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1.  Introduction
For the mobility measurement reporting events A1-A5, time-to-trigger is applicable [1]. It is currently unclear how the time-to-trigger is handled, when multiple events are triggered in parallel. This paper looks into multiple triggered events, focusing on the inter-frequency/ RAT case, as the inter-frequency/ RAT case involves use of measurement gaps that raises some outstanding issues.
2. Discussion
Inter-frequency/ RAT measurements are supported in LTE by configuring multiple Measurement Objects and Measurement IDs. The same or different Reporting Configuration can be applied. The fact that multiple Measurement IDs can be configured implies a case where multiple events are triggered at nearly the same time, hence making the time-to-trigger to overlap. How to handle such coinciding time-to-trigger should be clarified. While it seems relatively straight forward to clarify how to handle multiple time-to-trigger in parallel if the events are of the intra-frequency object (or from the same inter-frequency/ RAT object), the issue needs some consideration in case multiple events are triggered for different Measurement Objects.
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Fig.1  Multiple events triggering time-to-trigger.

Figure 1 shows an example where two Measurement Objects, namely F1 and F2, are configured with Measurement IDs mapping to the same Reporting Configuration Event A3. At time t1, the object F2 has triggered Event A3 and starts the time-to-trigger Ttrig2. However, before expiry of Ttrig2, at time t2, another object F1 triggers Event A3. Then, some alternatives can be considered:

· Alt.1:  Only one time-to-trigger is maintained at a given time. This implies that either

· Alt.1-1:  Ttrig1 is not started until Ttrig2 has expired.

· Alt.1-2:  Trig2 is stopped and Ttrig1 is started.

· Alt.2:  Multiple time-to-trigger are maintained in parallel. This implies that either
· Alt.2-1:  A Measurement Report is transmitted after each expery of Ttrig.

· Alt.2-2:  A Measurement Report can be transmitted only after all Ttrig have expired/ cleared.

Why this issue needs consideration (especially) for the inter-frequency/ RAT case, is that inter-frequency/ RAT measurements require gaps to be allocated, i.e., only limited occasions are available per object if multiple inter-frequency/ RAT objects are configured. To demonstrate the problem, Fig.2 (a) shows a case where three Measurement Objects, F1, F2 and F3, are being measured in parallel. It is assumed that five measurement gaps of length 6 ms are necessary to perform sufficient measurements of one Measurement Object. This implies that in case the gap pattern has a gap every 40 ms, 200 ms are necessary to measure one Measurement Object. In a simple UE implementation, it is expected that the UE measures F1, F2 and F3 serially in a rotated fashion using a single gap pattern. Then, a given Measurement Object is only measured again after 400 ms. If the time-to-trigger is 1 s as in the figure, it is doubtful if sufficient measurement samples can be obtained during the time-to-trigger. If F2 has initiated the time-to-trigger as in Fig.2 (a), the UE only measures F2 once during the time-to-trigger. In the end, time-to-trigger expires without any effective check on F2, and a Measurement Report will be transmitted.

Fig.2 (a) implies that unless a better use of gaps are devised, the time-to-trigger loses its expected value. RAN2 has agreed that speed dependent scaling of time-to-trigger shall be supported. For example, if the 1 s is scaled down to 0.5 s, the UE may even not get any useful measurements.
If Alt.1-1 is adopted, the UE may focus on the Measurement Object that has triggered the event, so that the time-to-trigger is well evaluated (Fig.2 (b)). Since only a single time-to-trigger is maintained at a given time, this seems feasible. However, such an approach would not work with Alt.1-2 or Alt.2. That is, should Alt.1-2 or Alt.2 be adopted, the UE should measure multiple objects in parallel while one or more timers may be running. For example, the UE may prioritise measurements of the object that the timer is running, while still measuring any higher priority objects, given the priorities are known by the UE (Fig.3 (c), where a higher priority for F1 is assumed). Although this is only an example, such measurement behaviours should be considered.
Moreover, in case of event-triggered periodical reporting, any periodical reporting needs to take place after the first Measurement Report. As such, such measurement handling also needs to be considered after the time-to-trigger has expired, in case of event-triggered periodical reporting.
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(b) prioritise objects in time-to-trigger evaluaion
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Fig.2  Different uses of measurement gaps.

3. Conclusions
Handling of multiple triggered events in the UE was discussed. Examples showed that the handling of time-to-trigger for multiple triggered events need some consideration, especially for the inter-frequency/ RAT case.

This paper is only intended to draw attention to this issue, and has no conclusion as to how this problem should be resolved. RAN2 is requested to study this issue and clarify how multiple triggered events could be handled, especially for the inter-frequency/ RAT case. Moreover, a similar issue might exist also for the idle mode mobility case. Whether any standardisation is necessary from RAN2 perspective, or if sufficient performance requirements can be specified in RAN4 should be clarified. In any case, the specifications should ascertain efficient and reliable mobility control.
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