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Introduction
A new Work Item of “LTE_NBIOT_eMTC_NTN_req” has been approved in RAN Plenary #95-e meeting. The objectives of the latest version of WID are quoted [1] as below,

	The following objective are considered in this 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)
2) 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.



In this contribution, we provide an overview on RRM requirements for LTE NB-IoT/eMTC over NTN, including the following aspects: 
· General discussion for RRM requirements
· including LS on UL Segmented Transmission (R4-2211518)
· IDLE state mobility requirements
· CONNECTED state mobility requirements
· Timing requirements and RLM
· Measurement requirements
General discussion for RRM requirements
The general approach for RRM Requirements is to follow similar principles as for NR NTN (alluded to in the WID), i.e. reuse the majority of existing TN requirements with necessary NTN specific modification.

The following will be discussed in this section:
· RRM Requirement applicability
· Initial CR structure
· DRX/eDRX, HD-FDD applicability
· LS on UL Segmented Transmission (R4-2211518)
· NTN related RAN4 UE features introduced in Rel-17 NR
· UE measurement capability of monitoring on number of carriers and NGSO satellites

RRM Requirement applicability
According to the objectives in WID [1], the specification work is limited to FDD requirements applicable for NB1/NB2 and Cat-M1 UE categories (HD-FDD and FD-FDD for Cat-M1). Besides, the positioning related features are seemed as not relevant for UE served by SAN in Rel-17 and therefore should not be used in RRM requirements for UE served by SAN in Rel-17, as agreed in NR NTN discussion in RAN4 103-e [2]. Also, the RRM requirements for measurements with autonomous gaps for CGI reading are not applicable in Rel-17, as agreed in R17 NR NTN in RAN4 101-b [3]. Thus, the similar approach as in NR NTN is proposed as below:
Proposal 1: The following aspects/features are not relevant for NB-IoT/eMTC UE served by SAN and therefore should not be used in RRM requirements for NB-IoT/eMTC UE served by SAN:
· TDD related aspects
· Positioning requirements	
Proposal 2: The RRM requirements for autonomous gap for CGI reading are not applicable for NB-IoT/eMTC UE served by SAN. 

Besides, the similar approach as in NR NTN discussion in RAN4 103-e [2], it suggests to focus on the requirements provided that serving and all neighbour satellites on the same layer are of same satellite type (LEO or GEO).
Proposal 3: The requirements apply provided that serving and all neighbour satellites on the same layer are of same satellite type (LEO or GEO). 
Initial CR structure
The meeting cycle for this WI is quite short (only 3 meeting remain), so the initial CR structure is proposed as below to facilitate for preparation on CR drafts. It follows the existing TN section structure in general, as in 36.133, with suffix "A” to the corresponding TN section numbers. The scope is on NB1/NB2 and Cat-M1 UE categories, while NB1 and NB2 share most of RRM requirements, unless specified otherwise. 
Proposal 4: Follow TN section structure as in TS 36.133 in general and use suffix "A" for satellite access requirement.
Proposal 5: NB1 and NB2 UE share the same requirement for UE category NB-IoT for Satellite Access, unless specified otherwise.
Below the initial CR structure is proposed for agreement (may be captured in WF). The initial CR structure is prepared based on the exiting R16 TS 36.133, because according to in WID [1], the scope is on Rel-17 IoT NTN specifications, which do not cover non-NTN NB-IoT/eMTC functionality defined later than Rel-16. Besides, the existing 3.6 clause is also listed for the potential necessary changes. 




	3.6    General
3.6.1    Applicability of requirements in this specification version
// the following clauses are specific for NB1/NB2 UEs for Satellite Access
4.6.2A    Cell Re-selection for UE category NB-IoT for Satellite Access    
4.6.3A    Requirements for transmission using preconfigured uplink resources for UE category NB-IoT for Satellite Access    
6.5A    RRC Re-establishment for NB-IoT UEs for Satellite Access   
6.6A    Random Access for UE category NB-IoT for Satellite Access    
6.9A    RRC Connection Redirection to Non-anchor Carrier in NB-IoT for Satellite Access   
7.20A    UE transmit timing for NB-IoT for Satellite Access
7.21A     UE timer accuracy for NB-IoT for Satellite Access
7.22A    Timing Advance for NB-IoT for Satellite Access
7.23A    Radio Link Monitoring for Category NB-IoT for Satellite Access
8.14A    Measurements for UE category NB-IoT for Satellite Access    

// the following clauses are specific for M1 UEs for Satellite Access
4.7.2A    Cell Re-selection for UE category M1 for Satellite Access    
4.7.3A    Channel quality report for UE Category M1 in idle mode for Satellite Access    
4.7.4A    Requirements for transmission using preconfigured uplink resources for UE category M1 for Satellite Access
5.5A    E-UTRAN Handover for Cat-M1 Ues for Satellite Access    
6.2.3A  Random Access Requirements for Cat-M1 UEs for Satellite Access    
6.7A    RRC Re-establishment for Cat-M1 UEs for Satellite Access    
6.8A    RRC Connection Release with Redirection for Cat-M1 UEs for Satellite Access
7.19A    Radio Link Monitoring for UE Category M1 for Satellite Access
7.24A    UE transmit timing for Category M1 for Satellite Access   
7.27A    UE timer accuracy for category M1 for Satellite Access   
7.28A    Timing Advance for Category M1 for Satellite Access   
8.13A    Measurements for UE Category M1 for Satellite Access


Proposal 6: Agree on the initial CR structure as proposed.


