Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAN WG1 Meeting #109-e	R1-2204080
e-Meeting, May 9th – 20th, 2022

Agenda Item:	9.12.2
Source:	Ericsson
Title:	On disabling HARQ feedback for IoT NTN
Document for:	Discussion

1	Introduction
The Rel-18 “WID on IoT NTN enhancements” [1] includes the following objectives touching upon RAN1:
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify, if needed, improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.



In this contribution we provide our views on the first sub-bullet related with “Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates”, for both LTE-MTC and NB-IoT.
[bookmark: _Ref178064866][bookmark: _Hlk528365764]2	HARQ feedback for LTE-MTC
Touching upon the HARQ feedback, in Rel-17 upon introducing “ce-PDSCH-14HARQ-Config-r17”, the possibility of using up to 14 HARQ processes in downlink became available for HD-FDD Cat M1 UEs [2]. Assuming the transmission of transport blocks of 1000 bits, a peak data rate of around 706 kbps is achievable through the combined usage of 14 HARQ processes and HARQ-ACK bundling as depicted in Table A1 of Annex 1.
The Rel-17 features developed under a terrestrial context are expected to be used (i.e., when possible) within an IoT NTN context. Therefore, in section 2.1 we perform an analysis on what could be the achievable peak data rate if “ce-PDSCH-14HARQ-Config-r17” were used within an IoT NTN context.
2.1	“ce-PDSCH-14HARQ-Config-r17” feature applied to IoT NTN
The main reason for considering disabling the HARQ feedback for IoT NTN is due to the large roundtrip delay between the UE and the eNB. Table 1 shows both the delay and doppler shift values for various satellite orbits [3]:
Table 1: Delay and Doppler shift values for various satellite orbits.
	
	LEO
	GEO

	Orbit altitude
	600 km
	1200 km
	35.786 km

	Distance at minimum elevation
	1932 km
	3131 km
	40.581 km

	Delay at maximum elevation
	8.0 ms
	16.0 ms
	477 ms

	Delay at minimum elevation
	25.8 ms
	41.8ms
	541 ms

	Maximum Doppler shift
	24 ppm
	21 ppm
	<1 ppm

	Maximum Doppler shift variation
	0.27 ppm/s
	0.13 ppm/s
	⁓0 ppm/s



[bookmark: _Hlk99451928]Although the large roundtrip delays in IoT NTN can in principle suggest that the HARQ feedback should be disabled, the functionalities embedded into “ce-PDSCH-14HARQ-Config-r17” seem to make possible obtaining non-negligible data rates (i.e., in the order of hundreds of kbps) at least for LEO satellite scenarios as illustrated next in section 2.1.1.
[bookmark: _Toc99546874]The Rel-17 features developed under a terrestrial context are expected to be used (i.e., when possible) within an IoT NTN context.
· [bookmark: _Toc99546875]Particularly for LTE-MTC NTN, “ce-PDSCH-14HARQ-Config-r17” could be used to obtain non-negligible data rates (i.e., in the order of hundreds of kbps) at least for LEO satellite scenarios.
2.1.1	Applying “ce-PDSCH-14HARQ-Config-r17” to LEO satellite scenarios
2.1.1.1	LEO satellite at an orbit altitude of 600 km
In Table A1.2 in Annex 1, the framework of the “ce-PDSCH-14HARQ-Config-r17” feature is used with up to 10 HARQ processes for an IoT NTN scenario assuming a LEO satellite at an orbit altitude of 600 km. The estimated UE peak data rates are as follows:
· Assuming a TBS of 1000 bits and based on the framework depicted in Table A1.2 in Annex 1, the resulting peak data rate equals (1000*10)/41 ⁓ 243 kbps.
· [bookmark: _Hlk99541069][bookmark: _Hlk99527019]On the other hand, when the new maximum DL TBS of 1736 bits introduced in Rel-17 is assumed, the resulting peak data rate is ⁓ 423 kbps.
[bookmark: _Toc99546876]When “ce-PDSCH-14HARQ-Config-r17” is used with at most 10 HARQ processes for IoT NTN (as to avoid additional specification impacts), the achievable peak data rates for a LEO’s satellite scenario at an orbit altitude of 600 km are:
· [bookmark: _Toc99546877]⁓ 243 kbps (assuming a TBS = 1000 bits)
· [bookmark: _Toc99546878]⁓ 423 kbps (assuming a TBS = 1736 bits using “ce-PDSCH-maxTBS”)
[bookmark: _Hlk99540657]The reason behind using only up to 10 HARQ processes (i.e., from HARQ process #0 to #9) for IoT NTN is to avoid causing additional specification impacts, this because a longer PDSCH scheduling delay would need to be introduced for using HARQ processes # 10, #11, #12 and #13 since the PDSCHs associated to those HARQ processes are transmitted after the PUCCH transmissions and therefore would be present till the subsequent scheduling cycle (See HARQ processes # 10, #11, #12 and #13 in Table A1 for a terrestrial framework using 14 HARQ processes).
2.1.1.2	LEO satellite at orbit altitude of 1200 km
Using the same framework as in section 2.1.1.1, when the LEO satellite is at an orbit altitude of 1200 km the estimated UE peak data rates are as follows:
· Assuming a TBS of 1000 bits, the resulting peak data rate equals (1000*10)/57 ⁓ 175 kbps.

