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Introduction
RAN4 continued discussing requirements for connected mode NB-IoT neighbor cell measurements in RAN4#100-e. Progress was captured in a WF [1]. Agreements are reproduced below.
Issue 1-1-1: General
Agreements:
· RAN4 to postpone the discussions on exact section numbering until more progress is reached on the detailed requirements
· The conditions related to when the neighbour cell measurements can be performed without gaps and causing interruptions as agreed in [R4-2105800] shall be taken into account when defining the requirements.
Issue 1-1-2: Conditions on neighbour cell measurement when the target carrier is different from the serving carrier
Agreement:
· When the target frequency carrier is different from the serving carrier, the maximum interval between two occasions shall be less than 5 seconds and the minimum length of measurement occasion shall be at least X ms for normal coverage
· X is FFS
Issue 1-1-4: Intra-frequency and inter-frequency measurement
Agreement:
· Define requirements for both intra-frequency and inter-frequency measurement.
· Regarding whether to prioritize intra-frequency measurement, follow the conclusion from RAN2 that prioritisation of carriers/cells to measure is left to the UE implementation.
Issue 1-1-5: Multiple carriers for neighbour cell measurements
Agreement:
· The UE with the support of CONNECTED mode neighbor cell measurements shall support neighbour cell measurements on at least same number of carriers in CONNECTED mode as in IDLE mode, including the carrier which is same as the serving carrier and at least two carriers, which are different from the serving carrier. 
· Detection and measurement delay shall be scaled by the number of measured carriers
· Note: it is RAN4 understanding that support of CONNECTED mode neighbor cell measurements is an optional UE capability
Issue 1-1-6: Triggering of neighbour cell measurements
Agreement:
· RAN4 should wait for further progress in RAN2 regarding the mechanism for triggering neighbour cell measurements in connected mode



In addition, RAN2 reached the following agreements [2].
RAN2#115-e agreements:
· The configuration of the criteria for starting the measurements include a serving cell NRSRP threshold. FSS how to address variance (as agreed last meeting)
· It is useful to have a shorter T310 timer for UEs supporting this enhancement, but FFS whether this is best achieved with the existing dedicated signalling or based on a new condition
· Prioritisation of carriers/cells to measure is left to the UE implementation.
· FFS:  whether to provide a separate criteria for inter-frequency measurements (i.e. needing re-tuning) considering that they will take longer and should start earlier.
· Legacy relaxed monitoring criteria is reused to address the variance part of the criteria to start the measurements. 
· FFS: Whether it is enabled by the provision of separate SSearchDeltaP and TSearchDeltaP parameters from RRC_IDLE.
· The conditions where the UE is required to perform measurements are specified.  No requirement on when to stop measurements is needed.
· The configuration of the criteria for starting the measurements is provided via broadcast signalling.
· Provision of information regarding which cells/carriers to be considered is not supported. It is up to UE implementation to choose and prioritize carrier/cell list for measurement.
· Report of the cells measured in RRC_IDLE to assist measurement configuration is not supported.
· Report of information about connected measurements during the RRC Connection re-establishment procedure for network optimisation is not supported.
· There is no need to specify which subframes can be used for measurements beyond them not being needed for PDCCH monitoring or data transmission / reception.
· Support for connected mode measurement is optional with capability signalling.
· FFS: Whether to support an indication from the UE that it starts/ stops performing measurement

This short contribution provides our views on requirements for NB-IoT neighbor cell measurements in connected mode given the current state in RAN2 and RAN4.


Discussion
As mentioned in the introduction, RAN2 made progress in defining the triggering mechanism for neighbor cell measurements in connected mode:
 · The configuration of the criteria for starting the measurements include a serving cell NRSRP threshold. FSS how to address variance (as agreed last meeting)
· Legacy relaxed monitoring criteria is reused to address the variance part of the criteria to start the measurements.
· FFS: Whether it is enabled by the provision of separate SSearchDeltaP and TSearchDeltaP parameters from RRC_IDLE.
· The configuration of the criteria for starting the measurements is provided via broadcast signalling.

