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1. Introduction

In this contribution, further simulation results of mobility detection-based cell reselection are presented. It is a follow-up contribution to [1] and [2] and simulation models and parameters are the ones described in [3].

 As also done in the contribution of the previous meeting presenting simulation results for mobility state detection cell reselection [1], three different schems are compared:

i) a scheme employing a single non-adaptive set of cell reselection triggers, i.e. Qhyst and Treselection; this scheme is called in this contribution "Scheme A",
ii) the scheme featuring more than one set of cell reselection triggers. Namely, in this case two parallel sets of cell reselection triggers are considered; this scheme is termed here "Scheme B",  
iii) the scheme employing mobility state detection adaptation of cell reselection triggers, as is specified in § 5.2.4.3 of [4]; the scheme is called "Scheme C".

The performance of "Scheme B" has also been discussed in [5], [6], [7], [8], [9], [10], [11], [12]. In [5], [6], [7], [8], [9], [10], [11] the scheme featuring a double set of cell reselelections is compared to the scheme with one set of cell reselection triggers. Namely, the comparison is therein done between schemes "A" and "B", i.e. i) and ii). In [12] the comparison between these three schemes mentioned above is done. However in all of these contributions ([5], [6], [7], [8], [9], [10], [11], [12]) the UE speed is constant for all of the UEs in the simulation. 

However, in order to assess the performance of mobility mechanisms, it is estimated and it is agreed in [3] to do simulations with UEs changing their speed during the simulation. This is done in the simulations presented in [1]. Therein, it was shown that the scheme employing a double set of cell reselection triggers can increase the percentage of time UEs are connected to their best cell up to 20%, when results are ploted for only those UEs performing cell reselections. During the last meeting (#51) it was commented that the mobility conditions used in these simulations-already agreed in [3]-are challenging. A consensus is gained and it was decided to perform the same simulations but with more benign mobility conditions. This contribution presents simulation results with these modified-more benign-mobility conditions. As in [1], the three schemes listed above are compared. 
In addition, a modification of the scheme featuring double set of triggers is discussed and its performance is assessed.

2. Simulation Model
2.1 Comparison of schemes A, B and C

As in the previous contributions presenting simulation results ([1], [2], [6], [7], [8], [11]), typical network deployment based on a hexagonal grid is used. The network is consisted of 3-sectored cells; there are 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 and web service. The number of users at any time instant in the simulation is such that the system is fully loaded throughout the whole simulation time. Statistics are gathered by 210 UEs in idle mode; hence, these 210 UEs are only moving during the simulation, without generating traffic. 
The simulation time is set to 500 sec.

So as to be compliant with other related mobility studies within RAN 1 [13], [14], [15], the cell radii of 1000 m and 288 m are considered. These cell radii correspond to inter-site distances of 3000 meters and 864 meters respectively. The multipath propagation model is the typical urban. 
Regarding the UE speed, the speeds of 3, 50, 120, 250 and 350 km/h are considered. In case the cell radius is 288 m, UEs can have the speeds of 3, 50 and 120 km/h. In case of cell radius of 1000 m, UEs are moving at higher speeds of 120, 250 and 350 km/h. The UEs change their speed during the simulation by selecting one of the available 3 speeds, depending on the cell size used for simulations. Each UE changes its speed every 100 seconds. Hence, at any time instant in the simulation there are UEs with three different speeds: 3, 50, 120 km/h for the case of cell radius equal to 288 m and 120, 250 and 350 km/h for the case where cell radius is 1000 m. These mobility parameters are modified in comparison to the ones of [1].
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 perform measurements and then it goes back to the inactive mode. The last RSRP is averaged 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 [4] is implemented. 
As also mentioned in the introduction, the scheme featuring a single set of cell reselection non-adaptive cell reselection triggers is termed "Scheme A" in the following. The scheme using two sets of cell reselection triggers is termed "Scheme B".  Regarding the speed depending scaling of Qhyst and Treselection, the algorithm of §5.2.4.3 in [4] is implemented and it is termed "Scheme C" below. Hence, the parameters TCRmax, NCR_H, NCR_M and TCRmaxHyst are implemented as well. Following to the off-line discussions in the last RAN 4 meeting (#51), interested companies suggested to modify the model presented in [12] and as such only two mobility states, i.e. normal and high speed state, are used for the simulations here.
Concerning the cell reselection triggers, a number of different settings has been simulated for all of the three schemes. Regarding the scaling-parameters TCRmax, NCR_H, and TCRmaxHyst most of values which can be found in § 6.3.4 of [16] are simulated. Simulation results have shown that the best performing sets are:
· Treselection: 1 sec, Qhyst: 1 dB for low to medium UE speeds

