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Introduction
WID for Rel18 IoT NTN [1] has the following objectives for RAN1.  
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers existing IoT-NTN as baseline as well as Rel-17 WI 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 RAN1#110, the following agreements were made regarding HARQ enhancement [2].
	Agreement
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling.
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field).
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above.

Agreement
For NB-IoT NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above

Agreement
For a DL HARQ process with disabled HARQ feedback in NB-IoT, at least the following UE behavior(s) can be considered:
· Option 1: UE is not expected to receive another NPDCCH carrying a DCI scheduling a NPDSCH for a given HARQ process that starts until X(ms) after the end of the reception of the last NPDSCH for that HARQ process. 
· X =12
· Option 2: UE is not required to monitor NPDCCH in a period of Y(ms) from the end of reception of the last NPDSCH
· Y=12
Note: it may be different UE behaviors for different UE categories (e.g., UE with single/multiple HARQ processes) 


While some issues identified in RAN1#109-e [3] are still open. 
	Agreement
For IoT NTN, further study the potential issues due to enabling/disabling on HARQ feedback for downlink transmission
· Issue A: SPS PDSCH
· Issue B: (N)PDSCH/(N)PDCCH scheduling restriction
· Issue C: HARQ feedback for scheduling multiple TB
· Issue D: HARQ bundling for eMTC HD-FDD
· Issue F: NPRACH capacity
· Issue G: Serving cell/satellite change during data transfer (FFS: for eMTC and/or NB-IoT)
· Other issues are not excluded
Note: The “Issues” in common for eMTC and NB-IoT can be separately discussed.  


In this contribution, we provide further analysis and discussion on HARQ feedback enabling/disabling signaling mechanism and related issues. 
Discussion
Throughput gain from HARQ feedback disabling
Several contributions in RAN1#110 have studied throughput gain in IoT over NTN when HARQ feedback is disabled, as summarized in [4]. We have also analyzed throughput gain from disabled HARQ feedback in various IoT NTN scenarios and presented the results in [5]. Unsurprisingly, we have found that throughput gain is more significant when the round-trip delay is long (e.g., GEO), when UE’s HARQ processes are few (i.e., NB-IoT), and when UE is located near cell center so less repetitions are needed (see Appendix for details).
Observation 1: The degree of downlink throughput improvement from HARQ feedback disabling depends on the satellite type, orbit, number of HARQ processes, and the UE location.
Proposal 1: Disabling HARQ feedback is studied by taking into consideration the characteristics of of IoT devices and deployment scenarios. 
HARQ feedback enabling/disabling mechanism
In RAN1#110 meeting, the following agreements were achieved on how to configure/indicate the HARQ feedback disabling:
	Agreement
For eMTC NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling.
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field).
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above.
 
Agreement
For NB-IoT NTN, to configure/indicate enabling/disabling of HARQ feedback for downlink transmission, down select one or more from the following options:
· Option 1: per HARQ process via UE specific RRC signaling
· Option 3: explicitly indicated by DCI (e.g., new field or reusing existing field)
· Option 4: implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS)
· Option 6: combinations of some options above
 



