performance of a single set of triggers. The single set of triggers does not feature the speed dependent triggers adaptation. This comparison can give a good indication on how the double set of triggers behaves in comparison to an adaptive scheme. For the comparisons, the evaluation methodology in [9] is used. Namely, the evaluation focuses primarily on:
· percentage of time UEs are connected to the best cell

· DL SIR

· ping-pong cell reselections
· total number of triggered cell reselections

For the double set of triggers, what is also logged is the identity of the triggering set which triggered cell reselection.

In addition, statistics on the number of times both of sets trigger an event (cell reselection) is traced. Moreover, what is traced is how many times this concurrent triggering of the double set involves triggering to different cells.
3. Simulation Model
A typical network deployment based on a hexagonal grid is used. The network is consisted of 3-sectored cells. It is suggested to use 7 cells or equivalently 21 sectors in the network. In the network there is a high number of UEs created and removed during the simulation. UEs have both VoIP service. Statistics are gathered by a certain number of UEs, which are only moving during the simulation, without generating traffic. 
For this network deployment, cell radius of 166 m is considered. This cell radius corresponds to inter-site distances of 500 meters; hence it is the Case 1 [10]. The multipath propagation model is the typical urban. 
Regarding the UE speed, the speeds of 3, 50, 120 and 250 km/h are simulated. UEs are placed at random positions in the network and they move at random directions. Each UE is moving at a straight line and with a fixed speed throughout the whole simulation time. As a starting point it is proposed to use DRX long cycle of 1.28 seconds. The UE measures RSRP every 1 second, hence it wakes up at every RSRP measuring instant, so as to measure and then it goes back to the inactive mode. The last RSRP is averaged along with the previous one. No L3 filtering is considered.

Cell reselection decisions are done on the basis of RSRP and the algorithm of §5.2.3.2 in [11] is implemented. 
Concerning the cell reselection triggers, a number of different settings can be considered. It is proposed to consider 0, 2 and 4 dBs for the Qhyst and 2, 1 and 0 seconds for Treselection respectively. These three single settings can be combined and form double settings. Table 1 shows the simulated single and double sets of simulated cell reselection triggers.

	Configuration
	Name
	SETS {Treselection [sec], Qhyst [dB]}

	1
	Single Setting 1
	Set 1 {1,  2}("SHORT")

	 
	 
	 

	2
	Single Setting 2
	Set 1 {0,  4}("SHORT")

	 
	 
	 

	3
	Single Setting 3
	Set 1 {2,  0}("LONG")

	 
	 
	 

	4
	Double Setting 1
	Set 1 {1,  2} ("SHORT")

	 
	 
	Set 2 {2,  0} ("LONG")

	5
	Double Setting 2
	Set 1 {0,  4} ("SHORT")

	 
	 
	Set 2 {2,  0} ("LONG")


Table 1: Settings for the simulated single and double set of cell reselection triggers.
The most relevant simulation parameters are listed in Table 2. A more detailed list of the simulation parameters can be found in the Annex.
	Parameters
	Value
	Comments

	Cellular layout
	7 base stations/ 3 cells per sector
	

	Inter-site distance
	500 [m]
	3GPP Case 1 [10]

	Propagation condition 
	TU50 km/h
	

	Qhyst
	{0, 2, 4} [dB]
	

	Treselection
	{2000, 1000, 0} [msec]
	

	Number of UEs
	80 
	

	UE Speed
	{3, 50, 120, 250} [km/h]
	

	Simulation time
	900 [sec]
	UEs move for apprx. 747, 12500, 30000 and 62500 m during the whole simulation, with speed of 3, 50, 120 and 250 km/h respectively.