· When the new max DL TBS of 1736 bits is assumed, the resulting peak data rate is ⁓ 304 kbps.

[bookmark: _Toc99546879]When “ce-PDSCH-14HARQ-Config-r17” is used with at most 10 HARQ processes for IoT NTN (as to avoid as to additional specification impacts), the achievable peak data rates for a LEO’s satellite scenario at an orbit altitude of 1200 km are:
· [bookmark: _Toc99546880]⁓ 175 kbps (assuming a TBS = 1000 bits)
· [bookmark: _Toc99546881]⁓ 304 kbps (assuming a TBS = 1736 bits using “ce-PDSCH-maxTBS”)
2.1.2	Applying “ce-PDSCH-14HARQ-Config-r17” to GEO satellite scenarios
For a GEO satellite at an orbit altitude of 35.786 km, when the “ce-PDSCH-14HARQ-Config-r17” framework is applied the achievable peak data rate is in the order of tens of kbps:
· Assuming a TBS of 1000 bits, the resulting peak data rate equals (1000*10)/556 ⁓ 17 kbps.

· When the new max DL TBS of 1736 bits is assumed, the resulting peak data rate is ⁓ 31 kbps.

[bookmark: _Toc99546882]When “ce-PDSCH-14HARQ-Config-r17” is used along 10 HARQ processes for a GEO’s satellite scenario at an orbit altitude of 35.786 km, the achievable data rates are in the order of tens of kbps:
· [bookmark: _Toc99546883]⁓ 17 kbps (assuming a TBS = 1000 bits)
· [bookmark: _Toc99546884]⁓ 31 kbps (assuming a TBS = 1736 bits using “ce-PDSCH-maxTBS”)
2.1.3	View on disabling HARQ feedback for LTE-MTC NTN
Based on the analysis performed in the previous subsections, at least for the LEO cases it might not be needed disabling the HARQ feedback since it seems possible to obtain UE data rates in the order of hundreds of kbps by making use of features already available in the standard.
[bookmark: _Toc100691116]For LTE-MTC NTN, RAN1 should discuss and consider not disabling the HARQ feedback at least for LEO satellites, since non-negligible data rates in the order of hundreds of kbps are achievable using “ce-PDSCH-14HARQ-Config-r17” and “ce-PDSCH-maxTBS”.
3	HARQ feedback for NB-IoT
For terrestrial NB-IoT, today it is possible to make use of up to 2 HARQ processes in such a way that when assuming a TBS of 2536 bits for stand-alone/guard-band deployments, a peak data rate of (2536*2)/40 ⁓ 126.8 kbps can be achieved as illustrated in Table A2 of Annex 2.
3.1	“npdsch-16QAM-Config-r17” feature applied to IoT NTN
In Rel-17 a higher order modulation was introduced i.e., 16-QAM along with a new max DL TBS of 4968 bits [2], which can be used for IoT NTN to achieve peak data rates in the order of hundreds of kbps at least for LEO satellite scenarios as illustrated next in section 3.1.1.