DRX/eDRX, HD-FDD applicability   
In general, for GEO, the existing TN requirements related to DRX/eDRX, HD-FDD can be re-used as baseline, although eDRX and HD-FDD are not discussed in NR NTN. 
However, for LEO/NGSO, the limitation on DRX, eDRX (PTW) can be further discussed, e.g., long DRX cycle and short PTW may not be applicable for LEO/NGSO in Enhanced coverage (EC). Similar discussion can be found in R17 NR NTN as in [3], where UE is not required to fulfil the requirements for 2.56s DRX cycle length for earth-moving LEO deploymentAgreement in R17 NR NTN in RAN4 101-b [3]
· Whether and what DRX cycle length to configure is up to NW, but UE is not required to fulfil the requirements for 2.56s DRX cycle length for earth-moving LEO deployment.


Regarding the HD-FDD specific requirements, as listed below, it has not been found significant impact by NTN, thus the existing requirements can be re-used as a baseline. Some common issues on both HD-FDD and FD-FDD will be discussed in the corresponding requirements, e.g. cell re-selection, RLM, measurements in CONNECTED mode. 
· For NB
· 4.6.2.1A	Measurement and evaluation of serving NB-IoT cell for HD-FDD UE category NB1 in normal coverage when configured with WUS
· 4.6.2.3A	Measurement and evaluation of serving NB-IoT cell for HD-FDD UE category NB1 in enhanced coverage when configured with WUS
· For M1
· Handover for M1
· 5.5.2.2	 E-UTRAN FDD – FDD for Cat-M1 HD – FDD UEs
· 5.5.3.2	 E-UTRAN FDD – FDD for Cat-M1 HD – FDD UEs
· RLM for M1
· 7.19.3	Requirements for HD-FDD with CE mode A
· 7.19.5	Requirements for HD-FDD with CE mode B
· 8.13.2.1.2	E-UTRAN intra frequency measurements for HD-FDD

Proposal 7: For GEO, the existing TN requirements related to DRX/eDRX, HD-FDD can be re-used as baseline. 
Proposal 8: For LEO/NGSO, the existing TN requirements related to DRX/eDRX, HD-FDD can be re-used as baseline. FFS the applicability of DRX/eDRX cycle length and PTW length.
LS on UL Segmented Transmission   
One incoming LS from RAN1 [4] regarding the UL Segmented Transmission for UL synchronization for IoT NTN, and a transmission gap between segments are introduced, as quoted as below:
LS on UL Segmented Transmission for UL synchronization for IoT NTN [4]
· 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
TP example
<TP1, Section 5.3.4, TS 36.211>
For BL/CE UEs communicating over NTN, for PUSCH transmission, for frame structure type 1, after a transmission duration of  time units (which may include subframes that are not BL/CE UL subframes), a transmission gap of time units shall be counted for the PUSCH resource mapping but not used for transmission of the PUSCH, according to the single UE capability ue-CE-NeedSegmentedPrecompensationGaps, as specified in 3GPP TS 36.331. The quantity  is provided by higher layers, and the quantity of  is configured by the higher layers based on the UE capability if signalled.
<END TP1>

From [4], it can be observed the UE capability on “Segmented UL transmission” are applicable to NB NGSO (NPUSCH), M1 GEO/NGSO (PUSCH/PUCCH) but not for NB GEO. 
Observation 1: The UE capability on “Segmented UL transmission” are applicable to NB NGSO (NPUSCH), M1 GEO/NGSO (PUSCH/PUCCH) but not for NB GEO. 

Regarding the RRM requirement for the UL Segmented Transmission for UL synchronization, because the UE specific TA for pre-compensation may be different for each segment and the UE specific TA is mainly captured in Timing requirement as in NR NTN. Thus, UE UL transmit timing requirements, i.e., Te_NTN seems a good place to cover it. 
Proposal 9: Segmented UL transmission can be covered by NTN UE transmit timing requirements, i.e. Te_NTN. FFS whether and how to capture in RAN4. 
NTN related RAN4 UE features introduced in Rel-17 NR
There are several NTN related RAN4 UE features were introduced in Rel-17 NR [5], as listed below: 
· 25-1 Parallel measurements on multiple SMTC-s for a single frequency carrier
· 25-2 Parallel measurements on cells belonging to a different NGSO satellite than a serving satellite without scheduling restrictions on normal operations with the serving cell
· 25-3 Parallel measurements with multiple measurement gaps
· 25-4 Enhanced RRM requirements for measurements in IDLE and INACTIVE modes
· 25-5 Parallel measurements on multiple NGSO satellites within a SMTC
· 25-6 Relaxed cell reselection on GEO

However, those UE capability may not be appliable to LTE IoT NTN. The views are expressed as below.

