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1 Introduction
In Rel-17, one of the objectives in the WID is:
· [bookmark: _Hlk54086256]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. [NB-IoT] [RAN2, RAN4].

RAN2#111-e agreements:
	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





RAN2#112-e agreements:
	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)




RAN2#113-e agreements:
	Agreements:
· Neighbour cells measurement (detection and measurements) are performed only on the anchor carrier.
· The solution is optional




RAN2#114-e agreements:
	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.




RAN2#115-e agreements:
	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.




In this paper, we will focus on the remaining RAN2 issues and provide our proposals based on the analysis.
2 [bookmark: _Ref178064866]Discussion
2.1 Triggering conditions to start measurement 
In RAN2#115-e, the criteria to start the measurement based on a serving cell NRSRP threshold was agreed, and it was agreed that the configuration of the criteria for starting the measurements is provided via broadcast signalling. But it remains an FFS whether to provide a separate criterion for inter-frequency measurements. 
Configuration of the criteria to start/stop the measurement can be configured by broadcast signaling in SIB3-NB. Similar with cell reselection criteria in RRC_IDLE mode, serving cell quality threshold for intra and inter frequency neighbor cell measurement can be configured separately. Therefore, UE has the possibility to start inter-frequency neighbor cell measurement when serving cell quality is really bad, which is good from UE power consumption point of view without interruption on data scheduling.
[bookmark: _Ref77150257]Proposal 1	Serving cell quality threshold to start intra and inter frequency measurement should be configurated separately.

In RAN2#115-e, the variance part of the measurement starting criteria to reuse legacy relaxed monitoring was also agreed. For legacy relaxed monitoring, only SSearchDeltaP is provided in SIB3-NB, the other parameter TSearchDeltaP is hardcoded to 5 minutes, or the eDRX cycle length if eDRX is configured and the eDRX cycle length is longer than 5 minutes.
Below is the table for 36.133, when Rmax > 64, TEvaluate_Qout_NB-IoT = 4s, assume N310 is set to 20 and T310 is 8s, then the time slot from the first out of sync to RLF declaration is about 88s, which is much less than TSearchDeltaP. Considering starting UE measurement early before RLF, it’s beneficial to set TSearchDeltaP to a small value than legacy and make it as configurable. 
Table 7.23.2.1-1 Qout and Qin c in non-DRX for Category NB1 UE
	Configured NPDCCH Rmax
	TEvaluate_Qout_NB-IoT
	TEvaluate_Qin_NB-IoT

	Rmax ≤ 64
	400ms
	200ms

	Rmax> 64
	4000ms
	2000ms



[bookmark: _Ref83634225]Proposal 2	Regarding the variance part of the criteria to start the measurements, legacy SSearchDeltaP from RRC_IDLE can be reused or can be different, while separate TSearchDeltaP should be introduced as configurable by SIB3-NB.
2.2 Measurement occasion 
When the carrier frequencies of the serving cell and of measurement neighbour cell are different (scenarios B/D/E), based on RAN4’s reply, UE can perform neighbour cell measurement without gaps without causing interruptions to serving cell by using any occasion where the UE is not scheduled which includes any of the following:
· Vacant slots not scheduled for data transmission, i.e., when not required to do data transmission/reception 
· When not required to do NPDCCH monitoring
· during the DRX inactive period i.e., when the UE is configured with DRX. 

During last several meetings, there were proposals on UE report when it starts and stops neighbor cell measurement to inform NW to adapt its scheduling or directly to ask NW for gaps only for measurement. We think it is not necessary for UE to send this kind of report, one reason is that the natural gaps proposed by RAN4 may be enough for measurement, even not, UE can continue perform neighbor cell measurement after RLF. Another reason is that if to make UE report only necessary, UE needs to evaluate the time needed for neighbor cell measurement, and it is difficult for UE to evaluate, and may result in UE implementation dependency. 
[bookmark: _Ref81575829]Proposal 3	It is not needed for UE to report when it starts/stops measurements.
2.3 Fast/Early RLF
In RAN2#115-e, it was agreed to use a shorter T310 timer. As it is known, fast RLF in LTE was designed for handover in Hetnet scenario. Considering that measurement reporting is not supported in NB-IoT, adaptations are needed to trigger a shorter T310 timer properly compared to fast RLF for HetNet. 
[bookmark: _Ref75794681][bookmark: _Ref83634196]Observation 1	Fast RLF was introduced for HetNet scenario. Fast RLF needs a variety of adaptions for NB-IoT.
Here is how we think fast RLF which was designed for HetNet will be adapted to NB-IoT case: 