[bookmark: _Toc99546885]The Rel-17 features developed under a terrestrial context are expected to be used (i.e., when possible) within an IoT NTN context.
· [bookmark: _Toc99546886]Particularly for NB-IoT NTN, “npdsch-16QAM-Config-r17” could be used to obtain non-negligible data rates (i.e., in the order of hundreds of kbps) at least for LEO satellite scenarios.
3.1.1	Applying “npdsch-16QAM-Config-r17” to LEO satellite scenarios
3.1.1.1	LEO satellite at an orbit altitude of 600 km
In Table A2.1 in Annex 2, the two HARQ processes framework along with the “npdsch-16QAM-Config-r17” feature is used for an IoT NTN scenario assuming a LEO satellite at an orbit altitude of 600 km. The estimated UE peak data rates are as follows:
· For stand-alone/guard-band deployments: Assuming a max TBS of 4968 bits, the resulting peak data rate equals (4968*2)/66 ⁓ 150.64 kbps.
· For in-band deployments: Assuming a max TBS of 3624 bits, the resulting peak data rate equals (3624*2)/66 ⁓ 109.81 kbps.
[bookmark: _Toc99546887]When “npdsch-16QAM-Config-r17” is used along with two HARQ processes, the achievable peak data rates for a LEO’s satellite scenario at an orbit altitude of 600 km are:
· [bookmark: _Toc99546888]⁓ 150.64 kbps (assuming a TBS = 4968 bits for stand-alone/guard-band deployments)
· [bookmark: _Toc99546889]⁓ 109.81 kbps (assuming a TBS = 3624 bits for in-band deployments)
3.1.1.2	LEO satellite at an orbit altitude of 1200 km
Using the same framework as in section 3.1.1.1, when the LEO satellite is at an orbit altitude of 1200 km the estimated UE peak data rates are as follows:
· For stand-alone/guard-band deployments: Assuming a max TBS of 4968 bits, the resulting peak data rate equals (4968*2)/82 ⁓ 121.17 kbps.
· For in-band deployments: Assuming a max TBS of 3624 bits, the resulting peak data rate equals (3624*2)/82 ⁓ 88.4 kbps.
[bookmark: _Toc99546890]When “npdsch-16QAM-Config-r17” is used along with two HARQ processes, the achievable peak data rates for a LEO’s satellite scenario at an orbit altitude of 1200 km are:
· [bookmark: _Toc99546891]⁓ 121.17 kbps (assuming a TBS = 4968 bits for stand-alone/guard-band deployments)
· [bookmark: _Toc99546892]⁓ 88.4 kbps (assuming a TBS = 3624 bits for in-band deployments)
3.1.2	Applying “npdsch-16QAM-Config-r17” to GEO satellite scenarios
For a GEO satellite at an orbit altitude of 35.786 km, when the two HARQ processes framework along with the “npdsch-16QAM-Config-r17” feature is applied, the achievable peak data rate is in the order of tens of kbps:
· For stand-alone/guard-band deployments: Assuming a max TBS of 4968 bits, the resulting peak data rate equals (4968*2)/581 ⁓ 17.1 kbps.
· For in-band deployments: Assuming a max TBS of 3624 bits, the resulting peak data rate equals (3624*2)/581 ⁓ 12.47 kbps.
[bookmark: _Toc99546893]When “npdsch-16QAM-Config-r17” is used along with two HARQ processes for a GEO’s satellite scenario at an orbit altitude of 35.786 km, the achievable data rates are in the order of tens of kbps:
· [bookmark: _Toc99546894]⁓ 17.1 kbps (assuming a TBS = 4968 bits for stand-alone/guard-band deployments)
· [bookmark: _Toc99546895]⁓ 12.47 kbps (assuming a TBS = 3624 bits for in-band deployments)

