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1	Introduction
In Rel-17, support for NB-IoT and eMTC over NTN was studied in [4] and defined in RAN1 and RAN2 under the Work Item described in [2]. RAN4 requirements will be defined in a release-independent manner in Rel-18. The work item description in [1] lists the following objectives for RAN4 RRM work: 
	4    Objective
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]:
· …
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.




From the parent work item in [2], we have that the following is taken as assumption: 
- Standalone deployment for NB-IoT / eMTC (i.e. operating in carrier(s) used only for NB-IoT NTN (resp. eMTC NTN)) for support in Rel-17 timeframe will be prioritized. 
- GNSS capability in the UE is taken as a working assumption for both NB-IoT and eMTC devices. With this assumption, UE can estimate and pre-compensate timing and frequency offset with sufficient accuracy for UL transmission. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed.
- NB-IoT/eMTC design for terrestrial networks shall be reused as much as possible.
In this discussion paper, we present an overview of the enhancements defined for this functionality in Rel-17 and present our views on the RRM requirements that will be impacted. We take into account both the work done in the Parent work item in [2] and in the NR NTN work item in Rel-17.
2	Overview of the scenarios applicable to NB-IoT / eMTC and possible RRM impact
The reference scenarios for the LTE IoT NTN work item according to [4] are: 
Table 1 – Example of scenarios in the LTE IoT NTN study item / Technical Report.
	
	GEO 
Scenario A
	LEO 
Scenario B (steerable beams) & C (fixed beams)
	MEO
Scenario D

	Altitude
	35,786 km
	600 km – 1,200 km
	10,000 km

	Device Channel Bandwidth
	NB-IoT 180 kHz (DL), Up to 180 kHz with all permissible smaller resource allocations 12*15 kHz, 6*15 kHz, 3*15 kHz, 1*15 kHz, 1*3.75 kHz (UL)
eMTC: 1080 kHz (DL), Up to 1080 kHz with all permissible smaller resource allocations, including 2*180 kHz, 180 kHz, 2*15 kHz or 3*15 kHz or 6*15 kHz (UL)

	Max Round Trip delay 
	641.46 ms
	25.77 ms and 41.77 ms 
	186.9 ms

	Max differential delay within a cell
	10.3 ms
	3.2 ms and 3.18 ms
	13.4 ms

	Max Doppler shift (earth fixed user equipment) (NOTE 6)
	0.93 ppm
	24 ppm (600km) 
 21ppm(1200km) 
 
	7.5 ppm



The LTE_IoT_NTN work item defines several communication scenarios: LEO, GEO and MEO. These scenarios are significantly different, for example, in term of cell-coverage, round trip time, differential delay and max Doppler shift, which might impact on RRM core / Demodulation requirements. Additionally, the WID specifies that requirements for both eMTC and NB-IoT are to be defined.
RAN4 NTN work only considered LEO and GEO scenarios, but the TR 36.763 concluded that the enhancements from the NTN work are applicable to MEO as well.
RAN4 to develop RRM requirements for LEO and GEO scenarios.  If needed, prioritize LEO
RAN4 to develop RRM requirements for both eMTC and NB-IoT devices over NTN.
The WID also describes that requirements for NB-IoT and eMTC over NTN shall re-use the framework and requirements for terrestrial NB-IoT/eMTC as well as NR NTN requirements where applicable. As a first analysis, there are some differences from the assumptions from the NTN work item that need to be taken into account in the RRM requirements, such as:
· Discontinuous coverage
· Location assisted cell reselection is not supported for IoT NTN (agreement in RAN2 #116)
· Simultaneous GNSS and NB-IoT/eMTC operation is not assumed
· Timing and frequency synchronization
An overview of the requirements that need to be defined to support IoT NTN operation is given below:
RAN4 to consider the following list of requirements in the discussion of the scope of RRM requirements for IoT NTN:
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Table 2 - Overview of the RRM requirements needed for the IoT NTN WI
	Section
	NB-IoT
	eMTC

