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1.
Introduction
In UMTS, the purpose of speed dependent scaling factor is to decide another cell, depending on UE speed, in proper time. Since Treselection is time constraint for R-criteria, it is scaled by mobile’s speed derived from the number of cell reselections within a time interval. The principle detecting UE speed shall also be adopted in LTE for the same purpose [1]. However, from UMTS experience, it is expected that the same principle as in UMTS is insufficient to deal with real network with complex topology. Because the method doesn’t consider the cell deployment, the ping-pong situation would happen frequently where the UE is located in cell boundary.
In this contribution, we would try to solve above problem as intrinsic approach. The aim of calculating the speed dependent scale factor is to decide the timing for changing another cell according to the radio condition to be expected. In our view, the factor might have to reflect and rely on the amount of changed radio condition. We suggest an algorithm for calculating the speed dependent scaling factor by providing UMTS approach with the variation of radio condition measured by UE.
2.
Proposed Speed Detection Method
The radio channel condition measured by UE is strongly dependent on UE speed. If UE speed is slow, the UE can be experienced with low variation of radio condition in a time period. If not, it can be experienced with higher variation than that of low speed. The brief description of our proposed method is as follows.
1) UE starts measurement when the signal strength from serving cell is under a certain threshold (e.g. Ssearch)
2) UE makes a measurement set from its surrounding cells (i.e. serving and neighbour cells)
3) After a certain period, UE makes another measurement set from its surrounding cells
4) UE calculates the variation of measurement  quantities from two sets

When UE needs to perform ranking process for cell reselection, Treslection is scaled by using both calculated variation and cell reselection frequency.
2.1 Calculation of variation 
In our approach, with a time interval called Tspeed, UE makes two sets of measurement result from surrounding cells including the serving and neighbour cells. Next, from the two sets, UE calculates the variation which reflects the amount of changed radio conditions within a time interval.
Fig.1 is time sequence for calculating variation when UE needs to perform cell reselection. This figure shows the use of Tspeed for calculating variation of radio condition measured by UE. UE starts the measurement when a certain condition met (e.g. Ssearch). The timer, i.e. Tspeed, acts as a time interval for making measurement sets and triggers updating variation. The time period of constructing a measurement set is dependent on the kind of measurement such as intra-frequency, inter-frequency/RAT. Using the Tspeed, in proposed scheme, the UE makes two measurement sets during a time interval. After Tspeed expired, the variation is updated, and then, it would be working as supplementary for deciding the speed dependent scaling factor.
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Fig 1: Time sequence of proposed scheme

The measurement cells can be determined by using detection by UE or Neighbour Cell List (NCL) from the serving cell, and measurement results for calculating a variation can be filtered using minimum signal strength defined by system information (e.g. S-criteria). There is no burden because measurement behavior of UE, previous mentioned, is necessary for cell reselection whenever the signal quality of serving cell is below a threshold. 
For calculating quantities of variation, we use the average of the number of candidate cells which satisfy some rules among cells detected by UE. In detail, following rules are applied.

· If signal strength of a given cell doesn’t satisfy a minimum value (e.g. S-criteria), the cell is treated as not detected by UE.
· A cell which has a same cell identity between two sets is subtracted from the number of candidate cells

Note that updating variation is occurred irrespective of the event of cell reselection.
The example for calculation of variation between two measurement sets is shown below.
Example:

Table 1: two sets measured at (T) and (T + Tspeed)
	Measurement Set 1
	Measurement Set 2

	Cell ID
	RSRP (dbm)
	Cell ID
	RSRP (dbm)

	A
	-110
	A
	-150

	B
	-130
	E
	-140

	C
	-150
	K
	-130


From table 1, the number of candidate cells in measurement set 1 and 2 is 3 and 3, respectively. Since cell A belongs two sets, it is subtracted from calculation of variation. As a result, the number of candidate sets is 4 (B, C, E and K) and the number of detected cells by UE is 6. At the end, the variation is 4 / 6 = 0.67

If the value of both cell B and C is -200 dbm in table 1 and S-criteria is -190 dbm then cell B and C are treated as not detected by UE. Hence, according to above rules, the number of candidate sets is 2 (E and K) and the number of detected by UE is 4. Finally, the variation is determined to 0.5 (i.e. 2/4=0.5)
From above example, since variation reflects the number of detected cells by UE, we can know that the variation might have higher value when UE moves long distance across cells during a time interval.
2.2 Decision of UE speed
The enhancement of UMTS approach for detecting UE speed is described in fig. 2.
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Fig 2: Enhanced scheme for speed detection algorithm in LTE
As shown in fig. 2, the proposed scheme is working as an additional criterion to UMTS method for determining UE speed. On the one hand, if UE goes though center area of several cells in a time interval, then, the high mobility as in UMTS might be detected by cell reselection frequency depending on cell deployment (i.e. UE speed relative to cell range is high). In this case, the variation measured by UE could be high because cell reselection is based on S/R-criteria and variation is calculated, with a time interval, based on the number of cells detected from UE position. (i.e. Variation > Sv) 

