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1	Introduction
The IoT NTN WI was completed but there are still some open issues left that need to be resolved. They were discussed at last meeting; however, the progress was limited. In this paper we discuss those open issues and provide our view.
[bookmark: _Ref178064866]2	Discussion

2.1	IDLE mode measurement relaxation

Relaxed serving cell measurements in IDLE mode
Relaxation of serving cell measurements was discussed in RAN4#105 meeting and following agreements were reached [1]:
	Issue 1-1: NGSO, serving cell measurement 
FFS
· Proposal 1: In addition to the existing serving cell relaxation conditions, add following conditions for IoT NTN (eMTC and NB-IoT): 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. 
· [bookmark: _Toc135061228]Proposal 2: When the UE has reached measurement relaxation, and t-service is configured, the UE might perform cell selection procedure instead of cell reselection procedure, when the time span to T-service is smaller than k, where k = 2 DRX cycle if not configured with eDRX_IDLE cycle, and k = 1 eDRX cycle if configured with eDRX_IDLE cycle. 
· [bookmark: _Toc135061227]Proposal 3: After Ttrigger UE is allowed to skip serving cell measurements and measurements of neighbor cells associated to the same serving satellite.




Compared to other proposals, our view is that proposal 1 is simpler as it does not have impact to other WGs or specification. For example, triggering of cell selection based on fulfillment on cell relaxation criteria and t-Service may need more discussion also in other WGs. We support proposal 1 which allows a minimum time period (same as in legacy requirements) required to complete an ongoing or a new measurement before it can enter relaxation state. It is noted that the time duration during which the serving satellite will disappear can vary, e.g. from few sections to minutes. In addition, the satellite serving the cell after the discontinuous coverage may not even be the same. However, in cases when the discontinuous coverage will be rather short and having the possibility to complete one measurement will improve the mobility as well as the UE power which is especially important for IoT devices. 
This means UE meets the relaxed measurement requirements only when the received information (based on t-service) indicates that the UE will be in-coverage at least certain time period before going out of coverage. Otherwise, if the received information indicate that the current cell will disappear very shortly then the UE shall not enter relaxed mode. The time span in proposal 1 is based on the number of DRX cycles needed to perform a serving cell evaluation. For NB-IoT UE configured with DRX cycles, UE needs 4 DRX cycles since serving cell evaluations are based on 4 DRX cycles in enhanced coverage in legacy requirements (worst case). For NB-IoT UE configured with eDRX cycles, the time period can be set to 1 eDRX cycle. Similarly, the eMTC UE needs 4 DRX cycle (assuming DRX cycle of 2.56 sec) and 1 eDRX cycle to perform the serving cell valuation when configured with DRX and eDRX cycles respectively. 

Proposal 1 In addition to the existing serving cell relaxation conditions, add following conditions for IoT NTN (eMTC and NB-IoT): 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. 


Relaxed serving cell measurements in IDLE mode
Relaxation of serving cell measurements was discussed in RAN4#105 meeting and following agreements were reached [1]:
	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 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.
·  [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 above agreement states that RRM measurement relaxation is allowed for NGSO and the level of relaxation is less compared to corresponding GSO relaxed requirements. The open issue is to agree on how much less NGSO requirements are relaxed compared to GSO relaxed requirements. Our view is that RAN4 shall maintain this previous agreement and further discuss to agree on the values in this meeting, especially given that this WI is already completed. 
In current requirements, the measurement relaxation factor is derived from Table 1 (when configured with DRX) or Table 2 (when configured with eDRX).  

Table 1: The relaxation factor N for a UE not configured with eDRX IDLE cycle
	DRX cycle length [s]
	Value

	0.32
	Min(n , 32)

	0.64
	Min(n , 16)

	1.28
	Min(n , 8)

	2.56
	Min(n , 4)

	NOTE:	n is signalled by the network by using num-DRX-CyclesRelaxed defined in TS 36.331 [2].



Table 2: The relaxation factor N for a UE configured with eDRX IDLE cycle
	DRX cycle length [s]
	Value

	
	1.28 ≤ PTW length [s] < 2.56
	2.56 ≤ PTW length [s] < 5.12
	5.12 ≤ PTW length [s] 

	0.32
	Min(n , 2)
	Min(n , 4)
	Min(n , 8)

	0.64
	1
	Min(n , 2)
	Min(n , 4)

	1.28
	N/A
	1
	Min(n , 2)

	2.56
	N/A
	N/A
	1

	NOTE:	n is signalled by the network by using num-DRX-CyclesRelaxed defined in TS 36.331 [2].




The outcome of last meeting is shown below [1]:
	Issue 1-2: NGSO, serving cell measurement - relaxation factor N
FFS
· Option 1: 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. 
· Option 2: The values in tables used for deriving the serving cell measurement relaxation factors are reduced by factor 2 for NGSO for eMTC and NB-IoT in IDLE mode. 



