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Abstract:
In connected mode, the RAN/eNodeB does not normally apply any additional handover hysteresis at TA boundaries to reduce the ping-pong-effect. As a consequence, the UE might be handed off back and forth across a TA boundary repeatedly. This paper discusses this effect in connection with the TAU procedures.
1. 
Introduction
For a UE in the connected mode, current working assumption is that the UE performs a TAU whenever the current TAI is not included in the TAI list that are registered with the MME, similarly as in idle mode as indicated in C1-080023 and C1-080392. However, the RAN/eNodeB does not apply hysteresis at TA boundaries for the UE in connected mode to reduce the ping-pong-effect. As a consequence, the UE might be handed off back and forth across a TA boundary repeatedly.
Let’s consider the following scenario as shown in the figure below.
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Suppose a UE is attached to the EPS and allocated a TAI list #a containing TA#1 to TA#n by the MME (i.e., TAI list #a = {TAI#1 .. TAI#n}). Then the UE enters into connected mode, and moves through the TA boundary and enters into TA#m which is not pertaining to the TAI list #a. As a result, the UE starts with the TAU procedure by sending TAU Request message to the MME.  However, in connected mode, the RAN/eNodB does not apply hysteresis at TA boundaries. As a consequence, the UE could be handed back to the old TA#n before the TAU procedure is completed in TA#m. 

In the TAU Accept message a new TAI list would probably contains different TAIs, for instance, the TAI list #b = {TAI#m, TAI#n}. Note that use of the TAI list #b allocated by the MME can assist the UE in preventing from performing the new TAU procedures when the UE in the connected mode is handed back and forth across a TA boundary by the RAN.

Now the question is what the UE behaviour is?

2. 
UE behaviour according to TS 24.008
<Extract from 24.008>

4.7.5.1.5
Abnormal cases in the MS

The following abnormal cases can be identified:

<Snip>
e)
If a routing area border is crossed, when the MS is in state GMM-ROUTING-AREA-UPDATE-INITIATED, the routing area updating procedure shall be aborted and re-initiated immediately. The MS shall set the GPRS update status to GU2 NOT UPDATED.

</End of extract from 24.008>
3. 
Proposed UE behaviour in EPS
The UE has moved back into TA#n, so the RAN can perform handover of the UE back from TA#m to TA#n again before completion of the TAU procedure that was initiated by the UE in TA#m. In order to mitigate the ping-pong-effect, it is proposed that the UE in the EPS shall not abort and re-initiate the TAU procedure (i.e. not the behaviour in TS 24.008) when the UE moves across the TA boundaries. Instead, the UE shall regard the TAU Accept message as valid since this TAU ACCEPT message will return a TA list that contains for example both TA#n and TA#m thereby preventing further ping-ponging.
4. 
Conclusion
In order to prevent a UE in the connected mode from performing unnecessary TAU procedures while moving across TA boundaries, CT1 is encouraged to accept the proposed UE behaviour. 

Vodafone willingly come up with contributions for the next CT1 meeting if the principle is acceptable by CT1.
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