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Discussion and decision
1 Introduction
At RAN2#114-e some progress has been made on the R17-WID objective “Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps” [1] and following agreements reached [2]:
	RAN2#114-e agreements:
· The criteria to start measurements is based on a combination of serving cell quality threshold (option b) and variance of the serving cell quality (option c)

· Configuration of the criteria to start the measurements is supported. 

· FFS whether any further information needs to be provided by NW

· FFS whether any assistance information from UE is needed. 

· FFS if/how to support ‘early’ RLF.




This paper proposes way forward for the outstanding issues highlighted above.
2 Discussion
2.1 Neighbour cell list for connected state

In [3] key challenges of neighbour cell measurements in RRC connected state in NB-IoT were presented. The main challenges arise from (i) the time it takes to perform measurements, (ii) lack of candidate neighbour cells for dedicated mode, (iii) lack of deterministic gaps. The overall proposal is:

Proposal 1: In RRC connected state, measure one or more of the strongest neighbour cells measured in RRC idle state.

This proposal addresses first two key challenges. To address the third challenge, it is proposed to prioritise measurements of cells that do not require receiver re-tuning.
Proposal 2: In RRC connected state, measure one or more of the strongest neighbour cells measured in RRC idle state that do not require receiver re-tuning.

These two proposals allow for each UE to construct their own candidate neighbour cells to monitor in RRC connected state.
2.2 Early RLF

There have been proposals to trigger early RLF if an alternative cell is found and UE has detected a number of out-of-sync indications. The field observations in [4] shows that ~45% of the cases radio link recovered after T310 started with an average T310 elapsed duration in the range of 4s – 7.9s. In 55% of the cases T310 expired and RLF declared. Note the configured T310 value was 8s. The conclusion in in [4] was that early RLF can be beneficial as, in the observed scenario, for 55% of cases it can shorten the time to initiate re-establishment. But contribution [4] failed to consider how much earlier the RLF can be triggered and whether this will make things worse for the other 45% of the cases.
Upon RLF UE follows RRC connection reestablishment and this doesn’t just create delay as UE has to go through cell selection (e.g., read required SIBs) and random access procedure but it also increases core network signalling. Therefore, an early RLF declaration doesn’t necessarily lead to reduced delay, but it can increase core network signalling and radio resource usage especially NPRACH. Therefore, it’s not as simple to assume early RLF with lead to better user experience overall.  
Observation 1: Not clear whether early RLF can in most cases lead to reduced time to complete data transfer.

Observation 2: Early RLF could lead to increased common radio resource usage and increased network signalling.

Proposal 3: For NB-IoT early RLF is not considered.

2.3 Assistance information from UE

In NB-IoT it is very likely that all anchor carriers are on the same PRB (i.e., same EARFCN). Even if a cell does not support non-anchor carrier-based paging and/or NPRACH, it is quite likely for capacity reasons network does support one or more non-anchor carriers for dedicated channels (e.g. for UE specific NPDCCH, NPDSCH, NPUSCH). Therefore, it is highly likely the UE may need to re-tune it’s receiver to perform RRC connected mode neighbour cell measurements. As recommended by RAN4 (see [5]), such measurements can only be done ‘using any occasion where the UE is not scheduled’ (e.g. during subframes UE is not required to receive or transmit on dedicated channels). 

When the conditions for measuring neighbour cell measurements are met then if the UE needs to re-tune it’s receiver to perform neighbour cell measurements then ability to do such measurements are directly affected by the scheduling. If sufficiently long scheduling gaps are not available, then UE will not be able to perform neighbour cell measurements. One possibility is for network to always use relaxed scheduling if (a) UE supports connected mode neighbour cell measurements, (b) network knows there are no anchor carriers on the same dedicated downlink EARFCN. The downside of this is that data rate will be affected for UEs that do not need to perform neighbour cell measurements. Therefore, it makes sense for UE to indicate to the network that it needs to perform neighbour cell measurements and relaxed scheduling is needed. One possible approach, extracted from [3], is depicted in Figure 1.
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Figure 1: Dynamic scheduling gaps

To make connected mode measurements feasible without unnecessarily affecting data throughput it is proposed UE sends an indication to the network when it actually needs to make measurements that could not be done with the current dedicated configuration.
Proposal 4: In RRC connected state, support UE indication requesting relaxed scheduling to perform neighbour cell measurements. 
Summary

This document discussed the practical implications of performing neighbour cell measurements in RRC connected state and makes following observations.
Observation 1:
Not clear whether early RLF can in most cases lead to reduced time to complete data transfer.

Observation 2:
Early RLF could lead to increased common radio resource usage and increased network signalling.
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Proposal 1:
In RRC connected state, measure one or more of the strongest neighbour cells measured in RRC idle state.
Proposal 2:
In RRC connected state, measure one or more of the strongest neighbour cells measured in RRC idle state that do not require receiver re-tuning.
Proposal 3:
For NB-IoT early RLF is not considered.
Proposal 4:
In RRC connected state, support UE indication requesting relaxed scheduling to perform neighbour cell measurements.


Appendix

Following table is an extract from [6].

Table 1 NB-IoT dedicated and neighbour cell frequency scenarios
	Scenario
	Serving & Neighbour cell anchor carrier frequency
	UE connected mode operating Frequency

	A
	Intra-frequency
	Anchor carrier

	B
	Intra-frequency
	Non-Anchor carrier

	C
	Inter-frequency
	Non-Anchor carrier but same as Neighbour cell Anchor carrier

	D
	Inter-frequency
	Anchor carrier

	E
	Inter-frequency
	Non-Anchor carrier but different from Neighbour cell Anchor carrier
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