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Discussion and decision
1.  Introduction
In RAN2#58bis, it was agreed that some cell reselection parameters, particularly Treselection, should be scalable depending on the UE speed, and the UE speed shall be detected by the same principle as in UMTS, i.e., the number of cell reselections performed during a time interval [1]. However, from UMTS experience, it is thought that the same principle as in UMTS is insufficient to cope with problems faced in real networks. As such, some enhancements were proposed in RAN2#59 and #59bis [2], which were not treated due to lack of time. This paper recaps the proposals made in [2] and further presents some UMTS field trial results to show that speed dependent scaling of mobility control parameters is effective to improve grade of service.
2. Review of UMTS
In UMTS Treselection was scaled depending on the UE speed, that is, at high mobility Treselection was reduced to facilitate cell reselection. The UE speed was detected by the number of cell reselections performed within a time interval. Using the three parameters listed in Table 1, two levels of speed was determined by the UE as shown in Fig.1.

Table 1  Speed detection parameters in UMTS.

	Parameter
	Value type
	Description

	Non-HCS_TCRmax
	Enumerated (not used, 30, 60, 120, 180, 240)
	Interval for counting the number of cell reselections [s]

	Non-HCS_NCR
	Integer (1..16)
	If the number of cell reselections during TCRmax exceeded this value, the UE detects high mobility. MD in case a value other than "not used" is set to TCRmax. Default = 8.

	Non-HCS_TCRmaxHyst
	Enumerated (not used, 10, 20, 30, 40, 50, 60, 70)
	If high mobility is not detected during this interval, the UE detects low mobility. MP in case a value other than "not used" is set to TCRmax.
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Fig.1  Speed detection algorithm in UMTS.

When high mobility was detected by the UE, Treselection was scaled (reduced) by a 4 bit scaling factor (0 to 1 by step of 0.1) broadcast in SIB3. Since whether Treselection should be scaled or not depends on the cell deployment and not just the actual UE velocity, the cell reselection frequency was considered as a good measure. In the example shown in Fig.2, Treselection should be scaled in case (a), however, even if the UE is moving at the same speed, there is no urge for reselection in case (b) as the cells are large.
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Fig.2  Need for scaling reselection parameters depends on cell deployment.
However, during UMTS operations the scheme was discovered to be insufficient:

· (Problem 1) If a UE is in a ping-pong situation at a cell boundary, the UE will consider its speed to be high and reduce Treselection, which would cause further ping-pong. The UE cannot recover from this situation.

· (Problem 2) Having only two speed levels was insufficient to cope with various scenarios, e.g., high speed bullet train passing through an urban area.
As such, it has been reported that some UE vendors have implemented complementary mechanisms to improve the mobility performance. However, since the optimum value of parameters such as Treselection and Qhyst not just depend on the actual UE speed but also on the cell deployment, it is desirable that these parameters are made to be operator configurable.

3.  Proposal
3.1  Speed detection
To resolve these problems, the followings are proposed:
Proposal 1:
Enhanced speed detection mechanisms (e.g., use of Doppler frequency measurements in conjuction with mobility counters) should be considered.
Proposal 2:
Three levels of speed should be configurable.
An example algorithm is shown in Fig.3, which is an enhancement of the UMTS algorithm. The Doppler frequency is introduced as an additional criterion, and three levels of speed are defined. The necessity and feasibility of fading frequency measurement can be argued. However, in LTE, UEs may anyway have to measure the Doppler frequency to switch between localised/distributed resource allocation. Although this is yet to be discussed in RAN1, if the fading frequency measurement is to be specified for this purpose, it can be reused to improve mobility control. The accuracy can be an issue, especially in idle mode when the UE applies DRX. However, since it is only about detecting high, medium, or low mobility, some feasible accuracy may be specified.

The example scheme of Fig. 3 introduces some additional parameters, such as the fading frequency thresholds FD1 and FD2, and two levels for NCR. It can be considered that by setting relevant parameters absent or to certain values, i.e., “not used,” the flow can be invalidated by parts.


[image: image4.emf]Start

Initialisation

Num. cell 

reselections in T

CRmax

> N

CR1

?

High mobility not 

detected during past 

T

CRmaxHyst

?

High mobility detected Medium mobility detected

Y

N

Y

N

Fading frequency

> FD

1

?

Y

N

Num. cell 

reselections in T

CRmax

> N

CR2

?

