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1
Introduction
In EUTRAN, the mobility state estimation procedure is used to allow UE to do autonomous scaling of mobility parameters based on the detected mobility state. The procedure can be applied for both RRC_IDLE and RRC_CONNECTED, and the detection of the mobility state is accomplished ny UE counting the amount of handovers and reselections. 
For Hetnet SI, UE mobility state estimation is specifically mentioned as one potential area of improvements for enabling better mobility in Hetnet-type of deployments.
2
Background
The current mobility state estimation (MSE) procedure works as follows:

· When MSE is configured for the UE, the UE keeps a count of the cell changes (i.e. handovers or reselections) it has done.

· Two thresholds can be configured: n-CellChangeMedium and n-CellChangeHigh, which act as thresholds for determining when UE enters medium/high mobility state, respectively

· If the amount of cell changes is greater than medium/high threshold, the UE enters the medium/high mobility state and scales its parameters accordingly
· In idle mode, both the Qhyst (i.e. the reselection margin) and the Treselection (i.e. time-to-trigger) are scaled according to scaling factor signalled in system information

· In connected mode, the TimeToTrigger in VarMeasConfig scaled according to scaling factor signalled in MeasConfig
· It is possible to apply the mobility state estimation for intra- and inter-frequency E-UTRA as well as inter-RAT mobility.
3
Discussion on Improvements to mobility state estimation

As detected during the simulations done for the Hetnet calibration, the potential mobility issues are larger with the higher mobility users. Some simulation results (e.g. [4], [5], [6]) have also been shown, indicating that while utilizing current mobility state estimation procedures may help to reduce the problems, the non-uniform deployment itself causes the state classification to vary depending on cell density. Should the parameterization be done according to uniform deployment only, this may lead to improper scaling of mobility parameters and cause handover problems.
We consider a case with uniform network deployment and the common 500m ISD macro cell scenario considered in 3GPP, i.e. Case 1, as a homogeneous scenario, and add pico cells to get a comparable heterogeneous scenario. From these, we calculate some theoretical example values to help characterise the differences between homogeneous macro-only deployment and a heterogeneous macro-pico deployments.

4.1
Homogeneous case
Assume UE is moving with speed of v m/s and that the sojourn time through a macro cell is randomly distributed according to a statistic variable T (accounting for e.g. different entry angles to the cell and potential turns in the trajectory). Then, assuming a homogeneous macro network, we can calculate that the UE moves a distance D = v*T [m]eters when passing through a macro cell, where D is also (obviously) a random variable. In other words, T = D/v [s]econds. Assume that the maximum distance the UE can move before handover is M, and the minimum distance is m.
Now, assuming that a UE moves according a straight line, and utilizing the fact the the deployment is uniform, we can simplify the formula because of the following:
· In uniform deployment, all cell sizes are roughly the same. While the antenna patterns and fading characteristics deform this, we can assume for the moment this is true. This means that the D becomes a constant, so we can consider any of the trajectories within a cell.

· Hence, the maximum distance that a UE can move while connected to the same cell is M = ISD/2 + e, where e varies depending on the chosen HO margin. If we assume an ideal case of HO margin = 0 dB, it follows that e ~ 0.

· If HO margin = 3 dB, and L = 128.1+37.6*log10(dkm), we see that for distances of magnitude dkm = ISD/2=250m, the 3 dB means ~40m in distance.
Based on these assumptions for ISD and D, we get max(T) = M/v and min(T) = m/v. Assuming that the window for observation for MSE is y seconds, we see that the UE experiences at least v*y/M handovers during the sojourn through the cell.
To calculate some example values, assume HO margin = 0 dB and UE speed = 3/30/60/90/120 km/h for ISD = 500m. The results are shown in Table 1 below.
Table 1. Handovers happening during MSE window
	v [km(h]
	HOs/MSE window