Option 1 is to reuse R17 NR-NTN solution that HARQ feedback enabling/disabling is configured per HARQ process through RRC signalling. It is up to network to enable/disable HARQ feedback per HARQ process semi-statically for any type of transmission of data or control signalling. For reliability of control signalling, e.g., RRC or MAC signalling, network can enable feedback for at least one HARQ process and transmit the control signalling through that HARQ process. Considering multiple HARQ processes (e.g., maximum 14 HARQ processes) can be supported for eMTC, the R17 NR-NTN solution may be re-used for eMTC. 
Proposal 2: Option 1 (i.e., reuse R17 NR-NTN solution) should be baseline for eMTC NTN. 
However, for NB-IoT UE, only one or at most two HARQ processes are supported. We can have discussion  for the case of single HARQ process and two HARQ processes separately:
· Single HARQ process case:
If Option 1(i.e.,NR-NTN solution) is reused for the single HARQ process case, HARQ feedback disabling/enabling can only be implemented through RRC configuration/reconfiguration, there will need large signalling overhead and latency for the HARQ feedback disabling/enabling switch back-and-forth. Dynamic HARQ feedback enabling/disabling can indicate the HARQ feedback enabling/disabling per TB, which seems more suitable for single HARQ process case. 
Option 3 (i.e., explicitly indication of HARQ feedback enabling/disabling by DCI in either new field or reusing existing field) and option 4 (i.e., implicitly determination by existing configured/indicated parameter/combined parameter(s)) are two possible ways to support dynamic HARQ feedback enabling/disabling. However, introduction of new field will bring large impact on L1 signalling and specification work. Reusing some of the DCI fields will also possibly impose limitations to the network since each DCI field has been defined with own purpose. How to use the current DCI fields in option 3 should be studied. Considering channel status of IoT NTN will not change frequently and is stable for some time due to most of the UE are stable or with low mobility, whether some bit can be saved in DCI field should be studied. If some bit can be saved, then it can be used to indicate HARQ feedback disabling/enabling as one possible way for option3 and will not bring much limitation to the network.
For option 4, it was discussed HARQ feedback disabling may be implicitly indicated by existing configured/indicated/combined parameter(s) in the DCI (e.g., repetition number, TBS). HARQ feedback enabling/disabling is to avoid HARQ stalling due to a long round-trip time and guarantee the required UE throughput. Considering HARQ stalling may occur when the transmission time cannot fill up the round-trip propagation time, a single factor such as “repetition number” or the “TBS” cannot reflect the total transmission time of NPDSCH, and it is not sufficient to determine the HARQ feedback disabling/enabling based on either of them. The total transmission time of NPDSCH can be considered to determine HARQ feedback disabling/enabling. If implicit indication is used, how to reflect the total transmission time scheduled by the DCI should be studied, to dynamicly indicate HARQ feedback disabling/enabling.
Observation 2: Option 1 (i.e., reusing R17 NR-NTN solution) need large signalling overhead and latency for the HARQ feedback disabling/enabling switch for IoT NTN with single HARQ process. 
Proposal3 : Dynamic HARQ feedback enabling/disabling (i.e., Option 3 or Option 4) can be studied for IoT NTN with single HARQ process. 
· Two HARQ processes case:
If Option 1(i.e.,NR-NTN solution) is reused for the two HARQ process case, HARQ feedback enabling/disabling is configured per HARQ process through RRC signalling. The network possibly can't find the matched HARQ process available for data transmission in some cases since there are only two HARQ processes. For example, if one HARQ process is configured with HARQ feedback disabling and one HARQ process is configured with HARQ feedback enabling. If RRC signalling /MAC CE need to be transmitted, but the HARQ process configured with HARQ enabling is ongoing, there will be no HARQ process with HARQ feedback enabling available to be used and the RRC signalling /MAC CE transmission will be delayed.  
Observation 3: With option 1 (i.e., reusing R17 NR-NTN solution) to indicate HARQ feedback disabling/enabling for two HARQ processes case, the matched HARQ process may be not available in some cases, which will delay the data (e.g., the RRC signalling /MAC CE) transmission.
Proposal 4 : Dynamic HARQ feedback enabling/disabling (i.e., Option 3 or Option 4) can be studied for IoT NTN with two HARQ process. 

[bookmark: _Hlk87092729]HARQ feedback for SPS
For eMTC configured with DL SPS, the SPS interval can be 10 ms to 640 ms, and the number of SPS HARQ processes can be 1 to 8. The duration between two new data scheduling opportunities on the same HARQ process is T * NHARQ, with T being the SPS interval and NHARQ the number of SPS HARQ processes. Figure 1 illustrates the case of 4 HARQ processes. Stalling of new data transmission will only happen when the retranmission cannot complete in this duration. This situation is more likely to occur for GEO (signal propagation RTT about 541 ms) and when the configured number of HARQ for SPS is not large. (Note that the RTT for HARQ needs to account for the long transmission time with repetitions in addition to signal propagation time and processing delays.) 
The NR solution of RRC configured HARQ feedback enabling/disabling per process can be reused for SPS in IoT NTN. But with less HARQ processes and more repetitions for IoT NTN, throughput and spectral efficiency in SPS is more likely to be impacted by stalling with HARQ feedback fully enabled or by overly conservative scheduling if with HARQ feedback fully disabled. A trade-off between HARQ feedback disabling and enabling may be needed. For example, the configuration allows a process to report one HARQ-ACK for every n TBs received in SPS. This reduced HARQ feedback rate can be used to avoid/reduce HARQ stalling and also provide feedback information to scheduler for a better control of SPS transmission, e.g. to continue SPS transmission or release the SPS because of low scheduling efficiency. 
Proposal 5: Schemes between HARQ fully feedback disabling and fully enabling can be considered for SPS to avoid HARQ stalling and also provide assistance to scheduler.
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Figure 1. Duration between two new data transmissions on the same HARQ process 

