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[bookmark: _Toc116995841]Introduction
In Rel-17, support for NB-IoT and eMTC over NTN was studied in [1]and defined in RAN1, RAN2, and RAN3 under the Work Item described in . RAN4 requirements will be defined in a release-independent manner in Rel-18. The work was initiated in the RAN4 #104 meeting and must be continued following the WF from previous meetings and the WID[2]. 
In meeting RAN4 #105, the discussion on the WI has progressed and some issues were identified and left for further studies on the Way-Forward approved in that meeting [3]. RAN2 has also recently submitted a LS indicating the lack of support for Release 17 for a signalling framework capable of providing satellite assistance information about neighbor cells[4]. 
In this document, Nokia’s views regarding the following topics are presented:
· Cell reselection under Discontinuous coverage
· Handover delay and handover interruption time
· The LS sent by RAN2 to RAN4 regarding the signalling support for providing satellite assistance information about neighbor cell.


[bookmark: _Toc116995842]Discussion

Impact of LS Reply from RAN2 on information of target cell
In the LS reply sent by RAN2 found in , RAN2 has indicated that:
· For HO purposes, the satellite assistance information contained in the SIB31 of the target cell will be conveyed in the RRCConnectionReconfiguration message that sets up the handover.
· For neighbor satellite measurements, RAN2 has agreed not to introduce the satellite assistance information in Rel-17 but support this signaling information on Rel-18.

Idle mode mobility (cell measurements)
 
This indication from RAN2 goes against previous definitions of RAN4 specifications, where the requirements defined so far are applicable provided  that information of the satellite associated to the target cell has been provided by the serving cell (see green remarks on the box below). However, the RAN4 specifications also indicates that UE shall be able to detect and measure neighbor cells without an explicit indication of neighbor cell list containing physical layer cell identities (yellow remarks). 
	
TS 36.133 [5]

4.6A.2.2	Measurements of intra-frequency NB-IoT cells for UE category NB1 in normal coverage
The UE shall be able to identify new intra-frequency cells and perform NRSRP measurements of identified intra-frequency cells without an explicit intra-frequency neighbour list containing physical layer cell identities.
(…)

The requirements in this clause apply provided that the valid information for the satellite serving the target cell has been provided by the serving cell.

4.6A.2.3	Measurement and evaluation of serving NB-IoT cell for UE category NB1 in enhanced coverage
The UE shall measure the NRSRP and NRSRQ level of the serving NB-IoT cell on the anchor carrier and evaluate the cell selection criterion S defined in clause 5.2.3.2 in [1] for the serving NB-IoT cell on the anchor carrier at least every DRX cycle.


4.6A.2.4	Measurements of intra-frequency NB-IoT cells for UE category NB1 in enhanced coverage
The UE shall be able to identify new intra-frequency cells and perform NRSRP measurements of identified intra-frequency cells without an explicit intra-frequency neighbour list containing physical layer cell identities.
(…)
The requirements in this clause apply provided that the valid information for the satellite serving the target cell has been provided by the serving cell.

4.6A.2.5	Measurements of inter-frequency NB cells for UE category NB1 in normal coverage
The UE shall be able to identify new inter-frequency cells and perform NRSRP measurements of identified inter-frequency cells if carrier frequency information is provided by the serving NB-IoT cell, even if no explicit neighbour list with physical layer cell identities is provided.
(…)
The requirements in this clause apply provided that the valid information for the satellite serving the target cell has been provided by the serving cell.

4.6A.2.6	Measurements of inter-frequency NB-IoT cells for UE category NB1 in enhanced coverage
The UE shall be able to identify new inter-frequency cells and perform NRSRP measurements of identified inter-frequency cells if carrier frequency information is provided by the serving NB-IoT cell, even if no explicit neighbour list with physical layer cell identities is provided.
(…)
The requirements in this clause apply provided that the valid information for the satellite serving the target cell has been provided by the serving cell.






