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1	Introduction
The IoT NTN WI was completed but there are still some unresolved issues in the specification that need to be resolved. In this paper we discuss those open issues of core and performance part and provide our view.
[bookmark: _Ref178064866]2	Discussion on core part 

2.1	IDLE mode measurement relaxation

Relaxed serving cell measurements in IDLE mode
RAN4 has discussed the conditions to allow serving cell measurement relaxation which was discussed based on following agreement from RAN4#107-meeting:
	Issue 2-2: Requirements appliacability for time-based neighbour cell measurements
· Agreements
· UE shall be able to detect, measure, and evaluate neighbour cells before t-Service is reached, and the relaxed neighbour cell measurement is only allowed when the relaxed monitoring criteria defined in clause 5.2.4.12 [1] are fulfilled and the time span to before t-Servic is longer than Ttrigger



Based on this agreement, the definition of Ttrigger was discussed at RAN4#108 meeting and following agreements were reached [1]:
	Issue 1-1: NGSO, serving cell measurement 
Further discussion on the following propels and its side conditions.
· 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 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. 



On the high-level, both proposal 1 and proposal 2 are similar as both define the Ttrigger using parameter k which is the timespan to T-Service. In the first proposal k=4 DRX cycles if not configured with eDRX_IDLE and k=eDRX cycle if configured with eDRX_IDLE. In the second proposal, k=2 DRX cycles and k=1 eDRX cycle if not configured and configured with eDRX_IDLE respectively. Nevertheless, proposal 2 may require RAN2 impact as the UE is expected to trigger cell reselection procedure when TTrigger exceeds k. It shall also noteworthy that there are no requirements defined for cell selection which means the time for the UE to recover its connection might be quite long. Considering these aspects we support proposal 1 as it allows the UE to have completed measurements before entering the relaxation state and the UE might be better prepared for a cell reselection if needed. Operation in relaxed mode is for power saving purpose and shall only be performed under stable conditions.  

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. 

NGSO, serving cell measurement upon t-Service-r17
The specification contains an open issue related to measurement requirements for serving cell relaxation as follows [3]:
	4.7A.2.1.1A	Relaxed measurement and evaluation of serving cell for UE category M1 in normal coverage
The UE which supports wakeUpSignal-r15 shall meet the requirement defined for the DRX cycle length of N*DRX_cycle in Section 4.7A.2.1.1, provided the following conditions are met:
-	WUS has been configured in the serving cell using WUS-Config-r15, and
-	The serving cell measurement relaxation is signalled by the network using num-DRX-CyclesRelaxed, and
-	Serving cell S criteria is met with at least 2 dB margin.
-	The relaxed monitoring criteria for neighbour cells in TS 36.304 [1] clause 5.2.4.12.1 is fulfilled, 
Editor’s note: FFS on following additional conditions when the UE is configured with ‘t-Service’ [2] in the serving cell:
-	[If the UE is not configured with eDRX_IDLE cycle and if the UE is configured with ‘t-Service’ [2] in the serving cell 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’, or
-	[If the UE is configured with eDRX_IDLE cycle and with ‘t-Service’ [2] in the serving cell and with eDRX_IDLE cycle, and the serving cell is not going to stop serving the area, where the UE is located, at least during the last [1] eDRX cycle before ‘t-Service’. ]
Otherwise the requirements defined for the configured DRX cycle length in Section 4.7A.2.1.1 shall apply.



The requirements in square brackets need to be confirmed and we make present the motivation below. It shall be noted that the NB-IoT and eMTC requirements apply to both normal coverage and enhanced coverage. These measurement delays are 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. 
· Observation 1: Compared to NR NTN, IoT NTN supports operations with long DRX cycles and eDRX cycles.
· Observation 2: Measurement delays of NB-IoT and eMTC are considerably longer compared to NR NTN measurement delays. 

This particular issue was not discussed for NR NTN since the NR NTN doe not support operation with long DRX or with extended eDRX cycles with PTW. For example, the NR NTN serving cell measurement requirements are defined for longest 2.56 seconds DRX cycle whereas the longest DRX cycle for NB-IoT serving cell measurements are 10.24 seconds. More importantly, both NB-IoT and eMTC UEs in IDLE mode can also be operating with extended eDRX cycle with PTW, where there can be long durations without any measurements and such durations can be long as almost 3 hours. Therefore, the problem of long measurement delays with long DRX/eDRX cycles is specific to IoT NTN. This in combination with UE approaching ‘t-Service’ can lead to UE being in discontinuous coverage without any serving cell measurement for as long as up to 11 hours considering that the eDRX cycle can be up to almost 3 hours and discontinuous coverage can also last for several hours (e.g. 8 hours), see Figure x.