· Treselection: 0 sec, Qhyst: 3, or 4 dBs for high speeds 

· and their combinations for the double set of triggers

Table 1 lists the configurations for the best performing sets of triggers per scheme and the ones to be discussed later. 
	Configuration
	Name
	SETS {Treselection [sec], Qhyst [dB]}
	NCR_M
	NCR_H

	1
	Scheme A
	Set 1 {0,  4}("SHORT")
	-
	-

	 
	 
	 
	
	

	2
	Scheme A
	Set 1 {0,  3}("SHORT")
	-
	-

	 
	 
	 
	
	

	3
	Scheme B
	Set 1 {0,  4}("SHORT")
	-
	-

	 
	 
	Set 2 {1,  1} ("LONG") 
	
	

	4
	Scheme B
	Set 1 {0,  3}("SHORT")
	-
	-

	 
	 
	Set 2 {1,  1} ("LONG") 
	
	

	5
	Scheme C
	Set 1 {1,  1} ("LONG") (normal speed state)
	-
	6

	 
	 
	Set 2 {0,  4}  ("SHORT") (high speed state)
	
	

	6
	Scheme C
	Set 1 {1,  1} ("LONG") (normal speed state)
	-
	6

	 
	 
	Set 2 {0,  3}  ("SHORT") (high speed state)
	
	


Table 1: Settings for the simulated single and double set of cell reselection triggers (Schemes A, B and C).

Namely, for the "Scheme A" (single setting of cell reselection parameters without scaling), the most outperforming settings among the ones simulated are the settings employing Treselection equal to 0 seconds and Qhyst of 4 and 3 dBs. They are the configurations 1 and 2 respectively in Table 1.
Regarding the double set of triggers-"Scheme B"-the set whose performance is shown features a "SHORT" set where Treselection is set to 0 sec and Qhyst is set to 3 and 4 dBs and a "LONG" set where Treselection is set to 1 sec and Qhyst is set to 1 dB.
For the scheme featuring scaling of mobility triggers-"Scheme C"-the most outperforming setting is the one where, TCRmax is 120 seconds [4] and the setting for high speed detection state, NCR_H, is 6. These parameters are listed in Table 1.

2.1 Comparison of schemes A, B and C and of the modified scheme featuring double set of triggers

As shown in [1], [9], [10], [11] the scheme featuring double set of mobility triggers, "Scheme B" is resulting into higher number of cell reselections and ping-pongs than the other schemes. Simulation traces have shown that most of the ping-pongs are generated when the UE is moving at high speed and the "LONG" set is triggering cell reselections.
Hence, a way to reduce the number of ping-pongs generated by the "LONG" set of triggers, when UEs move at low speeds, is that the UE deactivates this set of triggers, when the UE detects that it is moving at high speed.

A fast way to detect high speed is by measuring the difference of N consecutive RSRP values, measured at the UE. If this absolute difference is 
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where the index n denotes the current RSRP measurement and the index n-1 the previous one.

Dlt is a predefined threshold.

The UE then deactivates the "LONG" set of mobility triggers.

Upon detection of high speed, the UE continues checking equation (1). When (1) is not satisfied for N consecutive times, the UE goes back to the normal mobility state again. 
Detecting of high speed is easier than the detection of low speeds. In addition, such detection is done quite fast at high speed. E.g. it can take 1 or 2 or N measurement periods.

