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1
Introduction
In the RAN2#83 meeting, the majority of companies agreed to consider UE-based solutions for mobility robustness optimization for Hetnet mobility. However, in the RAN2#83bis meeting, no conclusion was made concerning the exact solution to be selected to provide improved mobility robustness in Hetnet scenarios. Considering the WI time plan, it was discussed that RAN2 should arrive to a conclusion in this meeting or there is a risk of no outcome for the HetNet WI or additional delays to the WI [6].

The three solution groups (as per prioritization done during RAN2#83bis) are: Target cell type-based HO parameter scaling (A1), Early HO command (A3) and MSE-based enhancements (A4). Given that the indicative vote indicated largest support for the first option, we consider that option as the potential way forward for mobility robustness optimization the Hetnet mobility WI.

2
On MSE enhancements
The HetNet Mobility SI conclusions [3] state the following regarding MSE:

Overall observations on Mobility speed estimation
-
The MSE is not as accurate in HetNet environments as in macro only deployments since it does not take into account cell sizes.

-
It was however agreed that possible enhancements to the UE-based MSE should serve the purpose of enhanced mobility performance (not only for the sake of enhancing the MSE estimate).  Enhancements should be considered to improve the mobility performance of HetNet. This includes UE and network based mechanisms.
One of the solution groups considered in the previous meeting [5] was “MSE-based enhancements (based on weighted counting)”, which consists of several possible candidate solutions, for which the commonality was claimed to be the dependence on some form of weight-based counting UE MSE solution. 

In contribution [8] it was shown that HetNet mobility robustness is severely degraded when the fast moving users make outbound handovers from small cells, as captured in [3]. One obvious solution was to use Mobility State Estimation at UE to modify the mobility parameters to mitigate this handover problem. However, in [13] it was shown that MSE estimate at UE will be biased along with increased number of small cells because each handover in the cumulated MSE estimate has equal weight according to [2]. In contribution [17] the enhanced MSE (eMSE) solution was analysed and it was observed to solve the problem of positive bias in UE MSE estimate, when network signals to UE a cell specific value, which is relative to cell size. Stage 3 details of eMSE solution are described in [18].
In current specifications MSE state is the input and operational part of the mobility parameter scaling, so MSE is not a stand-alone solution but integral part of the mobility robustness. Therefore we think RAN2 should consider MSE for Rel-12 to be part of mobility solution, which has also been captured in [3].
In several papers it has been observed that for the UE based enhanced MSE mechanisms, UE should be informed about the serving cell type (macro/pico cell) to improve MSE estimate and apply MSE for TTT scaling. To reference just few papers as an example, based on observations, paper [19] proposes that “If UE based MSE is still used for TTT scaling, it should take both pico and macro cell with different weight into consideration.” The same observation is made in papers [20] “After speed dependent HO parameter optimization is performed, not only the pico-macro and macro-pico HOF rate but also the macro-macro HOF rate is improved.”, [21] “Setting TTT value according to the handover type help to relieve the performance contradiction between the HOF rate and the short ToS rate in HetNet environments.”

We conclude that the same observation of using eMSE for TTT setting improves mobility performance in HetNet has been made by several companies.

Further, it has already been agreed in RAN2#83bis meeting minutes that an indication of UE MSE state is provided to UE together with the mobility history information [5]:
	Agreements
1a
The UE reports an indicator of availability of visited cell history

1b
The UE reports the mobility state estimated by MSE if MSE was configured

2
The network may retrieve the visited cell history upon receiving the indication (1a)

3
The visited cell history comprises cells visited while the UE was IDLE

FFS whether the visited cell history comprises cells visited while the UE was CONNECTED

4
The visited cell history comprises time of stay and physical cell IDs of the visited cells 

FFS what the granularity of the time information is

FFS how many cells the history information should cover and whether the NW can request the number it would like to be reported. 




Therefore, we think it should still be possible to enhance MSE in addition to the target cell dependent TTT scaling, provided it can be shown that this brings mobility performance gains, which has been shown already before. 
Observation 1: Several companies have observed that enhancing MSE can bring improvements for mobility robustness in HetNet.

