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1
Introduction

It has been proposed both in RAN2 and RAN4 that E-UTRA mobility should be enhanced with UE speed detection. One mechanism mentioned for doing UE speed detection has been UE Doppler frequency estimation. In this document we discuss what aspects would need to be analysed and understood when consider UE speed detection for potential E-UTRA mobility enhancements. 
2
Discussion
The document [1] made the following proposals for the E-UTRA mobility purposes:

Proposal 1:  Speed detection should be based on both the cell reselection frequency and fading (Doppler) frequency.

Proposal 2:  (At least) three levels of speed should be configurable.

Proposal 3:  Both Treselection and Qhyst should be scalable by speed.
Proposal 4:  SintraSearch, SinterSearch, and SsearchRAT should be scalable by speed.
Proposal 5:  Speed dependent scaling of other parameters and/or performance requirements, such as the measurement interval/performance and cell search interval/performance should be discussed in RAN WGs (RAN4 in particular).

Proposal 6:  Speed dependent scaling of ACTIVE mode mobility control parameters, such as the time-to-trigger and reporting range, should also be considered. (The speed detection algorithm for ACTIVE mode should also be studied.)

We agree that it is desirable to see whether and how UE mobility support in E-UTRA could be enhanced compared to UTRA without risking important aspects like UE power saving features in idle mode and during DRX operations in active mode. However, we also see that it is equally important that wrong UE speeds estimates do not generate clear degradations in mobility performance. Therefore, it is essential to understand how sensitive different UE speed detection schemes are to estimation errors and how sensitive mobility procedures are to UE speed estimation errors. 
For instance if the UE autonomously adjusts measurement and cell search intervals and cell reselection and measurement reporting parameters based on its own speed estimates, the mobility performance from the user experience may become quite bad if e.g. high mobility UE estimates that it is in low mobility situation. The UE does not have general deployment scenario information like knowledge of being in a macro cell at open area or a pico cell within pedestrian area. The network would have this type of additional information available. Therefore, more network based configurations of parameters may be a safer choice. To enhance the existing UTRA “speed detection” for cell reselections purposes it has been proposed that the UTRA cell reselection counting method would be enhanced to ensure that ping-pong cell reselections would not cause false detections [2]. 
Doppler Frequency Estimation

As we have raised in the earlier discussions, using  UE based Doppler frequency estimation as part of UE speed detection may have some negative implications that need to be carefully analysed and understood before progressing with UE Doppler frequency estimation for mobility purposes futher. Thus, before Doppler frequency could be used as a measurement quantity e.g. for adjusting measurement requirements, cell reselection and measurement reporting related parameters, it would be important to understand reliability and usefulness of Doppler frequency estimates. 

Some level of Doppler frequency estimates may be useful in some UE internal receiver algorithms like channel estimation for enhancing receiver performance in active mode. This type of UE receiver internal algorithms are rather different from UE measurement reporting quantity or a quantity that is used for adjusting mobility related parameters. For instance as UE receiver performance in verified in different radio conditions, it is also possible to ensure that different UE receiver algorithms  work sufficiently good in various multipath fast fading conditions. The absolute Doppler frequency estimate (if used in the UE receiver) would not need to be verified. Furthermore, in receiver algorithm like channel estimation, the true UE mobility is also not the one that really matters in algorithm optimisation and performance. However, if Doppler frequency estimate was used for adjusting UE mobility measurements or cell reselection and measurement reporting parameters, it would be important to verify the correct Doppler frequency estimations. 
UE Doppler frequency estimates do not directly provide information on real UE mobility. Even Doppler frequency itself is not necessarily on affected solely by UE mobility but also changes in surrounding radio environment changes and the direction of UE movements. Thus, the same Doppler frequency can be observed with different UE speeds, which may make it difficult to utilise Doppler frequency estimates for mobility related parameter and requirement adjustments reliably. Instead in the worst case UE autonomous adjustments either based on Doppler frequency that does not really reflect the actual UE speed or based on unreliable Doppler frequency estimations could create quite unstable UE mobility behaviour.  

As speed dependent cell reselection parameter adjusments have been one main reason for the Doppler frequency estimation, it is worth noting that then Doppler frequency estimation would need to be performed in idle mode where typically rather long DRX cycles are used. It will be difficult for the UE to perform good Doppler frequency estimation as these long DRX cycles are utilised for UE power saving purposes. These sleep periods would cause quite a bit of uncertainties to the estimation in the UE. As batterylife is an important aspect for the user experience, we feel that it is important to ensure efficient power saving opportunities in the E-UTRA system. Currently, we do not see that even ideally the mobility gains from UE autonomous parameter adjustments based on Doppler frequency estimates would be sufficiently high to justify the negative implications in power savings and additional complexity in terminals. We believe that a better way for ensuring good and robust E-UTRA mobility performance would be that RAN4 focus its efforts in defining a good range of E-UTRA RRM requirements in an early phase. Currently the development of basic E-UTRA RRM requirements is not progressing that fast. 
If it is seen desirable to investigate UE Doppler frequency estimation further, we would like to better understand how Doppler frequency estimates would be used as UE speed estimates and how it would be possible to obtain reasonable Doppler estimate during long DRX operations.  It would be good to see some practical examples for doing true analyses of the proposal in [1]. In addition to understanding potential gains that we could ideally achieve by UE speed dependent parameter and measurement adjustments we see that it is also important to understand how sensitive the system is to wrong UE speed dectections and thereby decisions.
3
Conclusions

In this contribution we have discussed some aspects that need to be analysed and understood when consider UE speed detection for potential E-UTRA mobility enhancements. It is noted that UE Doppler frequency estimates do not provide actual UE mobility information as observed Doppler frequency is not solely determined by UE movement. Based on our very intial studies we believe that it is difficult to obtain good Doppler frequency estimation in idle mode with long DRX cycle without clear negative impacts on UE power savings and complexity. We also see dangers that if UE measurements, cell reselection and measurement reporting parameters are adjusted autonomously by UE based on inapproriate UE speed estimates, E-UTRA mobility may become unstable and it may be difficult to achive consistent and easily testable UE mobility behaviours.
Thus, we feel that if there is desire to investigate UE Doppler frequency estimation for mobility enhancements further, it would good to agree how to study validity of Doppler frequency estimates in mobility adjustments, Doppler frequency estimation accuracy during long DRX cycles and the concept in general. We also feel that practical examples would benefit the study. Additionally it would be good to advance general the E-UTRA RRM requirements to ensure robust E-UTRA mobility performance.
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