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1	Introduction 
As part of mobility and service continuity enhancements, Rel-14 NB-IoT Enhancements WID [1] proposes Enhancement(s) to connected mode mobility in order to improve service continuity and avoid NAS recovery for both CP and UP solutions without the increasing of UE power consumption.
This paper proposes enhancements to support new signaling by UE to enable eNB to pre-emptively change NPDCCH repetition levels to provide UE with a reliable link quality during coverage level transitions during UE mobility.
2	Radio Link Monitoring Enhancement for Connected Mode Mobility
The requirement for RLM [2] is that Cat NB1 UE is expected to monitor the downlink link quality(SNR) based on the narrowband-specific reference signal and compare it to the thresholds Qout and Qin. Qout is the level at which the downlink radio link cannot be reliably received and corresponds to 10% PDCCH BLER. Qin is the level at which the downlink radio link quality can be significantly more reliably received than at Qout and corresponds to 2% PDCCH BLER. If signal level falls below Qout, UE starts timer T310 and upon receiving N310 consecutive "out-of-sync" indications for the PCell, UE goes out-of-sync (OOS). If signal level rises above Qin, UE stops timer T310 upon receiving N311 consecutive "in-sync" indications for the PCell and UE is back in-sync.
NB-IOT supports different coverage levels like in eMTC. In Rel-14, NB-IOT UE is expected to support mobility in connected mode. So eNB may configure the UE with a specific repetition level Rmax for N-PDCCH. If Qin and Qout levels are kept fixed as in legacy UE, downlink signal quality at UE moving towards lower coverage regions could easily drop below Qout and UE goes OOS. This can cause radio link failure and UE has to RACH again. This leads to unnecessary latency and power consumption. Similarly, UE coming back in-sync could be delayed until it comes back to the legacy coverage region. Thus UE needs to maintain different Qout and Qin for each N-PDCCH configuration and pre-emptively switch threshold settings. For e.g., if UE measures DL signal level which corresponds to, say, 9% NPDCCH BLER, DL signal level at UE could soon drop below Qout as UE moves without any change in NPDCCH configuration. This causes OOS and UE Tx is turned off. More importantly, eNB may not be aware of the UE’s speed/direction of travel/positioning and thus may not be able to pre-emptively change N-PDCCH aggregation/repetition levels to provide UE with a reliable link quality during coverage level transitions. Thus it makes sense for the UE to report coverage level change to the network either as a measurement report or a predefined measurement event so that the network can use the appropriate N-PDCCH Rmax and ensure reliable radio link quality. The following figure captures the idea at a high level:


Proposal 1: Introduce new Early Qout and Early Qin Event Triggers by UE to enable eNB to pre-emptively change NPDCCH repetition levels to provide UE with a reliable link quality during coverage level transitions during UE mobility. 
New measurement events could be defined to pre-emptively indicate to the network about coverage zone change. These events would ensure early triggering of NPDCCH configuration change by eNB even before UE moves across zones. The event trigger thresholds and timers could depend on DRX cycle length, downlink signal quality (SNR) and UE speed. For example, 
Event M1: Downlink signal quality (SNR) falls below Early_Qout_M1 implying that UE is moving from coverage zone 2 (good coverage) to zone 1 (bad coverage). This event canr help eNB configure a higher repetition level for UE
Event M2: Downlink signal quality (SNR) falls above Early_Qin_M2 implying that UE is moving from coverage zone 1 to zone 2. This event can help eNB configure a lower repetition level for UE 
Event M3: Downlink signal quality (SNR) falls below Early_Qout_M3 implying that UE is moving from coverage zone 3 (best coverage) to zone 2 (good coverage). This event can help eNB configure a higher repetition level for UE
Event M4: Downlink signal quality (SNR) falls above Early_Qin_M4 implying that UE is moving from coverage zone 2 to zone 3
[bookmark: _GoBack]Proposal 2: RAN4 should send an LS to RAN2 to introduce the above signaling. 
3	Conclusions 
This paper has introduced the following proposal for RLM related enhancement to support connected mode mobility for NB-IoT:
Proposal 1: Introduce new Early Qout and Early Qin Event Triggers by UE to enable eNB to pre-emptively change NPDCCH repetition levels to provide UE with a reliable link quality during coverage level transitions during UE mobility. 
Proposal 2: RAN4 should send an LS to RAN2 to introduce the above signaling. 
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