	RRC_Idle mobility
	Yes
	Yes

	Random access
	Yes 
	Yes

	Handover
	
	Yes

	RRC Re-establishment
	Yes
	Yes

	RRC connection release with redirection
	Yes
	Yes

	Radio Link Monitoring
	Yes
	Yes

	Timing requirements
Transmit timing
Timing Advance
	Yes 
	Yes

	[bookmark: _Hlk110850502]Intra-frequency / inter-frequency measurements
	
	Yes












RRC Idle mobility: As in the NR NTN work item, considering the large propagation delays and different delays from neighbor cells measurements, Idle mobility will be impacted. In NTN, UEs are expected to change cell frequently, due to satellite movement, which leads to increased power consumption due to equally frequencyt measurements and SIB reading. Furthermore, the UE might not be required to measure neighbor cells in some scenarios due to discontinuous coverage, and this needs to be considered in the RRM requirements. 
RRC Connected mobility: For random access, updates might be needed considering the RAN1 agreements for UL segmentation TA pre-compensation.  There are also some differences among the specific scenarios that might need to be taken into account in the requirements, such as: UL segmented transmission NPRACH/NPUSCH for NB-IoT is not supported in GEO. For UE category M1 handover, RAN2 sent an LS to RAN4 [8], informing that the RRM impacts of supporting Rel-16 CHO mechanism shall be taken into consideration in this WI. Additionally, the impact of the validity of the GNSS measurement during HO needs to be investigated. 
UE transmit timing: In IoT NTN, simultaneous GNSS and NB-IoT / eMTC operation cannot be assumed, but it is a working assumption that the UE can compute timing advance and frequency adjustment based on the GNSS position and serving satellite ephemeris. Furthermore, the UL synchronization, as well as the assistance information such as serving satellite ephemeris data, have a timer validity which needs to be considered in the transmit timing requirements. RAN4 to consider the UL timing alignment correction defined in RAN1. The UE needs to report the timing advance – requirements are also need.
Intra-frequency and Inter-frequency measurements: New requirements are needed for eMTC. A topic that needs to be considered in the requirements is the validity of GNSS measurements  , since the assumption is that the UE cannot measure GNSS simultaneously with eMTC/NB-IoT operation. Also, different scenarios, such as GEO and LEO, might need to be investigated in detail like in the NTN work item.
2 Discontinuous Coverage
In non-terrestrial networks, the satellite coverage windows are discontinuous and may be unevenly distributed in the discontinuous coverage scenario. In the SI phase it was agreed that it should be possible for the UE to predict the coverage windows based on the knowledge about future satellites and the UE’s location and use this information to avoid unnecessary cell search when out of coverage. 
In the WI description [2] the following objective is included:
	-    Support of discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. Minor enhancements to the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and (G)WUS can be considered, and if found needed, specified, to support discontinuous coverage;



The following was agreed on this topic in RAN2: 
	RAN2 #115 
· RAN2 confirms that the following will be supported: discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. It is expected that this need to be taken into account at least for Idle mode. The requirement is applicable for all reference scenarios (GEO, MEO and LEO). 
· Satellite assistance information will be used by the UE for predicting coverage discontinuity. The details of the assistance information is FFS. FFS whether any applicable agreements made in NR-NTN can be reused. 
· The details of UEs actions when predicted to be out of coverage is FFS, e.g. stopping unnecessary cell search in the Idle mode, and FFS to what extent this need to be specified.  
· It is FFS to what extent it need to be specified the details of UE’s prediction of discontinuous coverage and its ability to detect when it is back in coverage. 
· RAN2 sends an LS to SA2 and CT1 (cc: RAN3) for the possible alignment work in their specification due to the support of discontinuous coverage. 
· LS out is approved, final version in R2-2109213 