Regarding 25-1 / 25-3, because there is no SMTC structure in LTE, the UE capability on multiple SMTC/MGs are not applicable. 

Regarding 25-4 / 25-6, it is not preferable to introduce new UE capabilities in LTE IoT NTN. IoT requirements can be defined based on either the exiting IoT/eMTC UE capabilities or based on the existing IoT functionality. 

Regarding 25-2 / 25-5, those UE capabilities are specifically for NGSO scenario. The main impact is on cell-reselection in IDLE mode and inter-/intra-frequency measurements in CONNECTED mode. To avoid introducing new UE capability, the general approach is to assume UE is capable of measuring on one NGSO satellite at one time and may not be capable of measuring on neighboring NGSO satellite and receiving data from serving cell (belonging to different NGSO satellites) in parallel.   
Proposal 10: The following UE capability, introduced in RAN4 R17 NR NTN, are not applicable for LTE IoT in Rel-18: 
· 25-1 Parallel measurements on multiple SMTC-s for a single frequency carrier
· 25-3 Parallel measurements with multiple measurement gaps
· 25-4 Enhanced RRM requirements for measurements in IDLE and INACTIVE modes
· 25-6 Relaxed cell reselection on GEO
UE measurement capability of monitoring on number of carriers and NGSO satellites
In the current TS 36.133, the UE measurement capability of monitoring on number carriers is specified for NB IDLE mode as in 4.6.2.8, M1 in IDLE Normal Coverage mode in 4.7.2.1.4, M1 in IDLE Enhance Coverage mode in 4.7.2.2.4, and M1 in CONNCETED in 8.13.2.7 (CONN CE-A) and 8.13.3.6 (CONN CE-B). 
For NB, it is proposed to keep the same measurement capability as in TN in NTN.
Proposal 11: For NB in IDLE, the existing TN requirements of UE measurement capability of monitoring on number carriers apply, as in 4.6.2.8 in TS 38.133
· Depending on UE capability, an intra-frequency carrier.
· Depending on UE capability, at least 2 inter-frequency carriers.

For M1, although the existing M1 measurement capability include the TDD carriers, which is not supported by NTN, the existing TN requirement can still be re-used, as it will be clear that the UE is not required to measure on TDD carriers if the UE doesn’t support the TDD bands. 
Proposal 12: For M1, the existing TN requirements of UE measurement capability of monitoring on number carriers apply
· Depending on UE capability, 2 FDD E-UTRA inter-frequency carriers, and
· Depending on UE capability, 2 TDD E-UTRA inter-frequency carriers.
· the number of NTN and TN carriers UE needs to monitor is 5 including serving CC 

For NGSO deployment, to address the complexity of large Doppler shift of NGSO satellite, the additional limitation on the number of satellites the UE needs to monitor per carrier is specified in NR NTN. Thus, the similar measurement capability is also proposed for IoT NTN. 
Proposal 13: For both NB and M1 in NGSO, the number of target satellites UE needs to monitor per carrier is 2 including serving LEO satellite. 
IDLE state mobility requirements
The following requirements for NB/M1 IDLE mode will be discussed in this section: 
· Cell Re-selection
· Maximum interruption in paging reception
· Channel quality report for UE Category M1 in idle mode
· WUS receptions 
· Transmission using preconfigured uplink resources (PUR)
Cell Re-selection    
For GEO, the existing TN requirement of cell re-selection can be re-used, because no NTN specific impact has been observed, as there is no multiple SMTC modification needs to be considered in LTE. 
Proposal 14: For NB-IoT/eMTC cell re-selection requirement, 
· For GEO, 
· For NB, the existing TN requirements apply, as in 4.6.2 
· For M1, the exiting TN requirements apply, as in 4.7.2.1/4.7.2.2 