Therefore, it is on the interest of RAN4 that the limitations imposed by RAN2 current specifications are addressed, and cell measurements are performed by the UE. The objective of providing neighbor cell information is to facilitate the UE retuning of its oscillator to obtain a better compensation of the doppler offset observed towards the neighbor cell. This assistance is not necessary for GSO where doppler variation is not significant. 

	RAN4 #104-bis:

Issue 1-3: For NGSO, Doppler shift impact in Multiple NGSO satellites
· consider a scaling factor related to number of NGSO satellites 
· Note: it can be applied for the following requirements
· For NB/M1, intra-frequency measurement and inter-frequency measurement in IDLE mode
· RRC Re-establishment and RRC release with redirection 
· For M1, intra-frequency measurement and inter-frequency measurement in CONNETED mode




Regarding NGSO (LEO) scenarios, for all cells associated to the current serving satellite the retuning of the oscilattor is not needed, and once the cell is detected the UE shall be capable to measure and evaluate the cell withing the same number of measurements defined for legacy scenarios.  
Previously, RAN4 has also agreed that the number of NGSO satellites that the UE must be capable of reading is currently equal to two. For the second satellite, which the UE might not have satellite assistance information related to, it might be necessary to include an additional margin of time for the UE to collect its measurements. 
	RAN4 #105 [3]:
Issue 1-1: Measurement capabilities on number of NGSO satellites
· The minimum of the UE capability on the total number of the NGSO satellites across the layers is [2]. 
· For NB in IDLE and M1 in both IDLE and CONNCTED, the UE shall be capable of monitoring
· 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.Error! Reference source not found.




[bookmark: _Toc127546109]For GSO, knowing the satellite ephemeris is not important for doppler adjustments. Revise the specification, to indicate that the requirements apply for GSO even when no satellite assistance information is provided. 

So, one way to overcome this issue is to revise the cell reselection requirements for NB1 and M1 users, for the cases where no satellite information associated to the target cell is provided to the UE. We, therefore, propose:

[bookmark: _Toc127546110]For NGSO, and the situations where no satellite assistance information is provided for neighbor satellites. The UE is required to monitor up to two satellites for cell reselection, therefore K_satellite = 2. 

[bookmark: _Toc127546111]For NGSO, when no satellite assistance information is provided for neighbor satellites, RAN4 must include an additional margin for the UE in idle mode to collect its measurements towards the cells in the second satellite.  
a. [bookmark: _Toc127546112]Multiply T_detect, T_measure and T_evaluate by K_satellite for the cells belonging to the same serving satellite. 
b. [bookmark: _Toc127546113]Multiply T_detect, T_measure and T_evaluate by K_satellite*K_margin_unknown_sat for neighbor cells not belonging to the same satellite[K_margin_unknown_sat =1.5]

In order to differentiate between GSO and NGSO requirements, it is easier if RAN4 define the current applicability rules, as defined in NTN:
[bookmark: _Toc127546114] For mobility purposes, adopt the same rule as defined by RAN4 during NR over NTN specifications: “The requirements apply provided that serving and all neighbour satellites on the same layer are of same satellite type (LEO or GEO).”  Leave requirements for mobility across satellite layers and terrestrial requirements for the Release 18 Work Item. 




Idle State Mobility and Discontinuous Coverage
In the previous meeting, RAN4 has agreed that a UE with discontinuous coverage capabilities might delay or resume cell measurements/search until the UE is found in-coverage again. The definition on TS 36.304 also indicate that the UE idle mode mobility tasks are suspended when the UE is in discontinuous coverage mode. The UE needs to resume idle mode tasks when in-coverage again. 

