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1		Introduction 
RAN1 and RAN2 are still discussing details on the physical layer design and signalling aspects for NB-IOT. There have been some agreements in the meetings but a lot of details are yet to be specified. Based on the agreements so far, this paper discusses RRM requirements impact and the need for initial RAN4 discussion on specific requirements. 
2	Idle Mode Requirements
2.1	Cell Reselection
[bookmark: OLE_LINK6][bookmark: OLE_LINK5]Cell reselection requirements in Section 4.2 in [1] would need to be specified for NB-IOT. Higher priority search requirement for NB-IOT needs discussion. We may have to wait for RAN2 discussion/agreements on this topic of higher priority layers but at a minimum we can agree that if higher priority layers are specified, only inter-frequency carriers (i.e. exclude inter-RAT carriers) will be considered for higher priority search. Measurement and evaluation of intra-frequency cells and inter-frequency cells will need to be discussed especially since NB-IOT will need to support longer eDRX cycle lengths of upto 3 hours and also taking into account the fact that UE is expected to monitor paging during certain paging windows only and can go to sleep for long durations in between paging windows. So requirements related to Nserv (number of DRX cycles), Tdetect,EUTRAN_Intra, Tmeasure,EUTRAN_Intra, Tevaluate,EUTRAN_Intra and the margin by which the new cell should be better should also be dicussed.
2.2	UE measurement capability
[bookmark: _GoBack]RAN4 should discuss how many intra-frequency and inter-frequency carriers need to be measured for NB-IOT as specified in section 4.2.2.9 in [1]. It is clear that inter-RAT measurements are not necessary and thus no handover requirements need to be specified. Also, if more than one inter-frequency carrier needs to be monitored, then it is worth discussing if a single inter-frequency measurement requirement should be specified for all carriers or if it is better to divide the carriers as normal performance group and reduced performance group as in the Rel-12 increased carrier monitoring feature thus relaxing UE current consumption due to measurements.
2.3	Paging
When cell reselection is triggered at UE, there is an interruption in downlink channel reception on current cell since UE has to read SI from new cell and camp on it. Current requirement in section 4.2.2.7 in [1] is that for intra-frequency and inter-frequency cell re-selection, the UE shall monitor the downlink of serving cell for paging reception until the UE is capable to start monitoring downlink channels of the target intra-frequency and inter-frequency cell for paging reception. The interruption time shall not exceed TSI-EUTRA + 50 ms. But TSI-EUTRA could depend on DL channel quality at UE and SI transmission schedule by network. Since the NB-IOT UE could fall in any of the different coverage levels on the potentials cells that it can reselect to, TSI-EUTRA could be different as well. In legacy LTE, TSI-EUTRA value was defined in the RAN2 specification. In the context of NB-IOT, RAN4 needs to discuss whether it is better for RAN2 to define the value for each coverage level or if RAN4 should add a correction value to TSI-EUTRA based on the coverage level. Also, the timing/schedule of paging hyperframe (PH)/Paging Occasions (PO)/Paging Window(PW) across neighbor cells may or may not be synchronized. Thus there could be additional latency due to the wait for PO after cell-reselection if they are not synchronized. Infra vendors views on whether they are synchronized or not would be useful. Based on that, RAN4 should discuss if such synchronization or lack of it should be considered when defining requirements.
3	Radio Link Monitoring
The legacy requirement for RLM in section 7.6 in [1] is that UE is expected to monitor the downlink link quality based on the cell-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 may support different coverage levels like in eMTC. In Idle mode, NB-IOT UE is expected to support mobility. So eNB may configure different redundancy(aggregation/repetition) levels 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 may need 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% MPDCCH BLER, DL signal level at UE could soon drop below Qout as UE moves without any change in MPDCCH 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 UE could potentially 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 config and ensure reliable radio link quality. But RAN2 may decide not to support measurement reporting at least in Rel-13. RAN4 could discuss this aspect further and not only agree on the best way to capture requirements per coverage level but also take Idle mode mobility aspects into account and implications on system performance.
4	UE Tx Requirements 
For random access, one of the significant features being introduced in NB-IOT is the 3.75KHz sub-carrier spacing and single tone RACH transmission in addition to 15 KHz sub-carrier spacing. RAN4 should consider requirements impact due to the timeline change for 3.75KHz spacing and the total latency in completing the RACH procedure which impacts RRC connection re-establishment delay requirement as well. Similarly the UE transmit timing requirements in section 7.1 in [1] related to timing error and time adjustment step need to be discussed since the DL bandwidth for NB-IOT is 180KHz which is significantly smaller than the lowest DL bandwidth considered in legacy LTE.
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