It is clearer now how the measurements will be triggered, although some specifics of the triggering mechanism remain FFS. One FFS that is significant for measurement requirements concerns whether separate criteria for staring inter-frequency measurements [2, 3].
· FFS:  whether to provide a separate criteria for inter-frequency measurements (i.e. needing re-tuning) considering that they will take longer and should start earlier.

This point implies that intra-frequency and inter-frequency measurements may not start at the same time. RAN4 has agreed that “detection and measurement delay shall be scaled by the number of measured carriers” but depending on the outcome in RAN2 that number may not be fixed at all times. So even though RAN2 agreed (and RAN4 followed) that “prioritization of carriers/cells to measure is left to UE implementation,” the FFS implies that differentiation between intra-frequency and inter-frequency carriers may be specified.
Observation 1: Depending on RAN2 outcome, intra-frequency and inter-frequency measurements may start at different times.
For the present objective of reducing re-establishment time after RLF, we understand that inter-frequency measurements will be quite important given that use of non-anchor carrier in dedicated mode is common in real networks [4]. Neighbor cell measurements need to be performed on the anchor carrier of the target cell and most likely that will be a different carrier than the serving carrier.
Inter-frequency measurements incur overhead to the time needed to retune the UE receiver. When specifying delay requirements for inter-frequency measurements, RAN4 should discuss and clarify assumptions about retuning time. 
Observation 2: RAN4 should discuss and clarify assumptions about retuning time budget for inter-frequency measurement requirements.
Another significant question being discussed in RAN2 is “whether to support an indication from the UE that it starts/stops performing measurement.” Our understanding is that indication would be provided for inter-frequency measurements, where such indication would be more useful/relevant. Allowing the UE to provide this information to the network could have impact to measurement delay requirements in RAN4 if e.g. the serving cell responds by relaxing (pausing) UL/DL scheduling when it receives the indication from the UE. In RAN4#100, there was an initial agreement about the maximum interval between measurement occasions and the minimum length of an occasion, which remans FFS. The idea here is that the minimum length of an occasion would be used as an assumption to determine cell detection/measurement delays by calculating the number occasions needed. RAN4 may be able to assume longer measurement occasion lengths depending on the outcome of the RAN2 discussion.
Observation 3: If the UE provides indication of when the neighbor cell measurements are started and DL scheduling is relaxed, RAN4 may be able to assume longer measurement occasion lengths.
Proposal 1: RAN4 should wait for RAN2 to decide whether the UE can provide indication that it will start (inter-frequency) neighbor cell measurements and whether the serving cell will respond by relaxing UL/DL scheduling so that the UE may have more frequent and longer measurement opportunities.
Finally, RAN4 has discussed whether neighbor cell measurements should be de-prioritized for target cells in enhanced coverage. The main reason for this question is the high cost (latency) associated with detecting cells in poor coverage conditions. RAN4 estimates that detecting an unknown cell in enhanced coverage could take up to 14800 ms during re-establishment [5]. In connected mode it could take longer, subject to the availability of measurement opportunities on inter-frequency carriers. Given that the maximum time from first OOS indication to RLF is about 8 seconds, then it seems unlikely that the UE would be able to find a cell in poor coverage before declaring RLF (based on current RAN4 assumptions). Since cell detection/measurements would take longer in connected mode vs. re-establishment, a better approach in that case would be to declare RLF and proceed with re-establishment to save time.
Proposal 2: RAN4 can prioritize defining CONNECTED mode neighbor cell measurement requirements when the target cell is in enhanced coverage.
Conclusions
Observation 1: Depending on RAN2 outcome, intra-frequency and inter-frequency measurements may start at different times.
Observation 2: RAN4 should discuss and clarify assumptions about retuning time budget for inter-frequency measurement requirements.
Observation 3: If the UE provides indication of when the neighbor cell measurements are started and DL scheduling is relaxed, RAN4 may be able to assume longer measurement occasion lengths.
Proposal 1: RAN4 should wait for RAN2 to decide whether the UE can provide indication that it will start (inter-frequency) neighbor cell measurements and whether the serving cell will respond by relaxing UL/DL scheduling so that the UE may have more frequent and longer measurement opportunities.
Proposal 2: RAN4 can prioritize defining CONNECTED mode neighbor cell measurement requirements when the target cell is in enhanced coverage.
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