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1 Introduction
In R11 Mobility Enhancement in HetNet SI, it was observed that [1]:
The UE speed has a significant impact on the HO performance. The trend of simulation results indicated that high speed UEs suffer much higher HO failure rate than low speed UEs.

For low mobility UEs (i.e., speed < 30km/hr), no significant problems have been observed in terms of HOF and loss of connectivity (some issues with Short ToS have been identified).
From the observations, we can see that UE speed is an important factor that influences the mobility performance in a deployment with pre-release 12 small cells. Furthermore, the mobility problems faced by UEs with different speeds in such a deployment are different. Therefore the requirement becomes stronger to tune mobility control parameters and/or policies depending on the speed. One way to do this is to use the scaling of TTT based on the estimated mobility state of the UE. 
The mobility state of one UE can be estimated by Mobility State Estimation (MSE) and it was specified in [2] since the release 8. 
MRO does not work well when it is used together with the MSE. We have previously proposed to discuss this issue in [5] and [6] 
In this document, we explain why there is a problem to use MSE together with MRO, and propose RAN3 to include this issue into the TR 37.822 for further study.
2 Discussion
2.1 The existing MSE

In the existing MSE, the network pre-configures some parameters to a UE, and these parameters include two time periods (i.e. t-Evaluation and t-HystNormal), two handover counter thresholds (i.e. n-CellChangeMedium and n-CellChangeHigh), and two scaling factors (i.e. sf-Medium and sf-High). 

The UE counts the handovers in one of the time period in order to judge whether the total number of handovers in the period exceeds one of the handover counter thresholds. This is used to decide a mobility state (i.e. normal, medium or high). 

Based on the decided mobility state the UE chooses one of scaling factors to scale TimeToTrigger and uses the scaled TimeToTrigger in measurement reporting. For instance, if the UE estimates its mobility state as high, the UE will use the scaling factor sf-High to scale TimeToTrigger down. This will make the reporting of its measurement earlier which will give some more time for the handover preparation, and thus increase the success rate of handover.

2.2 The issue when using MRO together with MSE
Since the mobility state is decided and maintained by the UE itself in MSE, it is impossible for the network to deduce what the UE decided mobility state is at a specific time point. This will not cause any problem when MRO is not concurrently used since the network does not need to know the state and the mobility state is only used by the UE. 

However, when MRO is also used and a mobility failure (i.e. RLF or handover failure) happens it becomes necessary for the network to know the UE mobility state. This is because in MRO the network must know the exact TimeToTrigger used by the UE at the time of failure in order to make a correct analysis of the failure. If the network wants to know what exact TimeToTrigger the UE was using at the time of failure, it must know what state the UE was in.
2.2.1  An example to demonstrate the issue

Below is an example to further describe why it is necessary for the network to know the mobility state of the UE when mobility failure happens if MRO and MSE are used together. 

A fast moving UE 1 is in the high mobility state and a slow moving UE 2 is in the normal mobility state, therefore UE 1 uses the sf-High to scale down the TimeToTrigger, and UE 2 does not make any scaling on the TimeToTrigger. 

Unfortunately, both UEs encounter mobility failure. The failure of UE 1 is handover too late and the failure of UE 2 is handover too early. If the network does not know the mobility states used by the two UEs, the failures indicate that the failure of UE 1 may cause by a too big TimeToTrigger and calls for a new smaller TimeToTrigger, but the failure of UE 2 may cause by a too small TimeToTrigger and calls for a new bigger TimeToTrigger. 
Even worse, if the network simply tunes the TimeToTrigger to be smaller, then it is more likely for the UEs with similar speed as the UE 2 to encounter the failure of handover too early, and if the network simply tunes the TimeToTrigger to be bigger, then it is more likely for the UEs with similar speed as the UE 1 to encounter the failure of handover too late.
On the contrary, if the network knows the mobility states of the two UEs, it can deduce that the failures may result from a too small TimeToTrigger and a too big sf-High. And by adjusting the TimeToTrigger to be bigger and the sf-High to be smaller, the network can reduce the possibility that the two failures happen again.

2.3 Why existing solution cannot solve the issue
There is an assumption that the network can deduce the mobility state decided by the UE through the use of UE history information, which is transferred on the X2 interface between eNBs. However, this does not work for the following reasons: 

· In MSE, the network only configures the UE with the time periods (i.e. t-Evaluation and t-HystNormal) used to estimate mobility state, but does not specify how the UE should implement the selection of the state. All of this is left to UE implementation. For example, the UE can start the timers and evaluate the number of handovers number after the timers expire. Or the UE can also use a sliding windows evaluate the number of handovers during the defined time periods.
· The mobility state decided by MSE is of course related to the handover history of the UE. The length of the handover history that the UE maintains and operates MSE on is also implementation specific. From the UE history information in the network, only a limited handover history can be considered since the length of UE history information is limited to 16 handovers and the record of latest handover will kick out the record of oldest one if the list is full. Therefore the network and the UE may have different views on the handover history of the UE, and this also prevents the network from knowing the mobility state decide by the UE. This aspect was once analyzed in details in [7].
· The mobility state decided by UE also depends on the values of control parameters (i.e. t-Evaluation, t-HystNormal, n-CellChangeMedium and n-CellChangeHigh) preconfigured by the network. In a handover, the source eNB will transfer all the parameter to the target eNB, but not as the part of the UE history information. Therefore the current serving eNB of the UE may know the control parameters configured by the previous serving eNB, but it cannot know the parameters configured by the serving eNB before the previous one. Without this information, the current serving eNB has difficulty in deducing the mobility stated decide by the UE.
· The UE behaviour when moving between RATs or between modes (idle/connected) is not specified and hence up to implementation. Therefore, the UE may or may not reset the mobility state when it moves from one cell of another RAT to a LTE cell, and the UE may or may not use the previous mobility events in the idle mode when it already transits to the connected mode. All of these cannot be seen from the UE history information, thus this also prevents the network to obtain the mobility state estimated by the UE. RAN2 has agreed in RAN2#83bis meeting that the UE can report the estimated mobility state and the visited cell history in idle mode when it transits to the connected mode. But this only indicates the mobility state at that time and does not indicate the current value of the timers and how the UE has implemented the mobility state estimation. Hence the problem for MRO still exists.
3 Conclusion

This contribution analyzes one issue of MRO when it is used together with MSE, and this issue may lead to inappropriate corrective actions in MRO thus further deteriorates the mobility performance of the network. Therefore we propose RAN3 to include the issue into the TR 37.822 for further study, and we provide the corresponding text proposal in the Annex section of the contribution.
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Annex – Text proposal

4.3.x
MRO and UE mobility state
Problem description:

The UE is autonomously selecting a mobility state based on the control parameters configured by the network in MSE (Mobility State Estimation). Depending on the mobility state, the parameter TTT is scaled differently. Hence, if the network cannot know the UE mobility state, the network cannot know what TTT was used by the UE. This means that MRO cannot know what parameters were used when a problem occurs, and this may make MRO output inappropriate corrective actions which further deteriorate the mobility performance of the network.

It has been argued that it is possible to use the UE history information to deduce the mobility state estimated by the UE. This is however not possible since the MSE is left up to UE implementation and thus cannot be uniquely estimated in the network using the UE history information. Some further reasons for this issue are that the UE history information may not be long enough, the control parameters are not propagated between eNBs in the UE history information, and the UE behaviour when moving between RATs or between modes (idle/active) is not specified. 

Solutions
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