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Introduction
RAN#92-e approved a Work Item in LTE_NBIOT_eMTC_NTN Release 17 in RP-211601 to support NB-IoT/eMTC over NTN. The WI included objectives to enhance RAN1, RAN2, and RAN3 specifications in Rel-17 to enable NB_IoT and eMTC to operate in an NTN. However, RAN4 objectives were not included, as it was agreed that RAN4 requirements should be addressed in a Release-independent manner to start no earlier than March 2022. During RAN#95-e, a WI concerning NB-IoT/eMTC for NTN was approved to introduce the RAN4 requirements. In this contribution we discuss and provide our view on the RRM requirements for this feature. 
Discussions

	RRC mode
	Type of requirements
	Impact

	General
	Band groups and terminologies
	The band groups need to be updated to include the new bands for NB-IoT/eMTC over NTN and the NTN related terminologies need to be introduced. 


	
	Coverage enhancement
	The current definition of coverage levels which are defined in terms of SCH Ês/Iot-6 dB and CRS Ês/Iot -6 dB for eMTC can be reused since the side condition from TN was reused for NTN. 
Similarly, the NB-IoT coverage levels defined using NSCH Ês/Iot  -6 dB and NRS Ês/Iot  -6 dB can be reused for NB-IoT. 

	IDLE
	Serving cell evaluation
	In addition to the serving cell evaluation requirements defined in section 4.6 and 4.7 for NB-IoT and eMTC respectively, RAN4 also need to consider the principle of cell selection procedure when the UE is configured with ‘t-Service’ as specified for NR with satellite access in clause 4.2C.2.2 of TS 38.133. The 't-Service’ defined in 36.331 is configured by RRC and it indicates the time when the cell is going to stop serving the area it is currently covering. 

	
	Neighbour cell measurements
	The current neighbour cell requirements can mostly be reused. However, some of the eDRX cycles (especially the long eDRX cycles) may not be suitable for NTN scenarios when the coverage cell can be impacted (disappear). The coverage information of the serving cell is already provided to the UE as agreed in Rel-17 NTN work. Our view is that that the UE shall not apply the eDRX cycles or long DRX cycles when the coverage of the satellites is about to disappear e.g. when the current time is close to or equal to ‘t-Serice’. This may also apply to the serving cell evaluation which would require the UE to evaluate the serving cell using shorter eDRX cycles. 

	
	Paging reception
	New interruption time during paging reception was defined for NTN as TSI-NR + K*Ttarget_cell_SMTC_period ms, where K depends on the type of satellite, known and unknown condition of the satellites and the relation between the target and old satellite. This new requirements can be reused for NB-IoT/eMTC, however TSI of NB-IoT and eMTC. 

	
	Measurement capability
	We do not see any strong motivation to reduce to increase the number of carriers to monitor. Therefore our view is that eexisting requirements form LTE NB-IoT/eMTC are reused. 

	
	WUS reception
	The current requirements are defined in terms of number repetitions needed to correctly receive the WUS signal and they depend on CE level, DRX cycle, Tx diversity. Although the side conditions are same for TN and NTN, fewer repetitions may be needed to correctly receive a certain WUS signal. This may need some more investigation.  

	
	Preconfigured uplink resources
	
[bookmark: _Hlk110945735]The UE can also be configured with PUR resources along with a TA command. The UE has to update the uplink timing for transmitting on PUR according to TS 36.211 v17.2.0 i.e. transmission of uplink radio frame number  from the UE starts  seconds before start of the corresponding downlink radio frame at the UE. The parameters (  and ) are directly or indirectly received by the UE from the network i.e. in SIB31 which contains satellite assistance information (SAI) for the serving cell. Upon expiry of the SAI the TA should be considered invalid by the UE and UE should not transmit on PUR. The SAI expires upon expiry of T317 which is started upon the reception of SAI.
In addition, the UE should only perform the PUR provided that the serving cell is not going to stop serving the area it is currently covering until the next PUR occasion. Otherwise, the UE may assume the TA as invalid and not carry out the PUR transmissions e.g. TA is invalid when the current time is close to, equal to or greater than ‘t-Service’.

	CONNECTED mode mobility
	Handover
	Two different types of handovers are supported for NB-IoT and eMTC: 1) legacy type of handover where the HO is performed from a SAN PCell to another SAN cell. For this part, the current requirements can be reused.
Conditional handover (CHO) is the second type of HO supported for NB-IoT and eMTC and this requires new requirements. Requirements would be needed for time based and location based CHO and in general the framework from corresponding NR NTN requirements can be used as baseline for developing the new requirements. 

	
	RRC re-establishment
	Current requirements are reused for NB-IoT and eMTC.

	
	Random access
	Current requirements are reused for NB-IoT and eMTC.

	
	RRC connection release with redirection
	Current requirements are reused for NB-IoT and eMTC.

	Timing and signaling characteristics
	UE transmit timing
	For the UE transmit timing and timing advance/accuracy requirements, our view is the requirements from Rel-17 can be reused as baseline but some modification to the values due to the smaller BW. In addition, the impact on due adjustment of timing during an ongoing uplink sessions including large number of repetitions need more discussions. Our view is the same following related requirements from LTE can be reused [TS 36.133]:
· “When a repetition period is configured on the uplink for which R>1, the UE shall not adjust the uplink transmission timing autonomously during an ongoing repetition period other than at initial transmission as defined above.”

Due to narrow bandwidth in NB-IoT/eMTC, Doppler shift is crucial in NTN IoT. Some UEs may not be able to cope with such large Doppler shift, e.g. not be able to receive signals from different satellite simultaneously. Things could get worse when Doppler shift of signals from one satellite falls into UE’s reception frequency range for another satellite, e.g. co-frequency interfering.