	From WF in RAN4 #105[3] 
Issue 2-1-1: For NGSO, clarification on UE behavior during out of coverage for Discontinuous Coverage
When the UE is provided with t-serviceStart-r17 and has discontinuous coverage capabilities, then after t-service-r17 is reached and the UE is out of coverage, the UE may delay or resume cell measurements/search till when the UE is in coverage. Definition of in coverage is FFS 

From TS 36.304 [6]:

If SystemInformationBlockType32 has been received and if the UE has determined that it is out of coverage using available satellite assistance information (e.g. ephemeris parameters and coverage parameters in current or previously received SystemInformationBlockType32, SystemInformationBlockType31, t-Service in SystemInformationBlockType3 or other parameters), the AS configuration (e.g. priorities provided by dedicated signalling and logged measurements) is kept, but the UE need not perform any idle mode tasks. It is up to UE implementation to handle running timers. The detection of out of coverage using satellite assistance information is up to UE implementation and once in coverage the UE shall perform all idle mode tasks.





The risk posed by the current phrasing is that once out-of-coverage, the UE might postpone the idle mode tasks, including cell search/measurements, and because the cell search is not present, the UE might never consider itself in coverage and never resume idle mode tasks. 
[bookmark: _Toc127546115]If the definition of regaining coverage is not defined, the UE might pause idle mode tasks indefinitely. 
Hence, as a consequence of the observation above, we propose:

[bookmark: _Toc127546116]In order to avoid UE to pause idle mode tasks indefinitely, a reasonable concept of in coverage might be defined for the UE to resume idle mode search/measurements
[bookmark: _Toc127546117][bookmark: _Toc118729736] In earth-fixed scenarios, if the UE is provided with t-serviceStart-r17 and has discontinuous coverage capabilities the UE is required to resume cell measurements/search when t-serviceStart-r17 is reached.
If the deployment is relying on earth-moving cells the t-service and t-serviceStart are not provided. In this scenario the UE may utilize SIB-32 information to determine the geometrical coverage, but the UE will still have to rely on radio measurements to determine actual radio coverage. Therefore, the start and stop time for radio coverage is less predictable than in the earth-fixed cells scenario. 
RAN4 can discuss whether the UE is allowed to start and stop radio measurements based on the geometrical information or that the UE shall apply a margin to extend the measurements for a period of time.
[bookmark: _Toc118729737][bookmark: _Toc127546118]If t-serviceStart-r17 is not configured, the UE may optionally delay cell measurements/search until it finds itself within the area determined by the “footprintInfo” IE of SIB-32
[bookmark: _Toc127546119]RAN4 to impose a maximum “time duration” of [24 hours] for the UE to postpone cell search/measurement when in discontinuous coverage. 
Besides, RAN4 has previously captured in the specification that:
	TS 36.133 [5]

If SystemInformationBlockType32 [2] has been received and if the UE has determined that it is out of coverage, the 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 t-Service [2] when the serving cell stop serving the area.





However, the statement above may lead to different interpretations. First it states that the UE has determined it is out of coverage.  Therefore, if the UE is already out-of-coverage, it cannot know where the SI transmission is. Then, the second part of the text says that measurements can be stopped “from the last slot of SI transmission which indicates that UE will be out of coverage after t-service when the serving cell stop serving the area”.  Different interpretations are possible for his part:
· The UE can stop measurements from last slot of SI transmission that contains information about t-service: This interpretation is not in-line with the creation of t-service. The SI transmission that contains t-service may happen way before the actual time t-service where the coverage is stopped. Besides, a UE that is determined itself out-of-coverage would not be capable to receive the said SI. 
· The UE can stop measurements after t-service: this is in-line with the development of the t-service parameter.  
Besides, the first interpretation above, in green, is not in line with the requirements imposed by TS 36.304 for UE procedures in idle mode in [7] and provided above. Therefore, to align the text above to RAN4 work and the procedures described in TS 36.304, we propose:
[bookmark: _Toc127546120]In order to align with the definitions in TS36.304 and the design of t-service, in TS 36.133, Section 4.6A, 
· [bookmark: _Toc127546121]replace  “If SystemInformationBlockType32 [2] has been received and if the UE has determined that it is out of coverage, the 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 t-Service [2] when the serving cell stop serving the area.” 
· [bookmark: _Toc127546122]by “If the UE has a received and stored a valid version for SystemInformationBlockType32 [2], and the UE has determined it is out of coverage after t-service, the UE is not required to perform cell measurements after t-service until the UE has regained coverage”. 

