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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#111-e with following agreements:
· Study current RLF procedure to understand the time taken to select the cell for access. Start and end points FFS.
· Support neighbour cell measurements in RRC_CONNECTED, at least for intra-frequency.
· FFS inter-frequency
· FFS whether measurements are done on the anchor carrier
· FFS how neighbour cell measurement is triggered 
· FFS how to perform neighbour cell measurements 
· Working assumption: Neighbour cell measurement results are not reported to the network in RRC_CONNECTED.
· FFS whether and when other information can be sent

This contribution further discusses the above FFS items. 
Discussion
The problem of intra-frequency deployment is the intra-frequency interference. The signal power of intra-frequency neighbour cell A becomes the interference of intra-frequency neighbour cell B. Inter-frequency deployment can reduce interference and improve SINR, hence UE would have better performance with it. It is necessary 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 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
· 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 inter-frequency neighbour cell’s NPSS/NSSS sub-frame during the short opportunity.
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 1: support inter-frequency neighbour cell measurement before RLF.

[bookmark: _GoBack]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, therefore the measurement should be done on the anchor carrier.
Proposal 2: Measurement should be done on the anchor carrier.

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 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 out-of-sync indication.
Option 3: start measurement when T310 started.
For intra-frequency measurement, which can be easily done together with normal serving cell NPDCCH/NPDSCH reception in RRC_CONNECTED mode, no need to be performed as early as option 1. For power consumption consideration, option 3 is suitable for intra-frequency measurement.
For inter-frequency measurement, which needs to seek available sub-frames, needs much more time than intra-frequency measurement. It should be started as early as possible, therefore option 1 is more suitable.
Proposal 3: If the inter-frequency measurement is not supported, start intra-frequency measurement when T310 started.
Proposal 4: If the inter-frequency measurement is supported, start intra-frequency and inter-frequency measurement based on a certain threshold, before receiving an out-of-sync indication.

Regarding the FSS, how to perform neighbour cell measurement, it is out of RAN2’s scope, it should be discussed in RAN4.
Proposal 5: Discuss how to perform neighbour cell measurement in RAN4.
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 6: No information needs to be sent to the network.
Conclusion 
Proposal 1: support inter-frequency neighbour cell measurement before RLF.
Proposal 2: Measurement should be done on the anchor carrier.
Proposal 3: If the inter-frequency measurement is not supported, start intra-frequency measurement when T310 started.
Proposal 4: If the inter-frequency measurement is supported, start intra-frequency and inter-frequency measurement based on a certain threshold, before receiving an out-of-sync indication.
Proposal 5: Discuss how to perform neighbour cell measurement in RAN4.
Proposal 6: No information that needs to be sent to the network.
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