Table 2: Main simulation parameters.
4. Simulation Results
Results are shown for the four different simulated UE speeds.
4.1 UE Speed 3 km/h

Figure 1 shows the total number of cell reselections generated by the different cell reselection triggers. In the case of double set of triggers, the set having triggered the cell reselection is displayed. The red color corresponds to the "LONG" set and the blue to the "SHORT" one. It can be seen that both of the double sets of triggers generate approximately the same number of cell reselections as the single setting 3-the "LONG" one. This is something which is expected, since in case of double set of cell reselection triggers, it is mainly the "LONG"-single setting 3-which generates cell reselections. Namely, in case of double setting 1, the "LONG"-single setting 3-is the source of approximately 79% of the cell reselections. In case of double setting 2, the "LONG"-single setting 3-accounts for approximately 95% of the cell reselections. This is a reasonable result considering that the double setting 2 is consisted by 2 clearly distinctive single settings.
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Figure 1: Total number of cell reselections generated by the different cell reselection triggers. In the case of double set of triggers, the set having triggered the cell reselection is displayed. The red color corresponds to the "LONG" set and the blue to the "SHORT" one.
Figure 2 shows the percentage of time UEs are not connected to the cell with the highest RSRP value. 
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Figure 2: Percentage of time UE is not connected to the cell yielding the highest RSRP value.
It can be seen that that the "SHORT" single settings-setting 1 and 2-yield the worst performance, as expected. The double sets of triggers are slightly better performing than the "LONG" set-single setting 3. This result is expected since the double settings behave in this low speed very similarly to the "LONG" set-single setting 3.
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Figure 3: Percentage of ping-pong cell reselections.
Figure 3 shows the percentage of ping-pong cell reselections for the simulated cell reselection settings. It can be seen that the "SHORT" single settings-setting 1 and 2-do not generate ping-pong handovers. To the contrary, the "LONG" set-single setting 3-is generating 5.43% of ping-pong cell reselections with the double setting generating insignificantly higher number of ping-pongs.
If results from Figure 3 and Figure 2 are observed, it can be deduced that a cell reselection setting which attaches UEs more often to the best cell, i.e. the "LONG" set-single setting 3-in this speed, is not necessarily the one generating the lowest number of cell reselections or the lowest number of ping-pongs. In addition, "SHORT" cell reselection triggers are proven not to be a good choice for this low speed, due to the delay they add in triggering cell reselections, as this was shown in [6]-[7]. In some cases, there is a trade-off between these performance criteria and it is on the operator to decide, which criterion to prioritize. Similar to this observation here is done in [12] and [13]. Therein handover is studied; however the triggers nature and their role are similar to the ones used in cell reselection. In these contributions ([12] and [13]), in an effort to minimize the RLF rate during handover, handover triggers are set in a way so as the absolute numbers of triggered handovers and the ping-pong handovers increase. In the case of cell reselection though, the ping-pong cell reselection is less costly than the ping-pong handover, since it does not entail the risk of RLF and the risk of call drop. Moreover, it does not generate signaling overhead.
Figure 4 shows the DL SIR for the simulated settings. It can be seen that there is no distinctive difference between the different settings, which is expected due to the very similar behaviour of them.
[image: image4.jpg]DL SIR - CDF

—Single Setting 1
H — Single Setting 2
—Single Setting 3
r — Double Setting 1
—— Double Setting 2

CDF

70

60

50

40

30

20

10

20

30

40

dB

50

60

70





Figure 4: DL SIR CDF.
On the Functioning of the Double Set of Triggers
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Figure 5: Probability of the cell reselection settings generating an event at the same time instant.
In case a double set of triggers is used, there is the probability that both of the cell reselection triggers, generate an event at the same time instant. Figure 5 shows this probability. It can be seen that in the case of the double setting 1, both of the triggers generate a cell reselection, approximately 15% of the times a cell reselection is triggered. For the case of double setting 2, this probability is equal to approximately 3%, as a result of the fact that the double setting 2 is consisted by the single setting 2 ("SHORT") and single setting 3 ("LONG")-two distinctively different settings.  

