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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].
Measurement before radio link failure was discussed in RAN2#112-e with the following agreements:
· Enhancements to the random access procedure are not considered.
· The solution includes reduction of the time between declaration of RLF and the start of the random access procedure (points C and D)
· FFS whether the solution includes reduction of the time between out-of-sync detection and declaration of RLF (points B and C)

In the last meeting, the LS about measurement in connected mode to RAN4 was postponed, due to companies agreed that we need to discuss more to know what we want with the measurement before asking questions to RAN4.
This contribution further discusses the above FFS items and proposes a view of MTK on measurement.
Discussion
Reduction of time
The requirement of cell detection time has been captured in 36.133[2]. It has been summarized in [3] as follows.
[bookmark: _Ref51921526]Table 1 Time to detect a NB-IoT cell
	Case
	Step
	Tsearch_NB1-NC (ms)

	1
	Target cell known, any coverage
	0

	2
	Target cell unknown, any coverage, decode on first attempt
	80

	3
	Target cell unknown – normal coverage
	1400

	4
	Target cell unknown – enhanced coverage
	14800




For case 1 and case 2, UE takes no time or only a very short period to complete the cell detection. For case 3 and case 4, it allows UE to take more time to finish cell detection when the target cell is unknown. From my point of view, the time requirement is a restriction that UE should be able to finish cell detection within this time. UE can not exceed that time constraint, but UE can be faster than it. Actually UE does not need that long time to detect a cell or find that cell is not able to be detected, even for enhanced coverage. According to emulation results from my company, it only takes less than 15% of 14800ms at most to detect a cell for case 4, which is less than 2220ms. For case 3, it takes less than 20% of 1400ms at most, which is less than 280ms. 
Another point to consider is case 4 should be very rare. The UE in enhanced coverage should be a minority in the real deployment. Taking into account the RRC re-establishment case we are discussing,  the number of UE in enhanced coverage would be much less further, due to UE would mostly be in a moving state rather than in a fixed position like in a deep well or behind a thick wall.
Considering the two reasons above, actually much less time taken than the requirement and the enhanced coverage case should be rare, the time requirement of cell detection in 36.133 can not simply be equivalent to what we gain from the solution of reduction of the time between the declaration of RLF and the start of the random access procedure (points C and D). If we only support this solution, the benefit of this feature would be much less than expected, even marginal.
Observation 1: The benefit of reduction of the time between the declaration of RLF and the start of the random access procedure (points C and D) is marginal.
Therefore I propose to support the solution includes reduction of the time between out-of-sync detection and declaration of RLF (points B and C). This time duration is about T310, the timer length according to 36.331 is 0 to 8000ms, which has plenty of room to optimize. When neighbour cell measurement result is ready, UE can start RRC connection re-establishment by choosing a suitable cell to select or reselect. It has a big chance to reduce a time of multiple seconds.
Proposal 1: To support the reduction of the time between out-of-sync detection and declaration of RLF (points B and C)
Measurement
The measurement object
Inter-frequency deployment can reduce interference and improve SINR, hence UE would have better performance with it. It is better to support neighbour cell measurement for inter-frequency before RLF.
Although the WID specified that no measurement gap would be defined, there are still plenty of opportunities for UE to perform inter-frequency neighbour cell measurements. 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
· scheduled NPUSH sub-frames but collide with NPRACH
· NRACH sub-frames collide with different CE level
· The sub-frames after 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 may be too short to perform inter-frequency neighbour cell measurement, as UE takes some time to switch frequency and detect cell.
· There may no NPSS/NSSS sub-frame of inter-frequency neighbour cell during the short opportunity.
The UE may not have much chance to start the inter-frequency neighbour cell measurement, but anyway, the chance still exists.
We can see that the inter-frequency neighbour cell measurement is feasible even when no measurement gap is configured.
RAN4 should define the detailed requirement of inter-frequency neighbour cell measurement for NB-IoT in RRC_CONNECTED mode. 
Proposal 2: support inter-frequency neighbour cell measurement before RLF.

Carrier of measurement
When UE perform neighbour cell measurement, UE will synchronize NPSS and NSSS on the anchor carrier to detect cell before measure NRS. The non-anchor carrier does not contain NPSS and NSSS, the cell detection can only be done on the anchor carrier. Therefore the measurement should be done on the anchor carrier, there is no point to switch to a non-anchor carrier.
Proposal 3: Measurement should be done on the anchor carrier.
The conditions of starting and stoping a  measurement
To reduce the time taken for RRC re-establishment as WID expected, the timing of triggering measurement should be before RRC re-establishment at least. The following 3 options can be considered:
Option 1: Same as early detection of physical layer problems, start or stop measurement based on a certain threshold, before the detection of physical layer problems, i.e. out-of-sync indication.
Option 2: start measurement when received an out-of-sync indications, stop measurement an in-sync indications.
Option 3: start measurement when T310 started. Stop measurement when T310 stopped.
Neighbour cell measurement takes time, especially for inter-frequency. To spare more time for measurement, it would be better to start measurement before T310 start, also the time used for measurement is better no to depend on the T310 length. Thus option 1 is preferred.
Proposal 4: Start or stop measurement based on a certain threshold before T310 starts.
The usage of measurement result
The measurement result is not useful for the network, and because of the up-coming RLF, the radio condition is not good,  there is no need to send any information to the network.
Proposal 5: No information needs to be sent to the network.
The cell detection of neighbour cells can be done with measurement, hence the reduction of time between points C and D can be fulfilled. Also, the measurement result like NRSRP and NRSRQ can be used to select a more suitable cell. UE can start RRC connection re-establishment by triggering a cell selection or a cell reselection. As stated above, this scheme can reduce more time, improve mobility.
Proposal 6: Measurement result can be used to triggering a cell selection or cell reselection.

Conclusion 
Observation 1: The benefit of reduction of the time between the declaration of RLF and the start of the random access procedure (points C and D) is small.
Proposal 1: To support the reduction of the time between out-of-sync detection and declaration of RLF (points B and C)
Proposal 2: support inter-frequency neighbour cell measurement before RLF.
Proposal 3: Measurement should be done on the anchor carrier.
Proposal 4: Start or stop measurement based on a certain threshold before T310 starts.
Proposal 5: No information needs to be sent to the network.
Proposal 6: Measurement result can be used to triggering a cell selection or cell reselection.
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