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1	Introduction
Good progress was reached at previous RAN4 meeting on the performance part of the IoT NTN WI as most of the test cases were completed. The issue on power headroom reporting was discussed and progress was made and the values of PHR reporting tables remain open which are discussed in this paper. 
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PHR reporting
With regard to PHR reporting requirements, following agreements were reached at last meeting [1]:
	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 for NB-IoT as shown below [2]: 
	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.


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 less than 1 200 km above the earth. This affects the path loss as studied and shown 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 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 uplink 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 the UE is expected to operate at higher power for GEO compared to LEO. 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 1: GEO satellites operate around 36 000 km above the earth while LEO satellites operates around 1 200 km above the earth. 

Proposal 1 For UE in normal coverage managed by GEO with only 4 reportable values, the PHR reporting values are defined as shown in Table 2.

Table 3: 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 2 For 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  -30

	POWER_HEADROOM_1
	-30  PH  -20

	POWER_HEADROOM_2
	-20  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 were modified in legacy, which may not be needed for IoT NTN if they are already modified to have higher resolution in the lower range.

Conclusion
In this contribution we have discussed and provided our view on the remaining issues of performance requirements for IoT NTN. Based on the discussions, we have made following agreements and observations:
Observation 1: GEO satellites operate around 36 000 km above the earth while LEO satellites operates around 1 200 km above the earth. 

1. For UE in normal coverage managed by GEO with only 4 reportable values, the PHR reporting values are defined as shown in Table 2.

Table 3: 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 4 For 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  -30

	POWER_HEADROOM_1
	-30  PH  -20

	POWER_HEADROOM_2
	-20  PH  6 

	POWER_HEADROOM_3
	PH ≥ 6
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Appendix
Table 6.1.1.1-9: List of calibration study cases
	Case
	Satellite orbit
	Satellite parameter set
	Central beam elevation
	Terminal
	Frequency Band
	Frequency/ Polarization Reuse

	1
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 1

	2
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 2

	3*
	GEO
	Set 1
	45 deg
	VSAT
	Ka-band
	Option 3

	4*
	GEO
	Set 1
	45 deg
	Handheld
	S-band
	Option 1

	5*
	GEO
	Set 1
	45 deg
	Handheld
	S-band
	Option 2

	6
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 1

	7
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2

	8*
	LEO-600
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 3

	9
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 1

	10
	LEO-600
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	11*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 1

	12*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 2

	13*
	LEO-1200
	Set 1
	90 deg
	VSAT
	Ka-band
	Option 3

	14
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 1

	15
	LEO-1200
	Set 1
	90 deg
	Handheld
	S-band
	Option 2

	16**
	GEO
	Set 2
	45 deg
	VSAT
	Ka-band
	Option 1

	17**
	GEO
	Set 2
	45 deg
	VSAT
	Ka-band
	Option 2

	18**
	GEO
	Set 2
	45 deg
	VSAT
	Ka-band
	Option 3

	19**
	GEO
	Set 2
	45 deg
	Handheld
	S-band
	Option 1

	20**
	GEO
	Set 2
	45 deg
	Handheld
	S-band
	Option 2

	21**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 1

	22**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 2

	23**
	LEO-600
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 3

	24**
	LEO-600
	Set 2
	90 deg
	Handheld
	S-band
	Option 1

	25**
	LEO-600
	Set 2
	90 deg
	Handheld
	S-band
	Option 2

	26**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 1

	27**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 2

	28**
	LEO-1200
	Set 2
	90 deg
	VSAT
	Ka-band
	Option 3

	29**
	LEO-1200
	Set 2
	90 deg
	Handheld
	S-band
	Option 1

	30**
	LEO-1200
	Set 2
	90 deg
	Handheld
	S-band
	Option 2

	NOTE 1:	no star = 1st priority, * = second priority scenario, ** = third priority scenario
NOTE 2:	Only 1st priority cases will be considered for calibration phase 1
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