NGSO/LEO – large Doppler and number of NGSO satellites
However, LEO/NGSO may need more discussion regarding the large Doppler issue. For NGSO, since intra-/inter-frequency measurement on neighbouring cell take place in IDLE mode, the NB/M1 UE may not be able to handle two very different Doppler (i.e., serving and neighbouring) simultaneously. Thus, we can leverage the discussion as in NR NTN to introduce a satellite specific scaling factor, K, to allow UE to perform the measurement in TDM manner. In other words, the delay requirements for intra-/inter-frequency measurement can be scaled up by the number NGSO satellites, by assuming UE performs measurement on one NGSO satellite at a time. In addition, to simplify requirements, requirement can be defined based on a fixed value of number NGSO satellites in IDLE mode, i.e., for intra-frequency, it would assume 2 LEO satellites as one for serving and one for neighbouring; and for inter-frequency, it would assume 1 LEO satellites. 
One example for NGSO intra-frequency NB-IoT cells for UE category NB1/NB2 in normal coverage is provided as below, where the Tdetect, Tmeasure,NB, Tevaluate are scaled up by a satellite specific scaling factor KSatellite, where KSatellite = 1, if GEO satellites are measured on the carrier; KSatellite  = [2] or the number of NGSO satellites to be measured, if NGSO satellites are measured on the carrier.4.6.2A.2	Measurements of intra-frequency NB-IoT cells for UE category NB1/NB2 in normal coverage
· The UE shall be able to evaluate whether a newly detectable intra-frequency cell meets the reselection criteria defined in TS36.304 within Tdetect,NB_Intra_NC x KSatellite when Treselection= 0 .  
· The UE shall measure NRSRP at least every Tmeasure,NB_Intra_NC x KSatellite for intra-frequency cells that are identified and measured according to the measurement rules.
· For an intra-frequency cell that has been already detected, but that has not been reselected to, the filtering shall be such that the UE shall be capable of evaluating that the intra-frequency cell has met reselection criterion defined [1] within Tevaluate,NB_intra-NC x KSatellite when Treselection = 0, cprovided that the cell is at least XdB better ranked, where ‘X’ is specified in Table 4.6.2.4-3. When evaluating cells for reselection, the side conditions for NRSRP, NRSRP Ês/Iot, NSCH_RP and NSCH Ês/Iot apply to both serving and non-serving NB-IoT intra-frequency cells.
where KSatellite is a satellite specific scaling factor. KSatellite = 1, if GEO satellites are measured on the carrier; KSatellite=[2], if NGSO satellites are measured on the carrier


NGSO/LEO – cell detection time in intra-/inter-frequency measurement 
LEO cells are moving fast, and the UE may stay within a cell around 6 – 130 secs, depending on the deployment scenario (as in Table 7.3.2.1.4-1: Time to HO for min/max cell diameter and varying UE speed, [10]). However, the detection time with DRX/eDRX of intra-/inter-frequency measurement could be relatively long, especially for Enhanced Coverage.  
For example, as shown in Table 4.6.2.4-1 in TS 36.133, for NB in Enhanced Coverage, the cell detection time when SCH Ês/Iot of neighbouring cell < -6dB (i.e, -15≤ Q2 < -6) is larger than 260 secs, and thus the LEO cell would disappear when it has been detected. Similar if eDRX is configured, it would at least require ~225sec (11 eDRX cycles of 20.40s) to provide 406 measurement samples (assume PTW = 12.8s, eDRX = 20.48s, DRX = 0.32s), according to Table 4.6.2.4-2 in TS 36.133. 
Table 4.6.2.4-1 : Tdetect,NB_Intra_EC, Tmeasure,NB_Intra_EC and Tevaluate, NB_intra_EC
	SCH Ês/Iot of neighboring cell: Q2
	DRX cycle length [s]
	Tdetect,NB_Intra_ EC [s] (number of DRX cycles)
	Tmeasure,NB_Intra_ EC [s] (number of DRX cycles)
	Tevaluate,NB_intra_ EC
[s] (number of DRX cycles)

	-15≤ Q2 < -6
	0.32
	256 (800)
	1.28 (4)
	10.24 (32)

	
	0.64
	266 (415)
	1.28 (2)
	10.24 (16)

	
	1.28
	532 (415) 
	1.28 (1)
	12.8 (10)

	
	2.56
	532 (208) 
	2.56 (1)
	15.36 (6)

	
	5.12
	1063 (208) 
	5.12 (1)
	20.48 (4)

	
	10.24
	1063 (104) 
	10.24 (1)
	30.72 (3)

	Q2-6
	0.32
	26 (80)
	1.28 (4)
	10.24 (32)

	
	0.64
	29 (45)
	1.28 (2)
	10.24 (16)

	
	1.28
	58 (45)
	1.28 (1)
	12.8 (10)

	
	2.56
	59 (23)
	2.56 (1)
	15.36 (6)

	
	5.12
	113 (22)
	5.12 (1)
	20.48 (4)

	
	10.24
	113 (11)
	10.24 (1)
	30.72 (3)



Table 4.6.2.4-2: Tdetect,NB_Intra_EC, Tmeasure,NB_Intra_EC and Tevaluate,NB_intra_EC for UE configured with eDRX_IDLE cycle
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 2.56s periods)
	Tdetect,NB_Intra_EC [s] (number of DRX cycles)
	Tmeasure,NB_Intra_EC [s] (number of DRX cycles)
	Tevaluate,NB_intraEC
[s] (number of DRX cycles)

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥12.8 (5)
	
 (406)
	1.28 (4)
	10.24 (32)

	
	0.64
	≥12.8 (5)
	
	1.28 (2)
	10.24 (16)

	
	1.28
	≥15.36 (6)
	
	1.28 (1)
	12.8 (10)

	
	2.56
	≥17.92 (7)
	
	2.56 (1)
	15.36 (6)

	
	5.12
	≥23.04 (9)
	
	5.12 (1)
	20.48 (4)

	
	10.24
	≥33.28 (13)
	
	10.24 (1)
	30.72 (3)

	NOTE 1:	The number of DRX cycles in this table is given for the DRX cycles within PTWs.
NOTE 2:	The eDRX_IDLE cycle lengths are as specified in Section X of TS 24.008 [34].



