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1
Introduction
For Immediate MDT, there are two reporting triggers supported in Release 10 for measurement M1 (RSRP and RSRQ) [1]:

1. Periodical; or

2. Event A2 (Serving cell becomes worse than threshold).

This paper analyzes the usefulness of the Event A2 reporting trigger.  Based on the analysis, a proposal is made for Release 11 to enhance its application.
2
Discussion
Event-based MDT reporting triggers are intended to provide an efficient way to collect measurements that are of particular interest to the operator.  For Event A2, the operator can translate a specific criterion (e.g. “poor coverage”) into a configurable threshold in order to identify the geographic areas that meet the criterion.
The entering and leaving conditions for Event A2 are defined as follows [2]:

Entering condition:

Ms + Hys < Thresh
Leaving condition:

Ms – Hys > Thresh
Where:

Ms is the measurement result of the serving cell, not taking into account any offsets.

Hys is the parameter hysteresis included in reportConfigEUTRA, which is determined by eNB implementation.

Thresh is the parameter a2-Threshold included in reportConfigEUTRA, which is determined by OAM and provided to the eNB in the MDT configuration.

Examples of Immediate MDT using the Event A2 reporting trigger are shown in the Figures 1 and 2 below
.  In Figure 1, the UE sends a measurement report (MR) at t1 when the entering condition for Event A2 is fulfilled.  Later, the radio conditions improve and the leaving condition for Event A2 is fulfilled at t2, but an MR is not sent since Event A2 does not support “report on leave”.  The next MR will eventually be triggered at t3 when the entering condition for Event A2 is once again fulfilled.  At t4, an MR triggered by a handover-based reporting trigger (e.g. Event A3 or A5) is sent, resulting in handover to Cell Y.
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Figure 1: Event A2 trigger, serving cell becomes “good” again
In Figure 2, the UE sends an MR at t1 when the entering condition for Event A2 is fulfilled, as in the previous example.  However, in this case Cell X continues to be detected below the threshold, and no further MRs are sent until t4 when a handover is triggered.
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Figure 2: Event A2 trigger, serving cell remains “poor”
Because the network only receives an Event A2 MR when the UE enters a poor coverage area (not when it exits), the following is observed:
Observation 1: To identify the boundaries of the poor coverage area, the network must select a larger number of UEs in order to ensure that enough are entering the poor coverage area from different directions.  This means that an unnecessarily large number of UEs are needed for the MDT task, as well as more time needed for the MDT task.

Observation 2: The network does not receive any MDT-related MRs from within the poor coverage area, which might be desirable if the operator wants to focus coverage mapping only on areas where signal quality is below a certain target.

To address the above, additional MRs should be triggered in order to enable the network to evaluate the area of poor coverage efficiently.  Three possible solutions are as follows:

1. Event A1 (Serving cell becomes better than threshold):  If the network configures both Event A1 and Event A2, then the UE would send an MR at t1 and t3 as described in Figure 1, but also at t2 when the entering condition for Event A1 is fulfilled.  The entering condition for Event A1 is Ms – Hys > Thresh, where Thresh is the parameter a1-Threshold included in reportConfigEUTRA.  This means that if a1-Threshold is the same as a2-Threshold, then the entering condition for Event A1 would be the same as the leaving condition for Event A2.  However, one drawback of this solution is that the A1 and A2 MRs would be triggered at different signal levels due to hysteresis (A2 at Thresh – Hys, and A1 at Thresh + Hys).
2. Event triggered periodical reporting:  If the network configures Event A2 with reportAmount greater than 1 (e.g. infinity), the network would receive periodic MRs following t1 and t3 in Figure 1, as long as the Event A2 leaving condition is not satisfied. This would aid the network in determining the DL coverage quality after the A2 Event and potentially identify when the UE exits the poor coverage area.

3. Event A2, with the addition of “report on leave”: If the network configures Event A2 with reportOnLeave (currently possible only for Events A3 and A6), the UE would send an MR when the A2 entering condition is fulfilled (e.g. at t1 and t3 in Figure 1), as well as when the A2 leaving condition is fulfilled (e.g. at t2 in Figure 1).  This has the same result as solution 1, but has RRC specification impacts.

Figure 3 illustrates the MRs that would result for the example scenario of Figure 1, for four different MDT measurement reporting configurations: Periodical, Event A2, Event A1 + Event A2, and Event A2 with reportAmount=infinity.
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Figure 3: Measurement reports for four different reporting configurations
With Configuration C, a measurement report (MR) is triggered when the UE detects a transition from good to poor coverage, as well as vice-versa.  This enables the network to efficiently identify the boundaries of the poor coverage area with fewer UE than Configuration B, although no measurements from within the poor coverage area are obtained.
With Configuration D, an MR is triggered when the UE detects a transition from good to poor coverage, followed by periodic MRs at intervals of reportInterval.  This enables the network to perform coverage mapping of poor coverage areas more efficiently than Configuration A.
The four measurement reporting configuration options A – D are summarized in Table 1 below.

Table 1: Summary of various MDT reporting configuration options
	Configuration
	Description
	Use Case
	Drawbacks

	A: Periodical
	Periodic MRs throughout the coverage area
	Coverage mapping of both good and poor coverage areas
	Inefficient if operator is only interested in poor coverage areas

	B: Event A2, single report
	MR only when the UE detects a transition from good to poor coverage
	Identifying boundaries of poor coverage areas
	Unnecessarily large number of UEs are needed

	C: Event A2 & A1, single reports
	MR when the UE detects a transition from good to poor coverage, and vice-versa. 
	Identifying boundaries of poor coverage areas
	No MRs from within the poor coverage area
A1 and A2 MRs are triggered at different signal levels, based on the value of Hys

	D: Event A2, periodic reports with reportAmount > 1
	MR when the UE detects a transition from good to poor coverage, followed by periodic MRs at intervals of reportInterval until the leaving condition is fulfilled or handover occurs
	Coverage mapping of poor coverage areas
	Depending on various factors such as the coarseness of reportInterval, the set of MRs may not accurately identify the boundaries of the poor coverage area


4
Conclusion
This paper evaluated Event A2 measurement reporting for MDT.  In order to enhance the usefulness of Event A2, the following is proposed for Release 11:

Proposal 1: Event triggered periodic reporting shall be supported for Event A2, to support coverage mapping that is focused on areas where signal quality is below a certain target.
The necessary changes to RAN2 specifications are captured below (TS 37.320 is the only RAN2 specification that is impacted).  

The above proposal has impacts to RAN3 and SA5 specifications, so an LS should be sent to RAN3 and SA5 to summarize the RAN2 agreements.

Beginning of Text Proposal

5.2.1.1
Measurements and reporting triggers for Immediate MDT

Measurements to be performed for Immediate MDT purposes involve E-UTRAN reporting triggers and criteria utilized for RRM. In particular, the following measurements shall be supported for Immediate MDT performance:

Measurements:
· M1: RSRP and RSRQ measurement by UE, see TS 36.214 [9].
· M2: Power Headroom (PH) measurement by UE, see TS 36.213 [11].
RRC reporting triggers:
· For M1:
-
Periodic
-
Serving cell becomes worse than threshold; event A2
-
Event triggered periodic reporting; event A2
· For M2:
-
N/A

NOTE:
PHR is carried by MAC signalling. Thus, the existing mechanism of PHR transmission applies, see TS 36.321 [10].
End of Text Proposal
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D) Event A2, periodic report with reportAmount=infinity
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� For simplicity, the figures do not take into account TimeToTrigger or Hysteresis.