	
	Timer accuracy
	

	
	Timing advance
	

	RLM
	Radio link monitoring
	The RLM requirements comprises the general control channel transmission parameters to evaluate in-sync and out-of-sync, evaluation period and associated UE behavior. Our view is that most of these requirements can be reused for NB-IoT/eMTC over NTN. However, parts of requirements that depend on repetitions may need some more discussions.
In NR NTN, a scaling actor (P) is applied to the RLM evaluation period and to the L3 measurements on non-serving satellites, which depends on UE’s capability to support parallel measurements. The scaling factors accounts for the overlapping between L1 resources and SMTC associated with non-serving satellite. Given that NB-IoT/eMTC devices are characterized by low complexity and low cost, it can be assumed that such UEs may not have the capability of supporting parallel measurements. It shall also be noted that the SMTC concept does not exist in LTE, instead the references signals are always assumed to be transmitted in every subframes for eMTC and on certain predefined subframes for NB-IoT. In addition, since the current NB-IoT/eMTC requirements do not depend on gap we do no see any need to introduce similar scaling factor for NB-IoT/eMTC over NTN.
As described in the neighour cell measurements above, the coverage cell can be impacted (disappear). The coverage information of the serving cell is already provided to the UE as agreed in Rel-17 NTN work. Our view is that that the UE shall evaluate the RLM according to non-DRX requirements when the when the coverage of the satellites is about to disappear e.g. when the current time is close to or equal to ‘t-Service’. This may allow the UE to complete an ongoing RLM evaluation or new evaluations before the UE is going to out of coverage wrt to that serving cell.

	CONNECTED mode
	
	NB-IoT:
Requirements are defined for serving cell measurements and new neighbour cell measurements requirements were introduced in release 17. Our view is that all these requirements can be reused since the NTN side conditions are similar to LTE. 
eMTC
In general most of CONNECTED mode requirements can be reused since the delay and accuracy requirements should not be impacted given that the side conditions are same. It is noted that eMTC UE may require gaps for both serving and neighbour cell measurements due to limited BW (i.e. UE BW being smaller than the cell BW). This may not be necessary for eMTC over NTN since cell BW will always be same as UE BW (1.4 MHz) due to the new band. 
· No gaps are needed for serving and neighbour cell measurements.




Regarding the specification structure, the new requirements for NB-IoT/eMTC over NTN are introduced in separate sections to avoid any impact on the legacy NB-IoT/eMTC sections. Although some of the requirements might be similar terminologies might be different, but references can used to refer to existing sections whenever possible.
Proposal 17: NB-IoT/eMTC over NTN requirements are introduced in separate sections. 
Moreover, the WID states following:
“NOTE: Rel-17 IoT NTN specifications do not cover non-NTN NB-IoT/eMTC functionality defined later than Rel-16.”

It is noted that the Rel-16 requirements of NB-IoT/eMTC contain positioning requirements which should not be part of this particular WI as there is no objective to introduce positioning support in this release of NTN IoT. 

Proposal 18: Clarify defining of positioning requirements for NTN IoT is not part of this WI.

Conclusion
In this contribution we have discussed and provided our view on the RRM impact of supporting NB-IoT/eMTC over NTN. Based on the discussions, we have made following proposals:
Proposal 1:	The general section on terminologies and band groups are updated to contain NTN IoT specific changes. 
Proposal 2:	The serving cell evaluation and neighbour cell measurement requirements are reused with following modifications: eDRX and long DRX cycles are excluded when the serving cell coverage is impacted due to satellite movement (e.g. as indicated by Tservice).
Proposal 3:	The NTN paging reception requirements based on type of satellites are reused for NTN IoT. 
Proposal 4:	The existing measurement capability requirements are reused for NTN IoT.
Proposal 5:	The principles of defining WUS reception requirements is reused but the required number of repetitions are kept TBD.

Proposal 6:	The UE update the uplink timing for transmitting on PUR using the configured TA command according to TS 36.211 v17.2.0 i.e. transmission of uplink radio frame number  from the UE starts 
Proposal 7: The UE assumes TA is valid provided that the following conditions are met, otherwise the UE is considered invalid:
· Satellite assistance information (SAI) is valid i.e. T317 has not expired and
· Current time of the UE is at least T seconds earlier than t-Service.
Proposal 8:	For legacy handovers, the existing HO requirements are reused. For Conditional handovers, new requirements based on corresponding NTN CHO are defined NB-IoT and eMTC. 
Proposal 9:	Existing RRC re-establishment requirements are reused for NTN IoT.
Proposal 10:	Existing random access requirements are reused for NTN IoT.
Proposal 11:		Existing RRC connection release with redirection requirements are reused for NTN IoT.
Proposal 12:		The timing requirements from Rel-17 NTN is used as baseline with some modification to the values to account for the lower BW is needed for NTN IoT. 
Proposal 13: 	RAN4 shall investigate Doppler shift impact on the overlapping receiving window from multiple inter-frequency satellites on IoT NTN.  
Proposal 14: 	The UE in DRX shall evaluate the RLM according non-DRX requirements provided that the following conditions are met, otherwise the UE is allowed to evaluate following DRX requirements:
· Satellite assistance information (SAI) is valid i.e. T317 has not expired and
· Current time of the UE is at least T seconds earlier than t-Service.

Proposal 15: 	CONNECTED mode serving cell and neighbour cell measurements as introduced in Rel-17 NB-IoT are reused for NTN NB-IoT.
Proposal 16: 	CONNECTED mode measurements for serving cell and neighbour cell measurements as introduced in Rel-17 NB-IoT are reused for NTN NB-IoT.
Proposal 17: NB-IoT/eMTC over NTN requirements are introduced in separate sections. 
Proposal 18: Clarify defining of positioning requirements for NTN IoT is not part of this WI.
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