We support option 1 and the main reason is that it has least impact on the NW implementation. For example, following option 2 means that it is the NW responsibility to identify the type of satellite serving the UE and based on that set a relaxation factor. IoT NTN is expected to reuse the corresponding TN implementations as much as possible. For corresponding TN requirements, the relaxation factors are predefined. Option 1 is therefore aligned with corresponding legacy requirements.Therefore, we propose to reduce the values in existing tables (Table 1 and 2) used for deriving the relaxation factors by a factor 2 for NGSO. 

Proposal 2 The values in tables used for deriving the serving cell measurement relaxation factors are reduced by factor 2 for NGSO for eMTC and NB-IoT in IDLE mode.



NGSO, serving cell measurement upon t-Service-r17
The impact on serving cell measurements due to discontinuous coverage in NGSO has been discussed for last several meetings with limited progress. The outcome of last meeting is shown below [1]:
	Issue 2-3: NGSO, serving cell measurement upon t-Service-r17
FFS
· Proposal 1: Do not change DRX requirements based on t-service configuration. 
· Proposal 2: 
· If the UE is configured with DRX cycle ≥ [1.28] sec, then the UE shall meet the serving cell evaluation requirements defined for DRX cycle of [640] ms starting from at least 2 configured DRX cycles before ‘t-Service-r17’. 
· If the UE is configured with ‘t-Service-r17’ [2] in the serving cell and eDRX_IDLE, then the UE shall meet the requirements defined for DRX cycle length of [2.56] s in Table 4.7A.2.1.1-1 starting from at least [2] DRX cycles before ‘t-Service-r17’.



It shall be noted that the NB-IoT and eMTC requirements apply to both normal coverage and enhanced coverage. The measurement delays significantly longer even for the normal coverage compared to the corresponding legacy requirements. This means the total measurement delay becomes much longer when configured with the long DRX cycle especially for UEs configured with eDRX. One important difference between Rel-17 NTN work and the Rel-18 LTE IoT NTN work is that the latter supports also operation with long DRX, more specifically extended DRX (eDRX) cycles with PTW which is the case for NR NTN. Therefore, the problem is unique to IoT NTN and it is therefore beneficial to measure according to short DRX cycles when approaching ‘t-Service’. 

Proposal 3 If the UE is configured with DRX cycle ≥ [1.28] sec, then the UE shall meet the serving cell evaluation requirements defined for DRX cycle of [640] ms starting from at least 2 configured DRX cycles before ‘t-Service-r17’. 
Proposal 4 If the UE is configured with ‘t-Service-r17’ [2] in the serving cell and eDRX_IDLE, then the UE shall meet the requirements defined for DRX cycle length of [2.56] s in Table 4.7A.2.1.1-1 starting from at least [2] DRX cycles before ‘t-Service-r17’.

Discontinuous coverage
The UE behaviour during discontinuous coverage was discussed where following two options were identified [1]. 
	Issue 3-1: Discontinuous Coverage - clarification
· Option 1: RAN4 to agree that in discontinuous coverage scenarios, the UE shall resume measurements when the UE is in expected coverage as defined by SystemInformationBlockType32
· Option 1a: RAN4 to agree that in discontinuous coverage scenarios, the UE shall resume measurements when the UE is in expected in-coverage after UE acquired the SystemInformationBlockType32.



We support option 1a because it is more specific compared to option 1. The UE needs to acquire the SIB32 which takes some time and only after that the can resume the measurements which were postponed, or paused due to discontinuous coverage. This is the only but important difference between option 1 and 1a. 
Proposal 5 RAN4 to agree that in discontinuous coverage scenarios, the UE shall resume measurements when the UE is in-coverage which is the time after UE has acquired the SystemInformationBlockType32.


Conclusion
In this contribution we have discussed and provided our view on the open RRM issues identified in the way forward document at last meeting. Based on the discussions, we have made following proposals:

1. In addition to the existing serving cell relaxation conditions, add following conditions for IoT NTN (eMTC and NB-IoT): 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. 
Proposal 7 The values in tables used for deriving the serving cell measurement relaxation factors are reduced by factor 2 for NGSO for eMTC and NB-IoT in IDLE mode.
Proposal 8 If the UE is configured with DRX cycle ≥ [1.28] sec, then the UE shall meet the serving cell evaluation requirements defined for DRX cycle of [640] ms starting from at least 2 configured DRX cycles before ‘t-Service-r17’. 
Proposal 9 If the UE is configured with ‘t-Service-r17’ [2] in the serving cell and eDRX_IDLE, then the UE shall meet the requirements defined for DRX cycle length of [2.56] s in Table 4.7A.2.1.1-1 starting from at least [2] DRX cycles before ‘t-Service-r17’.
Proposal 10 RAN4 to agree that in discontinuous coverage scenarios, the UE shall resume measurements when the UE is in-coverage which is the time after UE has acquired the SystemInformationBlockType32.
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