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

	1
	Scheme A
	Set 1 {0,  4}("SHORT")
	-
	-
	-

	2
	Scheme A
	Set 1 {2,  1}("LONG")
	-
	-
	-

	3
	Modified Scheme B
	Set 1 {0,  4}("SHORT")
	-
	-
	5

	 
	 
	Set 2 {2,  1} ("LONG") 
	
	
	

	4
	Modified Scheme B
	Set 1 {0,  4}("SHORT")
	-
	-
	6

	 
	 
	Set 2 {2,  1} ("LONG") 
	
	
	

	5
	Modified Scheme B
	Set 1 {0,  4}("SHORT")
	-
	-
	7

	 
	 
	Set 2 {2,  1} ("LONG") 
	
	
	

	6
	Scheme B
	Set 1 {0,  4}("SHORT")
	-
	-
	-

	 
	 
	Set 2 {2,  1} ("LONG") 
	
	
	

	7
	Scheme C
	Set 1 {2  1} ("LONG") (normal speed state)
	-
	6
	-

	 
	 
	Set 2 {0,  4  ("SHORT") (high speed state)
	
	
	


Table 2: Settings for the simulated single and double set of cell reselection triggers (Schemes A, B and C).

This new suggested scheme is simulated and its performance is assessed. Its performance is compared with the schemes A, B and C discussed above. 

Table 2 lists the configurations (cases) compared. In these simulation UEs move with 3, 50, 120, 250, 350 km/h. The reason for these challenging mobility conditions is to accentuate the differences between schemes. For the number of N consecutive measurements, N is set to 2.
3. Simulation Results
First the comparison of the schemes discussed above Results are presented for the two different scenarios featuring small and large cells respectively.
3.1 Comparison of Schemes A, B and C
Cell Radius 288 m, UE speed 3, 50, 120 km/h
Figure 1 shows the percentage of time the UE is not connected to the cell with the highest RSRP. It can be seen that the double set of triggers ("Scheme B", hence configurations 3 and 4) are outperforming the single setting schemes; both the scheme with ("Scheme C", configurations 5 and 6) and without parameters scaling ("Scheme A", configurations 1 and 2). The percentage of time the UE is not connected to the best cell is around 16% for the double set of triggers (configurations 3 and 4), whilst for the schemes employing single setting-with and without scaling of parameters-is 19-20%. This is an improvement of 3-4 % of the double set of triggers in comparison to the other schemes. This number is close to results presented in [1], [2], [5], [6], [7], [9], [10], [11], [12] where in most of the cases the double set of triggers is compared to the single setting without adaptation ("Scheme A", configurations 1 and 2). 
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Figure 1: Percentage of time UE is not connected to the cell yielding the highest RSRP value for all of the tested configurations (see Table 1). Cell radius is 288 m.
However, this is the result for all of the UEs. If statistics are gathered only for those UEs performing cell reselections, then the gains can be up to 22 %, as shown in [1].

