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1   Introduction
The network can define thresholds for when the UE should apply speed dependant scaling of the mobility parameters. For different states, the UE should apply different values for the TTT. This is used to enable different behaviour for UEs travelling with different speed so that for example a fast moving UE may choose not to trigger a measurement report for a small cell, and instead choose to stay in a layer with larger cells (macro).
MRO is used to optimize the mobility parameters. If there are different sets of parameters used in one cell (different TTT) it is crucial for the MRO algorithm to know which parameters were used when a failure is detected. Otherwise, it is very difficult for MRO to understand how to correct the parameters. 

Further, if MRO is aware of the mobility state, it would be possible to treat UEs with different mobility state (different velocity) in a different way and enable the speed dependant optimization.

In some, but not all cases, it is currently possible for the network to assess the UEs mobility state. This document highlights the cases when this is not possible and proposes a solution for this.

2   Discussion

2.1   Speed dependant scaling

In 36.300 the UE behaviour for speed dependant scaling is defined as:

The UE shall adjust the value of the following parameter configured by the E-UTRAN depending on the UE speed: timeToTrigger. The UE shall apply 3 different levels, which are selected as follows:

The UE shall:

1>
perform mobility state detection using the mobility state detection as specified in TS 36.304 [4] with the following modifications:

2>
counting handovers instead of cell reselections;
2>
applying the parameter applicable for RRC_CONNECTED as included in speedStatePars within VarMeasConfig;

1>
if high mobility state is detected:
2>
use the timeToTrigger value multiplied by sf-High within VarMeasConfig;
1>
else if medium mobility state is detected:
2>
use the timeToTrigger value multiplied by sf-Medium within VarMeasConfig;
1>
else

2>
no scaling is applied;

In 36.304, the rules for how the UE transits between mobility states are specified as:

Besides Normal-mobility state a High-mobility and a Medium-mobility state are applicable if the parameters (TCRmax, NCR_H, NCR_M and TCRmaxHyst) are sent in the system information broadcast of the serving cell. 

State detection criteria:

Medium-mobility state criteria:

· If number of cell reselections during time period TCRmax exceeds NCR_M and not exceeds NCR_H
High-mobility state criteria:

· If number of cell reselections during time period TCRmax exceeds NCR_H
The UE shall not count consecutive reselections between same two cells into mobility state detection criteria if same cell is reselected just after one other reselection.

State transitions:

The UE shall:

-
if the criteria for High-mobility state is detected:

-
enter High-mobility state.

-
else if the criteria for Medium-mobility state is detected:

-
enter Medium-mobility state.

-
else if criteria for either Medium- or High-mobility state is not detected during time period TCRmaxHyst:

-
enter Normal-mobility state.

The value range for the parameters is defined in 36.331 as:

-- ASN1START

MobilityStateParameters ::=


SEQUENCE {


t-Evaluation





ENUMERATED {












s30, s60, s120, s180, s240, spare3, spare2, spare1},


t-HystNormal





ENUMERATED {












s30, s60, s120, s180, s240, spare3, spare2, spare1},


n-CellChangeMedium




INTEGER (1..16),


n-CellChangeHigh




INTEGER (1..16)

}

-- ASN1STOP

	MobilityStateParameters field descriptions

	n-CellChangeHigh

The number of cell changes to enter high mobility state. Corresponds to NCR_H in TS 36.304 [4].

	n-CellChangeMedium

The number of cell changes to enter medium mobility state. Corresponds to NCR_M in TS 36.304 [4].

	t-Evaluation

The duration for evaluating criteria to enter mobility states. Corresponds to TCRmax in TS 36.304 [4]. Value in seconds, s30 corresponds to 30 s and so on.

	t-HystNormal

The additional duration for evaluating criteria to enter normal mobility state. Corresponds to TCRmaxHyst in TS 36.304 [4]. Value in seconds, s30 corresponds to 30 s and so on.