On the other hand, if UE is located in cell boundary, then, UE’s little movement can result in cell reselection and UE could be easily dropped in a ping-pong situation. Therefore, the high mobility in UMTS could be detected and owing to reduced Treselection, the ping-pong situation would be happened more frequently, causing service interruptions. In this case, thanks to a variation constraint which might have small value in little changed environment, the UE could detect its mobility as low. As a result, Treselection cannot be reduced and the ping-pong situation can be relieved. 

From above two situations, proposed scheme can help to detect more acceptable UE speed.

Fig. 3 describes additional proposal as an extended enhancement of UMTS approach for detecting UE speed.
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Fig 3: Additional enhancement for speed detection algorithm in LTE
As shown in fig 3, four states for mobility are defined. High or normal mobility state might have a floating number scaling factor like in UMTS (i.e. 0 to 1 by step of 0.1) and shorten the length of Treselection. And, Treselection is not scaled by speed dependent scaling factor in low mobility state (i.e. the scaling factor equal to 1). It is expected that the usage of SV2 can help UE to perform fast cell reselection in a certain case such as fast moving through rural area and tunnel cells. i.e. not rely on NCR. Therefore, SV1 and SV2 can have the same value. 
Stationary state is introduced for another possibility for enlarging Treselection. When UE speed is (very) slow, if an operator wants to reduce cell reselection frequency according to cell topology (example is FFS), the method described in fig 3 could provide a solution. The stationary count is incremented whenever the variation is under SV2, and reset when other states except low mobility state are detected. The stationary state is detected when stationary count is above Nsc. 
The proposed scheme uses new parameters such as Tspeed, SV1, SV2, Nsc and a scaling factor in stationary state which can be controlled by operator and delivered by system information or RRC connection.
2.3 Benefits of proposed scheme
According to enhanced scheme, mainly two benefits can be achieved
· Fast cell reselection 
In UMTS, The time for deciding UE speed decision is dependent on parameters such as Non-HCS_TCRmax, Non-HCS_NCR, and Non-HCS_TCRmaxHyst in system information [1]. It takes too much time for deciding scaling factor irrespective of UE speed. For example, if Non-HCS_TCRmax, Non-HCS_NCR and Treselection is 60s, 3 and 10s, respectively. UE can detect its speed after reselecting several cells. This means that UE can adjust its speed after 40s although the UE speed is high. In proposed scheme, UE can decide its speed as higher one after one cell reselection if the variation is above SV2.
· Reliving ping-pong situation
The problem of ping-pong situation is described well in [2]: “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,” In proposed scheme, the UE can decide its speed using variation from radio condition depending on its own position. So, if the mobility of UE is low, the variation is also slow. As a result, UE can decide its speed as slow, resulting in not scaled Treselection. This relives UE from ping-pong problem.
The benefits of proposed scheme are described through fig. 3. 

Assumptions:

· Current serving cell is A, and UE starts measurement at point 1

· In high speed, UE makes measurement set at point 1 and 3

· In normal speed, UE makes measurement set at point 1 and 2
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Fig 3: Cell reselection in cell boundary
· Case 1 (fast cell reselection): In high speed, the variation would be high and UE could reduce Treselection, although the requirement of cell reselection frequency is not satisfied for reducing Treselection
· Case 2 (reliving ping-pong situation): If UE is working around at point 1, then the variation would be not high and Treselection cannot be reduced or could be enlarged. This case shows that ping-pong problem could be relieved

3.
Conclusion
In this contribution, we considered the variation of radio conditions when deciding timing for cell reselection. And, enhanced mechanism to be able to detect more acceptable UE speed is proposed for LTE. It is proposed to agree on deciding the method for speed dependent scaling factor described in section 2.
Proposal 1: For enhancing UMTS approach, UE speed detection should be based on cell reselection frequency and variation measured by UE.

Proposal 2: UE speed detection should be capable of reducing Treselection depending on variation measured by UE.
(i.e. enabling fast cell reselection)
Proposal 3: According to UE speed, more than two states for mobility should be considered.
Proposal 4: The method for detecting stationary state of UE has to be considered to other applications as a basic method.

Proposal 5: For active mode controls such as event-triggered reporting and measurement gap control, the criteria using variation of measurement result can be adopted.
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