It is of interest to see that the existing in the standard, speed dependent scaling mechanism ("Scheme C", configurations 5 and 6) is not improving the basic scheme without parameters scaling ("Scheme A", configurations 1 and 2). It has been shown also in [1], [9], [10], [11] that the single setting featuring Treselection of 0 sec and Qhyst 4 dB (configuration 1) is problematic in low speeds. Hence, it is expected that the speed dependent scaling making use of this set of triggers (configuration 5) is better than the scheme without adaptation. However, for the set of triggers employing 3 dB of Qhyst the speed dependent scaling scheme (configuration 6) is worse than the scheme without adaptation.
This increase of time connected to best cell observed in the case of double set of triggers is translated to a respective increase in SIR of the UEs. This can be seen when observing the DL SIR before cell reselection.
Figure 2 shows the DL SIR CDF from UEs performing cell reselections for half a second before the instant cell reselection is triggered. It can be seen that the double set of triggers-"Scheme B" (cases 3 and 4)-clearly outperforms the other schemes. 
When tracing the 10 % CDF value, it can be seen that the double set of triggers ("Scheme B", case 3 and 4) is 0.6-1.2 dB higher than the basic scheme without adaptation ("Scheme A", case 1 and 2). 
In addition, the 10 % CDF value of the double set of triggers ("Scheme B", case 3 and 4) is 0.8-1 dB higher than the existing in the standard speed dependent scaling scheme ("Scheme C", case 5 and 6). This shows that the double set of triggers is triggering cell reselection in a timelier manner than the other schemes.
It is of interest in this case also to compare the existing in the standard speed dependent scaling scheme ("Scheme C", case 5 and 6) with the basic single setting mechanism which does not use triggers adaptation. It can be seen that when configurations 1 and 5 are compared (Qhyst: 4 dB), the improvement provided by the speed dependent scaling scheme (case 5) is 0.2 dB. When configurations 2 and 6 are compared, then the speed dependent scaling scheme (case 5) is 0.3 dB worse than the basic scheme. Hence, in all, the speed dependent scaling is not improving the basic scheme employing single set of triggers without adaptation "Scheme A".
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Figure 2: DL SIR CDF before Cell Reselection for all of the tested configurations (see Table 1). Cell radius is 288 m.
Figure 3 shows the DL SIR after the cell reselection instants. The time period of half a second is considered. It can be seen the DL SIR is better than the other schemes when the basic scheme without adaptation ("Scheme A", case 1 and 2) is used. The double set of triggers ("Scheme B", case 3 and 4) and the existing in the standard speed dependent scaling scheme ("Scheme C", case 5 and 6) are performing similarly. 

The reason for this result is that when a single set of triggers without adaptation is used, decisions are done late; hence the UE is already well inside the coverage area of the target/neighbor cell when the UE switches to the new cell. Consequently the DL SIR is better at this new cell. This behaviour is not always desirable, since it creates jumps in the SIR experienced by the users and makes the network planning more difficutlt. Results and conclusions regarding DL SIR before and after cell reselection instants are inline with the ones presented in [8], [9], [10].
In case the UL SIR is traced before and after cell reselection instants, similar results and conclusions as the ones drawn for downlink are obtained. UL SIR CDF for the time period of half a second before and after cell reselection instants are presented in Figure 4 and Figure 5 respectively.
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Figure 3: DL SIR CDF after cell reselection instants for all of the tested configurations (see Table 1). Cell radius is 288 m.
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Figure 4: UL SIR CDF before cell reselection instants for all of the tested configurations (see Table 1). Cell radius is 288 m.

[image: image6]
Figure 5: UL SIR CDF after cell reselection instants for all of the tested configurations (see Table 1). Cell radius is 288 m.

This improvement in time connected to best cell and hence DL and UL SIR, which is provided by the double set of triggers, comes with a cost. This is the higher number of cell reselections, as this can be seen from results presented in Figure 6, Figure 7 and Figure 8. 
Namely, Figure 6 shows the average number of cell reselections per UE during the simulation. It can be seen that the double set of triggers results in the highest number of cell reselections than the other schemes.


[image: image7]
Figure 6: Number of cell reselections per UE. Cell radius is 288 m.
The existing in the standard speed dependent scaling scheme ("Scheme C", case 5 and 6) increases the number of cell reselections per UE when compared with the basic scheme without adaptation ("Scheme A", case 1 and 2). However, this increase in cell reselections is not resulting in any gain in DL SIR as is the case of the double set of triggers.

However, it is shown also in [1], [8], [9], [10] and [11] that the lowest number of cell reselections should not be used as the sole criterion for choosing a scheme. This can also be seen in Figure 4: the single set of triggers using 4 dB as Qhyst ("Scheme A", case 1) is generating less cell reselections but it results in the smallest DL SIR distributions and it lags in time when taking decisions. 

