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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 [2]. 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 [3]. 
In meeting RAN4 #106, 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 [4]. As a consequence of previous RAN4 agreements and the LS sent by RAN2 [5] regarding signaling support for neighbor cell measurements, it was agreed that mobility requirements will not apply for Rel-17 users.
In this document, Nokia’s views regarding the following topics are presented:
· Discontinuous coverage aspects
· Measurements Aspects
· Timing Requirements


[bookmark: _Toc116995842]Discussion
This paper aims at addressing the open issues in the Way Forward from RAN4 #106, as those are aspects pending closure for the wrapping up of the core part on the current WI. 

Applicability of Neighbor Cell Measurements for GEO. 
In the previous meeting, RAN4 has reached agreement that because of the lack of signaling support for neighbor cell measurements; mobility requirements would not apply for LEO satellites[4]:
	· Agreements
· When no satellite assistance information is provided
· For NGSO case the neighbor cell measurements requirements are not applicable
· FFS on neighbor cell measurements requirements for GSO case
· FFS whether to apply intra-frequency neighbor cell measurements requirements for GEO case




The neighbor cell measurements for GEO satellites were left for further investigation. As we previously argued in our contribution in [6], 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 GEO where doppler variation is not significant, and in most cases will not vary as intra-satellite mobility is expected to be prevalent in GEO. Assuming the RAN4 interest to maintain as much as possible functional features for Rel-17 UEs in NB-IoT and eMTC over NTN and the current FFS, we therefore propose:

[bookmark: _Toc131891489]Neighbor cell measurements requirements defined in TS 38.133 apply for Rel-17 NTN UEs, regardless of availability of neighbor cell ephemeris information, as long as both serving and neighbor cell are associated to a GEO satellite. 

IDLE State Mobility - Serving Cell Measurements in NGSO
For NGSO cases, it was agreed that neighbor cell measurements do not apply for Rel-17 UEs. As such, 
[bookmark: _Toc131891490]The mobility sections are currently not part of the “release independency” applicability rules defined in TS 36.307
Therefore, mobility support features that rely on the acquisition of neighbour cell measurements are not as useful in the current WI. The discussion of serving cell measurements might be postponed to the Rel-18 WI.
[bookmark: _Toc131891491]As the current release independency applicability rules do not cover the IDLE Mode mobility section in TS 36.133, and the core part for this WI was already completed, the discussion on enhancements of serving cell measurements should also be postponed to the Rel-18 WI (IoT_NTN_enh).

If companies still want to discuss some of the open issues left for further discussion on the previous WI, the design of the solutions should take into consideration the absence of neighbor cell measurements. 
One of such open issues regard the relaxation of serving cell measurements:
	Issue 2-2: For NGSO, serving cell measurement relaxation requirements
Proposals
· Option 1: Do not introduce pre-conditions for the applicability of measurement relaxation on top of those already defined by RAN2.
· Option 2a:
· In NGSO, the cat-M/NB UE configured with ‘t-Service’ in IDLE mode is allowed to meet the relaxed serving 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.
· Option 2b
· In addition to the existing serving cell relaxation conditions, add following conditions for IoT NTN: 
· The time span to T-service is longer than k, where k = 4 DRX cycle if not configured with eDRX_IDLE cycle, and k = 1 eDRX cycle if configured with eDRX_IDLE cycle.




Option 2b and 2a are both similar in their intent, although option 2b seems more in harmony with current specifications. 
However, from mobility point of view in RRC_IDLE there is one main reason to execute serving cell measurements:
· To initiate the measurements of neighbor cells if the criterion S is not met.  

