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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 last RAN4 meeting, the RRM impact was initially discussed [3]. In this paper, we further provide our views on remaining issues.
2. Discussion
2.1 General 
[bookmark: _Hlk115270660]For the general part of RRM requirements for IoT NTN, most issues are concluded with agreements captured in [3]. One important issue is about the measurement capability on number of NGSO satellites. The status are summarized as follows:
	· Introduce UE capabilities on number of NGSO satellites that UE can monitor in total in addition to the baseline requirements.
· Minimum (baseline) requirements of UE monitoring multiple NGSO satellites per carrier in total should be discussed.
The following Tentative Agreement can be FFS in next meeting 
· For minimum (baseline) requirements for NB in IDLE and M1 in both IDLE and CONNCTED 
· for intra-frequency carrier, the number of target satellites UE needs to monitor is [2] including serving LEO satellite.
· for inter-frequency carrier, the number of target satellites UE needs to monitor per carrier is [2] if one of the target satellites include the UE serving satellite; the number of target satellites UE needs to monitor is [1] otherwise



From our understanding, the baseline requirements on number of NGSO satellites is reasonable considering the real deployment, which requires UE to monitor at most 4 satellites (2 satellite including serving one for intra-frequency, and one satellite for each inter-frequency carriers).
Proposal 1: The minimum (baseline) requirements of number of NSGS satellites for NB in IDLE and M1 in both IDLE and CONNCTED:
For intra-frequency carrier, the number of target satellites UE needs to monitor is 2 including serving LEO satellite.
For inter-frequency carrier, the number of target satellites UE needs to monitor per carrier is 2 if one of the target satellites include the UE serving satellite; the number of target satellites UE needs to monitor is 1 otherwise.
Regarding introducing additional UE capabilities on number of NSGO in addition to the baseline requirements, the motivation is that UE may not be able to support number of satellites as required by the above minimum requirements, then it is expected to define the baseline requirements with the number of satellites less than 4 and define the corresponding UE capability. However, with the above baseline requirements which is already challenging to IoT device, we do not think there is strong demand to define a UE capability with even larger number of satellites. Even if the UE capability is needed, it is not realistic to assume much more satellites that UE can monitor additionally.
Proposal 2a: With the baseline requirements on number of NGSO satellites in proposal 1 agreed, there is no need to introduce UE capability on number of NGSO satellites that UE can monitor in additional.
Proposal 2b: Introduce UE capabilities on number of NGSO satellites that UE can monitor in total in addition with candidate value of 1 and 2.
Another issue is about whether to relax the initial cell search requirements considering the Doppler shift and small BW of IoT device. The status are summarized as follows. It is technically reasonable considering the challenge brought by high Doppler shift and small BW. However, from RRM requirements perspective, there is no requirements on initial cell search which is up to UE implementations.
	Issue 1-4: Relaxation of Initial Cell Search for NGSO
FFS if any RRM requirements impacted by initial cell search latency for NGSO and FFS if initial cell search latency is relaxed by [X]% compared to the existing requirements.