Hence, the increase in number of cell reselections is not that dramatic when compared with the single set of mobility triggers which employs Qhyst equal to 3 dB ("Scheme A", case 2).  The fact that this increase is not so important can be realized when looking at Figure 7. This figure shows the average time interval between cell reselections. When the single set of mobility triggers, which employs Qhyst equal to 3 dB ("Scheme A", case 2) is compared to the double set of triggers ("Scheme B", case 3 and 4), it can be seen that the average interval between consecutive cell reselections reduces from around 17 seconds to around 15 seconds.


[image: image8]
Figure 7: Average time interval between cell reselections. Cell radius is 288 m.

A by-product of this increase in number of cell reselections by the double set of triggers ("Scheme B", case 3 and 4) and by the existing in the standard speed dependent scaling scheme ("Scheme C", case 5 and 6) is that the number of ping-pongs is increasing as well, when compared to the single setting scheme without adaptation ("Scheme A", case 1 and 2). This is shown in Figure 8. It can be seen that the double set of triggers is creating the highest numbered of ping-pong cell reselections.
It has to be noted that the existing in the standard speed dependent scaling scheme ("Scheme C", case 5 and 6) is also increasing the number of ping-pongs, when compared to the single setting scheme without adaptation ("Scheme A", case 1 and 2).

[image: image9]
Figure 8: Percentage of ping-pong cell reselections. Cell radius is 288 m.

3.2 Comparison of Schemes A, B and C
Cell Radius 1000 m, UE speed 120, 250, 350 km/h

Figure 9 shows the percentage of time the UE is not connected to the cell with the highest RSRP. It can be seen that the double set of triggers ("Scheme B", hence configurations 3 and 4) are outperforming the single setting schemes; both the scheme with ("Scheme C", configurations 5 and 6) and without parameters scaling ("Scheme A", configurations 1 and 2). The percentage of time the UE is not connected to the best cell is around 18-19 % for the double set of triggers (configurations 3 and 4), whilst for the schemes employing single setting-with and without scaling of parameters-is 19-22%. This is an improvement of 1-3 % of the double set of triggers in comparison to the other schemes. Tendencies are similare to the ones of the cell radius of 288 m. However, absolute gains are smaller since the settings without parameter scaling are suited for these high speeds.

[image: image10]
Figure 9: Percentage of time UE is not connected to the cell yielding the highest RSRP value for all of the tested configurations (see Table 1). Cell radius is 1000 m.
It is of interest to see that the existing in the standard, speed dependent scaling mechanism ("Scheme C", configurations 5 and 6) exhibits exactly the same behavior as the basic scheme without parameters scaling ("Scheme A", configurations 1 and 2). 

Figure 10 shows the DL SIR CDF from UEs performing cell reselections for half a second before the instant cell reselection is triggered. It can be seen that the double set of triggers-"Scheme B" (cases 3 and 4)-clearly outperforms the other schemes. 

When tracing the 10 % CDF value, it can be seen that the double set of triggers ("Scheme B", case 3 and 4) is 0.4-1.4 dB higher than the basic scheme without adaptation ("Scheme A", case 1 and 2). 

In addition, the 10 % CDF value of the double set of triggers ("Scheme B", case 3 and 4) is 0.3-1 dB higher than the existing in the standard speed dependent scaling scheme ("Scheme C", case 5 and 6). 

It is of interest in this case also to compare the existing in the standard speed dependent scaling scheme ("Scheme C", case 5 and 6) with the basic single setting mechanism which does not use triggers adaptation. It can be seen that when configurations 1 and 5 are compared (Qhyst: 4 dB), the improvement provided by the speed dependent scaling scheme (case 5) is 0.4 dB. When configurations 2 and 6 are compared, the performance of the schemes is the same. Hence, in all, the speed dependent scaling is not really improving the basic scheme employing single set of triggers without adaptation "Scheme A". 

