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1. Introduction
The Rel-18 RAN4 WID was approved in [1] to define requirements for Rel-17 IoT NTN [2]. In Rel-17 IoT NTN, RAN1/2/3 specifications were defined to enable NB-IoT and eMTC operating over NTN. In this paper, we provide our views on RRM impacts on supporting IoT NTN.
2. Discussion
	4.1	Objective of Core part WI
The objective of this Work Item is to specify RF and RRM requirements for NB-IoT and eMTC operation over NTN functionality defined in the Rel-17 LTE_NBIOT_eMTC_NTN work item, covering the following aspects:
1. Specification of RF requirements for Satellite Access Node (SAN) and UE including the following [RAN4]:
· Specification of a 200 kHz channel raster in bands where this is feasible. 
· In bands where it is not feasible to define a 200 kHz channel raster, the specification of a 100 kHz channel raster to be used in conjunction with signalling of the “part-of EARFCN” indication on MIB, with multiple EARFCN hypotheses. 
· Verification of co-existence of IoT NTN with TN, re-using or extrapolating from existing coexistence results (from NR NTN or other) where appropriate, and considering additional simulations as necessary.
· Leveraging the studies and requirements (where applicable) of NTN NR bands n256 and n255 (and any relevant E-UTRA bands), specify the following new FDD frequency bands for NB-IoT/eMTC NTN operation:
· S-band (1980-2010 MHz in UL, and 2170-2200 MHz in DL)
· L band (1626.5 MHz – 1660.5 MHz in UL, and 1525 MHz – 1559 MHz in DL)
1. Specification of Radio Resource Management core requirements for the UE [RAN4].
All requirements specified as part of this WI shall be Release-independent from Rel-17, and generic requirements defined for the above frequency bands shall be used as a basis for definition (in a later Release-independent work item) of requirements for future E-UTRA bands for IoT NTN operation.
The specification work of this WI shall:
· Be limited to FDD requirements applicable for NB1/NB2 and Cat-M1 UE categories (HD-FDD and FD-FDD for Cat-M1).
· Re-use the framework and requirements from NB-IoT/eMTC, as well as NR NTN requirements, where applicable. 

NOTE: Rel-17 IoT NTN specifications do not cover non-NTN NB-IoT/eMTC functionality defined later than Rel-16.



The objectives of the WI are shown as follows:
In following part, we provide analysis for NB-Iot and eMTC when operating in NTN based on legacy requirements.
IDLE state
For RRC IDLE state mobility about cell selection and Re-selection, most of TN requirements can be reused with necessary modification as NR NTN in Rel-17. In TS 36.133, the requirements for cell Re-selection are defined for normal coverage and enhanced coverage separately. For cell Re-selection in enhanced coverage, the cell identification time could be up to 1063 seconds for NB-IoT and 1039 seconds for eMTC. Considering the short serving time of LEO satellite (several minutes), it is questionable whether EC requirements can apply to real IoT NTN cases.
Observation 1: The cell detection time in enhanced coverage is very long compared with serving time of LEO satellite.
Proposal 1: Discuss whether to define requirements of cell Re-selection for enhanced coverage.
As discussed in NR NTN, the serving cell service time information is utilized that UE shall be able to detect /measure/evaluate neighbor cell before the serving cell stops serving the area. The cell-stop time based cell reselection can also apply to IoT NTN as NR NTN.
Proposal 2: The cell-stop time based cell reselection should be considered in IoT NTN.
Different from NR NTN where location-based Cell reselection is also considered, according to RAN2 agreement, location-assisted cell reselection (e.g. as for NR NTN) is not supported for IoT NTN in Rel-17. Thus, there is no need to define location-based cell reselection for IoT NTN.
Proposal 3: Do not define location-based cell reselection for IoT NTN.
For measurement and evaluation of serving cell when configured with WUS (4.6.2.1A/4.7.2.1.1A), where UE can measure and evaluate the serving cell in relaxed method, legacy requirements can be taken as baseline and consider the modification of NTN (e.g. cell-stop time) when necessary.
Observation 2: For relaxed serving cell measurement and evaluation, legacy requirements can be taken as baseline.
In legacy requirements for TN, positions requirements are defined in RRC IDLE state. However, for IoT NTN, considering that UE is equipped with GNSS, the positioning measurement is irrelevant to be considered.
Proposal 4: Do not consider positioning requirements for IoT NTN.
Another aspect in IDLE state is PUR transmission introduced in Rel-16. In TN, RSRP based TA validation is defined for PUR transmission where UE evaluate the changing of RSRP measured in certian time period to determine whether PUR transmission is allowed. However, the motivation is to reflect the changing of TA via RSRP indirectly. But in IoT NTN, UE can estimate the changing of TA more accurate via GNSS (e.g. UE specific TA estimation). Thus, it seems RSRP based TA validation is unusual in IoT NTN.
Proposal 5: Discuss whether to define RSRP-based TA validation for PUR in IoT NTN.
CONNECTED state
For connected mobility control requirements, for RRC Re-establishment/Redirection, current requirements of TN can apply to NTN. For Random access requirements, RAN2 has defined UE-specific TA reporting using MAC CE in Msg3/Msg5 for IoT NTN. Similar as NR NTN, the accuracy requirements of TA reporting is not defined, thus descriptions about TA reporting for IoT NTN is enough.
Proposal 6: Requirements of RRC Re-establishment and RRC release with redirection of TN can apply to IoT NTN. 
Timing and signaling characteristics
For timing requirements, in NR NTN, the Te requirements are extended considering the error of GNSS estimation, where the reference timing is defined considering UE specific TA. Thus, in IoT NTN, similar approach can be adopted to define the Te requirements. However, it should be discussed whether to keep the same GNSS estimation accuracy assumption as NR NTN.
Proposal 7: Define Te requirements in the same method as NR NTN where the reference point is defined considering the UE specific TA, and discuss whether to keep the same GNSS estimation accuracy assumption as NR NTN.
An LS from RAN1 is sent to RAN4 [3] which is shown as follows.
	RAN1 has discussed the following aspects and leaves it up to RAN4 to specify UL Segmented Transmission for UL synchronization for IoT NTN as follows:
· UE applies segmented UL transmission according to duration configuration by the network 
· Different values (e.g., TA) for pre-compensation may be used per segment, where UE pre-compensation per segment of NPUSCH for NB-IoT and PUSCH/PUCCH for eMTC is applied from one segment to the next segment