Observation 1: There is no initial cell search requirements which is up to UE implementation.
[bookmark: _GoBack]2.2 IDLE state mobility 
For IDLE state mobility requirements, good progress has been made and only particular issues need further discussion. One of the remaining issue is whether to include additional conditions for relaxed requirements considering the impact of t-service. The motivation is that, in legacy relaxed measurement requirements for serving cell measurement and neighbour cell measurement, condition is only about the variation of RSRP of serving cell. However, in IoT NTN, the variation of RSRP could be much smaller especially in earth moving case than that for TN which is caused by the mobility of UE. As a result, it UE enters the relaxed measurement mode, UE may not stop the relaxed measurement even the serving cell is going to stop the service. Then, it is reasonable to add the condition that UE shall not continue relaxed measurement at least a certain time period before t-service. Considering the length of the time period, it is proposed to following the same logic as NR NTN (Ttrigger) that UE is able to search the neighbour cells in intra and inter-frequencies. The status are summarized as follows:
	__Issue 2-1-5: NGSO, t-service impact on relaxed requirements
The following proposals can be FFS in next meeting
· UE is allowed to meet the relaxed serving cell measurement requirements provided that
· Option 1a: the UE has met the existing relaxation conditions and the serving cell is not going to stop serving the area, where the UE is located, at least during the last [4] DRX cycles before ‘t-Service-r17’ if not configured with eDRX_IDLE cycle
· Option 1b: the UE has met the existing relaxation conditions and the serving cell is not going to stop serving the area, where the UE is located, at least during the last [1] DRX cycles before ‘t-Service-r17’ if configured with eDRX_IDLE cycle
· Option 2: Time span to Tservice when serving cell stops service is longer than Ttrigger
· Where Ttrigger = max(Tdetect,NB_Intra_NC , Pcarrier * Tdetect,NB_Inter_NC) for NB and Ttrigger = max(Tdetect,EUTRAN_Intra_NC, Kcarrier*Tdetect,EUTRAN_Inter_NC) for eMTC.
· Option 3 (merged):
· When not configured with eDRX_IDLE cycle: the UE has met the existing relaxation conditions and the serving cell is not going to stop serving the area, where the UE is located, at least during the last time Ttrigger before ‘t-Service-r17’ if not configured with eDRX_IDLE cycle
· When configured if configured with eDRX_IDLE cycle: the UE has met the existing relaxation conditions and the serving cell is not going to stop serving the area, where the UE is located, at least during the last time Ttrigger before ‘t-Service-r17’ if configured with eDRX_IDLE cycle
· Where Ttrigger = max(Tdetect,NB_Intra_NC , Pcarrier * Tdetect,NB_Inter_NC) for NB and Ttrigger = max(Tdetect,EUTRAN_Intra_NC, Kcarrier*Tdetect,EUTRAN_Inter_NC) for eMTC.



The principles of options are similar that UE shall determine whether relaxed measurement is allowed by comparing the time span to t-service with a defined value. We prefer to follow the similar approach of Ttrigger. Regarding the merged option 3, it is not clear what is the necessity to differentiate eDRX case and non-eDRX case. 
Proposal 3: For relaxed measurement requirements for both serving cell and neighbour cell, add following conditions:
Time span to Tservice when serving cell stops service is longer than Ttrigger
Where Ttrigger = max(Tdetect,NB_Intra_NC , Pcarrier * Tdetect,NB_Inter_NC) for NB and Ttrigger = max(Tdetect,EUTRAN_Intra_NC, Kcarrier*Tdetect,EUTRAN_Inter_NC) for eMTC.
Some related discussion about serving cell and neighbour cell relaxation are as follows:
	__Issue 2-5-1: Relaxed serving cell measurements in IDLE mode
· In GEO, the serving cell measurement relaxation factor is reused from corresponding TN requirements for eMTC and NB-IOT in IDLE mode when cell is served by a GEO satellite
· The following proposals can be FFS in next meeting
· Proposal 2: In NGSO, the serving cell measurement relaxation factor is reduced by factor N from corresponding TN requirements for eMTC and NB-IOT in IDLE mode when cell is served by a LEO satellite compared to corresponding GEO satellite, where N=[2].

__Issue 2-5-2: Relaxed neighbour cell measurements in IDLE mode
The following proposals can be FFS in next meeting
· Proposal 1a (revised): In NGSO, the eMTC and NB-IoT UE is allowed to meet the relaxed neighbour cell requirements provided that it has found more than [1] satellite including the serving satellite.




For the relaxation factor reduction, take following requirement for NB-IoT as reference. Currently, the relaxation factor N is determined by Min (n,8) for DRX of 1.28s, where n is signalled by network. If we modified the formula to Min (n,4), it can also be achieved by signalling a smaller n value. Thus, we didn't see the necessity to modify the relaxation factor.
	Table 4.6.2.3A-1: The relaxation factor N for a UE not configured with eDRX IDLE cycle
	DRX cycle length [s]
	Value

	0.32
	Min(n , 8)

	0.64
	Min(n , 8)

	1.28
	Min(n , 8)

	2.56
	Min(n , 4)

	5.12
	Min(n , 2)

	10.24
	1

	NOTE:	n is signalled by the network by using numDRX-CycleRelaxed-r15 defined in TS 36.331 [2].






