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1. Introduction
Several contributions have proposed the possibility to optimise the size of the tracking area, as a function of UE velocity, so as to minimise the area used for paging for steady users while minimising the number of location update procedures for high speed UEs. 

It has been proposed that UE reports a measurement of its velocity to the network at the time of tracking area update, so that network could determine the contents of the tracking area, e.g. distance-based [1] or by decision of a level of hierarchy [2], [3].

The above proposals were noted and raised the following comments, which we would like to answer in the present contribution :

· Introducing velocity-based tracking area might well increase the overall signalling, since the UE would change its velocity much faster than the time used for cyclic tracking area update.

· The implementation of such velocity estimator inside UE might lead to some implementation problems, in relation to the UE battery life.

2. Triggering Tracking Area Update from velocity events
Assuming that UE is capable of making regular estimates of its velocity, it has been questioned what should be the behaviour of UE when it detects that its velocity level differs from the one used for the determination of the contents of its user-specific location area.

Assuming that UE does nothing, the following would occur

· If UE speed decreases, then the UE will take a much longer time to operate a transition outside its location area. After cyclic timer expires, a Tracking Area Update (TAU) procedure will operate, and MME can then reduce the size of its tracking area so as to adapt to the estimated UE velocity. Until then, the size of TA will remain unmodified and potentially oversized, if UE does not raise its speed again later on.

· If UE speed increases, then soon enough the UE will get out of its location area, triggering a TAU procedure. At that occasion, MME can detect that the speed of UE is now increased, and MME can assign a tracking area of larger size, which corresponds to the UE new velocity level.

Assuming that UE trigger a Tracking Area Update procedure when detecting a change of its user velocity, the following would occur :

· If UE speed had decreased, the MME might allocate a smaller size TA. This TA is however not necessarily adapted to future modification of user velocity (e.g. if lights turn green). MME could also decrease the size of TA only after filtering UE velocity estimates (e.g. if 2 consecutive TAU indicate low speed).

· If UE speed had increased, the TAU procedure would be triggered in advance to what would have happened if no TAU were triggered. This might lead to an unnecessary raise of signalling.

Thus, we believe that TAU procedure should be triggered only when leaving the assigned TA or when cyclic timer expires.  It is not needed to operate a TAU procedure when UE detects a change in its velocity level.

3. UE velocity determination
As the general idea of [1],[2], [3] is to assign a routing area which size differs according to UE velocity, we can imagine various ways to make this adaptation :

· UE measures its velocity and reports it to the network at the time of routing area update. The network then uses the reported velocity estimate to decide the proper contents of the routing area to be assigned to UE.

· At the time of receiving routing area update, the network builds some estimate of UE velocity and decides the proper contents of the routing area (e.g. with hierarchical level or distance-based) from that estimate.

2.1. user velocity reported by UE :

UE could make an estimate of its velocity according to a numerous number of methods :

· Acquisition of the Doppler Shift of pilot signals

· Detection of frequency of fading gaps

· Analysis of cell power measurement statistics

· Coupling UE with GPS receiver or velocity sensor
In addition, the UE might either report 

· The instantaneously measured velocity condition,

· Or some filtered value of numerous velocity measurements.

Measuring the velocity at TAU-only would strongly limit the additional UE consumption due to velocity estimation (if any). On the other hand, the velocity measured at the time of tracking area update procedure might not reflect well the average velocity condition to be experienced until the next TAU procedure. This is the case for instance, a car stopped at a red light in a major motorway… This argument can be downsized if network achieves appropriate filtering of UE velocity estimates.

Filtering numerous velocity measurements at UE side would bring a better estimate of the average velocity since the last TAU. But that pure average estimate is useless for an UE who just left a steady stance and starts high-speed motion. Also, such filtering would require an activation of UE RF quite often, which might cause power saving issues. Anyway, this latter argument could be marginal, as UE would have to activate its RF anyway to make cell power measurements for cell reselection / tracking area update procedures. At last, configuration of filtering mechanism would have to be specified, and associated test cases would have to be developed, leading to some burden of standardization efforts.

