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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].
In this paper, we discuss the scope and the design options of radio link failure enhancement. 
Discussion
The conventional Radio Link Failure has to wait for T310 after detecting a radio problem (i.e. RRC receiving N310 consecutive out-of-sync indicator from low layer) before triggering a radio link failure event. If no N311 consecutive “in-sync” indication received from the low layer, after T310 timer expired, RRC connection re-establishment would be initiated. For the first phase of RRC connection re-establishment, UE would start a cell selection procedure to find the best cell. Figure 1 describes the conventional radio link failure behaviour.
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Figure 1 Conventional Radio Link Failure
If the neighbour cell measurement result is available before T310 expired, RRC would be able to utilize the information to accelerate the re-establishment procedure. Since the radio link failure is the only mobility control mechanism for NB-IoT in RRC connected state, the time consumption is critical to NB-IoT devices. Any improvement would benefit.
The Rel-17 work item requires to specify signalling for neighbour cell measurement. The signalling of enabling measurement and related measurement parameters should be discussed. Also, the work item requires to discuss how the neighbour cell measurement to be triggered. Before that, the type of neighbour cell measurement should be discussed. The purpose of this work item is to reduce the time taken to RRC re-establishment to another cell. How much time can be reduced should be one of the factors of consideration. And no measurement gap should be defined.
We will continue to discuss the following topics to fulfil the Rel-17 enhancement objective: 
· What kind of neighbour cell measurement?
· When and how to trigger neighbour cell measurement?
· What next after getting the neighbour cell measurement result?
· What is the signalling?

Measurement type 
We propose two options about the type of neighbour cell measurement:
· Option1: Intra-frequency measurement
· Option2: Intra-frequency measurement + optional inter-frequency measurement

Intra-frequency neighbour cell measurement is obviously can be supported in RRC connected state. RAN4 can determine the detailed requirement.
Observation 1: intra-frequency neighbour cell measurement can be supported before RLF.
Proposal 1: support intra-frequency neighbour cell measurement before RLF.
The inter-frequency neighbour cell measurement is something to discuss. Although the WID specified that no measurement would be defined, there is still plenty of opportunities for UE to perform inter-frequency neighbour cell measurement. There are a lot of sub-frames that UE is not monitoring or transmitting, such as:
· DL gap
· UL gap
· multiple sub-frames not monitored because of C-DRX 
· multiple sub-frames between NDPCCH and NPDSCH/NPUSCH
· multiple sub-frames between USSs
· NPUSH collide with NPRACH
· NRACH resource collide with different CE level
· NPDCCH/NPDSCH early decoding
But there still problems to utilize these opportunities:
·  Some opportunities rely on the specific configuration, like the DL gap, UL gap, C-DRX.
· The opportunity could be too short to perform inter-frequency neighbour cell measurement, as UE takes some time to switch frequency.
· There is no inter-frequency neighbour cell’s NPSS/NSSS sub-frame during the short opportunity.
The inter-frequency neighbour cell measurement is doable, but not efficient, and may take a lot more time than intra-frequency neighbour cell measurement. It would also introduce too much complexity for NB-IoT device since UE has to switch to other frequency while maintaining the connection with the serving cell. Therefore, it can be an optional feature. RAN4 should determine the detailed requirement of inter-frequency neighbour cell measurement. 
Observation 2: inter-frequency neighbour cell measurement is possible in the RRC connected state without an additional gap, but is not efficient.
Proposal 2: optionally support inter-frequency neighbour cell measurement before RLF.
Time when trigger measurement
Three options can be proposed about when to trigger the neighbour cell measurement:
· Option 1: Trigger neighbour cell measurement before radio problem detection
· Option 2: Trigger neighbour cell measurement after radio problem detection
· Option 3: Trigger neighbour cell measurement after T310 started
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Figure 2 Time when trigger neighbour cell measurement
For option 1, we need to define a specific cell quality threshold to trigger neighbour cell measurement. If the cell quality becomes better than the specific threshold, the measurement can be stopped. The advantage of this option is that there is enough time to perform neighbour cell measurement; and the limitation is UE may be stationary so the radio link failure may not occur, and the serving cell’s quality is below the specific threshold, so measurement would be triggered without any benefit. RAN4 can determine the requirement of the specific cell quality threshold.
For option 2, once receiving the first out-of-sync indication, the neighbour cell measurement can be triggered. If the radio problem is not detected, i.e. no following consecutive out-of-sync indication, the neighbour cell measurement should be stopped. The advantage of this option is comparing to option 1. The measurement would be triggered only when there is a possible radio problem. And the limitation is the duration of the measurement is less than the option 1.
For option 3, neighbour cell measurement can be triggered after the radio problem is detected, it can be stopped when receiving the N311 consecutive in-sync indication. The advantage and limitation are the same as option 2, more accurate measurement opportunity, and less measurement duration.
The following table 1 summaries the difference between the above three options.
	