On the other hand, for Normal Coverage, the issue is not significant, as the detection time can within 1 PTW to provide 20 measurement samples in general, e.g. DRX=0.32s and PTW>=6.4 sec), according to Table 4.6.2.2-2 in TS 36.133. Thus, for NC, the exiting TN requirement can be a baseline.  

Table 4.6.2.2-2: Tdetect,NB_Intra_NC, Tmeasure,NB_Intra_NC and Tevaluate,NB_intra_NC for UE configured with eDRX_IDLE cycle
	eDRX_IDLE cycle length [s]
	DRX cycle length [s]
	PTW length [s] (number of 2.56s periods)
	Tdetect,NB_Intra -NC [s] (number of DRX cycles)
	Tmeasure,NB_Intra_NC [s] (number of DRX cycles)
	Tevaluate,NB_intra_NC
[s] (number of DRX cycles)

	20.48 ≤ eDRX_IDLE cycle length ≤ 10485.76
	0.32
	≥ 2.56 (1)
	
 (20)
	1.28 (4)
	2.56 (8)

	
	0.64
	≥ 2.56 (1)
	
	1.28 (2)
	2.56 (4)

	
	1.28
	≥ 5.12 (2)
	
	1.28 (1)
	2.56 (2)

	
	2.56
	≥ 7.68 (3)
	
	2.56 (1)
	5.12 (2)

	
	5.12
	≥ 12.8 (5)
	
	5.12 (1)
	10.24 (2)

	
	10.24
	≥ 23.04 (9)
	
	10.24 (1)
	20.48 (2)

	NOTE 1:	The number of DRX cycles in this table is given for the DRX cycles within PTWs.
NOTE 2:	The eDRX_IDLE cycle lengths are as specified in Section X of TS 24.008 [34].



NGSO/LEO - Cell stop serving time based cell reselection for Quasi-Earth Fixed satellites
Besides, for NGSO Quasi-Earth Fixed satellites, cell stop serving time based cell reselection is supported and thus can be further considered in cell re-selection, i.e. ‘t-Service’ can be indicated in SIB as in TS 36.331. The following are excerpts from NR NTN cell re-selection as in 38.133 [7] with minor modifications and can be considered to add in the corresponding cell re-selection clauses in 36.133 for IoT NTN. For example, the time duration for the UE to initiate cell selection procedures will be revised to 40s for NB UE in normal coverage, 80s for NB in Enhanced Coverage, and 20s for M1 UE. Measurement and evaluation of serving cell
If the UE is configured with ‘t-Service’ in the serving cell then the UE shall initiate cell selection procedures for the selected PLMN as defined in TS 38.304 when any of the following conditions is fulfilled:
-	If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information within [40s/80s for NB NC/EC; 20s for M1] since time instance T1 provided that ‘t-Service’ > T1 or
-	If the UE in RRC_IDLE has not found any new suitable cell based on searches and measurements using the intra-frequency, inter-frequency and inter-RAT information indicated in the system information within [40s/80s for NB NC/EC; 20s for M1] since the time instance ‘t-Service’.
-	Where, T1 is the time instance in seconds when the UE has determined that the serving cell does not fulfil the cell selection criterion S.
Measurements of intra-frequency NR cells 
If t-Service is broadcasted and applicable, UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops serving the area, and when to start the detection, measurement and evaluation on neighbour cells is up to UE implementation. 
Measurements of inter-frequency NR cells 
If t-Service is broadcasted and applicable, UE shall be able to detect, measure, and evaluate neighbour cells before the serving cell stops serving the area, and when to start detection, measurement, and evaluation is up to UE implementation. 