Another issue discussed in RAN4 #105 meeting regards the measurements (intra and inter) frequency performed by the UE when configured with eDRX cycle:
	[bookmark: _Hlk119677640]From WF in RAN4 #105 
Issue 2-1-2: For NGSO, revisions on inter-frequency and intra-frequency measurement 
· If the UE is configured with ‘t-Service-r17’ [2] in the serving cell and eDRX_cycle, then the UE shall meet the requirements defined for DRX cycle length of [2.56] s starting from at least [K] before ‘t-Service-r17’. 
· [bookmark: _Hlk126838757]FFS: the UE shall meet the IDLE mode requirements after time period of X + ‘t-ServiceStart-r17’, where X is time until the UE acquires the system information carrying Ephemeris. 

From TS 36.304[7]
If t-Service is present in SystemInformationBlockType3 of the serving cell, UE shall perform intra-frequency, inter-frequency or inter-RAT measurements, before the time t-Service regardless whether the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, or Srxlev > SnonIntraSearchP and Squal > SnonIntraSearchQ. The exact time to start measurements before t-Service is up to UE implementation.



The idea behind this discussion is that a UE configured with eDRX cycle might not wake up before t-service-r17 is reached, and therefore this UE will find itself out-of-coverage having not started any early measurements. However, there might be an exception to this rule:
[bookmark: _Toc127546123]If the network configures t-serviceStart and the UE is capable of discontinuous coverage, the UE might benefit – saving energy – in postponing the measurements until t-serviceStart is reached. 

[bookmark: _Toc127546124]If the UE is configured with ‘t-Service-r17’ in the serving cell and eDRX_cycle, then the UE shall meet the intra and inter-frequency measurements requirements defined for DRX cycle length of [1.28] s starting from at least Tdetect before ‘t-Service-r17’, where Tdetect  are the requirements for detecting and measuring a new cell applicable for the UE configuration.  
[bookmark: _Toc127546125]If the UE has discontinuous coverage capabilities and is configured with SIB32 (ex: t-serviceStart), the requirement above does not apply. 
Regarding the FFS, we see no advantage in applying the requirements after t-serviceStart.
[bookmark: _Toc127546126]Do not apply the idle mode measurement requirements after a time period of X + ‘t-ServiceStart-r17’, where X is time until the UE acquires the system information carrying Ephemeris. 

Measurements Relaxation
RAN 4 has previously discussed the requirements for measurements relaxation in IDLE mode, and has reached the following set of agreements/FFS:
	Issue 2-2-1: For NGSO, whether to revise the relaxed measurement requirements in IDLE mode
For NGSO, for RRM measurement relaxation, UE is allowed to follow the relaxed measurement requirements, where the relaxation is less compared to corresponding GSO relaxed requirements. How to define the NGSO relaxed requirements are FFS.

FFS the applicability of the following conditions for relaxed measurement requirements for both serving cell and neighbour cell, in the maintenance phase:
· In NGSO, the cat-M/NB UE configured with ‘t-Service’ in IDLE mode is allowed to meet the relaxed cell measurement requirements provided that 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.
·  [1] DRX cycles before ‘t-Service-r17’ if configured with eDRX_IDLE cycle.
· 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].




The first item left FFS, regards the definition of NGSO relaxed requirements. The measurement relaxation factor is a function of the DRX cycle length and the “relaxation factor” defined by the network: numDRX-CyclesRelaxed.
[bookmark: _Toc127546127]The network is capable of modulate the interval between measurements by choosing the (e)-DRX cycle length and the parameter numDRX-CyclesRelaxed. It is not needed to introduce a scaling factor for the relaxed cell measurements. RAN2 did not differentiate the relaxation factor for GSO and NGSO. 
[bookmark: _Toc127546128]Do not introduce a scaling factor for the relaxation factor for NGSO compared to GSO. The relaxation factor can already be modulated by the RRC parameter numDRX-cyclesRelaxed specified by RAN2.