[bookmark: _Toc131891492] The main reason to execute serving cell measurements is to trigger neighbor cell measurements. 
Regardless of whether the conditions of the serving cell right before t-service are good or bad, the UE knows (by the configuration of t-service) that the serving cell will disappear at t-service. Any last effort to collect serving cell measurements becomes unnecessary, as these measurements are soon to become outdated, and there are no requirements for neighbor cell measurements if the criterion S is not met. 
[bookmark: _Toc131891493]In Rel-17, and there are no requirements for neighbor cell measurements if the criterion S is not met.
Besides, it was previously agreed by RAN4, and captured accordingly in TS 36.133 that, “If t-Service is broadcasted and applicable, UE shall be able to detect, measure, and evaluate neighbour cells before t-Service is reached, regardless of the rules currently limiting the UE measurement activities, and when to start the detection, measurement and evaluation on neighbour cells is up to UE implementation” [7].
Therefore, there is no reason for collecting serving cell measurements before t-service. And an additional issue on the proposal 2 above, is that it does not account for the discontinuous coverage scenario. It does not account either for a problem currently being addressed in RAN2: where the availability of target cells from different satellites before t-service is provided by the NW.
[bookmark: _Toc131891494]RAN2 is currently discussing whether to provide additional information regarding the availability of target cells 
  Based on the discussion above we make the following observation and propose:
[bookmark: _Toc131891495]Collecting serving cell measurements before t-service will not lead to any change of action by the UE regardless whether the measurements satisfy or not the criterion S, because RAN4 agreed UE starts neighbor cell measurements solely based on t-service. Those measurements will only lead to additional expenditure of energy by the UE. 
[bookmark: _Toc131891496]Stage 2 requirements and RAN4 agreements already indicate UE starts neighbor cell measurements based on the indication of t-service. 
[bookmark: _Toc131891497]Do not introduce additional conditions for the measurement relaxation of the serving cell in the current WI. 


On the discontinuous coverage
Another two open issues, regarding the discontinuous coverage operation, in RAN4 #106 were left for further investigation and discussion in the WF. 
	Issue 3-1: For NGSO, whether to revise the paging requirement upon t-serviceStart-r17
· FFS whether and how to revise the paging requirement
· Option 1: paging requirements apply when UE is in coverage, which is the time when UE has acquired the SI of the target cell and the time is after t-serviceStart-r17 if the UE supports discontinuous coverage and SystemInformationBlockType32 has been received in quasi-Earth fixed scenario.
· Other options are not precluded

Issue 3-2: For NGSO, clarifications on Discontinuous Coverage
· FFS on the definition of in coverage 
· Option 1: in-coverage is the time that UE has acquired the SI of the target cell, and the time is after t-serviceStart-r17 if the UE supports discontinuous coverage and SystemInformationBlockType32 has been received in quasi-Earth fixed scenario.
· Other options are not precluded





For issue 3-1, it is important to clarify that paging requirements only apply after the UE is camped in a cell. According to TS 36.304 [8]:
· If a UE is in “camped normally” or “camped in any cell” (not applicable for NB-IoT UEs) states, the UE shall monitor the paging channels.
· A UE that is not camped in any cell, is in “any cell selection” state, and there is no requirement for monitoring paging channels. 
The UE is only camped in a cell, if that cell has been selected by the UE. Therefore, the UE in discontinuous coverage, cannot be considered camped in a cell. This means that for the duration of the discontinuous coverage gap, paging requirements do not apply to this UE. 
[bookmark: _Toc131891498]Paging requirements only apply for UEs camped in a detected cell. 
[bookmark: _Toc127546132][bookmark: _Toc131891499]Do not create additional requirements after t-serviceStart regarding UE paging interruption. 

The other issue, 3-2, discuss about the definition of “in-coverage”. The “in-coverage” in this context means the point in time where the UE is expected to performmeasurements. And this cannot be dependent on the UE have already executed measurements. 
[bookmark: _Toc131891500]The definition of “in-coverage” for measurement continuation/resuming shall not depend on UE executing previous measurements to define the “in-coverage status”. 
Besides, the acquisition of SI by the UE cannot be verified as a requirement, and should not be used as the starting point for resuming the UE measurements. 
[bookmark: _Toc131891501]RAN4 to agree that in discontinuous coverage scenarios, the UE shall resume measurements when the UE is in expected coverage as defined by SystemInformationBlockType32.

Timing requirements and RLM
For the connected mode, there is an open issue for discussion, whether it is beneficial for the UE to collect serving cell measurements (RLM) right before t-service-R17, when the UE is configured with eDRX cycle. 