For additional neighbour cell measurement relaxation conditions of more satellite presence, as commented in the last meeting, if UE finds other satellite, it is more likely that UE is in the edge of the cell. On the contrary, UE should not relax the measurement as cell reselection is about to happen.
Observation 2: The legacy relaxation factor can work since n is signalled by the network.
Observation 3: When UE finds additional satellites, it is likely that UE is in the edge of the cell and the cell reselection is about to happen.
For the requirements related to Discontinuous coverage, following agreements were achieved.
	__Issue 2-2-1: NGSO, Discontinuous Coverage - General
· UE is not required to perform cell measurements from the last slot of SI transmission which indicates that UE will be in out of coverage after Tservice when the serving cell stop serving the area.

The following proposals can be FFS in next meeting
· Proposal 3:  If the UE is provided with t-serviceStart-r17 and the UE does not find any new suitable cell after T seconds from S-Criterion or after t-service, the UE may delay initial cell search until after t-serviceStart-r17 is reached. (Nokia)
· Proposal 4: FFS if there is a maximum “waiting period” the UE can wait between t-service and t-serviceStart-r17 before initiating the cell search. (Nokia)
· Proposal 5: The UE may optionally delay cell search until it finds itself within the area determined by the “cell radius” parameter on SIB-32, assuming the cell reference point: (Nokia)
· The reference point in SIB-32 for Quasi-Earth fixed cells.
· The point determined by the satellite ephemeris and/or the elevation angle of the cell intersecting the Earth. 
[bookmark: _Hlk116585595]__Issue 2-2-2: NGSO, Discontinuous Coverage – Paging
The following proposals can be FFS in next meeting
· Proposal 1: The UE is allowed to drop paging during [2] DRX cycles immediately after ‘t-ServiceStart-r17’. (Ericsson)
__Issue 2-2-3: NGSO, Discontinuous Coverage – DRX/eDRX
The following proposals can be FFS in next meeting
· Proposal 1: If the UE is not configured with eDRX_IDLE cycle and configured with DRX cycle ≥ [1.28] s then the UE shall meet the requirements defined for DRX cycle of [640] ms during at least [2] configured DRX cycles immediately after ‘t-ServiceStart-r17’ [2]. (Ericsson)
· Proposal 2: If the UE is configured with eDRX_IDLE cycle then the UE shall meet the requirements defined for eDRX_IDLE cycle of 5.12 s during [2] eDRX_IDLE cycles immediately after ‘t-ServiceStart-r17’. (Ericsson)




Regarding the general part, it was agreed that UE is not required perform cell measurements from the last slot of SI transmission which indicates that UE will be in out of coverage after Tservice when the serving cell stop serving the area. Thus, there is no need to further define additional requirement/procedure after UE entering out of coverage. 
For issues about requirements immediately after t-ServiceStart-r17, as commented in last meeting, it is more like the initial cell selection process. And UE is not expected to start cell search before t-ServiceStart-r17. UE needs to detect/measure/obtain the SI of the cell before it can read the paging. It is not necessary to define paging interruption requirements immediately after t-ServiceStart-r17. Similarly, 
Proposal 4: No need to define paging interruption immediately after t-ServiceStart-r17.
Regarding the discussion about PUR the status are summarized as follows:
	__Issue 2-9-1: PUR, RSRP-based TA validation
· Option 1: The legacy RSRP-based TA validation is not applicable for PUR in IoT NTN. 
· Option 2a: The legacy RSRP-based TA validation is applicable for PUR in IoT NTN, for both GEO and LEO. 
· Option 2b: The legacy RSRP-based TA validation is applicable for PUR in IoT NTN for GEO but not LEO. 