The UE history is defined in 36.423 to contain a list of up to 16 last visited cells 

2.2   Detection of UE mobility state in the network

From a first glance, it seems as it would be possible for the network to understand the UE mobility state since the UE is counting up to 16 handovers during a specified time and the UE history also contains the information about the 16 last visited cells (and the stay time). Note that this is only possible if the RLF indication includes information that allows the receiving eNB to correlate the RLF indication to a specific UE. This is currently only possible when the RLF indication is triggered at RRC re-establishment and not when triggered after the UE has transited to idle mode.
The algorithm to determine the mobility state must take into account the defined hysteresis time. Therefore, a possible implementation could look something like this: Using the UE history and looking backward in time for each entry in the UE history within the hysteresis time TCRmaxHyst, check whether the conditions for high or medium mobility state are fulfilled. If so, the state can be determined to be in high or medium mobility state. Otherwise, the UE should be considered to be in normal mobility state.

The following table illustrates one example with the speed dependant scaling parameters set as follows: n-CellChangeHigh = 5, t-Evaluation = s30, and t-HystNormal =s240. The table is arranged as follows:

· UE moves from cell 32..1

· The two leftmost columns shows the information available in the UE history, the third column shows the time for the 10 last handovers, and the fourth column shows the total time looking back from the time the UE entered cell 1

· The yellow highlighting shows the information available for the eNB handling cell 1 (information from the last 16 cell available in the UE history)

As can be seen in the table 

· High mobility state is triggered by the UE in cell 28-14
· High mobility state is not detected by the eNB handling cell 1 since that information is outside the scope of the UE history
· In the UE, the hysteresis time since cell 14 has not expired so the UE is in high mobility state

· Since we must evaluate all entries within the hysteresis time, and this time may be large, we may not have enough information in the UE history to make the correct judgment on the UE mobility state.
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2.3   UE implementation specifics
To further complicate the matter, there are a few issues where we think the UE implementation is not fully specified which may make it difficult for the network to correctly assess the UE behaviour:

· In 36.304 it says: “The UE shall not count consecutive reselections between same two cells into mobility state detection criteria if same cell is reselected just after one other reselection”. It is not fully clear whether the text “just after one other” refers to an assumption that the HO between the same cells cannot be within a certain time, and whether this means there is an implementation dependant time threshold in the UE. 

· In 36.304 it says: “If number of cell reselections during time period TCRmax exceeds NCR_H”. There are different possibilities for implementing this: Should we wait until Tcrmax before we trigger the state change, or is it enough to wait until we exceed Ncr_h? This would mean the decision to trigger can occur at different times. 

· What happens when the thresholds for UE dependant speed scaling are reconfigured? Will the UE start all over from normal state and restart all counters or will he just change thresholds and used stored information of past HO? This would affect the decision and the trigger can occur at different times. 
In all these cases, network can not know the UE mobility state.
3   Solutions
3.1   Network centric solution
One possible solution is to propagate information about the current UE mobility state between network nodes. This could for example be included in the UE history, or even simpler, by including the current UE mobility state and the time since last triggered high or medium mobility state from source to target in the handover preparation message. This would solve the problems indicated in section 2.2, but would not solve the problems indicated in section 2.3.
And, as stated previously, the network centric solution is only possible if the RLF indication includes information that allows the receiving eNB to correlate the RLF indication to a specific UE. Therefore, this is currently only possible when the RLF indication is triggered at RRC re-establishment and not when triggered after the UE has transited to idle mode. 

3.2   UE reporting

Another solution would be to let the UE report its actual mobility state to the network. This has been discussed before in RAN2 but in a slightly different scope. At that time, the proposal was to include it in the mobility measurement report. This was not agreed. 

But, in order to support MRO it would be beneficial to include the UE mobility state in the RLF report. This has not been discussed in RAN2 before. 

4   Conclusions
In order to solve the problems identified in section 2, we propose to agree to include the UE mobility state in the RLF report. 
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		Cell		Time in cell		Time for 10 last HO		Total time

		32		5				230

		31		5				225

		30		5				220

		29		5				215

		28		5		25		210

		27		5		25		205

		26		5		25		200

		25		5		25		195

		24		5		25		190

		23		5		25		185

		22		5		25		180

		21		5		25		175

		20		5		25		170

		19		5		25		165

		18		5		25		160

		17		5		25		155

		16		5		25		150

		15		5		25		145

		14		10		30		140

		13		10		35		130

		12		10		40		120

		11		10		45		110

		10		10		50		100

		9		10		50		90

		8		10		50		80

		7		10		50		70

		6		10		50		60

		5		10		50		50

		4		10		50		40

		3		10		50		30

		2		10		50		20

		1		10		50		10
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