	Advantage
	Limitation

	Option 1
	Longest measurement duration
	Chance of useless measurement

	Option 2
	Less measurement duration than option 1
	More accurate measurement opportunity than option 1

	Option 3
	Less measurement duration than option 2
	More accurate measurement opportunity than option 2


Table 1 Difference between options of time when triggering neighbour cell measurement 
Considering the possible inter-frequency neighbour cell measurement may take a lot more time than intra-frequency measurement, it would benefit if there is more time left to measurement. Thus option 1 is the best choice. 
Observation 3: Triggering the neighbour cell measurement on a specific cell quality threshold before radio problem detection can benefit the inter-frequency neighbour cell measurement.
Proposal 3: Triggering the neighbour cell measurement on a specific cell quality threshold before radio problem detection.
For the useless measurement, the mechanism of detection of UE mobility status from the feature of relaxed monitoring can be extracted and applied. The neighbour cell measurement before RLF can only be triggered if UE is not stationary.
Proposal 4: The neighbour cell measurement before RLF can only be triggered if UE is not stationary.
The usage of measurement result
Since the measurement result of neighbour cells has been obtained, the next question is how to use these measurement result. It would be natural to use cell reselection since it can utilize the neighbour cell measurement result quite well. 
We propose three options about the usage of the neighbour cell measurement before RLF.
· Option 1: RRC connection re-establishment start cell reselection instead of cell selection after T310 expired
· Option 2: RRC connection re-establishment start cell reselection instead of cell selection before T310 expired
· Option 3: Read the best and different cell’s system information before T310 expired
For option 1, as the neighbour cell measurement result is available, RRC connection re-establishment can start cell reselection instead of cell selection after T310 expired. ERRC tries to reselection to a target cell that has the best ranking value. Comparing to cell selection, this option reduces the time of search cells. However, the time that can be saved is trivial. Searching a cell from a specific frequency may only take less than a couple of hundred milliseconds.
Option 2 is proposed to gain more time reduction of RRC connection re-establishment. Reselection can be triggered as the first phase of RRC connection re-establishment when a better ranking cell shows up after T310 started. The limitation of this option is that there is a possibility of physical layer recovery, i.e. the possible incoming N311 consecutive in-sync indicator. The reselection could take more time to resume the traffic because of the long-time of reading system information than physical layer recovery, which has no traffic interruption. To try to minimize the adverse impact, reselection can be delayed for some time, the same concept like Treselection timer.
Option 3 is a compromised option than option 2, without breaking the T310 duration, but simply reading the system information of the best ranking cell, which should not be the same as the serving cell. The advantage of this option is the most time consumed step of connection re-establishment: reading system information can be partially done in T310 duration, which can accelerate the process much more than option 1, and wouldn’t break the T310 duration which is in favour of physical layer recovery. But the limitation is also not negligible. If the UE tries to read the system information of intra-frequency target cell at the same time of monitoring the serving cell, it basically needs to double the decoding capability. The requirement of hardware would be too complicated for NB-IoT device. If the UE try to read the target cell’s system information in the unused sub-frames which is listed in the 2.1 for inter-frequency neighbour cell measurement, UE might not get the system information successfully, because the sub-frames carrying the system information of target cell may not necessarily occur in the sparse unused sub-frames. If the UE tries to read the system information of the target cell without monitoring the serving cell, only keep the measurement for physical layer recovery, then the traffic interruption would be as long as option 2, but option 2 is quicker.
The following table 2 summaries the difference between the above three options.
	