__Issue 2-9-2: PUR in NGSO, TA validation for NTN based on t-service
The following proposals can be FFS in next meeting
· Proposal 1a (new): The UE assumes TA is valid provided that the following conditions are met, otherwise the TA is considered invalid (Ericsson)
· Current time of the UE is at least DT seconds earlier than t-Service, where DT is the configured PUR periodicity.

Issue 2-9-3: PUR, Timing
· 
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 
· FFS the assumption on 




For the first issue that whether RSRP-based TA validation is applicable to IoT NTN, the discussion is controversial in last meeting. From our understanding, RSRP-based TA validation is redundant procedure in IoT NTN. In TN requirements, RSRP change is used to reflect the changing of TA implicitly. However, in IoT NTN, TA is constantly changing caused by UE specific time pre-compensation, and at the same time the RSRP change could be minor. In other words, RSRP-based TA validation is unnecessary as it cannot serve the original purpose. But we agree with the comments that the applicability of RSRP-based TA validation may have impact on other WG. Thus, it is proposed that legacy RSRP-based TA validation requirements apply to GEO, and no requirements for LEO.
Proposal 5: Legacy RSRP-based TA validation requirements apply to GEO, and no requirements for LEO.
For PUR timing, companies are aligned with the formula on the timing determination, but there is different views on the value of NTA. From our understanding, NTA should be the latest available one as shown below for TN network. The only difference is the TA validation approach. 
	4.6.3.3	Requirements on TA validation for transmission using PUR
When only NRSRP-ChangeThresh-NB-r16 [TS 36.331] is configured for TA validation based on NRSRP change criterion according to clause 5.3.3.19 in [TS 36.331], with or without other TA validation criteria, the UE is allowed to transmit using PUR using the timing derived using the latest available  value as specified in subclause 7.20 provided that




For IoT NTN, it is more reasonable to rely on the timer based TA validation as defined in TS 36.331. Thus, NTA should be the latest available one, and it is considered to be valid when the timing alignment validation conditions defined in 5.3.3.19 in TS 36.331 is met. More specifically, for LEO, NTA should be considered as valid either pur-TimeAlignmentTimer is not configured or pur-TimeAlignmentTimer is running as confirmed by lower layers.
Proposal 6: For PUR transmission in LEO, NTA should be considered as valid either pur-TimeAlignmentTimer is not configured or pur-TimeAlignmentTimer is running as confirmed by lower layers.
2.3 CONNECTED state mobility 
For CONNECTED state mobility requirements, one of the remaining issue is whether to introduce additional triggering of RRC re-establishment when t-Service expires. The status are summarized as follows:
	__Issue 3-1-2: NGSO, t-Service and RRC Re-establishment
The following proposals can be FFS in next meeting
· [bookmark: _Hlk116566390]Proposal 1: For LEO and NB-IoT, RRC re-establishment shall be started before or at the least at the time instance of expiry of serving cell coverage (‘t-Service’).



From our understanding, t-Service is overloaded with too much extra functions. The original motivation of t-Service in RAN2 discussion is for measurement triggering. And whether UE needs to trigger particular behavior, e.g. cell resection is still based on the measurement results. For instance, the expiry of t-Service doesn’t not necessarily mean the link is broken, it is more reliable to trigger Re-establishment based on evaluation of RLM. What’s more, this is more suitable to be discussed in RAN2 instead of RAN4. Thus, it is not preferred to introduce addition triggering of RRC Re-establishment when t-Service expires.
Proposal 7: RAN4 not to introduce addition triggering of RRC Re-establishment when t-Service expires.
	[bookmark: _Hlk116562753]__Issue 3-1-1: RRC Re-establishment and RRC release with redirection
· For GEO, the existing TN RRC Re-establishment and RRC release with redirection requirement can be used as baseline.
· For NGSO, to consider a scaling factor related to number of NGSO satellites for 
· RRC Re-establishment requirement, RRC release with redirection requirement of M1
· RRC Re-establishment requirement of NB
· FFS to consider addition component, , to accommodate for the time needed between the UE acquires the NTN SIB.