Then, one could argue the very necessity to specify one or several velocity estimation methods. While UE manufacturers could differentiate their product with proprietary methods (to get better power saving), network operators probably would not accept total freedom on such algorithm (as poor design might cause unwanted signalling). To that respect, we believe that despite technical solutions exist to do so, it might become difficult to agree on having UE make its own velocity estimate and reports it to the network.

2.2. User velocity measured at ENB

ENB can also make an estimation of UE velocity at the time of receiving uplink message. Multiple methods can be applied :

· Acquisition of the Doppler Shift of uplink pilot signals

· Detection of frequency of fading gaps during the time of reception of the uplink message

However, some technical constraints are added in this case, as the uplink pilot signal and the uplink message are available only on a very short time, it may be hard to get a good precision of the velocity estimate, especially at low velocities.

Besides, the estimate only applies to the velocity of the UE at the time of TAU procedure. This estimate might underestimate UE average velocity when UE is rapidly changing its speed.

2.3. User velocity level decided at MME (our proposal)

As an alternative to the above 2 schemes, MME could decide the size of the tracking area based on its own estimate of UE mobility (rather than precise velocity), provided that UE provides a limited and simple information. 

At cell selection procedure, UE adds the newly selected cell in a list of visited cells, which is reset at the end of TAU procedure. At the time of Tracking Area Update, UE reports this list of all visited cells and/or time elapsed between 2 consecutive TAU. At reception of such message, MME can analyse the content of such list and decide the level of mobility of that UE. 
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Figure 1 – Velocity Estimate from list of visited cells

The detailed implementation of such analysis can be left proprietary to each MME vendor. 

· For example, if the last visited cell equals the cell used by UE for the previous TAU procedure, then MME can conclude that UE is not moving much and has low mobility level. As a consequence, MME can adapt the size of tracking area to be of smaller size.

· Similarly, the time elapsed between 2 consecutive TAU could be compared with the cyclic timer duration and with the size of the reported list of visited cells, so as to draw a rough speed estimate.

· As another example, if the list of visited cells corresponds to a pattern, which follows a motorway, MME could derive that UE is under pretty high speed and might adapt the size (and shape) of tracking area accordingly, as shown in below figure.
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Figure 2 - Illustration of velocity-based Tracking Area from reported list of visited cells

Similar concept could also apply if UE only reports the last visited cell. Then, MME could decide whether or not UE is moving (thus having only 2 levels of mobility). Even in such case, optimisation might be of interest, as most UE are actually not moving.

It should be noted that the above scheme assumes that MME has some knowledge of the size of each cell, or of superposition of cells with some typical mobility patterns. However, similar concept could also be applied to Virtual Location Area proposal [4], where UE would report the list of visited TA in between 2 Tracking or Routing Area Update procedures. Then the detailed cell pattern would remain unknown to MME, which only analyses the transitions between TAs. If VLA is used also, the size of the reported list can be expected to be smaller, as UE trajectory involves lesser number of transitions between TA than between cells.

Provided that the above proposal is effectively implemented, UE no longer need to spend some of its power resource to build velocity estimates, and such estimate needs not to be signalled between UE and MME.

Besides, MME can also filter consecutive estimates before taking the decision to increase the size of the assigned TA to the user. This can be left vendor specific, and is transparent to the end user.

4. Conclusion
We have discussed in the present paper how velocity-optimised user-centric tracking area could be realized with and without explicit determination of user velocity at UE, ENB, or MME sides. 

Provided that at the time of TAU, UE reports to the network the list of visited cells (or visited TAs in VLA case) in between 2 consecutive TAU procedures, we have shown that MME can get a fair estimate of UE velocity, to be used for the purpose of determining the precise contents of the tracking area.

We have also shown that velocity optimised user centric tracking area can effectively reduce the total number of mobility procedures, compared to fixed-size, predetermined (planned) tracking areas, provided that modifications of user velocity do not trigger TAU procedures.

We would like RAN3 to agree on that the determination of velocity-optimised user-centric tracking areas is reasonably feasible with no extra cost with respect to UE implementation and that it can bring optimisation of volumes of mobility management and paging signalling.

We would like RAN3 to agree to include section 2.3 of the present document in appropriate new section of TR R3-018.
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