Figure 6 shows the probability that the indicated target cell is the same for both of the settings when both of the cell reselection settings generate an event at the same time instant. It can be seen that for both double setting 1 and double setting 2, almost always when both of the cell reselection trigger an event, these two settings indicate the same target cell. This is a general observation done also at the other speeds.
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Figure 6: Probability the indicated target cell being the same for both of the settings when both of the cell reselection settings generate an event at the same time instant.
4.2 UE Speed 50 km/h

Figure 7 shows the total number of cell reselections generated by the different cell reselection triggers. Similarly to the case of 3 km/h above, in the case of double set of triggers, the set having triggered the cell reselection is displayed. The red color corresponds to the "LONG" set and the blue to the "SHORT" one. It can be seen that all of the single settings generate approximately the same number of cell reselections. The double sets of triggers generate insignificantly higher number of cell reselections as the single settings. This is something which is expected, since in case a double set of cell reselection triggers is applied, both of its consisting single settings have very similar performance and can generate with equal probabilites cell reselections. However, even in this case the increase in numbers of cell reselections is not substantial. In both of the double settings, it is the SHORT"-single setting 1 and 2 respectively-which are responsible for more than half of the triggered cell reselections. In case of double setting 2, this tendency is more pronounced, since the "SHORT" single setting 2 is reacting faster than the "SHORT" single setting 1, at this speed.
Figure 8 shows the percentage of time UEs are not connected to the cell with the highest RSRP value. The double sets of cell reselection triggers slightly outperform the single ones. Figure 9 shows the percentage of ping-pong cell reselections for the simulated cell reselection settings. It can be seen that the "SHORT" single settings-setting 1 and 2-do not generate ping-pong handovers. To the contrary, the "LONG" set-single setting 3-is generating 6% of ping-pong cell reselections with the double setting generating little higher number of ping-pongs.
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Figure 7: Total number of cell reselections generated by the different cell reselection triggers. In the case of double set of triggers, the set having triggered the cell reselection is displayed. The red color corresponds to the "LONG" set and the blue to the "SHORT".
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Figure 8: Percentage of time UE is not connected to the cell yielding the highest RSRP value.
If results from Figure 8 and Figure 9 are observed, it can be deduced that a cell reselection settings which attaches UEs more often to the best cell, i.e. the "SHORT" set-single setting 2 is the one generating the lowest number of cell reselections or the lowest number of ping-pongs. Hence, contrary to the case of 3 km/h, there is not a trade-off between these performance criteria at this speed. 

Figure 10 shows the DL SIR for the simulated settings. It can be seen that there is a tendency for double setting 2 and single setting 2 being better than the other settitngs; in the 10% CDF value, this difference can be up to 1 dB. 


On the basis of the results in this section the single setting 2-primarily and the double setting 2 secondarily are the ones outperforming all the others at this speed. 
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Figure 9: Percentage of ping-pong cell reselections.
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 Figure 10: DL SIR CDF.
4.3 UE Speed 120 km/h

Figure 7 shows the total number of cell reselections generated by the different cell reselection triggers. As before, in the case of double set of triggers, the set having triggered the cell reselection is displayed. The red color corresponds to the "LONG" set and the blue to the "SHORT". It can be seen that all of the single settings generate approximately the same number of cell reselections. The double sets of triggers generate insignificantly higher number of cell reselections as the single settings. This is something which is expected, since in case a double set of cell reselection triggers is applied, both of its consisting single settings have very similar performance and can generate with equal probabilites cell reselections. However, even in this case the increase in numbers of cell reselections is not substantial. In both of the double settings, it is the SHORT"-single setting 1 and 2 respectively-which are responsible for more than 90% of the triggered cell reselections. In case of double setting 2, this tendency is more pronounced, since the "SHORT" single setting 2 is reacting faster than the SHORT" single setting 1, at this speed.
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Figure 11: Total number of cell reselections generated by the different cell reselection triggers. In the case of double set of triggers, the set having triggered the cell reselection is displayed. The red color corresponds to the "LONG" set and the blue to the "SHORT".
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Figure 12: Percentage of time UE is not connected to the cell yielding the highest RSRP value.
Figure 12 shows the percentage of time UEs are not connected to the cell with the highest RSRP value. The double sets of cell reselection triggers slightly outperform the single ones.
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Figure 13: Percentage of ping-pong cell reselections.
Figure 13 shows the percentage of ping-pong cell reselections for the simulated cell reselection settings. It can be seen that all of the settings generate very low number of ping-pong cell reselections, due to the high speed. At this speed of 120 km/h, there is not a trade-off between the performance criteria of % time connected to best cell and % of ping-pong cell reselections. The single setting 2 is outperforming the others for these criteria.
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Figure 14: DL SIR CDF.
Figure 14 shows the DL SIR for the simulated settings. It can be seen that there is a tendency for double setting 2 and single setting 2 being better than the other settitngs; the double setting 2 can be be up to 3 dB better than the others in the 10% CDF value. 
On the basis of the results in this section the single setting 2-primarily and the double setting 2 secondarily are the ones outperforming all the others at this speed.
4.4 UE Speed 250 km/h
The performance of the simulated trigger settings is also simulated for the speed of 250 km/h. Observations and results are very similar to the ones obtained for the case of 120 km/h, with the double settings operating very similarly to the "SHORT" single settings.