	3
	0.1

	30
	1

	60
	2

	90
	3

	120
	4


Obviously, the calculation shows that ideally, parameterizing the MSE is simple in a totally homogeneous network with predictable UE movement. At the same time, the calculation is valid also for mean values of a distribution. Now, let’s consider a heterogeneous case next. 
4.2
Heterogeneous case
Assume now a heterogeneous case with N = 4 pico cells distributed within each macro cell, with effective cell radius of R. Assuming a typical cell diameter R = 50m, we can see that the pico cells cover ~40% of the macro cell area. We can also calculate that the UE may move 250/50 = 5 times across a pico cell. Modelling the potential sojourn across the macro cell + pico cells with a binomial distribution K = Bin(5, 0.4). The mean of the distribution is 5*0.4 = 2, meaning that UE is likely to move across 2 pico cells on average. Considering this, we can see that for each 250m that a UE moves, the UE experiences 3 handovers on average, compared to the 1 handover experienced for the homogeneous case. Hence, following on the example set by the homogeneous example, we get 3 times as many HOs/MSE window (Table 2).
Table 1. Handovers happening during MSE window
	v [km(h]
	HOs/MSE window

	3
	0.3

	30
	3

	60
	6

	90
	9

	120
	12


As is obvious, the potential threshold setting changes: If the limits were to be derived according to expected amount of handovers based on the homogeneous deployment, the categorization of UEs might easily change. Hence, similarly as in [5] and [6], this suggests that removing the pico cells from the MSE counting could help to stabilize the algorithm.
4
Improvement proposals to mobility state estimation procedures
For Hetnet-type of deployments, there are several aspects where the current mobility state estimation may not be optimal: For instance, the cell sizes may vary quite a lot, which means that the amount of handovers/reselections can easily mean different kinds of “mobility”. Additionally, as offloading has been stated as one clear goal for Hetnet deployments, it may easily happen that the network desires to offload (for e.g. load balancing reasons) a UE to another cell, and even though this is not “mobility” in the strict sense of the word, the UE would still consider this in the MSE procedure. 

There are three different improvements we consider in this document:
1. Having the possibility to exclude a handover from MSE calculations (e.g. for Hetnet macro-pico scenario)

2. Including inter-RAT handovers or reselections for MSE calculations (this seems to be somewhat the intention already, but is not explicitly mentioned)
3. Signalling MSE state to network, e.g. on transition from RRC_IDLE to RRC_CONNECTED or when doing handover (so that network can take appropriate actions)
4. Allowing MSE to scale also the UE measurement reporting parameters

Each of these is briefly discussed in the following sections, but the ideas are also somewhat linked: 1) allows network to better control how the MSE is used in the UEs, whereas 2) allows better accuracy for the MSE procedure unless network uses 1) to veto some handovers/reselections, and 3) gives the network better link between idle and active state UE mobility state estimation. 3) can also be useful in (inter-.eNB) handovers, making it easier for eNB to know the UE mobility state without requiring network internal signalling.

However, it should be noted that each of the proposals can still easily work independently.
4.1
Excluding a handover from MSE
4.1.1
Description of the problem
Obviously, in Hetnet or even homogeneous deployments, some handovers may be done for reasons other than UE movement. For example, the network may choose to offload a UE for load balancing reasons. In such situations, the UE may end up overestimating the mobility state and hence, use incorrect parameterisation for event triggering, which may lead to unnecessary handovers. 
4.1.2
Proposed solution
The above problem could be solved by having it possible to indicate to the UE within e.g. handover command that this particular handover should not be counted towards mobility state estimation. We 
Proposal 1: Allow network to indicate to UE that a handover should not be counted towards mobility state estimation procedure.

To illustrate how this could be done, an example CR can be found in [7].
4.2
Counting other RAT handovers for MSE
4.2.1
Description of the problem
The intention of the mobility state estimation procedure is that it should allow UE to estimate the effects of mobility, to allow the mobility procedures triggering handovers or reselections to work better. However, at the moment, the LTE idle state specification [2] states the following:
5.2.4.3
Mobility states of a UE 

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
Due to the coverage reasons, it may happen that user reselects to other RATs due to mobility, and in case the LTE deployment is of a hotspot-type, this could even happen frequently if the UE moves fast. In such a case, the UE only counts handovers within or towards the LTE system but not reselections towards, within or between other RATs (i.e. any and all handovers/reselections that occur outside LTE system). 
4.2.2
Proposed solution
UE should be allowed to also count the mobility within other RATs towards MSE estimation, unless otherwise specified (see section 3.1). This would allow better accuracy for MSE procedure in idle mode.
Proposal 2: UE should count all cell changes (including inter-RAT reselections and handovers) for mobility state estimation procedure.
This kind of change could be easily done by just adding “in any RAT” to the procedure text of the MSE:

State detection criteria:

Medium-mobility state criteria:

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

· If number of cell reselections in any RAT during time period TCRmax exceeds NCR_H
The above change is also captured in an example CR in [8]. Note that this change does not as such change the previous releases, just enhances the counting procedure, so we think the magic sentence could be used to allow earlier release UEs to use the solution as well.
4.3
Signalling UE MSE state to network on RRC_CONNECTED transition
4.3.1
Description of the problem
The MSE procedure may be used in both idle and connected modes, but there is no clear linkage between the procedures. However, we assume that both handovers are reselections are counted for both idle and connected mode MSE calculations, but even with this, the network will not be aware of the UE MSE state on transition from RRC_IDLE to RRC_CONNECTED. While the UE will still have the correct MSE state (assuming it counts both reselections and handovers towards MSE procedure), the network will assume incorrect mobility state for the UE for a while until enough handovers are done to recognise the UE’s MSE state should be other than NORMAL. Because of this, the network cannot efficiently provide situation-tailored parameters such as measurement configuration or take immediate actions, for example moving the UE to capacity layer in a multi-frequency network configuration. The same applies for handover case: If the UE provides the MSE cell change count also after handover, it is easier for the network to take appropriate actions if necessary.
If the cell change count is not provided, there could be problems related to IMS VoIP call establishment or dropped calls in case of handovers (within EUTRAN or from another system, including reverse SR-VCC for IMS VoIP calls).
4.3.2
Proposed solution
If the UE could provide the mobility state and the amount of cell changes (i.e. reselections and handovers) it has done in messages RRCConnectionSetupComplete and RRCConnectionReconfigurationComplete, the eNB would have full knowledge of the UE mobility state.
Proposal 3: When a UE is utilizing mobility state estimation, the UE provides its current mobility state and the cell change count (including both reselections and handovers) to the eNB in messages RRCConnectionSetupComplete and RRCConnectionReconfigurationComplete .
To illustrate how this could be done, an example CR can be found in [9].

4.4
Indicating different HO margins for different MSE states in RRC_CONNECTED
4.4.1
Description of the problem
Currently the MSE procedure only scales the TTT values in RRC_CONNECTED. In comparison, both the HO margin and the Treselection may be scaled in RRC_IDLE, with the rationale being that the UE has more control over the handover decisions and hence, it is better to indicate how a UE to applies scaling for both power and time hysteresis components. However, this may lead to mismatch between the RRC_IDLE and RRC_CONNECTED state MSE procedures.
4.4.2 Proposed solution
Allowing MSE scaling of (or even indicating a different) HO margin for UE in RRC_CONNECTED could help prevent too early/too late handovers by scaling the HO margin up/down. This would be a simple solution to make the UE behave similarly to the idle mode.
However, the change is slightly more complicated than for idle mode: Since the UE is not responsible for handovers but only measurement reporting, the scaling should be done for UE measurement reporting criteria. The simplest option for this is to allow for scaling of the hysteresis parameter, given that each of the events allows for hysteresis. This would also be compatible with the idle mode MSE, where Qhyst is scaled.

Proposal 4: The MSE scaling could be extended for connected mode to allow scaling of hysteresis parameter in ReportConfigEUTRA.
5
Conclusion
In this contribution we have examined the mobility state estimation procedure and tried to clarify the procedure. Four proposals were made for enhancing the MSE. 
Proposal 1: Allow network to indicate to UE that a handover should not be counted towards mobility state estimation procedure.

Proposal 2: UE should count all cell changes (including inter-RAT reselections and handovers) for mobility state estimation procedure. 
Proposal 3: When a UE is utilizing mobility state estimation, the UE provides its current mobility state and the cell change count (including both reselections and handovers) to the eNB in messages RRCConnectionSetupComplete and RRCConnectionReconfigurationComplete .

Proposal 4: The MSE scaling could be extended for connected mode to allow scaling of hysteresis parameter in ReportConfigEUTRA.
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