Proposal 15: For NB-IoT/eMTC cell re-selection requirement, 
· For NGSO, 
· the existing delay requirements (Tdetect, Tmeasure, Tevaluate) can be scaled up by KSatellite 
· where KSatellite is the number NGSO satellites and is can assume KSatellite =[2] for intra-frequency measurement in IDLE mode and KSatellite =1 for inter-frequency measurement in IDLE mode.
· For Normal Cover, the exiting TN requirement can be the baseline. 
· For Enhanced Coverage intra-/inter-frequency measurement, the existing TN requirement on Tmeasure, Tevaluate can be the baseline.  FFS the cell detection time (Tdetect).
· cell stop serving time based cell reselection can be further considered for Quasi-Earth Fixed satellites
Maximum interruption in paging reception
It can be observed from the NR NTN Maximum interruption in paging reception as in 38.133 [7], as copied below, if the target cell belongs to a different satellite than the current one and the target cell’s satellite is non-GEO, more attempts are allowed (i.e. K = 5), and it becomes 2.5 times comparing to GEO (i.e. K=2). By following the same logic, we propose longer maximum interruption for the case of different NGSO satellite.  
Observation 2: In current 38.133 NR NTN, the maximum interruption in paging reception is extended if the target cell belongs to a different satellite than the current one and the target cell’s satellite is non-GEO.
4.2C.2.5	Maximum interruption in paging reception
UE shall perform the cell re-selection with minimum interruption in monitoring downlink channels for paging reception.
At 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-NR + K*Ttarget_cell_SMTC_period ms. 
Where,
If the target cell belongs to the same satellite as the current one, and if the target cell is known, then K = 2; otherwise, if the target cell is unknown, then K = 5. 
If the target cell belongs to a different satellite than the current one and the target cell’s satellite is GEO, and if the target cell is known, then K = 2; otherwise, if the target cell is unknown, then K = 5.
If the target cell belongs to a different satellite than the current one and the target cell’s satellite is non-GEO, then K = 5.
…
The target cell is considered as known if it has been detectable during Tdetect,NR_Intra or Tdetect,NR_Inter, and the time span between SIB broadcasting cell stop time and the cell stop time is not less than Ttrigger. Otherwise, the target cell is considered as unknown, where Tdetect,NR_Intra, Tdetect,NR_Inter and Ttrigger are defined in 4.2C.2.3 and 4.2C.2.4.

It can also be observed that known condition based on Trigger is also specified to ensure the UE is provided with sufficient time for measurement if cell stop time in SIB is supported.  However, the explicit paging interruption for unknown case may not be necessary and it can simply capture the longer interruption is expected. 
Proposal 16: For NB, the maximum interruption in paging reception for NTN cell reselection shall not exceed 
· TSI-NB1-NC/EC + 100 ms, 
· the target cell’s satellite is GEO, or
· the target cell’s satellite is NGSO and the target cell belongs to the same satellite as the current one
· Note: same as the existing TN requirement, as in 4.6.2.7/4.6.2.7A
· TSI-NB1-NC/EC + [250] ms, 
· the target cell’s satellite is NGSO and the target cell belongs to the different satellite as the current one
Proposal 17: For M1, the maximum interruption in paging reception for NTN cell reselection shall not exceed 
· TSI-EUTRA-M1-NC/EC + 50 ms, 
· the target cell’s satellite is GEO, or
· the target cell’s satellite is NGSO and the target cell belongs to the same satellite as the current one
· Note: same as the existing TN requirement, as in 4.7.2.1.5/4.7.2.2.5
· TSI-EUTRA-M1-NC/EC + [125] ms, if 
· the target cell’s satellite is NGSO and the target cell belongs to the different satellite as the current one

Proposal 18: If the cell stop time (i.e., t-serve) is applicable, and the time span between SIB broadcasting cell stop time and the cell stop time is less than Ttrigger, longer interruption is expected.

Channel quality report for UE Category M1 in idle mode 
Because no NTN specific impact has been observed on the existing requirement, thus the existing TN requirements can be applicable for UE supporting DL channel quality reporting for UE Category M1 as defined in TS 36.321 section 5.25. 
Proposal 19: For M1, the existing TN requirements of channel quality report for in idle mode apply, as in 4.7.3.

WUS receptions 
Because no NTN specific impact has been observed on the existing requirement, thus the existing TN requirements regarding WUS reception can be applicable, provided that the WUS has been configured in the serving cell. 
Proposal 20: For WUS receptions, 
· For NB, the existing TN requirements apply, as in 4.6.2.9. 
· For M1, the existing TN requirements apply, as in 4.7.2.3.

Transmission using preconfigured uplink resources (PUR) 
Because no NTN specific impact has been observed on the existing requirement, thus the existing TN requirements can be applicable. I.e., the existing TA validation requirements based on RSRP can be re-used, as the current RAN2 spec. New procedures should be agreed in RAN2 first. 
Proposal 21: For Transmission using preconfigured uplink resources (PUR), 
· For NB, the existing TN requirements apply, as in 4.6.3. 
· For M1, the existing TN requirements apply, as in 4.7.4.
CONNECTED state mobility requirements
The following CONNECTED state mobility requirements for NB/M1 IDLE mode will be discussed in this section: 
· E-UTRAN Handover for Cat-M1 UE
· Random Access 
· RRC Re-establishment 
· RRC Connection Release with Redirection
E-UTRAN Handover for Cat-M1 UE
Becasue no NTN specific impact has been observed on the existing requirement, thus the existing TN requirements can be applicable in general. Note that the timer-based / location-based CHO are not supported in IoT NTN. Although the legacy R16 CHO it supported, there is no M1 CHO requirements specified in the current 36.133 yet. It can be revisited once the M1 CHO requirements have been introduced.  
Proposal 22: For M1, the existing requirements of E-UTRAN Handover for Cat-M1 UE apply, as in 5.5.
 