Fading frequency

> FD

2

?

Medium mobility not 

detected during past 

T

CRmaxHyst

?

Low mobility detected

Y

N

Y

N

Y

N


Fig.3  Example of enhanced speed detection algorithm for LTE.
Alternative solutions to resolve the ping-pong problem (Problem 1) [e.g., 3] can be considered, such as to monitor the past reselected cells and avoid certain cells suspected to be causing ping-pong. However, reusing the fading frequency measurement might be easier after all, if it is to be specified for the localised/distributed switching use case, instead of specifying a completely new mechanism. Nevertheless, such other alternatives are not precluded, and the best solution shall be adopted.
3.2  Scaling of cell reselection parameters
It has been agreed in RAN2#58bis that cell reselection shall be based on R-criteria similar to UMTS, and that both Treselection and Qhyst are applicable to prevent unnecessary ping-pongs. As shown in Fig.3(a), using Treselection and Qhyst, the UE reselects the target cell at point B. If the Treselection is scaled (reduced) at high speed, cell reselection occurs at point C as shown in Fig.3(b), hence allowing earlier reselection before the source cell quickly fades away at high speed. However, if only the Treselection is scaled as in UMTS, the reselection can never occur earlier than point A. This imposes some restrictions in a real network, when designing especially the optimum Qhyst parameter. To resolve this problem, it is proposed to make Qhyst also scalable. By scaling both the Treselection and Qhyst, cell reselection can occur at point D, hence earlier than point A as shown in Fig.3(c). This is especially useful when a high speed bullet train runs through an urban area.

Proposal 3:
Both Treselection and Qhyst should be scalable by speed.
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Fig.3  Speed dependent scaling of Treselection and Qhyst.
3.3  Scaling of active mode mobility control parameters
Similar principles should apply to active mode mobility control. In RAN2#59bis, RAN2 agreed to define the following three measurement reporting events:

· Event A1:  Neighbour cell quality + Offset > Serving cell quality, (Offset can be +/–)

· Event A2:  Serving cell quality > Absolute threshold

· Event A3:  Serving cell quality < Absolute threshold

It was also agreed that time-to-trigger shall be used. Although the details are yet unclear, some of these parameters should be scalable by speed, as the principles of control are similar as for cell reselection, and there is no reason to prevent speed dependent scaling when this is already applied to cell reselection.
Proposal 4:
Speed dependent scaling of active mode mobility control parameters, such as the time-to-trigger and reporting range, should also be considered. (Details are FFS pending what parameters are defined for measurement reporting events.)
3.4  Scaling of measurement control parameters
To reduce measurement load at the UE, it has been agreed that the Ssearch concept shall be applied for both idle and active mode DRX. In UMTS the Ssearch parameters, i.e., SintraSearch, SinterSearch, and Ssearch,RAT, were fixed regardless of the UE speed. However, the optimum value of Ssearch would be different for each speed in practice, since at high mobility the UE must search and find a neighbouring cell more quickly. Hence, it is proposed that the Ssearch parameters are adjusted depending on the UE speed in LTE. In the example shown in Fig.4, this will make the UE perform earlier search of neighbouring cells at point C/B at high/medium speed, rather than point A which would be optimised for low speed. Three levels of Ssearch can be configured.
Proposal 5:
Ssearch should be scalable by speed, both for idle and active mode DRX.
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Fig.4  Speed dependent scaling of Ssearch.
Other parameters such as the measurement interval and cell search interval can also be considered for speed dependent scaling. What parameters or performance requirements shall be specified as a function of speed shall be discussed in RAN WGs, RAN4 in particular.
Proposal 6:
Speed dependent scaling of measurement related parameters and/or performance requirements, such as the cell search and measurement intervals, should be considered.
4.  Field trial results
4.1  Field trials setup
To show the effectiveness of adjusting mobility control parameters, the results of UMTS field trials are presented in the subsequent sections. Field trials were performed for the following two scenarios:

· Test A (medium speed trial):  This was a medium speed test measured in metropolitan Tokyo at a moving speed of about 60 km/h. The time taken for one test was about one hour, and three to four tests were performed to get sufficient reliability.
· Test B (high speed trial):  This was a high speed test with a moving speed of 200 km/h or more in some sections. The time taken for one test was about three hours.
The cell reselection performance in IDLE, CELL_PCH, and CELL_FACH was measured in terms of the successful call setup rates for originating and terminating calls. In addition, the handover performance in CELL_DCH was measured in terms of the number of call drops experienced throughout the test course.
4.2  Field trial results: cell reselection performance
The UE was setup with the set of parameters listed in Table 2. Three parameter sets L, M, and H were defined, which are somewhat optimised (intended) for low, medium, and high speeds, respectively. The parameter sets L and M were tried for Test A (medium speed trial), and the parameter sets L and H were tried for Test B (high speed trial). For each case the successful call setup rates for originating and terminating calls were measured.
The results are summarized in Table 3. As shown, calls were successfully setup at higher rates with the parameter sets M and H in Tests A and B, respectively. This implies that adjusting cell reselection parameters depending on the speed is effective.
Table 2  Field trial parameters for cell reselection performance.
	
	Case L
	Case M
	Case H

	IDLE / CELL_PCH
	Measurement interval [s]
	2.56
	1.28
	1.28

	
	Cell search interval [s]
	10.24
	2.56
	2.56

	
	Treselection [s]
	1
	1
	0

	
	Hysteresis [dB]
	4
	2
	2

	
	Sintrasearch [dB]
	-10
	-8
	off

	CELL_FACH
	Treselection [s]
	2
	2
	0

	
	Hysteresis [dB]
	4
	4
	2


Table 3  Results of cell reselection performance.
	
	Test A (medium speed)
	Test B (high speed)

	
	Case L
	Case M
	Case L
	Case H

	Successful call setup rate

(originating calls)
	-
	-
	y %
	y + 6.4 %

	Successful call setup rate

(terminating calls)
	x %
	x + 3.5 %
	z %
	z + 3.2 %


4.3  Field trial results: DCH handover performance
The UE was setup with the set of parameters listed in Table 4. As for the cell reselection tests, three parameter sets L, M, and H were defined. The parameter sets L and M were tried for Test A (medium speed trial), and the parameter sets L and H were tried for Test B (high speed trial). For each case the number of call drops was counted.

The results are summarized in Table 5. As shown, call drops were reduced with the parameter sets M and H in Tests A and B, respectively. This implies that adjusting handover parameters depending on the speed is effective.

Table 4  Field trial parameters for DCH handover performance.
	
	Case L
	Case M
	Case H

	CELL_DCH
	Event 1A
	Time to trigger [s]
	0.64
	0.16
	0.16

	
	
	Reporting range [dB]
	3
	9
	8

	
	Event 1B
	Time to trigger [s]
	2.56
	1.28
	2.56

	
	
	Reporting range [dB]
	9
	11
	10

	
	Event 1C
	Time to trigger [s]
	0.64
	0.64
	0.16

	
	
	Qhysteresis [dB]
	3
	3
	3


Table 5  Results of DCH handover performance.
	
	Test A (medium speed)
	Test B (high speed)

	
	Case L
	Case M
	Case L
	Case H

	Number of call drops (on average)
	x
	x – 2.6
	y
	y – 41


These results have shown that adjusting mobility control parameters at medium and high speeds improves the mobility performance. It is also clear from the parameter settings that applying the parameters suitable for high mobility at all times will drain UE battery. Therefore, speed dependent adjustment of mobility control parameters is indeed effective.
5.  Conclusions
The followings are proposed to improve mobility performance in LTE:
Proposal 1: 
Enhanced speed detection mechanisms (e.g., use of Doppler frequency measurements in conjuction with mobility counters) should be considered, for both idle and active modes.
Proposal 2: 
Three levels of speed should be configurable.
Proposal 3: 
Both Treselection and Qhyst should be scalable by speed.
Proposal 4: 
Speed dependent scaling of active mode mobility control parameters, such as the time-to-trigger and reporting range, should also be supported. (Details are FFS pending what parameters are defined for measurement reporting events.)
Proposal 5:
SintraSearch, SinterSearch, and SsearchRAT should be scalable by speed, both for idle and active mode DRX.
Proposal 6:
Speed dependent scaling of measurement related parameters and/or performance requirements, such as the cell search and measurement intervals, should be considered.
It is also suggested to send an LS to RAN4 to request study on the feasibility and accuracy of Doppler frequency measurements in idle and active modes, and also on the details of Proposal 6. In addition, it is suggested to send an LS to RAN1 to ask how the speed is detected to control localised/distributed scheduling in active mode.
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