Observation 2: Enhancing MSE can improve the accuracy of the other mobility robustness solutions.

3
Way forward for Hetnet Mobility robustness 

In the previous meeting [5], three different solution groups were considered in the final (informal) show of hands:

· Target cell type – based HO parameter scaling

· Early HO command

· MSE-based enhancements

Out of these three, the solution group gaining most of votes was scaling HO parameters based on the target cell or target cell type. Since the Hetnet mobility WI timescale is set to March 2014 [6], i.e. one meeting after the current one, we think RAN2 should make a decision on what to do, one way or another. Given that the target cell dependent HO parameter scaling attracted majority of votes, we think it would be good for companies to compromise and select that as the main solution for improving mobility robustness in Hetnet. 

Proposal 1: RAN2 selects the target cell dependent HO parameter scaling as the UE-based mobility robustness enhancement for Hetnet environments.
However, we consider that MSE enhancements could still be considered as an additional improvement in the HO parameter scaling-based solution: 

Proposal 2: RAN2 to consider eMSE solutions to further improve the performance of the target cell-dependent HO parameter scaling solution.

4
Target cell HO parameter scaling
The details of the solution group “target cell HO parameter scaling” have not been defined explicitly in 3GPP. In our understanding, the solution group could have several realizations with slightly different details. 
From the Stage 3 perspective, the target cell HO parameter scaling could be accomplished by either explicit target cell type dependent TTT values or HO parameter scaling based on target cell type. However, first RAN2 should settle on the exact details of the solution. For example, in the previous meeting the following questions were raised on the solution:
· Is the HO parameter scaling applied for all cells, or just some cells?

· Are the HO parameters scaled for all measurement events, or should they be scaled only for specific event(s)?
· Is the HO parameter scaling applied for all measurement events (i.e. intra-/inter-frequency and inter-RAT events)?

· Is the HO parameter scaling broadcast or signalled in dedicated signalling for each UE?

· Are the HO parameter values scaled, or is an individual value provided for each cell, cell-type or cell-pair-type?

We think most of these questions are straightforward and already discussed during the previous meetings, and RAN2 should just clarify them. As for the Stage 3 details of the solution, we think that RAN2 could discuss them in an e-mail discussion (if necessary) to come to a conclusion by next meeting. .
Proposal 3: RAN2 should agree on the details of the solution and come up with a Stage 3 CR for the next meeting.

4.1
Performance of target-cell-dependent TTT scaling 

Target cell dependent TTT values may be applied based on target cell type. This allows for choosing a more conservative measurement reporting with a higher value of TTT for measurements of small cells by fast moving UEs. When the triggering of measurement reporting is slower, the likelihood of the fast moving UE triggering a measurement report for the small cell is also lower. Such a scenario and solution has been evaluated for example in [14]. There have been several contributions showing the gain of making TTT dependent on the target cell type, for example in [14] and [22]. 

In [14], we observed that when the considered values of TTT depend on the target cell, macro or pico, and the values applied in serving macro and pico differs, which means that a separate TTT value may be applied for every source-target cell type combination.

Similar solutions have been also evaluated in [22], where it was observed that setting the TTT value according to the handover type relieves the performance contradiction between the HOF rate and the short ToS rate in HetNet environments. The TTT values and scaling used in the simulations in [14] are shown in Table 1 and Table 2. The TTT values shown on orange background are basic trigger TTT values. These could each have a different value, but for the example case they were chosen to be equal. The values on white background are the values after applying the MSE dependent scaling. After multiplying the trigger TTT value by the scale factor, this is mapped to the closest value from the list of possible TTT values. Note that up-scaling is used for the case of macro serving cell and pico target cell. Also note that these are old results, before the current decision of using parameter set 3 [3]. 