Random Access 
Because no NTN specific impact has been observed on the existing requirement, thus the existing TN requirements can be applicable in general. In addition, NTN UE specific TA reporting can be enabled during RACH procedure, as in TS 36.321[8], the UE shall be able to report information about UE specific timing advance during a Random Access procedure if the UE supports it. Accuracy requirement = Te_NTN?? To check RAN2 TA reporting mapping? 
Proposal 23: For Random Access,
· For NB, the existing TN requirements apply, as in 6.6 
· For M1, the existing TN requirements apply, as in 6.2.3
· If UE specific TA reporting is enabled and applicable, UE shall be able to report information about UE specific timing advance during a Random Access procedure as specified in TS 36.321[17].

RRC Re-establishment 
Because no NTN specific impact has been observed on the existing requirement, thus the existing TN requirements can be applicable.
Proposal 24: For RRC Re-establishment,
· For NB, the existing TN requirements apply, as in 6.5 
· For M1, the existing TN requirements apply, as in 6.7
 
RRC Connection Release with Redirection  
Because no NTN specific impact has been observed on the existing requirement, thus the existing TN requirements can be applicable.
Proposal 25: For RRC Connection Release with Redirection,
· For NB, the existing TN requirements apply, as in 6.9 
· For M1, the existing TN requirements apply, as in 6.8
Timing requirements and RLM
The following timing and RLM requirements for NB/M1 IDLE mode will be discussed in this section: 
· UE transmit timing
· UE Timer accuracy
· Timing Advance (adjustment accuracy)
· RLM (Radio link monitoring)
UE transmit timing 
It can be observed from TS 38.133 section 7.1C [7] on UE transmit timing for Satellite Access, the UE initial transmission timing error for 15 kHz is relaxed by 17*Ts, i.e. from 12*Ts (12*64*Tc) to be 29*Ts, by consideration the inaccuracy introduced by UE GNSS and estimation error of Satellite position based on signalled Ephemeris. By following the same principle, the IoT Te_NTN can be extended by 17 Ts, and the corresponding Te_NTN for NB and M1 are proposed below. In our view, more than 17 Ts relaxation is not desirable because the timing requirement already be relaxed several times comparing the normal LTE and too large timing error will impact on the UL performance. 

Proposal 26: For IoT NTN, Te_NTN is extended by [17] Ts,
· For NB, Te_NTN: 80+ [17] = [97] Ts.
· For M1 CE Mode A, Te_NTN: 24+[17] = [41] Ts
· For M1 CE Mode B, Te_NTN: 48+[17] =[65] Ts 

Gradual timing adjustment
Similar to NR NTN, as in TS 38.133 section 7.1C.2.1 and copied below, because of UE pre-compensation on UL timing, the reference timing should take NTA,common + NTA,UE-specific into account. The same value of the exiting values of Tq /Tp  are applicable. Also similar clarification on the adjustments would be needed, i.e. to clarify with "apart from a change of NTA,UE-specific and NTA,common ….". 
[bookmark: _Hlk110436990]7.1C.2.1	Gradual timing adjustment
When the transmission timing error between the UE and the reference timing exceeds Te_NTN then the UE is required to adjust its timing to within Te_NTN. The reference timing shall be (NTA + NTA-offset + NTA,common + NTA,UE-specific)×Tc before the downlink timing of the reference cell. All adjustments made to the UE uplink timing shall follow these rules:
1)	The maximum amount of the magnitude of the timing change, apart from a change of NTA,UE-specific due to satellite position update and NTA,common between the previous transmission and the current transmission, in one adjustment shall be Tq_NTN.
2)	The minimum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last one second, shall be Tp_NTN per second.
3)	The maximum aggregate adjustment rate, apart from a change of NTA,UE-specific due to satellite position update and NTA,common during the last 200ms, shall be Tq_NTN per 200 ms.


Proposal 27: For gradual timing adjustment, the reference timing shall be (NTA + NTA-offset + NTA,common + NTA,UE-specific)×Tc before the downlink timing of the reference cell. Clarify the adjustment with "apart from a change of NTA,UE-specific and NTA,common"

Proposal 28: For gradual timing adjustment, the legacy values of Tq /Tp  are applicable to Tq_NTN /Tp_NTN.

UE Timer accuracy 
Because no NTN specific impact has been observed on the existing requirement, thus the existing TN requirements can be applicable.
Proposal 29: UE Timer accuracy,
· For NB, the existing TN requirements apply, as in 7.21 
· For M1, the existing TN requirements apply, as in 7.27

Timing Advance adjustment accuracy
Regarding the timing adjustment, similar clarification to take the change of NTA,UE-specific and NTA,common into account, as discussed in gradual timing adjustment, can be also found in NR NTN discussion on Timing Advance adjustment accuracy, as shown below [9].2.5		WF on TA adjustment accuracy requirements
· Issue 2-1: The additional conditions for NTN TA adjustment accuracy requirement.
· Agreement: 
· The UE shall adjust the timing of its transmissions, apart from a change of NTA,UE-specific and NTA,common between the preceding uplink transmission and the current transmission, with a relative accuracy better than or equal to the UE Timing Advance adjustment accuracy requirement in Table 7.3.2.2-1, to the signalled timing advance value compared to the timing of preceding uplink transmission. The timing advance command step is defined in TS 38.213 [3].