	· Option 1:
· If the eMTC UE is configured with ‘t-Service-r17’ [2] in the serving cell and eDRX_cycle, then at least during [1] eDRX cycle before t-Service-r17, the UE shall meet the non-DRX requirements. 
· Option 2: 
· No need to introduce new requirement to apply non-DRX requirements upon ‘t-Service-r17’
· Remove ”FFS: If the UE is configured with ‘t-Service-r17’ [2] then after t-Service-r17, radio link monitoring requirements defined in this clause shall not apply.”




Option 1 above was proposed in order to allow the UE to collect more RLM measurements before t-service. However, as mentioned for the Idle Mode, obtaining additional measurements of the serving cell before t-service seems unnecessary. Besides, the amount of energy expended by the UE increases considerable by potentially reducing the interval between measurements from one eDRX cycle (2.56 to 10.24 s) to as low as 10 ms, leading to an extra energy expenditure 256 to 1024 times higher.
[bookmark: _Toc131891502]The additional energy consumption introduced by this change does not compensate the gains for the UE. 
[bookmark: _Toc131891503]RAN2 is discussing Rel-18 enhancements for mobility aspects in relation to t-service. 
[bookmark: _Toc131891504]Do not apply additional requirements for UE configured with eDRX cycle before t-service for this WI. 


Wording alignment for discontinuous coverage
RAN4 has previously captured in the specification that:
	TS 36.133 [7]

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][bookmark: _Toc131891505]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][bookmark: _Toc131891506][bookmark: _Toc127546122]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: _Toc131891507]by If SystemInformationBlockType32 [2] has been received and the UE has determined it will be out of coverage after t-service, the UE is not required to perform neighbor cell measurements during the last [k] SI modification periods, before t-Service [2] 



[bookmark: _Toc116995848]Conclusion
In this document, we discussed Nokia’s view regarding open issues in the following aspects:
· Discontinuous coverage aspects
· Measurements Aspects
· Timing Requirements
Based on the discussions presented in this paper, we have the following proposals and observations:
Proposal 1: Neighbor cell measurements requirements defined in TS 38.133 apply for Rel-17 NTN UEs, regardless of availability of neighbor cell ephemeris information, as long as both serving and neighbor cell are associated to a GEO satellite.
Observation 1: The mobility sections are currently not part of the “release independency” applicability rules defined in TS 36.307
Proposal 2: As the current release independency applicability rules do not cover the IDLE Mode mobility section in TS 36.133, and the core part for this WI was already completed, the discussion on enhancements of serving cell measurements should also be postponed to the Rel-18 WI (IoT_NTN_enh).
Observation 2: The main reason to execute serving cell measurements is to trigger neighbor cell measurements.
Observation 3: In Rel-17, and there are no requirements for neighbor cell measurements if the criterion S is not met.
Observation 4: RAN2 is currently discussing whether to provide additional information regarding the availability of target cells
Observation 5: Collecting serving cell measurements before t-service will not lead to any change of action by the UE regardless whether the measurements satisfy or not the criterion S, because RAN4 agreed UE starts neighbor cell measurements solely based on t-service. Those measurements will only lead to additional expenditure of energy by the UE.
Observation 6: Stage 2 requirements and RAN4 agreements already indicate UE starts neighbor cell measurements based on the indication of t-service.
Proposal 3: Do not introduce additional conditions for the measurement relaxation of the serving cell in the current WI.
Observation 7: Paging requirements only apply for UEs camped in a detected cell.
Proposal 4: Do not create additional requirements after t-serviceStart regarding UE paging interruption.
Proposal 5: The definition of “in-coverage” for measurement continuation/resuming shall not depend on UE executing previous measurements to define the “in-coverage status”.
Proposal 6: RAN4 to agree that in discontinuous coverage scenarios, the UE shall resume measurements when the UE is in expected coverage as defined by SystemInformationBlockType32.
Observation 8: The additional energy consumption introduced by this change does not compensate the gains for the UE.
Observation 9: RAN2 is discussing Rel-18 enhancements for mobility aspects in relation to t-service.
Proposal 7: Do not apply additional requirements for UE configured with eDRX cycle before t-service for this WI.
Proposal 8: 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 SystemInformationBlockType32 [2] has been received and the UE has determined it will be out of coverage after t-service, the UE is not required to perform neighbor cell measurements during the last [k] SI modification periods, before t-Service [2]
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