[image: image11]
Figure 10: DL SIR CDF before Cell Reselection for all of the tested configurations (see Table 1). Cell radius is 1000 m.
Figure 11 shows the DL SIR after the cell reselection instants. The time period of half a second is considered. It can be seen the DL SIR is better than the other schemes when the basic scheme without adaptation ("Scheme A", case 1 and 2) is used. The double set of triggers ("Scheme B", case 3 and 4) and the existing in the standard speed dependent scaling scheme ("Scheme C", case 5 and 6) are performing similarly. 


[image: image12]
Figure 11: DL SIR CDF after cell reselection instants for all of the tested configurations (see Table 1). Cell radius is 1000 m.

In case the UL SIR is traced before and after cell reselection instants, similar results and conclusions as the ones drawn for downlink are obtained. UL SIR CDF for the time period of half a second before and after cell reselection instants are presented in Figure 12 and Figure 13 respectively.


[image: image13]
Figure 12: UL SIR CDF before cell reselection instants for all of the tested configurations (see Table 1). Cell radius is 1000 m.


[image: image14]
Figure 13: UL SIR CDF after cell reselection instants for all of the tested configurations (see Table 1). Cell radius is 1000 m.

Figure 14 shows the average number of cell reselections per UE during the simulation. It can be seen that the double set of triggers results in the highest number of cell reselections than the other schemes.


[image: image15]
Figure 14: Number of cell reselections per UE. Cell radius is 1000 m.

The existing in the standard speed dependent scaling scheme ("Scheme C", case 5 and 6) increases the number of cell reselections per UE when compared with the basic scheme without adaptation ("Scheme A", case 1 and 2). However, this increase in cell reselections is not resulting in any significant gain in DL or UL SIR as is the case of the double set of triggers.

However, the increase in number of cell reselections is not that dramatic.  This can be realized when looking at Figure 15. When the single set of mobility triggers, which employs Qhyst equal to 3 dB ("Scheme A", case 2) is compared to the double set of triggers ("Scheme B", case 3 and 4), it can be seen that the average interval between consecutive cell reselections reduces from around 16 seconds to around 14-13 seconds.


[image: image16]
Figure 15: Average time interval between cell reselections. Cell radius is 1000 m.

As in the case of 288 m cell radius, a by-product of this increase in number of cell reselections by the double set of triggers ("Scheme B", case 3 and 4) and by the existing in the standard speed dependent scaling scheme ("Scheme C", case 5 and 6) is that the number of ping-pongs is increasing as well, when compared to the single setting scheme without adaptation ("Scheme A", case 1 and 2). This is shown in Figure 8. 


[image: image17]
Figure 16: Percentage of ping-pong cell reselections. Cell radius is 1000 m.

It has to be noted that the existing in the standard speed dependent scaling scheme ("Scheme C", case 5 and 6) is also increasing the number of ping-pongs, when compared to the single setting scheme without adaptation ("Scheme A", case 1 and 2).
3.3 Comparison of Schemes A, B and C
Cell Radius 1000 m, UE speed 3, 50, 120, 250, 350 km/h

Figure 17 shows the number of cell reselections per UE. It can be seen that the modified double set of triggers scheme ("Modified Scheme B", hence configurations 3, 4 and 5) are slightly outperforming all the other schemes; clearly, they reduce the number of cell reselections when compared to the nominal scheme featuring double set of triggers ("Scheme B", configuration 6). 

[image: image18]
Figure 17: Number of cell reselections per UE for all of the tested configurations (see Table 2). Cell radius is 1000 m.

Moreover, the percentage of ping-pongs is reduced by using the the modified double set of triggers scheme. This is certified by results shown in Figure 18.

Figure 18 shows the percentage of ping-pongs. It can be seen that the modified double set of triggers ("Modified Scheme B", hence configurations 3, 4 and 5) are slightly outperforming all the other schemes; clearly, they reduce approximately 4 times the number of ping-pongs when compared to the nominal scheme featuring double set of triggers ("Scheme B", configuration 6).

However, this reduction in number of cell reselections and ping-pongs is accompanied with the reduction in time connected to best cell, as this can be seen in Figure 19.