	__Issue 3-3:	M1, E-UTRAN Handover
The following proposals can be FFS in next meeting
· Proposal 1: RAN4 to decide how to introduce the forced additional delay on HO due to the acquisition of valid ephemeris towards the target cell. (Nokia) 



As agreed in RAN4#104-e, the mobility requirements apply only provided that valid information including ephemeris for the target cell is available at the UE, so no additional delay is needed for acquiring the information for the target satellite for the requirements for Re-establishment/Re-direction or HO.
The two issues 3-1-1 and 3-3 are similar as they both relate to the need for a component in Re-establishment/Re-direction or HO delay to account for the time between 
· Point 1: when UE acquires the valid information about the target satellite, and 
· Point 2: when UE can start UL (PRACH) transmission towards the target cell
The same issue is being discussed for NR NTN as well. In our companion paper for NR NTN, we have the following observations and proposal.
Observation 1: Based on current RAN2 spec, it is unclear whether obtaining UL synchronization and allowing UL transmission towards HO target cell relies on start or re-start of T430 for HO target cell.
Observation 2: RAN2 are discussing how to handle the epoch time and start or re-start of T430.
Proposal 1: Wait for further conclusion from RAN2 before discussing whether and how to update HO and CHO requirements in RAN4 related to T430 and epoch time.
We think the same should apply for IoT NTN.
Proposal 8: Wait for further conclusion from RAN2 before discussing whether and how to update requirements for Re-establishment/Re-direction or HO in RAN4 related to T317 and epoch time.
In last meeting when discussing the draft CR for CHO for eMTC, some companies commented that the CHO requirements have not been discussed. As a result, the CHO requirements are left as TBD in the CR.
As there is no CHO requirement for eMTC over TN, to define the CHO requirements for eMTC over NTN, we need to check 1) what needs to be considered for eMTC compared to normal LTE, and 2)what needs to be considered for eMTC over NTN.
For 1), we compare the HO requirements between normal LTE and eMTC. It can be seen that the main difference is that in eMTC HO requirements, additional time for MIB reading is included when the field sameSFN-Indication or mib-RepetitionStatus is not included in the handover command. This difference should also apply to CHO as well. 
	5.1.2.1.2.1	Interruption time for normal handover
When intra-frequency or inter-frequency handover is commanded, the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + 20 ms
Where:
Tsearch is the time required to search the target cell when the target cell is not already known when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
	TIU is the interruption uncertainty in acquiring the first available PRACH occasion in the new cell. TIU can be up to 30 ms.
NOTE: The actual value of TIU shall depend upon the PRACH configuration used in the target cell.
In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement during the last 5 seconds otherwise it is unknown. Relevant cell identification requirements are described in Clause 8.1.2.2.1 for intra-frequency handover and Clause 8.1.2.3.1 for inter-frequency handover.

	5.5.2.1.2	Interruption time
The interruption time is the time between the end of the last TTI containing the RRC command on the old PDSCH and the moment the UE has transmitted all repetitions of PRACH in the target cell, excluding the RRC procedure delay. This requirement applies when UE is not required to perform any synchronisation procedure before transmitting on the new PRACH.
When intra-frequency handover or inter-frequency handover is commanded and the field sameSFN-Indication and mib-RepetitionStatus [2] are included in the handover command then the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TIU + 20 ms
When intra-frequency handover or inter-frequency handover is commanded and the field sameSFN-Indication or mib-RepetitionStatus [2] is not included in the handover command then UE the interruption time shall be less than Tinterrupt
	Tinterrupt = Tsearch + TMIB + TIU + 20 ms
Where:
-	Tsearch is the time required to search the target cell when the handover command is received by the UE. If the target cell is known, then Tsearch = 0 ms. If the target cell is unknown and signal quality is sufficient for successful cell detection on the first attempt, then Tsearch = 80 ms. Otherwise, Tsearch shall be according to the non-DRX cell identification requirements specified in Clause 8.13.2.1 for intra-frequency handover for a UE configured with CEModeA or Tsearch shall be according to the non-DRX cell identification requirements specified in Clause 8.13.2.6 for inter-frequency handover for a UE configured with CEModeA. Regardless of whether DRX is in use by the UE, Tsearch shall still be based on non-DRX target cell search times.
-	TMIB is the time required for acquiring the MIB information of the target cell.
-	TIU is the time required to complete the transmission of PRACH in the target cell. The actual value of TIU shall depend upon the uncertainity in acquiring the first available PRACH occasion based on the PRACH configuration used in the target cell and the PRACH coverage enhancement level used by the UE for sending the random access preamble to the target cell.
-	In the interruption requirement a cell is known if it has been meeting the relevant cell identification requirement for a time duration equal or longer than the time duration required for the cell identification. Otherwise, it is unknown. For intra-frequency handover the time duration required for the cell identification is specified in relevant intra-frequency cell identification requirements as described in Clause 8.13.2.1 for CEModeA. For inter-frequency handover the time duration required for the cell identification is specified in relevant inter-frequency cell identification requirements as described in Clause 8.13.2.6 for CEModeA.