RAN2 #116 
· Satellite Ephemeris Parameters (not same as for L1 pre-compensation, for the constellation, not just single satellite) is needed for the UE for predicting coverage discontinuity. Other info, e.g. beam info, elevation angle, reference location or corresponding is FFS.  
· Providing the start-time of (incoming) satellite’s coverage and end-time of serving satellite’s coverage is needed for Quasi-Earth Fixed satellites. 
· From RAN2 point of view, the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and WUS can be reused in IoT-NTN. Minor enhancements in existing power saving mechanisms to support discontinuous coverage is FFS. 
RAN2 #117
· RAN2 will use a new SIB to share the ephemeris information for Discontinuous Coverage with the UEs. Sharing the information using dedicated RRC signalling is FFS. 
· While Out of Coverage in Discontinuous Coverage deployment (in Idle Mode or PSM mode) the UE is not required to perform any cell search and may deactivate its AS functions to optimize the power consumption. The remaining UE behaviour is left to UE implementation. FFS whether anything need to be specified for ASNAS interaction.  
· For Discontinuous Coverage, ephemeris information of up to a maximum X satellites can be shared using the new SIB, where X is limited by the volume of information vs capacity of the SIB (X=4 is baseline). Increasing this maximum number by using dedicated RRC Signalling and by any further ephemeris optimization is FFS. 
· RAN2 assumes that for Discontinuous Coverage, network can signal mean ephemeris parameters (for neighbours and potentially serving satellite for coverage prediction purpose), using the same (already introduced) ephemeris format. UE can always assume these are mean values and It is up to the network implementation to derive this mean value (and any trade-off between instantaneous and mean values if needed). FFS whether additional assumptions (like averaging time) need to be clarified, e.g. to have predictable performance. 
 
· P3: For Prediction of discontinuous coverage, Information about satellite id, ephemeris type (FFS if two, three of four types) and epoch time will be provided with the ephemeris information. FFS if epoch time can be optional and be implicitly derived.  
 





The satellite orbit / earth rotation and the constellation can significantly change the satellite availability for a given UE location, as shown in our contribution in [7]. In order to avoid unnecessary power consumption due to measurements when the UE is in discontinuous coverage, RAN2 defined a framework to aid the UE in the coverage prediction and power optimization. In Rel-17, a new SIB32 was defined to share the ephemeris information for discontinuous coverage with the UEs, and this satellite assistance information will be used by the UE to predict the coverage discontinuity. On top of that, a new UE behaviour was defined in RAN2: the UE in discontinuous coverage deployment is not required to perform any cell search. 
RAN2 has agreed that the UE in discontinuous coverage deployment is not required to perform any cell search. 
A new SIB32 was defined so that the ephemeris information for discontinuous coverage is shared with the UEs.
Therefore, it seems reasonable that the RAN4 requirements assume that the UE is able to predict when it is in discontinuous coverage. 
Define the RAN4 requirements based on the assumption that the UE is able to predict the coverage.
In IDLE mode or PSM mode, the UEs are not required to perform any cell search while out of coverage in discontinuous coverage.
3 Conclusions
In this contribution we discuss the RRM requirements for the LTE IoT NTN WI. The following observations and proposals are presented:
1. The LTE_IoT_NTN work item defines several communication scenarios: LEO, GEO and MEO. These scenarios are significantly different, for example, in term of cell-coverage, round trip time, differential delay and max Doppler shift, which might impact on RRM core / Demodulation requirements. Additionally, the WID specifies that requirements for both eMTC and NB-IoT are to be defined.
RAN4 NTN work only considered LEO and GEO scenarios, but the TR 36.763 concluded that the enhancements from the NTN work are applicable to MEO as well.
1. RAN4 to develop RRM requirements for LEO and GEO scenarios.  If needed, prioritize LEO
RAN4 to develop RRM requirements for both eMTC and NB-IoT devices over NTN.
RAN4 to consider the following list of requirements in the discussion of the scope of RRM requirements for IoT NTN:
RAN2 has agreed that the UE in discontinuous coverage deployment is not required to perform any cell search. 
A new SIB32 was defined so that the ephemeris information for discontinuous coverage is shared with the UEs.
Define the RAN4 requirements based on the assumption that the UE is able to predict the coverage.
In IDLE mode or PSM mode, the UEs are not required to perform any cell search while out of coverage in discontinuous coverage.
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