[image: image19]
Figure 18: Percentage of ping-pong cell reselections for all of the tested configurations (see Table 2). Cell radius is 1000 m.


[image: image20]
Figure 19: Percentage of time UE is not connected to the cell yielding the highest RSRP value for all of the tested configurations (see Table 2). Cell radius is 1000 m.
4. Discussion and Conclusions

The performance of three cell reselection schemes is compared in benign mobility conditions. Namely, the following schemes are considered: 

· single setting without parameters scaling ("Scheme A", case 1 and 2)

· single setting with parameters scaling ("Scheme C", scheme of §5.2.4.3 in 36.304 [3], case 5 and 6)

· double set of triggers ("Scheme B", case 3 and 4)

The double set of triggers ("Scheme B") outperforms the other two schemes in terms of percentage of time connected to best cell and in terms of DL and UL SIR distribution before cell reselection instants. This improvement however comes at a cost of number of cell reselections. 

These results and the tendencies observed are identical to the ones presented in [1], [6], [9], [10], [11], [12]. Tendencies are more pronounced though in results in [1] due to the very challenging mobility conditions.
The double set of triggers ("Scheme B") results into a higher number of cell reselections per UE. These more cell reselections are needed though so as to maintain the connection to the best cell. This is something that is observed in RAN 1 contributions when mobility was discussed, e.g. [14], [15], [17], [18], [19]. 

Below conclusions for the separate comparisons are drawn.

Double set of triggers ("Scheme B") vs single setting without parameters scaling ("Scheme A")
Results show that the double set of triggers ("Scheme B") clearly outperforms the single set without parameters scaling ("Scheme A") in terms of time connected to best cell, UL and DL SIR before cell reselection by increasing the number of cell reselections. 
This increase in SIR can be up to 1.4 dB. This means better radio conditions when the UE wakes up so as to receive a paging message from the network, or when the UE transmits a random access request to the serving base station. 

Moreover, the increase in the number of cell reselections is rarely resulting in an increase in signaling overhead. It only increases the UE power consumption.

Both of the schemes are equally simple.

Hence, we believe that some increase in UE power consumption worths so as to offer better radio conditions to the UE when this last one wakes up and starts communicating with the network. 

However, it is mainly on operators to decide which criterion to weigh more.

Double set of triggers ("Scheme B") vs speed dependent parameters scaling ("Scheme C")

The comparison shows the same tendencies and the same trade-off as the previous one, with the differences being less visible though. 
However, taking into account 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 the double set of triggers is a better choice than the existing in the standard speed dependent scaling scheme.

Speed dependent parameters scaling ("Scheme C") vs single setting without parameters scaling ("Scheme A")

The parameters scaling scheme ("Scheme C") also is increasing the number of cell reselections and ping-pongs when compared to the setting without parameters scaling ("Scheme A"), but without increasing the time UEs are connected to their best cell and consequently it does not provide any gain in DL and UL SIR distributions either.

These results do not motivate to use this existing in the standard speed dependent scaling scheme considering the complexity and the tuning effort this last one requires.

On the performance of the modified double set of triggers scheme ("Modified Scheme B")

Simulation results have shown that this scheme reduces the number of cell reselections, the number of ping-pongs, but it does not provide any benefit in terms of time connected to best cell or in terms of SIR. 

In overall, its performance is very similar to the performances of the scheme using speed dependent parameters scaling ("Scheme C") and of the setting without parameters scaling ("Scheme A").

It is simpler though than the scheme using speed dependent parameters scaling ("Scheme C") and it detects high speed within 2 seconds, which is much shorter time than 30 seconds at least needed, in the case of scheme using speed dependent parameters scaling ("Scheme C"). 

In all, however, gains do not motivate the introduction of this even small complexity, that this scheme involves.
The suggested way forward is discussed in [20]. 
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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, 350 km/h

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

	
	Qhyst {SHORT, MEDIUM, LONG}
	{3, 1 , 0} dB

	Receiver diversity
	
	2RX MRC
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