Figure 1 NB-IoT/eMTC UE with eDRX cycle approaching discontinuous coverage

· Observation 3: eDRX cycles of NB-IoT and eMTC can be up to almost 3 hours.

· Observation 4: NB-IoT and eMTC UE can be without any serving cell measurements for almost 11 hours considering:
· longest eDRX cycle of ~ 3 hours,
· discontinuous coverage of ~8 hours.


Based on these observations, we make following proposals:

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’. 
Proposal 3 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 measurement behaviour during discontinuous coverage was discussed at RAN4#108 meeting with following outcome [1]. 
	Issue 2-2: Discontinuous Coverage upon UE is in coverage
Further discuss the following proposals:
· Proposal 1a: 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. (Ericsson)
· Proposal 1b: RAN4 to agree that in discontinuous coverage scenarios, the UE shall postpone measurements /radio monitoring until the UE is in expected coverage as defined by the previously acquired SystemInformationBlockType32 as long as the UE is still in the relevant area covered by SIB32. (Nokia)
· Proposal 1c: RAN4 to agree that in discontinuous coverage scenarios, the UE shall perform measurements when the UE is in-coverage which is determined by the received SystemInformationBlockType32. (Moderator)
· Proposal 2: RAN4 not to define in-coverage definition for discontinuous coverage scenarios. (Huawei)
· [bookmark: _Toc142670504]Proposal 3: If RAN4 cannot agree to define what “in coverage” means, amend the previous agreement to say that: “in discontinuous coverage scenarios the UE can postpone radio monitoring activities until the UE is in coverage or for a maximum period of [8] hours, whichever comes first”. (Nokia)



It is noted that proposals 1a, 1b, 1c and 3 are comparable to each other’s and from a technical perspective we do not observe many differences. We do not see the need to differentiate between measurements and radio monitoring as the former term is more general and includes radio monitoring also. Therefore, although we proposed proposal 1a, we can also accept others. As an attempt to merge these proposals, we make following proposal:
Proposal 4 During discontinuous coverage, the UE shall postpone measurements /radio monitoring until the UE is in in-coverage as defined by the previously acquired SIB32. Upon reaching in-coverage, the UE shall resume the measurements. 


3	Discussion on performance part

PHR reporting
With regard to PHR reporting requirements, following agreements were reached [2]:
	Issue 1: PHR reporting for NB-IoT in GEO
· Agreements
· Introduce a new PHR reporting table for NB-IoT in GEO and use legacy values in []
· Note: whether any revision of values is needed can be discussed in the maintenance stage



Based on the above agreement, the specification was updated to introduce separate PHR reporting requirements for GSO and NGSO respectively for NB-IoT as shown below [2]. RAN4 shall maintain this agreement and only update the values in the porting tables.
	9.1.23A.3	Report Mapping for UE Category NB1 for Satellite Access
For UE category NB1 in GSO when the enhanced coverage level 0 is selected during the random access procedure [17], the report mapping is defined in Table 9.1.23A.3-1 for UEs not supporting enhanced PHR.
Table 9.1.23A.3-1: Power headroom report mapping for UE category NB1 UEs in GSO not supporting enhanced PHR [31] when the enhanced coverage level 0 is selected during random access procedure [17]
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54  PH  [5]

	POWER_HEADROOM_1
	[5]  PH  [8]

	POWER_HEADROOM_2
	[8]  PH  [11]

	POWER_HEADROOM_3
	PH ≥ [11]



For UE category NB1 in GSO when enhanced coverage level other than 0 is selected during the random access procedure [17], the report mapping is defined in Table 9.1.23A.3-2 for UEs not supporting enhanced PHR.
Table 9.1.23A.3-2: Power headroom report mapping for UE category NB1 UEs in GSO not supporting enhanced PHR [31] when the enhanced coverage level other than 0 is selected during random access procedure [17]
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54  PH  [-10]

	POWER_HEADROOM_1
	[-10]  PH  [-2]

	POWER_HEADROOM_2
	[-2]  PH  [6] 

	POWER_HEADROOM_3
	PH ≥ [6]



For UE category NB1 in GSO, the the report mapping defined in clause 9.1.23.3 applies for UEs supporting enhanced PHR.
For UE category NB1 in NGSO, the report mapping defined in clause 9.1.23.3 applies.



· Observation X1: RAN4 has agreed to define separate PHR reporting tables for GSO and NGSO. 