5. Conclusions and discussion

The performance of the double set of triggers is compared to the one of the single set of triggers which does not feature the speed dependent scaling of triggers. This case is the ideal case, since it does not include the expected deficiencies of the speed dependent scaling mechanism, i.e. response time in changes of speed, vulnerability to ping-pongs, non trivial setting of appropriate scaling paremeters. 

Results show that the double set of triggers slightly outperforms the single set in terms of percentage of time connected to the best cell and in terms of DL SIR. This is achieved by increasing unsubstantially the number of triggered cell reselections. This trade-off between these performance criteria is also identified in similar handover studies [12], [13]. In these contributions, in an effort to minimize the RLF rate during handover, handover triggers are set in a way so as the absolute numbers of triggered handovers and the ping-pong handovers increase. In some scenarios, it is not straightforward to find a set of triggers which both minimizes the number of cell reselections and at the same time increases the DL SIR and the percentage of time users are connected to the best cell.
In the case of cell reselection though, the triggering of few more cell reselections is less costly than the ping-pong handovers, since cell reselection does not involve the risk of RLF and maybe of call drop. Moreover, cell reselection does not always generate signaling overhead. It is on the operator’s choice which criterion to prioritize.
However, it is expected that with simulations where UEs change their speed during the simulation, the benefits of the double set of triggers over the speed dependent scaling of cell reselection triggers are becoming more obvious. For this reason, it is suggested to proceed in this study item with simulations where the UE speed is varying during the simulation time. The scheme for adapting cell reselection triggers, which exists in the standard is going to be considered in these simulations. 
Simulation results have also revealed the robustness of the double set of triggers obtained upon cell reselection decisions, since at a considerable percentage of the time, both of the cell reselection triggers, generate a cell reselection event indicating the same target cell.

Considering also that the simplicity of the double set of triggerings is significantly lower than the one of the speed dependent scaling of triggers, due to the fact that one set of values for the two cell reselection triggers is sufficient for a high number of the UE speeds and the network deployments, we think that this is good candidate for Release 9 and it worths to be further investigated.
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Annex A: Simulation parameters
	Feature/Parameter
	
	Value/Description

	Bandwidth
	
	5 MHz

	IFFT/FFT length
	
	512

	Duplexing
	
	FDD

	Number of sub-carriers
	
	300

	Sub-carrier spacing
	
	15 kHz

	Resource block bandwidth
	
	180 kHz

	Sub-frame length
	
	1 ms

	Reuse factor
	
	1

	Number of symbols per TTI
	
	14

	Number of data symbols per TTI
	
	11

	Number of control symbols per TTI
	
	3

	3GPP Macro Cell Scenario
	Cell layout
	21 sectors/7 BSs

	
	Minimum distance between UE and cell site
	35 m

	
	Antenna pattern
	75-degree sectored beam

	Shadowing correlation between cells/sectors
	
	0.5 / 1.0

	Multipath delay profile
	
	Typical Urban

	Traffic model
	
	Mixed traffic (VoIP, Web)

	UE Speed
	
	3, 50, 120 and 250 km/h

	Cell reselection
	Treselection {SHORT, MEDIUM, LONG}
	{0, 1, 2} seconds

	
	Qhyst {SHORT, MEDIUM, LONG}
	{4, 2 , 0} dB

	Receiver diversity
	
	2RX MRC