2.1.3	View on disabling HARQ feedback for NB-IoT NTN
Based on the analysis performed in the previous subsections, at least for the LEO cases it might not be needed disabling the HARQ feedback since it seems possible to obtain UE data rates in the order of hundreds of kbps by making use of features already available in the standard.
[bookmark: _Toc100691117]For NB-IoT NTN, RAN1 should discuss and consider not disabling the HARQ feedback at least for LEO satellites, since non-negligible data rates in the order of hundreds of kbps are achievable using “npdsch-16QAM-Config-r17”.
6	Conclusion
Based on the discussion in the previous section we made the following observations:
Observation 1	The Rel-17 features developed under a terrestrial context are expected to be used (i.e., when possible) within an IoT NTN context.
	Particularly for LTE-MTC NTN, “ce-PDSCH-14HARQ-Config-r17” could be used to obtain non-negligible data rates (i.e., in the order of hundreds of kbps) at least for LEO satellite scenarios.
Observation 2	When “ce-PDSCH-14HARQ-Config-r17” is used with at most 10 HARQ processes for IoT NTN (as to avoid additional specification impacts), the achievable peak data rates for a LEO’s satellite scenario at an orbit altitude of 600 km are:
	⁓ 243 kbps (assuming a TBS = 1000 bits)
	⁓ 423 kbps (assuming a TBS = 1736 bits using “ce-PDSCH-maxTBS”)
Observation 3	When “ce-PDSCH-14HARQ-Config-r17” is used with at most 10 HARQ processes for IoT NTN (as to avoid as to additional specification impacts), the achievable peak data rates for a LEO’s satellite scenario at an orbit altitude of 1200 km are:
	⁓ 175 kbps (assuming a TBS = 1000 bits)
	⁓ 304 kbps (assuming a TBS = 1736 bits using “ce-PDSCH-maxTBS”)
Observation 4	When “ce-PDSCH-14HARQ-Config-r17” is used along 10 HARQ processes for a GEO’s satellite scenario at an orbit altitude of 35.786 km, the achievable data rates are in the order of tens of kbps:
	⁓ 17 kbps (assuming a TBS = 1000 bits)
	⁓ 31 kbps (assuming a TBS = 1736 bits using “ce-PDSCH-maxTBS”)
Observation 5	The Rel-17 features developed under a terrestrial context are expected to be used (i.e., when possible) within an IoT NTN context.
	Particularly for NB-IoT NTN, “npdsch-16QAM-Config-r17” could be used to obtain non-negligible data rates (i.e., in the order of hundreds of kbps) at least for LEO satellite scenarios.
Observation 6	When “npdsch-16QAM-Config-r17” is used along with two HARQ processes, the achievable peak data rates for a LEO’s satellite scenario at an orbit altitude of 600 km are:
	⁓ 150.64 kbps (assuming a TBS = 4968 bits for stand-alone/guard-band deployments)
	⁓ 109.81 kbps (assuming a TBS = 3624 bits for in-band deployments)
Observation 7	When “npdsch-16QAM-Config-r17” is used along with two HARQ processes, the achievable peak data rates for a LEO’s satellite scenario at an orbit altitude of 1200 km are:
	⁓ 121.17 kbps (assuming a TBS = 4968 bits for stand-alone/guard-band deployments)
	⁓ 88.4 kbps (assuming a TBS = 3624 bits for in-band deployments)
Observation 8	When “npdsch-16QAM-Config-r17” is used along with two HARQ processes for a GEO’s satellite scenario at an orbit altitude of 35.786 km, the achievable data rates are in the order of tens of kbps:
	⁓ 17.1 kbps (assuming a TBS = 4968 bits for stand-alone/guard-band deployments)
	⁓ 12.47 kbps (assuming a TBS = 3624 bits for in-band deployments)

Based on the discussion in the previous sections we propose the following:

Proposal 1	For LTE-MTC NTN, RAN1 should discuss and consider not disabling the HARQ feedback at least for LEO satellites, since non-negligible data rates in the order of hundreds of kbps are achievable using “ce-PDSCH-14HARQ-Config-r17” and “ce-PDSCH-maxTBS”.
Proposal 2	For NB-IoT NTN, RAN1 should discuss and consider not disabling the HARQ feedback at least for LEO satellites, since non-negligible data rates in the order of hundreds of kbps are achievable using “npdsch-16QAM-Config-r17”.
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6	Annex 1: LTE-MTC for IoT NTN
A1.1	Legacy framework of “ce-PDSCH-14HARQ-Config-r17” for using up to 14 HARQ for HD-FDD Cat M1 UEs.
Table A1 illustrates the framework of “ce-PDSCH-14HARQ-Config-r17”, which in Rel-17 introduced the possibility of using up to 14 HARQ processes in downlink for HD-FDD Cat M1 UEs.
[bookmark: _Hlk99540640]Table A1: Combined usage of 14 HARQ processes and HARQ-ACK bundling for a Cat-M1 HD-FDD UE.
	[bookmark: _Hlk97312456]Subframe #
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24

	MPDCCH
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	
	
	
	
	
	0
	1
	2
	3
	4
	5
	6
	7

	PDSCH    
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	
	
	
	10
	11
	0
	1
	2
	3
	4
	5

	PUCCH     ACK/NACK (Bundling)
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
(0, 1, 2, 3)
	1
(4, 5, 6, 7)
	2
(8, 9)
	
	
	
	
	
	
	
	
	


The time progression of Table 1 continues below:
	Subframe #
	25
	26
	27
	28
	29
	30
	31
	32
	
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45

	MPDCCH
	8
	9
	12
	13
	
	
	
	
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	PDSCH          
	6
	7
	8
	9
	
	
	
	
	
	
	12
	13
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	PUCCH     ACK/NACK
(Bundling)
	
	
	
	
	
	0
(10, 11, 0, 1)
	1
(2, 3, 4, 5)
	2
(6, 7, 8, 9)
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Note: The dashed and dotted arrows illustrate examples of the “PDSCH scheduling delay” (encompassing 7 subframes) and “HARQ-ACK delay” (encompassing 13 subframes), respectively.
In Table 1, MPDCCH#0 and PDSCH#0 refer to the control channel and corresponding user data associated to HARQ Process #0. PUCCH #0 in Subframe#13 bundles four ACKs/NACKs associated to multiple HARQ processes (see numbers surrounded by brackets). Other HARQ processes depicted in Table 1 follow the same logic and terminology respectively.
Assuming the transmission of transport blocks of 1000 bits, a peak data rate of around 706 kbps. Moreover, in Rel-17 a new maximum downlink TBS of 1736 bits was introduced which with the exact same framework allows achieving a peak data rate around 1.22 Mbps.
A1.2	LEO satellite at an orbit altitude of 600 km
The framework of the “ce-PDSCH-14HARQ-Config-r17” feature is used with up to10 HARQ processes for NTN LTE-MTC upon incorporating the propagation delay encompassing both the delay in the DL direction and the way-back in the UL direction as exemplified below for a LEO-based scenario with the following characteristics:

Table A1.1: Example of a LEO satellite with an orbit altitude of 600 Km.
	Orbit altitude
	600 Km

	Distance at min. elevation
	1932 Km

	Delay at min elevation
	25.8 ms



Table A1.2: Combined usage of 10 HARQ processes and HARQ-ACK bundling for a Cat-M1 HD-FDD UE for NTN (LEO satellite with an orbit altitude of 600 Km).
	 Subrame#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27

	MPDCCH
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PDSCH
	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	PUCCH
{Bundling}
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
{0,
1,
2,
3}
	1
{4,
5,
6,
7}
	2
{8,
9}
	
	
	
	
	
	
	
	
	
	
	
	

	For HARQ Process #0
	MDPCCH to PDSCH delay
	
	2ms
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	PDSCH to PUCCH delay
	
	
	
	11ms
(includes 1ms for DL-to-UL switching)
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Delay before a potential HARQ retransmission of the same data is scheduled
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	4ms

(includes 1ms for UL-to-DL switching)
	
	
	
	
	
	
	
	
	
	

	
	Propagation delay in UL direction
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Delay at min elevation/2 = 26ms/2 = 13ms
(Note that this delay only overlaps with 3ms in the above row, as to only treat separately the UL-to-DL switching delay)

	
	Propagation delay in DL direction
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	



The time progression of Table A1.2 continues below:


	Subrame#
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	









...

