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Introduction
In WID on Rel-17 enhancements for NB-IoT [1], one objective to reduce the time taken to RRC re-establishment is described as:
· Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC re-establishment to another cell, without defining specific gaps. [NB-IoT] [RAN2, RAN4].
To reduce the time taken to RRC re-establishment, one way is to reduce the cell detection time, which has been the consensus of most companies during the previous meetings. There is also another way, to reduce the time consumed by T310, which is called early RLF. Similar to LTE, this solution is to start a T312 timer during the T310, when a better cell is detected by the neighbor cell measurement in the connected mode. If the T312 expired before T310, UE can trigger RLF early.
In this Tdoc, we want to emphasize the rationality of early RLF, trying to convince of the necessity of early RLF.
Discussion
The time taken for cell detection
From the recent LS[1] from RAN4, the time needed for cell detection of an unknown cell is up to 1400 ms for cells in normal coverage, it is up to 14800 ms for cells in enhanced coverage. For an unknown cell, the cell detection time is reduced to 80 ms when signal quality is sufficient for cell detection on the first attempt, whilst for a known cell, it is 0 ms.
We can know that for an unknown cell with a good channel quality, UE should be able to detect a cell in 80ms on the first attempt. That is the most usual case. If the cell is not sufficient to be detected, UE may try a several times. But UE does not actually need 1400ms or 14800ms to detect a cell. So if the main target to reduce the time for connection re-establishment is cell detection time, it may reduce up to 80ms in most cases, and reduce a multiple of 80ms in a few cases. The benefit is far from significant. Although the objective of the WID did not specify how much time needs to be reduced, the meaning of this feature is compromised.
But if we try to introduce the early RLF, it has a chance to reduce the T310 timer up to a couple of seconds since the max T310 timer duration is 8000ms. Now additional early RLF can reduce more time than just cell detection, which can significantly improve this feature’s practicability.
Observation 1: Additional early RLF can reduce more time than just cell detection, therefore it can significantly improve this feature’s practicability
Addressing concerns
There are concerns about early RLF, one of those is that early RLF is possible to interrupt the recovery from T310. causing more interruption time. Another concern is that if T310 is configured in a rather small value, the early RLF would not bring many benefits. 
Whether these concerns need to be taken into account depends on the possibility of recovery from T310 and the typical configuration of T310 timer duration.
Here is some data and analysis from the mobile field test in china. The test vehicle was moving in shanghai’s outer loop road at a speed of about 60 km per hour. The NB-IoT network operator is China Telecom. 
Table 1 statistic data of NB-IoT mobile test
	No.
	Time duration
	No. of T310 stop
	No. of RLF
	Average T310 duration 
	Ratio of 8000ms T310 in total

	1
	49mins
	24
	33
	7333ms
	88.9%

	2
	68mins
	42
	29
	7915ms
	98.6%

	3
	117mins
	35
	32
	5582ms
	59.7%

	4
	58mins
	21
	59
	4025ms
	33.75%

	5
	47mins
	23
	24
	7869ms
	97.8%

	Total
	
	145
	177
	
	



From table 1 of the 5 NB-IoT mobile test results, we can see there are total of 145 times of T310 stop, which indicate the T310 recovery; and there are total of 177 times of RLF, which indicate the T310 expiry. We also can find that the ratio of T310 configured with max timer duration i.e. 8000ms is quite high.  Also, the average configured T310 timer duration is high. There is plenty of room for early RLF to play a role.
Observation 2: Considering the configuration of T310 timer duration surveyed from the field test, there is plenty of room for early RLF to play a role. 
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Figure 1 CDF of Time length taken by T310 recovery
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Figure 2 CDF of T310 recovery time percentage of total T310 timer duration

From the Figure 1 CDF of Time length taken by T310 recovery, we can find that more than 70% of the time taken to T310 recovery is less than 2 seconds.
From the Figure 2 CDF of T310 recovery time percentage of total T310 timer duration, we can find that more than 80% of T310 recovery time percentage of total T310 timer duration is less than 50%.
We can find that most of the T310 recovery takes place in the early stage of T310 timer duration. If T312 is started after T310 started, and is configured with proper timer duration, most cases of T310 recovery can be avoided. 
Observation 3: As a result of the survey from the field test, most of the T310 recovery takes place in the early stage of T310 timer duration.
Observation 4: If T312 is started after T310 started, and is configured with proper timer duration, most cases of T310 recovery can be avoided.
Therefore, we have the confidence to propose RAN2 to discuss the support of early RLF.
Proposal 1: RAN2 to discuss the support of early RLF.
Conclusion 
Observation 1: Additional early RLF can reduce more time than just cell detection, therefore it can significantly improve this feature’s practicability
Observation 2: Considering the configuration of T310 timer duration surveyed from the field test, there is plenty of room for early RLF to play a role. 
Observation 3: As a result of the survey from the field test, most of the T310 recovery takes place in the early stage of T310 timer duration.
[bookmark: _GoBack]Observation 4: If T312 is started after T310 started, and is configured with proper timer duration, most cases of T310 recovery can be avoided.
Proposal 1: RAN2 to discuss the support of early RLF.
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