In what regards the applicability rule of the measurement relaxation, this seems related to the conditions for entering/leaving measurement relaxation. There is no specification text in TS 36.304  differentiating the UE behavior before t-service  nor additional conditions added to the measurement relaxation rules in TS36.331. 
[bookmark: _Toc127546129]The applicability of the measurement relaxation depends on fulfilling the conditions specified by RAN1 and RAN2. There are currently no conditions related to t-service. 
[bookmark: _Toc127546130]Do not introduce pre-conditions for the applicability of measurement relaxation on top of those already defined by RAN2. 


Measurements Relaxation of neighbor cells in different satellites
It was discussed in the previous meeting whether the neighbor cell measurement requirements for IDLE mode UEs could be allowed to meet the relaxed requirements, provided that more than the UE had found more than one satellite including the serving satellite. 

	Issue 2-2-2: For NGSO, whether to revise the relaxed neighbour cell measurement requirements in IDLE mode
FFS for following option:
· 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.




There are some problems in adopting such conditions, among such we can cite the problem of satellite differentiation: UEs are supposed to perform RSRP and RSRQ measurements on the neighbor cells, and currently as per the LS reply from RAN2 , UE is not provided information about neighbor cell satellite assistance information. The satellite assistance information is only acquired in SIB31, which is not required to be acquired to perform neighbor cell measurements. A UE might not know that the measured cells belong to different satellites, which is specially true for GSO scenarios. 
[bookmark: _Toc127546131]Do not revise the relaxed neighbor cell measurement requirements based on the number of found satellites. 

Paging Requirements
Regarding the requirements for paging interruption, the following point was left for FFS in RAN4 #105: :
	Issue 2-1-3: For NGSO, whether to revise the paging requirement to drop paging after t-serviceStart-r17
FFS for following options for discontinuous coverage scenario:
· Option 1: No need to define paging interruption immediately after t-ServiceStart-r17. 
· Option 2: The UE is allowed to drop paging during [2] DRX cycles immediately after ‘t-ServiceStart-r17’.




We see that we do not need to create new requirements regarding this issue. The UE conditions before t-serviceStart the UE might be interpreted in two different ways:
A. UE is out-of-coverage: not camped in any cell
B. UE is in idle mode but UE is allowed to interrupt/pause measurements. 

Regarding the interpretation in A: the paging interruption requirements do not apply until the UE is camped in a cell. So, there is no need to define the requirements for paging interruption after the new cell starts covering the area the UE is located at. 
Regarding the interpretation in B: this is already covered by specifications. The UE will be performing a cell reselection procedure. And the paging interruption is well defined for this case.
	TS 36.133 

At intra-frequency and inter-frequency cell re-selection, the UE shall monitor the downlink of serving NB-IoT 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-NB1-EC + 100 ms.

TSI-EUTRA-M1-NC is the time required for receiving all the relevant system information data, which include MIB and relavant SIB, according to the reception procedure and the RRC procedure delay of system information blocks defined in TS 36.331 [2] for an E-UTRAN cell.






[bookmark: _Toc127546132]Do not create additional requirements after t-serviceStart regarding UE paging interruption. 