	MPDCCH
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
	1
	2
	3
	4
	

	PDSCH
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
	1
	2
	

	PUCCH
{Bundling}
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	For HARQ Process #0
	MDPCCH to PDSCH delay
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	PDSCH to PUCCH delay
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Delay before a potential HARQ retransmission of the same data is scheduled
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Propagation delay in UL direction
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Propagation delay in DL direction
	Delay at min elevation/2 = 26ms/2 = 13ms

	
	
	
	
	
	



Based on the framework depicted in Table A1.2, assuming a TBS of 1000 bits the resulting peak data rate equals (1000*10)/41 ⁓ 243 kbps. On the other hand, when the new maximum DL TBS of 1736 bits introduced in Rel-17 is assumed, the resulting peak data rate is ⁓ 423 kbps.
6	Annex 2: NB-IoT for IoT NTN
A2.1	Legacy framework using up to two HARQ for Cat-NB2 UEs.
Table A2 illustrates the terrestrial NB-IoT framework using two HARQ for a Cat-NB2 UE.
Table A2: Legacy framework using two HARQ processes for a Cat-NB2 UE.
	Subrame#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40

	NPDCCH
	0
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	NPDSCH
	
	
	
	
	
	0
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NPUSCH Format 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	
	
	
	
	
	1
	
	

	


For HARQ Process #0
	NDPCCH to NPDSCH delay
	
	4ms
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	NPDSCH to NPUSCH Format 2 delay
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	12ms
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Delay before a potential HARQ retransmission of the same data is scheduled
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1ms
	



In this case, if we assume a TBS of 2536 bits, then the peak data rate equals (2536*2)/40 ⁓ 126.8 kbps.
A2.2	LEO satellite at an orbit altitude of 600 km
The framework depicted in Table A2 can be used along with the “ce-PDSCH-14HARQ-Config-r17” feature for NB-IoT NTN, upon incorporating the propagation delay encompassing both the delay in the DL direction and the way-back in the UL direction as exemplified below for a LEO-based scenario with the following characteristics:
Table A2.1: Example of a LEO satellite with an orbit altitude of 600 Km.
	Orbit altitude
	600 Km

	Distance at min. elevation
	1932 Km

	Delay at min elevation
	25.8 ms



Table A2.2: NB-IoT framework for NTN using two HARQ processes upon incorporating satellite propagation delays (LEO satellite with an orbit altitude of 600 Km).
	                                           Subrame#
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	...
	53
	...
	66

	NPDCCH
	0
	
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0

	NPDSCH
	
	
	
	
	
	0
	1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	NPUSCH Format 2
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	0
	
	
	
	
	
	
	
	
	1
	
	
	
	
	
	

	
For HARQ Process #0
	NDPCCH to NPDSCH delay
	
	4ms
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	NPDSCH to NPUSCH Format 2 delay
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	12ms
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Delay before a potential HARQ retransmission of the same data is scheduled
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	1ms
	
	
	
	
	

	
	Propagation delay in UL direction
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Delay at min elevation/2 = 26ms/2 = 13ms
	
	
	

	
	Propagation delay in DL direction
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	Delay at min elevation/2 = 26ms/2 = 13ms
	


Note that the “Propagation delay in UL direction” was not overlapped with the 1ms in the row above it, as to treat separately the UL-to-DL switching delay (This was mainly to visualize or distinguishing better the existent considered delays and the satellite related delays, if “Propagation delay in UL direction” absorbs the UL-to-DL switching delay, then the achievable peak data rate would be slightly increased).
In this case, the estimated UE peak data rates are as follows:
· For stand-alone/guard-band deployments: Assuming a max TBS of 4968 bits, the resulting peak data rate equals (4968*2)/66 ⁓ 150.64 kbps.
· For in-band deployments: Assuming a max TBS of 3624 bits, the resulting peak data rate equals (3624*2)/66 ⁓ 109.81 kbps.
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