Declare RLF
T312
Proper neighbor cell found
criteria to start measurement is fulfilled 
Connected mode measurement


Here, T312 represents a short T310 timer as in LTE. Triggering conditions to start T312 can be based on:
· Proper neighbor cell is found
· T310 is running or T310 is not triggered

When T312 triggering condition is fulfilled, UE can choose to start a T312 to save time for RRC reestablishment. Thus, new timer which is shorter than T310 should be introduced. To make best usage of T312, UE should better start the timer only when there is enough predicted time reduction to RRC reestablishment. Therefore, triggering condition to start T312 can also consider timing perspective, for example:
· The time difference between T310 remaining time and T312 is higher than a threshold

Regarding the impact on the reduction of RLF recovery, T312 should be configured smartly, T312 should cover at least the time longer than N311 multiplied by Qin evaluation period. Thus, T312 should be UE dedicated based on the UE dedicated configuration of T310, N311, DRX, etc. 
[bookmark: _Ref83654847]Proposal 4	Shorter T310 timer should be configured by UE dedicated signalling.
To further decrease the impact on the reduction of RLF recovery, on one hand, triggering condition to start T312 can also consider serving channel quality, for example:
· Serving cell quality is below a threshold for a duration
Of course, the serving cell quality condition above can be combinedly considered with the criteria for starting the measurement including a serving cell NRSRP threshold and the variance part.
On the other hand, to minimize the impact on the reduction of RLF recovery, when T312 expires, RLF can be declared and RRC re-establishment procedure can be initiated only if T310 is running. 
[bookmark: _Ref77344925][bookmark: _Ref83654851]Proposal 5	Shorter T310 timer should start based on the following conditions:
· neighbor cell is found
· The time difference between T310 remaining time and T312 is higher than a threshold or T310 is not triggered
· (optional) Serving cell quality condition
[bookmark: _Ref83654859]Proposal 6	RLF can be declared at expire of the new shorter T310 timer, only when legacy T310 is running.

From UE implementation point of view, it is better to make the UE capability for shorter T310, i.e. fast RLF, optional. 
[bookmark: _Ref85619732]Proposal 7	Introduce UE capability for Fast RLF.
3 Conclusion
In the previous sections we made the following observations: 
Observation 1	Fast RLF was introduced for HetNet scenario. Fast RLF needs a variety of adaptions for NB-IoT.

Based on the discussion in the previous sections, we propose the following:
Proposal 1	Serving cell quality threshold to start intra and inter frequency measurement should be configurated separately.
Proposal 2	Regarding the variance part of the criteria to start the measurements, legacy SSearchDeltaP from RRC_IDLE can be reused, while separate TSearchDeltaP should be introduced as configurable by SIB3-NB.
Proposal 3	It is not needed for UE to report when it starts/stops measurements.
Proposal 4	Shorter T310 timer should be UE dedicated.
Proposal 5	Shorter T310 timer should start based on the following conditions:
· neighbor cell is found
· The time difference between T310 remaining time and T312 is higher than a threshold or T310 is not triggered
· (optional) Serving cell quality condition
Proposal 6	RLF can be declared at expire of the new shorter T310 timer, only when legacy T310 is running.
Proposal 7	Introduce UE capability for Fast RLF.
4 [bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-201306, “WID revision: Additional enhancements for NB-IoT and LTE-MTC”, RAN #88e, Electronic Meeting, June 29th – July 3rd, 2020. 
[bookmark: _Ref69903966]R4-2105800		Reply LS on neighbour cell measurement in NB-IoT RRC_CONNECTED state, RAN4, April 2021
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