The same clarification can be also made to IoT NTN and keep the exiting accuracy. 
The text proposal is provided as below: 
· For NB1, the UE shall adjust the timing of its transmissions, apart from a change of NTA,UE-specific and NTA,common between the preceding uplink transmission and the current transmission, with a relative accuracy better than or equal to ±13.33* TS seconds to the signalled timing advance value compared to the timing of preceding uplink transmission.
· For M1, The UE shall adjust the timing of its transmissions, apart from a change of NTA,UE-specific and NTA,common between the preceding uplink transmission and the current transmission, with a relative accuracy better than or equal to ±4* TS seconds to the signalled timing advance value compared to the timing of preceding uplink transmission.
Proposal 30: For Timing Advance adjustment accuracy,
· Existing NB TN (accuracy) requirements apply, as in 7.22 
· Existing M1 TN (accuracy) requirements apply, as in 7.28
· Clarify the adjustment of timing with "apart from a change of NTA,UE-specific and NTA,common between the preceding uplink transmission and the current transmission”

RLM 
For GEO, no NTN specific impact has been observed on the existing requirement, thus the existing TN requirements can be applicable.
For LEO/NGSO, the large Doppler shift may occur, as discussed in NR NTN, and thus the UE may not be able to measure both of serving cell and the intra-frequency cells if those cells are from different NGSO satellite. Because for NB, the intra-frequency cells are only serving cells, thus no need to consider this case for NB. Thus, for NB, the existing TN RLM requirement can apply, as in TS 36.133 section 7.23. 
For M1 UE in LEO, it is preferrable to avoid introducing new UE capability of L1/L3 processing in parallel. The requirement can be defined based on the UE measures on one NGSO satellite at a time. If gap is configured, then there is no issue. If gap is not configured, if can be FFS on whether to extend the RLM evaluation period by the number of NGSO satellites. 
Proposal 31: For RLM,
· For NB, the existing TN requirements apply for GEO and NGSO, as in 7.23 
· For M1, 
· For GEO, the existing M1 TN requirements apply, as in 7.19
· For NGSO, define the RLM requirements based on UE measures on one NGSO satellite at a time, without introducing the UE capability of L1/L3 processing in parallel.
Measurement requirements
The following measurement requirements for NB/M1 IDLE mode will be discussed in this section: 
· Intra-frequency measurements
· Inter-frequency measurements for M1
· Connected mode channel quality report
Note that R16 NB-IoT does not support inter-frequency measurements in CONNCETED mode and hence it is not considred in R18 NB-IoT NTN requirements. 
Intra-frequency measurements  
Similar discussion as in cell re-selection. For GEO, the existing TN requirement of cell re-selection can be re-used in general, because no NTN specific impact has been observed, as there is no multiple SMTCs or multiple gaps modification needs to be considered in LTE. 
For LEO/NGSO, it needs to consider the impact of large Doppler shift between different NGSO satellites. For NB, since the NB-IoT intra frequency measurements are specified for serving NB-IoT cell, as in 8.14.2/3, there is no issue caused by performing measurements on two different NGSO satellites, and thus the existing NB intra frequency measurements requirement can apply. For M1 in LEO/NGSO, as discussed in cell re-selection and in NR NTN, the delay requirement can be scaled up by a satellite specific scaling factor KSatellite, where KSatellite = the number of NGSO satellites to be measured. 
Observation 3: NB-IoT intra frequency measurements are specified for serving NB-IoT cell.
Proposal 32: for intra-frequency measurements,
· For NB, the existing TN intra frequency measurement requirements apply, as in 8.14.2 for Normal Coverage and 8.14.3 for Enhanced Coverage.
· For M1 in GEO, the existing M1 TN intra frequency measurement requirements apply, as in 8.13.2.1 for CE mode A and 8.13.3.1 for CE mode B
· For M1 in NGSO, the delay requirements are scaled up by the number NGSO satellites.
 
Inter-frequency measurements for M1  
Similar discussion as in intra-frequency measurement: for GEO, the existing requirement can apply; for NGSO, a satellite specific scaling factor KSatellite can be considered. 
Proposal 33: for inter-frequency measurements,
· For M1 in GEO, the existing M1 TN requirements apply, as in 8.13.2.6 for CE mode A and 8.13.3.5 for CE mode B.
· For M1 in NGSO, the delay requirements are scaled up by the number NGSO satellites.
 
Connected mode channel quality report 
Because no NTN specific impact has been observed on the existing requirement, thus the existing TN requirements can be applicable.
Proposal 34: for Connected mode channel quality report,
· For NB, the existing TN requirements apply, as in 8.14.4
· For M1, the existing TN requirements apply, as in 8.13.2.8 for CE-A, 8.13.3.8 for CE-B
Summary
In this contribution, the overview of RRM requirements for NB-IoT/eMTC over NTN has been dicussed, and initial CR structure is also provided. 
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