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1. Introduction

In TS 36.133 [1] it was mentioned that the UE-when in idle mode-should be able to select the most suitable cell and camp on it. This is done according to the Cell Reselection procedure, which is defined in TS 36.304 (‎[6]) . RAN4 has been investigating the potential of mobility detection based cell reselection. Important parameters having an impact on the performance of cell reselection are Qhyst and Treselection (‎[2]). In our earlier contribution we proposed evaluation scenario for studying mobility state detection cell reselection ([2]). System results have been provided in earlier contributions [3-4]. In this contribution we present quantitative results on the impact of those parameters on the number of cell reselections. 
2. Simulation Model
In this section, the simulation model is presented. The network is consisted of 3-sectored cells. There are 7 cells, or equivalently 21 sectors in the network. In the network there are several UEs created and removed. UEs have both VoIP and web service. Statistics are gathered by only 24 UEs, which are only moving during the simulation, without generating traffic. One network deployment is tested: it is consisted of hexagonal cells with inter-site-distance of 3000m. Three different speeds are tested: 3, 50 and 200 km/hr. 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 simulation.
For the cell reselection triggers, three different sets are tested. The first set aims at capturing small channel changes that last long time and it is therefore termed "LONG"; Qhyst is equal to 0 dB and Treselection is set to 1200 milliseconds. The second set of parameters aims at abrupt large channel variations that do not last long. This setting is termed "SHORT" and Qhyst is equal to 3 dB and Treselection is set to 120 milliseconds. A third, intermediate set is simulated; it is termed "MEDIUM" and Qhyst is equal to 1 dB and Treselection is set to 600 milliseconds.
RSRP measurements are done every 40 ms and the result is filtered along with the two last previous measurement snapshots. The filter coefficient (‎[3]) used for these simulations is set to 4.  
The multipath propagation model is the typical urban. 

The most relevant simulation parameters are listed in Table 1. 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
	3 [km]
	Large cell scenario considered

	Filter coefficient, k
	4
	k is defined within TS 25.331

	Propagation condition 
	TU50 km/hr
	

	Qhyst
	{0, 1, 3} [dB]
	

	Treselection
	{1200, 600, 120} [msec]
	

	RSRP Measurement Period
	40 [ms]
	

	Sliding Window (for averaging RSRP Measurements)
	120 [ms]
	

	Number of UEs
	24 
	

	Simulation time
	300 [sec]
	UEs move for apprx. 249, 4167 and 16667 m during the whole simulation, with speed of 3, 50 and 200 km/hr respectively.


Table 1: Main Simulation parameters.
3. Simulation Results
Simulation results focus on the number of cell reselection that occurs for the different settings in the different scenarios. Figure 1 shows the total number of cell reselections for each parameters setting. Values are normalized to the number of cell reselections that is created by the "MEDIUM" parameters setting. Figure 2 shows the average number of cell reselections per UE. The UE speed is 3 km/hr and the ISD is 3000 m.
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Figure 1: Total number of cell reselections (Normalized to the number of cell reselections that are observed for the "MEDIUM" parameters setting). UE speed 3 km/hr and ISD 3000 m.
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Figure 2: Average number of cell reselections per UE. UE speed 3 km/hr and ISD 3000 m.

It can be seen that for this scenario of large cell sizes and low UE speed, the "SHORT" and "LONG" parameters setting trigger higher number of cell reselections than the intermediate one. It is of interest to see that the highest number of cell reselections is observed for the "SHORT" parameters setting. This happens because fast fading is more "visible" when a UE is close to the cell borders of a network with big cells sizes and low load. It is also of interest to note, that in this case, the "LONG"and the "MEDIUM" parameters settings generate less than the half of the number of cell reselections they generated with a scenario involving small cell sizes. 

Figure 3 shows the normalized number of cell reselections for the three parameter settings. UE speed is 50 km/hr and the inter-site-distance is 3000 m. 
[image: image3.emf]Normalized Number of Cell Reselections per UE

99,85632184

100

91,66666667

86

88

90

92

94

96

98

100

102

Qhyst: 0 dB,

Treselection: 1.2

sec

Qhyst: 1 dB,

Treselection: 600

msec

Qhyst: 3 dB,

Treselection: 120

msec

%

Normalized Average Number of

Cell Reselections per UE


Figure 3: Total number of cell reselections (Normalized to the number of cell reselections that are observed for the "MEDIUM" parameters setting). UE speed 50 km/hr and ISD 3000 m.
Figure 4 shows the average number of cell reselections per UE for this same scenario (UE speed of 50 km/hr and ISD of 3000 m).
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Figure 4: Average number of cell reselections per UE. UE speed 50 km/hr and ISD 3000 m.

It can be seen that the "SHORT" parameters setting triggers significantly lower number of cell reselections than the other two settings. It is of interest to note also, that there is a considerable difference in the number of cell reselections that are triggered by the "LONG"and the "MEDIUM" parameters setting.
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Figure 5: Total number of cell reselections (Normalized to the number of cell reselections that are observed for the "MEDIUM" parameters setting).. UE speed 250 km/hr and ISD 3000 m.
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Figure 6: Average number of cell reselections per UE. UE speed 250 km/hr and ISD 3000 m.
Figure 5 shows the total number of cell reselections, normalized to the number of cell reselections that are observed for the "MEDIUM" parameters setting.  Figure 6 shows the average number of cell reselections per UE. The UE speed is 250 km/hr and the ISD is 3000 m. 
4. Conclusion
From the simulation results above, it can be seen that it is not straightforward to identify parameter settings that yield the optimum performance of cell reselection in all scenarios. Therefore with suitable Qhyst and Treselection settings the parallel evaluation scheme would allow UE to select an appropriate cell minimizing pingpong which would lead to fewer cell reselections in most simulated scenarios. 
There can be large variation in UE speed depending upon the scenario. Therefore the same parameter settings (i.e. one set of Qhyst and Treselection) is not likely to yield the optimum results for all UE speeds and network deployements. Setting more than one parameter settings to allow parallel cell reselection seems to optimize the cell reselection procedure. To simplify simulation we have provided initial results in non DRX scenario; however, similar trend in the results is expected in DRX case. However, further investigation of the parallel evaluation scheme and its performance is needed so as to draw final conclusion. Namely, simulations with additional network scenarios and performance measures would highlight the potential of the scheme.
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Annex A: Simulation parameters
	Feature/Parameter
	
	Value/Description

	Bandwidth
	
	20 MHz

	IFFT/FFT length
	
	2048

	Duplexing
	
	FDD

	Number of sub-carriers
	
	1200

	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, and 300 km/h

	RSRP Measurement
	Measurement period
	40 ms

	
	Sliding window size 
	3 samples

	Cell reselection
	Treselection {SHORT, MEDIUM, LONG}
	{120, 600, 1200} ms

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

	Receiver diversity
	
	2RX MRC