Table 1 TTT values and scaling parameters applied in macro cells, [14]
[image: image1.emf]Macro cell Target is a macro Target is a pico

TTT [ms] s-factor TTT [ms] s-factor

Mobility state Normal 256 - 256 -

Mobility state Medium 128 0.5 256 1

Mobility state High 128 0.5 480 2


Table 2 TTT values and scaling parameters applied in pico cells, [14]
[image: image2.emf]Pico cell Target is a macro Target is a pico

TTT [ms] s-factor TTT [ms] s-factor

Mobility state Normal 256 - 256 -

Mobility state Medium 128 0.5 128 0.5

Mobility state High 128 0.5 128 0.5


The rationale behind the values is the following

· Scaling is generally used as originally intended, i.e. to make the handover trigger more aggressive by applying a lower value of TTT when the UE is in a higher mobility state. This achieves faster triggering when the UE is moving faster, so lowering the risk of a too late handover and consequently, lowering the RLF/HOF rate. 
· Up-scaling is a proposed enhancement that allows for applying a higher value of TTT for triggers towards small cells while the UE is in a higher mobility state. This achieves slower triggering towards small cells when the UE is moving faster, which increase the likelihood that faster moving UEs will pass small cells without time to trigger a handover into these cells. This is also in line with the objective of improving mobility robustness by keeping fast moving UEs off small cells.
The following paragraph considers what is required to achieve the above functionality.

Observation 3: The target cell dependent TTT scaling shows improved mobility robustness in HetNet environment.

Observation 4: Allowing upscaling of TTT ensures that the target cell dependent TTT scaling can achieve the goal of keeping high-speed UEs away from small cells.

Proposal 4: Target cell TTT scaling should allow up-scaling of TTT values.

4.2
Details of HO parameter scaling solution
We propose that the solution of having cell type dependent TTT is as follows: 
1. A set of small cells for which the TTT scaling is done is defined by specifying a PCI range of such small cells.
We denote a cell within the specified PCI range with P and cell outside the PCI range with M.

2. In reportConfigEUTRA, UE may be signalled a TTT value, applicable only for cell type P. The UE applies for a given trigger the value of TTT that corresponds to the type of the target cell for this trigger.

3. The legacy MSE configuration, i.e. sf-Medium and sf-High in IE speedStateScaleFactors [2], are only applicable to cells of type M. 
4. Separate MSE scaling factors are specified for cell type P. The UE applies for the TTT of a given trigger the values of sf-Medium and sf-High that corresponds to the type of the target cell for this trigger.

5. The value sets of sf-Medium and sf-High are changed to allow up-scaling of TTT, i.e. to include values higher than one, e.g.the values 2, 4, 8, 16. 

6. Since legacy UEs do not comprehend the extra set of parameters for specifying the TTT and scaling factor values for small cells, they will ignore this configuration. Assuming that the current values are applied for the cell not indicated as small cells, this means that a legacy UE will use these values.

Based on the above, we make the following proposals:

Proposal 5: A PCI range can be signalled to indicate small cells for which a separate TTT is used, and this TTT can be provided in reportConfigEUTRA.
Proposal 6: An additional MSE configuration, applicable to only MSE should be allowed for the small cells.

Proposal 7: MSE is allowed to also upscale HO parameter values.
4
Conclusion
We have discussed the way forward for UE-based mobility robustness enhancements and made the following observations:

Observation 1: Enhancing MSE can bring improvements for mobility robustness.

Observation 2: Enhancing MSE can improve the accuracy of the other mobility robustness solutions.

Observation 3: The target cell dependent TTT scaling shows improved mobility robustness in HetNet environment.

Observation 4: Target cell dependent TTT scaling can achieve the goal of keeping high-speed UEs away from small cells.

Based on these, we make the following proposals as way forward for UE-based mobility robustness enhancements in Hetnet:
Proposal 1: RAN2 selects the target cell-dependent TTT scaling as the UE-based mobility robustness enhancement for Hetnet environments.

Proposal 2: RAN2 to consider eMSE solutions to further improve the performance of the target cell-dependent TTT scaling solution.

Proposal 3: RAN2 should agree on the details of the target cell-dependent TTT scaling solution and come up with a Stage 3 CR for the next meeting.
Proposal 4: Target cell TTT scaling should allow up-scaling of TTT values.

Proposal 5: A PCI range can be signalled to indicate small cells for which a separate TTT is used, and this TTT can be provided in reportConfigEUTRA.

Proposal 6: An additional MSE configuration, applicable to only MSE should be allowed for the small cells.

Proposal 7: MSE is allowed to also upscale HO parameter values.
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