[bookmark: _Toc116995848]Conclusion
In this paper we have discussed the RRM core requirements for IoT over NTN, in special regarding mobility aspects. And the following proposals were made:
Proposal 1: For GSO, knowing the satellite ephemeris is not important for doppler adjustments. Revise the specification, to indicate that the requirements apply for GSO even when no satellite assistance information is provided.
Proposal 2: For NGSO, and the situations where no satellite assistance information is provided for neighbor satellites. The UE is required to monitor up to two satellites for cell reselection, therefore K_satellite = 2.
Proposal 3: For NGSO, when no satellite assistance information is provided for neighbor satellites, RAN4 must include an additional margin for the UE in idle mode to collect its measurements towards the cells in the second satellite.
a.	Multiply T_detect, T_measure and T_evaluate by K_satellite for the cells belonging to the same serving satellite.
b.	Multiply T_detect, T_measure and T_evaluate by K_satellite*K_margin_unknown_sat for neighbor cells not belonging to the same satellite[K_margin_unknown_sat =1.5]
Proposal 4: For mobility purposes, adopt the same rule as defined by RAN4 during NR over NTN specifications: “The requirements apply provided that serving and all neighbour satellites on the same layer are of same satellite type (LEO or GEO).”  Leave requirements for mobility across satellite layers and terrestrial requirements for the Release 18 Work Item.
Observation 1: If the definition of regaining coverage is not defined, the UE might pause idle mode tasks indefinitely.
Proposal 5: In order to avoid UE to pause idle mode tasks indefinitely, a reasonable concept of in coverage might be defined for the UE to resume idle mode search/measurements
Proposal 6: In earth-fixed scenarios, if the UE is provided with t-serviceStart-r17 and has discontinuous coverage capabilities the UE is required to resume cell measurements/search when t-serviceStart-r17 is reached.
Proposal 7: If t-serviceStart-r17 is not configured, the UE may optionally delay cell measurements/search until it finds itself within the area determined by the “footprintInfo” IE of SIB-32
Proposal 8: RAN4 to impose a maximum “time duration” of [24 hours] for the UE to postpone cell search/measurement when in discontinuous coverage.
Proposal 9: In order to align with the definitions in TS36.304 and the design of t-service, in TS 36.133, Section 4.6A,
	replace  “If SystemInformationBlockType32 [2] has been received and if the UE has determined that it is out of coverage, the 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 t-Service [2] when the serving cell stop serving the area.”
	by “If the UE has a received and stored a valid version for SystemInformationBlockType32 [2], and the UE has determined it is out of coverage after t-service, the UE is not required to perform cell measurements after t-service until the UE has regained coverage”.
Observation 2: If the network configures t-serviceStart and the UE is capable of discontinuous coverage, the UE might benefit – saving energy – in postponing the measurements until t-serviceStart is reached.
Proposal 10: If the UE is configured with ‘t-Service-r17’ in the serving cell and eDRX_cycle, then the UE shall meet the intra and inter-frequency measurements requirements defined for DRX cycle length of [1.28] s starting from at least Tdetect before ‘t-Service-r17’, where Tdetect  are the requirements for detecting and measuring a new cell applicable for the UE configuration.
Proposal 11: If the UE has discontinuous coverage capabilities and is configured with SIB32 (ex: t-serviceStart), the requirement above does not apply.
Proposal 12: Do not apply the idle mode measurement requirements after a time period of X + ‘t-ServiceStart-r17’, where X is time until the UE acquires the system information carrying Ephemeris.
Observation 3: The network is capable of modulate the interval between measurements by choosing the (e)-DRX cycle length and the parameter numDRX-CyclesRelaxed. It is not needed to introduce a scaling factor for the relaxed cell measurements. RAN2 did not differentiate the relaxation factor for GSO and NGSO.
Proposal 13: Do not introduce a scaling factor for the relaxation factor for NGSO compared to GSO. The relaxation factor can already be modulated by the RRC parameter numDRX-cyclesRelaxed specified by RAN2.
Observation 4: The applicability of the measurement relaxation depends on fulfilling the conditions specified by RAN1 and RAN2. There are currently no conditions related to t-service.
Proposal 14: Do not introduce pre-conditions for the applicability of measurement relaxation on top of those already defined by RAN2.
Proposal 15: Do not revise the relaxed neighbor cell measurement requirements based on the number of found satellites.
Proposal 16: Do not create additional requirements after t-serviceStart regarding UE paging interruption.
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