For 2), we compare HO requirements for eMTC over TN and those over NTN. As agreed in RAN4#104-e, TN requirements are re-used for NTN. We think this can apply to CHO as well. Of course, the CHO requirements are referring to other requirements (e.g. cell identification requirements) in other clauses, and these clause numbers should be adapted to make sure they are referring to other requirements defined for eMTC over NTN. Besides that, we do not see NTN specific issue to be addressed when re-using the TN requirements.
Proposal 9: Define CHO requirements for eMTC over NTN by re-using the CHO requirements for normal LTE, except that the following:
· Same as in eMTC HO requirements, time for MIB reading should be included in the interruption time when the field sameSFN-Indication or mib-RepetitionStatus [2] is not included
3. Conclusions
Proposal 1: The minimum (baseline) requirements of number of NSGS satellites for NB in IDLE and M1 in both IDLE and CONNCTED:
For intra-frequency carrier, the number of target satellites UE needs to monitor is 2 including serving LEO satellite.
For inter-frequency carrier, the number of target satellites UE needs to monitor per carrier is 2 if one of the target satellites include the UE serving satellite; the number of target satellites UE needs to monitor is 1 otherwise.
Proposal 2a: With the baseline requirements on number of NGSO satellites in proposal 1 agreed, there is no need to introduce UE capability on number of NGSO satellites that UE can monitor in additional.
Proposal 2b: Introduce UE capabilities on number of NGSO satellites that UE can monitor in total in addition with candidate value of 1 and 2.
Observation 1: There is no initial cell search requirements which is up to UE implementation.
Proposal 3: For relaxed measurement requirements for both serving cell and neighbour cell, add following conditions:
Time span to Tservice when serving cell stops service is longer than Ttrigger
Where Ttrigger = max(Tdetect,NB_Intra_NC , Pcarrier * Tdetect,NB_Inter_NC) for NB and Ttrigger = max(Tdetect,EUTRAN_Intra_NC, Kcarrier*Tdetect,EUTRAN_Inter_NC) for eMTC.
Observation 2: The legacy relaxation factor can work since n is signalled by the network.
Observation 3: When UE finds additional satellites, it is likely that UE is in the edge of the cell and the cell reselection is about to happen.
Proposal 4: No need to define paging interruption immediately after t-ServiceStart-r17.
Proposal 5: Legacy RSRP-based TA validation requirements apply to GEO, and no requirements for LEO.
Proposal 6: For PUR transmission in LEO, NTA should be considered as valid either pur-TimeAlignmentTimer is not configured or pur-TimeAlignmentTimer is running as confirmed by lower layers.
Proposal 7: RAN4 not to introduce addition triggering of RRC Re-establishment when t-Service expires.
Proposal 8: Wait for further conclusion from RAN2 before discussing whether and how to update requirements for Re-establishment/Re-direction or HO in RAN4 related to T317 and epoch time.
Proposal 9: Define CHO requirements for eMTC over NTN by re-using the CHO requirements for normal LTE, except that the following:
· Same as in eMTC HO requirements, time for MIB reading should be included in the interruption time when the field sameSFN-Indication or mib-RepetitionStatus [2] is not included
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