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1. Introduction
The need of Mobility State Estimation (MSE) enhancements has been discussed in the recent RAN2 meetings. At RAN2 #78, the following agreements were made together with the general guidance towards the subsequent WI phase [1]:
· The MSE is not as accurate in HetNet environments as in macro only deployments since it does not take into account cell sizes.
· 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).
· There is consensus that enhancements should be considered to improve the mobility performance of HetNet. This includes UE and NW based mechanisms.

· We have not yet compared individual enhancement proposals and therefore do not exclude any of those at this point in time (selection of enhancements to be done in the WI phase).
According to those agreements, proposed enhancements are to be discussed in the WI phase. During the email discussion before the #78 meeting, use of Doppler frequency measurements was proposed as a MSE enhancement [2]. However, details were not presented. For better understanding towards the subsequent WI phase discussion, this paper attempts to provide how the measured Doppler frequency can help to enhance mobility performance in HetNets. 
2. Discussion
2.1. Enhanced MSE algorithm
Use of Doppler frequency measurements in conjunction with the existing mechanism was proposed and discussed in Rel-8 [3]. An example of the enhanced MSE algorithm is illustrated in Fig.1. The measured Doppler frequency (Fading frequency in Fig.1) is used to compensate the mobility state derived by mobility counters. Consequently, even if the existing mechanism estimates a wrong state due to the irregular cell size in HetNets, the measured Doppler frequency can correct the right state. In typical implementation, the UE measures Doppler frequency for channel estimation purpose. Therefore, Doppler frequency measurements itself would not be a new function. 
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Fig.1
Example of enhanced MSE by Doppler frequency measurements [3].

It might be argued that this approach is not applicable when the UE moves perpendicularly to the direction of the incoming wave. However, not all of the UEs will move to that direction in practice. In addition, the UE will receive signal from multiple paths with different angles. Hence, this aspect would not be a considerable drawback.
The example in Fig.1 is based on the existing mechanism. However, since the enhancement is aimed at the HetNet deployment, the solution may be optimised for the target deployment. For instance, the following viewpoints are worthwhile discussing in the WI phase.
Issue 1: Whether the enhancement using Doppler frequency measurements should be based on the existing mechanism or not?
Considering the instability of the existing mechanism observed during the SI phase, use of Doppler frequency measurements only might be sufficient to estimate the mobility state in HetNets. 
Issue 2: How many mobility states are sufficient for the HetNet deployment?

In Rel-8, the need of three mobility states was assumed for the following scenarios:

· Bullet train (high speed)

· Local train (medium speed)

· Pedestrian (low speed)

However, if the target is the small cell deployment in HetNets, two mobility states (e.g., pedestrian and vehicular) might be sufficient. In general, smaller states and parameter configurations could help to reduce functional testing effort. Therefore, the number of mobility states optimised for the HetNet deployment would be worthwhile discussing. 
2.2. How to define the performance requirement/ test cases
In general, it is quite important to understand what kind of performance requirements/ test cases should be finally specified, because they would directly impact UE complexity and UE power consumptions. Furthermore, feasibility of test cases should also be taken into account. If UE does not report measured fading frequency itself to NW, it should be specified how to verify in the test cases if UE can correctly/ accurately estimate the fading frequency. One possible example is to specify a test case, in which it is verified whether or not UE can successfully send a measurement report in each mobility state using the mobility state dependent parameter, e.g., HO hysteresis. Therefore, reasonable performance requirements/ test cases have to be discussed in the WI phase.
3. Summary and proposal
This paper discussed how the measured Doppler frequency can be used for enhanced MSE. In conclusion, the following is proposed:

Proposal:
Use of Doppler frequency measurements for MSE enhancements should be discussed as a potential solution in the HetNet WI.

4. References
[1] R2-123201, “Draft report of 3GPP TSG RAN WG2 meeting #78,” ETSI MCC.

[2] R2-122474, “Summary of email discussion [77bis#32] LTE/Hetnet Mobility: MSE,” Renesas Mobile Europe Ltd.
[3] R2-075149, “Speed dependent scaling of mobility control parameters,” NTT DOCOMO, INC., T-Mobile.
PAGE  
1

_1405787431.vsd
Fading frequency
> FD1?


Start


Initialisation


Num. cell reselections in TCRmax > NCR1?


High mobility not detected during past TCRmaxHyst?


High mobility detected


Medium mobility detected


Medium mobility not detected during past TCRmaxHyst?


Low mobility detected


Y


N


Y


N


Y


N


Num. cell reselections in TCRmax > NCR2?


Fading frequency
> FD2?


Y


N


Y


N


Y


N