	Advantage
	Limitation

	Option 1
	No traffic interruption
	The time saved is trivial

	Option 2
	The time saved is significant
	Could miss the possible physical layer recovery

	Option 3
	The time saved is significant and allow the possible physical layer recovery.
	Ask too much for hardware requirement, or
Can’t read the system information, or
Slower than option2


Table 2  Difference between options of measurement result usage
The benefit of option 1 is trivial, and option 3 seems not applicable, option 2 would be the best choice.
Observation 4: Reselection to the best and different cell after T310 for a certain period, and before T311 expired, can reduce the time taken to RRC re-establishment to another cell.
Proposal 5: Reselection to the best and different cell after T310 for a certain period, before T311
Measurement signaling

Based on the above discussion, several parameters can be determined by the network.
· The capability of measurement before RLF
· Enable the measurement before RLF.
· Enable optional inter-frequency neighbour measurement.
· The capability of optional inter-frequency neighbour measurement
· The thresholds used to start the intra-frequency neighbour measurement and inter-frequency neighbour measurement.
· The frequencies that measured in the connected state The additional parameters of determining UE stationary state 
· The length value of Treselection timer when cell reselection happened in RRC connected state
· Other cell reselection parameters

The network does not have to know the UE capability of the measurement before RLF, UE can perform the measurement and start following cell reselection without notifying the network. No UE capability of measurement before RLF should be defined.
UE can utilize the available opportunities without the consent of the network. So the network does not have to know whether the UE can perform an inter-frequency measurement in RRC connected state. No UE capability of inter-frequency neighbour measurement should be defined.
Proposal 6: No UE capability of measurement before RLF and inter-frequency neighbour cell measurement should be defined.
To enable the measurement before RLF, the network does not need to configure it dynamically, because there is no side effect of this feature so that it needs to be disabled in that case. So this could be a simple feature enable flag in the system information.
The reason that the inter-frequency neighbour measurement is optional is that it may introduce too much complexity to an NB-IoT device. The network can provide an enable flag to UE to control the action of UE for test purpose.
The network can provide the thresholds of starting intra-frequency neighbour measurement and inter-frequency neighbour measurement. The presence of threshold of starting intra-frequency neighbour measurement can be feature enable flag, and the presence of threshold of starting inter-frequency neighbour measurement can be the enable flag of the optional inter-frequency neighbour measurement. And the thresholds could be cell-specific, so it can be configured in the system information.
Proposal 7: The network can provide the thresholds of starting intra-frequency neighbour measurement and inter-frequency neighbour measurement in the system information.
The UE can obtain the frequencies from SIB5-NB like in RRC idle state, no need to specify additional signalling for frequencies.
Proposal 8: Reuse the SIB5-NB to obtain the frequencies for measurements in the RRC connected state. 
[bookmark: _GoBack]As the parameters of determining UE stationary state, there is no requirement to define a new set of parameters. The current existing relaxed monitoring parameters can be reused. 
Proposal 9: Reuse the current existing relaxed monitoring parameters in the system information.
The length value of Treselection timer in the RRC connected state should be shorter than the one in RRC idle state, at least it should be less than the T311 timer length. It could be configured as a fraction of T311. It also could be cell-specific. Therefore it can be configured in the system information.
Proposal 10: Configure the length of Treselection timer in RRC connected state as a fraction of T311 in the system information.
There are no additional requirements for the rest of the reselection parameters to be used in the RRC connected state.
Proposal 11: Reuse the rest of the cell reselection parameters 
The following Figure 3 shows the summary of proposals.
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Figure 3 Summary of proposals
Conclusion 
Observation 1: intra-frequency neighbour cell measurement can be supported before RLF.
Proposal 1: support intra-frequency neighbour cell measurement before RLF.
Observation 2: inter-frequency neighbour cell measurement is possible in the RRC connected state without an additional gap, but is not efficient.
Proposal 2: optionally support inter-frequency neighbour cell measurement before RLF.
Observation 3: Triggering the neighbour cell measurement on a specific cell quality threshold before radio problem detection can benefit the inter-frequency neighbour cell measurement.
Proposal 3: Triggering the neighbour cell measurement on a specific cell quality threshold before radio problem detection.
Proposal 4: The neighbour cell measurement before RLF can only be triggered if UE is not stationary.
Observation 4: Reselection to the best and different cell after T310 for a certain period, and before T311 expired, can reduce the time taken to RRC re-establishment to another cell.
Proposal 5: Reselection to the best and different cell after T310 for a certain period, before T311
Proposal 6: No UE capability of measurement before RLF and inter-frequency neighbour cell measurement should be defined.
Proposal 7: The network can provide the thresholds of starting intra-frequency neighbour measurement and inter-frequency neighbour measurement in the system information.
Proposal 8: Reuse the SIB5-NB to obtain the frequencies for measurements in the RRC connected state.
Proposal 9: Reuse the current existing relaxed monitoring parameters in the system information.
Proposal 10: Configure the length of Treselection timer in RRC connected state as a fraction of T311 in the system information.
Proposal 11: Reuse the rest of the cell reselection parameters
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