RAN1 respectfully requests RAN4 to prioritize the UL Segmented Transmission for UL synchronization for IoT NTN work by considering introducing the above.



Due to high speed of satellite, the UL timing may change dramatically for one transmission. In legacy TN requirements, UE is forbidden to adjust UL timing within in one repetition period which is shown as follows. Thus, according to RAN1 agreement that UE can apply pre-compensated TA per segment, the corresponding requirements shall be updated.
	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.



Proposal 8: The restriction on UL transmission adjustment shall be updated according to RAN1 LS on per-segment TA pre-compensation.
HO and CHO
Connected mode mobility (HO and CHO) and measurement are supported for eMTC. In NR NTN, it is agreed that all the mobility and measurement requirements are based on a side condition that valid information for the neighbor/target cell is made available to the UE. Since the basic mechanism for mobility and measurement is same for LTE and NR, for eMTC UE to correctly perform measurement or HO to the target cell, the necessary information (as in Issue 1-6 in [4]) of target cell are also needed.
Proposal 9: Similar as NR NTN, the mobility and measurement requirements for IoT NTN apply provided that valid information for the neighbor/target cell is made available to the UE.
For HO, in NR NTN, the NR TN requirements are re-used. For eMTC over NTN, we understand the eMTC TN requirements can also be re-used. For CHO, RAN2 has defined CHO mechanism for eMTC over NTN, which is same as LTE CHO, i.e. there is no time or location based CHO. We understand RAN4 should define CHO requirements for eMTC over NTN, e.g. in a similar way as LTE CHO but with eMTC specific aspects accounted.
Proposal 10: For eMTC over NTN, define HO requirements by re-using TN HO requirements for NTN as baseline, and define CHO requirements for NTN (no need to consider time or location based CHO).
Measurement
For Connected mode measurement, the TN measurement delay requirements (number of samples, use of MGs) can be re-used as baseline. In NR NTN, a scaling factor is defined for measurement delay to account for 1) overlapped SMTC and 2) multiple LEO satellites per SMTC. SMTC is not applicable for LTE measurement, but the issue of multiple LEO satellites still exists. In particular, eMTC measurements are all performed with MG, so UE may need to measure multiple satellites with MG, so the scaling factor for measurement of multiple LEO satellites should also apply
Proposal 11: For eMTC over NTN, re-use the TN measurement delay requirements for NTN as baseline, and the scaling factor for measurement of multiple LEO satellites should also apply.
In NR NTN, RRM measurement may cause scheduling restriction to serving cell operation when measuring a different LEO satellite, and a UE capability is defined to indicate whether UE can do measurement and serving cell operation in parallel. For eMTC, the measurement is done with MG, so there is no need to define scheduling restriction for RRM measurement.
Proposal 12: For eMTC over NTN, RAN4 not to define scheduling restriction due to RRM measurement.
In NR NTN, up to 2 MGs are supported based on UE capability. For LTE, since PSS/SSS is transmitted every 5ms and CRS is transmitted in every 1ms, UE should be able to measure all the target cell on all the frequency layers with one MG, so there is no need to consider multiple MGs for IoT NTN. 
Proposal 13: For eMTC over NTN, a single MG is considered for RRM measurement.
3. Conclusions
Observation 1: The cell detection time in enhanced coverage is very long compared with serving time of LEO satellite.
Proposal 1: Discuss whether to define requirements of cell Re-selection for enhanced coverage.
Proposal 2: The cell-stop time based cell reselection should be considered in IoT NTN.
Proposal 3: Do not define location-based cell reselection for IoT NTN.
Observation 2: For relaxed serving cell measurement and evaluation, legacy requirements can be taken as baseline.
Proposal 4: Do not consider positioning requirements for IoT NTN.
Proposal 5: Discuss whether to define RSRP-based TA validation for PUR in IoT NTN.
Proposal 6: Requirements of RRC Re-establishment and RRC release with redirection of TN can apply to IoT NTN. 
Proposal 7: Define Te requirements in the same method as NR NTN where the reference point is defined considering the UE specific TA, and discuss whether to keep the same GNSS estimation accuracy assumption as NR NTN.
Proposal 8: The restriction on UL transmission adjustment shall be updated according to RAN1 LS on per-segment TA pre-compensation.
Proposal 9: Similar as NR NTN, the mobility and measurement requirements for IoT NTN apply provided that valid information for the neighbor/target cell is made available to the UE.
Proposal 10: For eMTC over NTN, define HO requirements by re-using TN HO requirements for NTN as baseline, and define CHO requirements for NTN (no need to consider time or location based CHO).
Proposal 11: For eMTC over NTN, re-use the TN measurement delay requirements for NTN as baseline, and the scaling factor for measurement of multiple LEO satellites should also apply.
Proposal 12: For eMTC over NTN, RAN4 not to define scheduling restriction due to RRM measurement.
Proposal 13: For eMTC over NTN, a single MG is considered for RRM measurement.
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