The values are in square brackets and need to be agreed. One important difference between GEO and LEO is in the altitude they are operating at. The geostationary satellites operate around 36 000 km above the earth while the LEO satellites operate at altitude around 500 km – 1200 km above the earth. This difference in altitude will be reflected on the power headroom reporting because of the differences in pathloss which were observed in the technical report in TR 38.821. Table 1 below shows the path loss for GEO and LEO satellites in S-band [3]. 
Table 1: Link budgets results
	Case
	Transmission mode
	Frequency [GHz]
	TX: EIRP [dBm]
	RX: G/T [dB/T]
	Bandwidth [MHz]
	Free space path loss [dB]
	Atmospheric loss [dB]
	Shadow fading margin [dB]
	Scintillation Loss [dB]
	Polarization loss [dB]
	Additional losses [dB]
	CNR [dB]

	SC4
	DL
	2.0
	103.8
	-31.6
	30.0
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	0.0

	
	UL
	2.0
	23.0
	19.0
	0.4
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	-10.9

	SC5
	DL
	2.0
	99.0
	-31.6
	10.0
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	0.0

	
	UL
	2.0
	23.0
	19.0
	0.4
	190.6
	0.2
	3.0
	2.2
	0.0
	0.0
	-10.9

	SC9
	DL
	2.0
	78.8
	-31.6
	30.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	6.6

	
	UL
	2.0
	23.0
	1.1
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	2.8

	SC10
	DL
	2.0
	74.0
	-31.6
	10.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	6.6

	
	UL
	2.0
	23.0
	1.1
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	2.8

	SC14
	DL
	2.0
	84.8
	-31.6
	30.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	7.2

	
	UL
	2.0
	23.0
	1.1
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-2.6

	SC15
	DL
	2.0
	80.0
	-31.6
	10.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	7.2

	
	UL
	2.0
	23.0
	1.1
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-2.6

	SC19
	DL
	2.0
	98.3
	-31.6
	30.0
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-5.2

	
	UL
	2.0
	23.0
	14.0
	0.4
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-15.7

	SC20
	DL
	2.0
	93.5
	-31.6
	10.0
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-5.2

	
	UL
	2.0
	23.0
	14.0
	0.4
	190.4
	0.1
	3.0
	2.2
	0.0
	0.0
	-15.7

	SC24
	DL
	2.0
	72.8
	-31.6
	30.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	0.6

	
	UL
	2.0
	23.0
	-4.9
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	-3.2

	SC25
	DL
	2.0
	68.0
	-31.6
	10.0
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	0.6

	
	UL
	2.0
	23.0
	-4.9
	0.4
	159.1
	0.1
	3.0
	2.2
	0.0
	0.0
	-3.2

	SC29
	DL
	2.0
	78.8
	-31.6
	30.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	1.2

	
	UL
	2.0
	23.0
	-4.9
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-8.6

	SC30
	DL
	2.0
	74.0
	-31.6
	10.0
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	1.2

	
	UL
	2.0
	23.0
	-4.9
	0.4
	164.5
	0.1
	3.0
	2.2
	0.0
	0.0
	-8.6

	NOTE:	The link budget calculations including CIR and CINR results contributed by the companies are available in [24].


The table 1 shows the free space pathloss for GEO and LEO satellites for the scenarios defined in Table 6.1.1.1-9 in [3]. The scenarios are also included in the Appendix of this contribution for convenient reading. SC1-SC5, SC 16- shows the results GEO with different assumptions. SC6-SC15 and SDC21-SC30 show the results for LEO with different assumptions. Higher pathloss for GEO compared to LEO can be observed from these results. The UE may therefore use more transmit power for reaching a satellite at 36 00 km above the earth compared to reaching a satellite above 16 000 km above the earth. This means, for a UE with only 4 reportable values, it is therefore reasonable to assume more negative values for GEO compared to LEO since they can provide more accurate information about the actual power usage to the network. The network can use this information to perform link adaptation, e.g. to select more suitable transmission parameters. 
We have made our proposals in Table 2 for normal coverage and Table 3 for enhanced coverage. For normal coverage, we have kept the lower range (-54) from legacy and have included 3 more negative values compared to the legacy table which is used for LEO. Similarly, for enhanced coverage, we have proposed to reuse the lower range from legacy table but to include more negative values to have better resolution in the lower range. 
· Observation 5: GEO satellites operate around 36 000 km above the earth while LEO satellites operates around 500 - 1 200 km above the earth. 

Proposal 5 For NB-IoT PC3 and PCE5 UE in normal coverage managed by GEO with only 4 reportable values, the PHR reporting values are defined as shown in Table 2.

Table 2: Power headroom report mapping for UE category NB1 UEs for a cell (e.g. cell1) served by GEO satellite during random access procedure 
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54  PH  -10

	POWER_HEADROOM_1
	-10  PH  -2

	POWER_HEADROOM_2
	-2  PH  6 

	POWER_HEADROOM_3
	PH ≥ 6


 

Proposal 6 For NB-IoT PC3 and PC5 UE in enhanced coverage managed by GEO with only 4 reportable values, the PHR reporting values are defined as shown in Table 3.

