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1 Introduction

In general, speed estimation can be performed in the UE and on the network side. From a RAN2 specification point of view, the interesting question is whether improved speed estimation is needed in the UE? Based on the input so far, it seems the proposed improvements for UE based estimation and parameter scaling are quite diverse, so it may be difficult to agree on a unified solution and specified behavior of the UE.

An alternative or complement to UE based speed estimation and parameter scaling is network based speed estimation and parameter scaling through RRC reconfiguration. As this is possible with the current standard toolbox, we believe this should be the reference case to compare with, rather than the case of no scaling at all. We also note that network based speed estimation has better potential for improvements, as it does not require signaling of network and deployment properties to the UEs. Furthermore, it does not require changes in standardized behavior in the UE, but can be left for network implementation.
2 Discussion

In the following two chapters we discuss UE and network based speed estimation.
2.1 UE based speed estimation
Mobility State Estimation (MSE) is a concept whereby the UE counts the number of handovers or cell reselections during a period of time. If configured by the network, the UE can perform scaling of the timeToTrigger parameter of the A3 event according to UE mobility state detection [1]. 
Originally, MSE has been designed to work in homogeneous network deployments. In previous meetings, several proposals have been made on how mobility state detection could be improved to work better in heterogeneous network deployments with varying cell sizes. 
We note the following issues with UE based MSE that should be considered:
· Common to most proposals is that the cell size is somehow taken into account when calculating the mobility state. This would increase the signaling effort from the network to the UE and any gain of knowing cell size must be compared with this increased signaling effort.

· Cell size as standardised now is not accurate enough. This would be different for network based speed estimation, where OAM configuration could enhance the granularity of this information.
· The cell shape also affects the MSE. For instance, higher macro cell sectorisation will affect the MSE, but the cell is still a macro cell. Again this could be known at network level.
· Cell Range Extension will also affect the cell size and thus the MSE.

· UE trajectory will affect the MSE. In figure 1 below, both UEs are performing 5 handovers, but with different weighting of pico and macro handovers, B would calculate a different MSE than A, even though their speed may be identical. The figure shows a hexagonal grid, but in real life the same effect could be seen e.g. where the macro cell is visible in street canyons.
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Figure 1: Impact of UE trajectory on Mobility State Estimation
2.2 UE based parameter scaling

MSE can be used to scale mobility measurement related parameters in the UE. In figure 2, we show results for the different parameter sets used during simulation calibration, see table 1.

Table 1: Configuration parameter sets from simulation calibration
	Profile
	Set 1
	Set 2
	Set 3
	Set 4
	Set 5

	UE speed [km/h]
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}
	{3, 30, 60, 120}

	Cell Loading [%]
	100
	100
	100
	100
	100

	TTT [ms]
	480
	160
	160
	80
	40

	A3 offset [dB]
	3
	3
	2
	1
	-1

	L1 to L3 period [ms]
	200
	200
	200
	200
	200

	RSRP L3 Filter K
	4
	4
	1
	1
	0
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Figure 2: Handover failure rate for different UE speed and handover measurement configurations
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Figure 3: Number of handovers for different UE speed and handover measurement configurations
We have left out the results for 3 km/h, since they did not include sufficient number of handover failures to get relevant results. From the results in figures 2 and 3, there does not seem to exist a speed dependent optimum for the different measurement configurations. Hence, based on simulations in hexagonal grid, there seems not to be significant gains from adjusting the measurement configurations to the UE speed. In real life, with irregular cell forms, the gains are expected to be even smaller. 
Therefore, we make the following proposal:
Proposal 1 No improvements are needed for UE-based MSE
2.3 Network based speed estimation
On the network side, knowledge of the UE speed is important input to the handover decision, e.g. in order to avoid handover of fast moving UEs to small cells. UE history information can be used to make rough estimate of UE speed. This can be improved by considering also more detailed information about the cells, like deployment, position, tx power, antenna config, etc. This was also mentioned in [3]. 

It could also be possible to allow the UE to transmit its Mobility State Estimate from idle state measurements upon transition from idle to active. This would give the network a quick initial input of the UE speed, until more accurate estimation can be performed.

To allow further improvements in network side speed estimation, the Last Visited Cell parameter in UE History Information IE could be enhanced with a more generic speed estimate in km/h, e.g. same format as in RLF report. Then it is up to the network implementation how to do the speed estimate. 
In summary, the UE speed might be estimated by serving eNB in a number of different ways such as:

· Estimation from past handovers to other cells (also by means of extra neighbour cell information such as cell size and location configured via OAM). 

· Estimation via eNB-internal processes. 

· Estimated by means of UE measurements

Finally, conclusions in TR36.839 v0.5.0 capture the following:

The following observations are made from the overall calibration simulations:

1) 
Results indicate that handover performance in HetNet deployments is not as good as in pure macro deployments

2) 
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).
Therefore an eNB internal speed estimation would not need to return the exact UE speed, but only to assess if the UE is moving at a speed higher than a certain critical value, for example 30 Km/h.

Proposal 2: As a form of preventive action against mobility failures it is proposed to enhance the UE History Information IE with information about the UE speed at the time of handover   

2.4 Network based parameter scaling

Even if our results in section 2.2 did not indicate much gain of parameter scaling in general, we acknowledge that other companies have seen gains in their simulations. Thus, we would like to point out that parameter scaling can be performed also based on network based speed estimation, by reconfiguring UE parameters with RRC reconfiguration. This was also proposed in [3]. As this is possible with the current standard toolbox, we believe this should be the reference case to compare with, rather than the case of no scaling at all. Assuming UEs do not frequently change speed from low to very high, the signalling effort may not be bigger than the signalling of cell properties proposed for improved UE based estimation.
3 Conclusion

Based on the discussion in section 2 we propose the following:

Proposal 1
No improvements are needed for UE-based MSE

Proposal 2: 
As a form of preventive action against mobility failures it is proposed to enhance the UE History Information IE with information about the UE speed at the time of handover   
We note that proposal 2 does not fall under RAN2 responsibility and thus this proposal is also submitted to RAN3 [2].
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