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1. Introduction

Cell reselection is the procedure that enables the UE to select the most suitable cell and camp on this cell. The UE performs this procedure when in idle mode. The procedure is described in TS 36.133 (‎1.[1]) and TS 36.304 (‎1.[6])  RAN4 has been investigating the potential of mobility detection based cell reselection. System results have been provided in earlier contributions by Ericsson (‎1.[7]) and other companies (‎[4]

 REF _Ref206524992 \n \h 
‎[5]). In this contribution we investigate the potential of cell reselection when two parallel triggers settings are applied. This mechanism is an alternative to the mobility state detection scheme which employs UE speed detection. The case where two paraller triggers are used is compared to the scheme where a single triggers setting is used. Results show that the use of a parallel triggers setting is reducing the number of cell reselections at medium to high UE speeds. In addition, the parallel use of cell reselection triggers is increasing the "quality" of the cell reselection decisions for all of the simulated cases, i.e. the increase in DL SIR after cell reselection decisions is higher when the double triggers setting is used. These results show tha the the use of a double triggers setting offers a higher potential in finding settings that match the most common scenarios (rather than the single setting). 
2. Simulation Model
The simulation model is similar to the one used in ‎[7] The evaluation scenario is the one described in ([2]). The network is consisted of 3-sectored cells. There are 7 hexagonal cells, or equivalently 21 sectors in the network. Throughout the simulation, there are several 40 UEs. Statistics are gathered by all of the UEs. Two network deployments are tested: in the first one, the inter-site-distance is 500 m and in the second one it is equal to 3000m. Three different speeds are tested: 3, 50 and 200 km/h. 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.
Regarding the cell reselection triggers, three different configurations are tested. The first configuration contains a single triggering set; Qhyst is equal to 1 dB and Treselection is set to 600 milliseconds. In the results below this configuration is termed "single setting".  The second one is consisted of two cell reselection triggers running in parallel; the first triggers 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 cell reselection triggers aims at abrupt large channel variations that do not last long. This setting is termed "SHORT" and Qhyst is equal to 4 dB and Treselection is set to 120 milliseconds. In the description of the simulation results below this configuration is termed "Setting 1". The third cell reselection configuration is similar to the previous one: it is also consisted of two triggers settings. The "SHORT" setting is the same to the one in the previous configuration; hence Qhyst is equal to 4 dB and Treselection is set to 120 milliseconds. The "LONG" setting is somewhat different though: Qhyst is equal to 0.5 dB and Treselection is set to 960 milliseconds. In the description of the simulation results below this configuration is termed "Setting 2".
RSRP measurements are done every 40 ms and the result is filtered along with the two last previous measurement snapshots. The filter coefficient , k, (‎[3]) which is used for these simulations is set to 4. Hence, the introduction of a second cell reselection triggers setting is not increasing significantly UE complexity.

The averaging time window used for the measurements is equal to 120 ms. 
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
	500 [m], 3 [km]
	Large cell scenario considered

	Filter coefficient, k
	4
	k is defined within TS 25.331

	Propagation condition 
	TU50 km/h
	

	Qhyst
	{1, [0, 4], [0.5, 4]} [dB]
	

	Treselection
	{600, [1200, 120], [960, 120]} [msec]
	

	RSRP Measurement Period
	40 [ms]
	

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

	Number of UEs
	40 
	

	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 two performance measurements:

· the total number of cell reselections

· the DL SIR before and after the cell reselection.
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Figure 1: Total number of cell reselections. UE speed 3 km/h and ISD 500 m.
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Figure 2: Total number of cell reselections. UE speed 50 km/h and ISD 500 m.
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Figure 3: Total number of cell reselections. UE speed 200 km/h and ISD 500 m.
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Figure 4: Total number of cell reselections. UE speed 3 km/h and ISD 3000 m.
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Figure 5: Total number of cell reselections. UE speed 50 km/h and ISD 3000 m.
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Figure 6: Total number of cell reselections. UE speed 200 km/h and ISD 3000 m.
Figure 1 to Figure 6 show the total number of cell reselections observed in the system. It can be seen that the use of parallel cell reselection setting reduces the total number of cell reselections when the UE speed is 200 km/h and when speed is 50 km/h and the ISD is 500 m.
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Figure 7: DL SIR CDF before and after cell reselection (for UEs performing cell reselection). Observation time 500 ms before and 500 ms after cell reselection instants. UE speed 3 km/h and ISD 500 m.
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Figure 8: DL SIR CDF before and after cell reselection (for UEs performing cell reselection). Observation time 500 ms before and 500 ms after cell reselection instants.  UE speed 50 km/h and ISD 500 m.
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Figure 9: DL SIR CDF before and after cell reselection (for UEs performing cell reselection). Observation time 500 ms before and 500 ms after cell reselection instants.  UE speed 200 km/h and ISD 500 m.
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Figure 10: DL SIR CDF before and after cell reselection (for UEs performing cell reselection). Observation time 500 ms before and 500 ms after cell reselection instants. UE speed 3 km/h and ISD 3000 m.
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Figure 11: DL SIR CDF before and after cell reselection (for UEs performing cell reselection). Observation time 500 ms before and 500 ms after cell reselection instants.  UE speed 50 km/h and ISD 3000 m.
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Figure 12: DL SIR CDF before and after cell reselection (for UEs performing cell reselection). Observation time 500 ms before and 500 ms after cell reselection instants.  UE speed 200 km/h and ISD 3000 m.

Figure 7 to Figure 12 show the DL SIR of the UEs performing cell reselections. The DL SIR of the UEs in question is traced for a time period of 500 ms before and 500 ms after the cell reselection instants. It can be seen that for most of the cases the increase in DL SIR after the cell reselection instant is higher, when a parallel cell reselection setting is used, in comparison to the case where a single setting is used. Hence, cell reselection decisions seem to be more "successful" in the parallel cell reselection setting than in the single setting case. This motivates the assessement of the cell reselection procedure not only by using the number of cell reselection, but the DL SIR as well, as mentioned in [3]. As an example, in case of UE speed of 50 km/h and ISD of 3000 m, the total number of cell reselections is increasing when the parallel setting of cell reselection triggers is applied (Figure 5: Total number of cell reselections. UE speed 50 km/h and ISD 3000 m.). However, the higher number of cell reselections in the case of parallel cell reselection improves more the DL SIR of the UEs after cell reselection decisions, than in the single setting case (Figure 11). To the contary, it can be seen that at UE speed of 200 km/h, the use of parallel triggers reduces the number of cell reselections (Figure 3and Figure 6), while it increases or maintains the difference in DL SIR between the time instans after and before cell reselection (Figure 9 and Figure 12).
4. Conclusion
From the simulation results above, it can be seen that there is a need to consider carefully the performance evaluation criteria of cell reselection. Once this is done, it is not straightforward to identify a single triggers setting that yields the optimum performance of cell reselection in most of the common scenarios. A good candidate which could lead to the optimization of cell reselection procedure for the highest number of the most common scenarios is the introduction of a second triggers setting. Simulation results show that the introduction of a second parallel triggers setting of Qhyst and Treselection offers higher potential in finding settings that optimize the cell reselection procedure for most of the common network and mobility scenarios (rather than the single setting configuration). 
Hence, the use of parallel triggers settings is a good candidate so as to implement mobility state detection cell reselection. Moreover, this scheme is not increasing considerably the UE complexity, since it does not require parallel physical layer processing and filtering of RSRP measurements.
We therefore suggest that this mechanism, whereby UE is able to evaluate parallel cell reselection evaluation based on 2 sets of Qhyst and Treselection, is adopted for idle mode and appropriate changes are introduced in the relevant specifications. 

One should note that in connected mode an analogue mechanism exists, whereby 2 settings of mobility parameters e.g. time-to-trigger, hysteresis, layer 3 filtering coefficients etc can be configured. 
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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, and 200 km/h

	RSRP Measurement
	Measurement period
	40 ms

	
	Sliding window size 
	3 samples

	Cell reselection
	Treselection {SHORT, SINGLE, LONG}
	{120, 600, [1200, 960]} ms

	
	Qhyst {SHORT, SINGLE, LONG}
	{4, 1 , [0, 0.5]} dB

	Receiver diversity
	
	2RX MRC
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