Table 3 Power headroom report mapping for UE category NB1 UEs not supporting enhanced PHR when the enhanced coverage level other than 0 is selected during random access procedure and UE is served by GEO satellite
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54  PH  -40

	POWER_HEADROOM_1
	-40  PH  -30

	POWER_HEADROOM_2
	-30  PH  6 

	POWER_HEADROOM_3
	PH ≥ 6



In addition, the PHR reporting tables for UE power class 6 contain square brackets. Following the logic from legacy, the PC3 and PC5 PHR reporting tables for normal coverage can be reused for PC6. The values of enhanced coverage table for PC6 were modified in legacy to include more negative values because of the lower transmit power. Because of same reason, values from the normal coverage are proposed to be reused for lower range while the maximum range is kept same as in legacy, i.e. 0. 

Proposal 7 For NB-IoT PC6 UE in normal coverage managed by GEO with only 4 reportable values, the PHR reporting values from normal coverage for PC3 and PC5 are reused. 


Proposal 8 For NB-IoT PC6 UE in enhanced coverage managed by GEO with only 4 reportable values, the PHR reporting values are defined as shown in Table 2.

Table 4: Power headroom report mapping for UE category NB1 in GSO not supporting enhanced PHR when the enhanced coverage level other than 0 is selected during random access procedure [17] for UE PC6
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54  PH  -40

	POWER_HEADROOM_1
	-40  PH  -30

	POWER_HEADROOM_2
	-30  PH  0

	POWER_HEADROOM_3
	PH ≥ 0



Conclusion
In this contribution we have discussed and provided our view on the remaining RRM issues related to the core and performance part based on the way forward document agreed 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. 

· Observation 1: Compared to NR NTN, IoT NTN supports operations with long DRX cycles and eDRX cycles.
· Observation 2: Measurement delays of NB-IoT and eMTC are considerably longer compared to NR NTN measurement delays. 
· Observation 3: eDRX cycles of NB-IoT and eMTC can be up to almost 3 hours.

· Observation 4: NB-IoT and eMTC UE can be without any serving cell measurements for almost 11 hours considering:
· longest eDRX cycle of ~ 3 hours,
· discontinuous coverage of ~8 hours.

Proposal 10 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 11 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 12 During discontinuous coverage, the UE shall postpone measurements /radio monitoring until the UE is in in-coverage as defined by the previously acquired SIB32. Upon reaching in-coverage, the UE shall resume the measurements. 

· Observation 5: GEO satellites operate around 36 000 km above the earth while LEO satellites operates around 500 - 1 200 km above the earth. 

Proposal 13 For NB-IoT PC3 and PCE5 UE in normal coverage managed by GEO with only 4 reportable values, the PHR reporting values are defined as shown in Table 2.

Table 2: Power headroom report mapping for UE category NB1 UEs for a cell (e.g. cell1) served by GEO satellite during random access procedure 
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54  PH  -10

	POWER_HEADROOM_1
	-10  PH  -2

	POWER_HEADROOM_2
	-2  PH  6 

	POWER_HEADROOM_3
	PH ≥ 6


 

Proposal 14 For NB-IoT PC3 and PC5 UE in enhanced coverage managed by GEO with only 4 reportable values, the PHR reporting values are defined as shown in Table 3.

Table 3 Power headroom report mapping for UE category NB1 UEs not supporting enhanced PHR when the enhanced coverage level other than 0 is selected during random access procedure and UE is served by GEO satellite
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54  PH  -40

	POWER_HEADROOM_1
	-40  PH  -30

	POWER_HEADROOM_2
	-30  PH  6 

	POWER_HEADROOM_3
	PH ≥ 6



Proposal 15 For NB-IoT PC6 UE in normal coverage managed by GEO with only 4 reportable values, the PHR reporting values from normal coverage for PC3 and PC5 are reused. 


Proposal 16 For NB-IoT PC6 UE in enhanced coverage managed by GEO with only 4 reportable values, the PHR reporting values are defined as shown in Table 2.

Table 4: Power headroom report mapping for UE category NB1 in GSO not supporting enhanced PHR when the enhanced coverage level other than 0 is selected during random access procedure [17] for UE PC6
	Reported value
	Measured quantity value (dB)

	POWER_HEADROOM_0
	-54  PH  -40

	POWER_HEADROOM_1
	-40  PH  -30

	POWER_HEADROOM_2
	-30  PH  0

	POWER_HEADROOM_3
	PH ≥ 0
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