To provide network with acknowledgement of SPS activation and SPS release, we prefer UE always send a HARQ feedback for the first SPS PDSCH and when detecting SPS release from the DCI, regardless of the configured HARQ feedback.
Proposal 6: UE always send a HARQ feedback for the first SPS PDSCH and for SPS release regardless of the HARQ feedback configuration.
HARQ feedback disabling for multi-TB scheduling
Multi-TB scheduling allows one DCI to schedule two TBs for NB-IoT and up to 8 TBs for eMTC. It can be used to reduce overhead and saves UE power for detecting DCI. Before we discuss UE behavior for sending HARQ feedback, we should first agree on the mechanism for HARQ feedback disabling in multi-TB scheduling. For example, should we adopt the semi-static configuration for HARQ feedback disabling or use a dynamic scheme? 
Proposal 7: RAN1 should decide on HARQ feedback disabling scheme in multi-TB scheduling for eMTC and NB-IoT over NTN.
To avoid HARQ stalling, especially in GEO scenarios and NB-IoT with 1 or 2 HARQ processes, network can disable HARQ feedback if there is no control message (MAC CE or RRC) in the TBs scheduled by a DCI. Even if there are control messages carried by some scheduled TBs, HARQ feedback may not be needed for every TB. One possible way is to configure (e.g., by MAC CE) a number of HARQ-ACK for the DCI scheduled TBs. For example, if a control message is contained in only one of the 8 TBs scheduled by a DCI, only one HARQ-ACK is needed to acknowledge the control message. In that case, the network can simply schedule control messages on those TBs that will have HARQ feedback.
Proposal 8: RAN1 consider schemes for HARQ feedback disabling in multi-TB scheduling for control signaling transmission in IoT over NTN.

Potential issues due to HARQ feedback disabling
NPRACH capacity
For NB-IoT UEs, scheduling requests (SR) are either signaled in NPUSCH with HARQ-ACK (configured by sr-with-HARQ-ACK-Config) or indicated via NPRACH (configured by sr-WithoutHARQ-ACK-Config). When HARQ feedback is disabled, SR will have to rely on NPRACH and the capacity of NPRACH may become an issue. 
For an estimate of NPRACH capacity for SR, we use the UE density assumption in TR 36.763 (Table B.2-1) 400 UEs per square-km in a 40 km-diameter cell. The cell coverage (hexagonal) area is roughly , with radius . And the number of UEs per cell is .
We also adopt the mobile autonomous reporting (MAR) traffic model of TR 48.820 (Annex E) to estimate SR arrival rate. In the MAR model, report arrivals are distributed as shown in Table 1 below. We can then calculate the average SR frequency per UE is . For a NTN cell, the average SR frequency will be .
Table 1. MAR report arrival model
	Report interval (hr)
	24
	2
	1
	0.5

	Share (%)
	40
	40
	15
	5


Now consider NPRACH format 1 () as an example, where NPRACH repetition unit duration is 6.4 ms. The NPRACH capacity to support SR is estimated in the following table for different NPRACH repetitions.
Table 2. Required NPRACH capacity for SR
	NPRACH repetitions
	Transmission time per SR (ms)
	Freq-time resource per SR (kHz*s)
	Bandwidth used by SR (kHz)
	UL resource occupancy of SR (%)

	16
	102.4
	0.384
	20.7
	11.5

	32
	204.8
	0.768
	41.4
	23.0

	64
	409.6
	1.536
	82.8
	46.0

	128
	859.2
	3.222
	173.6
	96.5

	Notes: 
1. Assume NPRACH format 1, SR frequency per cell 53.9 s-1.
2. For 128 repetitions, NPRACH transmission time includes a 40 ms gap.
3. Transmission time per SR = (NPRACH repetitions) * (repetition unit duration).
4. Freq-time resource per SR = (3.75 kHz) * (transmission time per SR).
5. Bandwidth used by SR = (freq-time resource per SR) * (average SR frequency per cell).
6. UL resource occupancy = (bandwidth used by SR) / (180 kHz). 



As can be seen from Table 2, the required NPRACH capacity to support SR can be high if a large repetition is used. For example, with 64 repetitions, NPRACH used by SR would take up 46% of UL resource, and this UL resource occupancy would go up to 96.5% if the NPRACH repetition is 128.
Above is only one example with mobile autonomous reporting (MAR) traffic model. NB-IoT should also support more diversified types of traffic. As can be seen, the NPRACH load can be already high when only MAR originated traffic is considered. For the traffic mode with more frequent data arrival, the required PRACH resources may be even higher if SR can only be signaled through NPRACH.
Observation 4: When SR is only indicated by NPRACH , the required NPRACH capacity may be very high for a NTN cell.
As above discussion, NPRACH capacity for SR transmission when HARQ feedback is disabled may be highly impacted in NB-IoT, where some enhanced solutions should be considered . One way may be the network can still allocate the NPUSCH format 2 resources for SR transmission when network determine HARQ feedback is disabled. The UE can transmit SR, SR and ACK/NACK or some simplified BSR in the allocated NPUSCH resources. For example, although the HARQ feedback is disabled, SR together with ACK/NACK can be transmitted on NPUSCH, which not only reduce the load requirement on PRACH as well as be helpful for good link adaptation. 
Proposal 9: When HARQ feedback is disabled, NPUSCH format 2 resources can be allocated for SR and ACK/NACK transmission to reduce the load requirement on PRACH.
Link adaptation
As one important effect, HARQ feedback is also used to correct misaligned MCS and adapt to channel condition changes, in the entire link along the time. If feedback is disabled in HARQ processes, the eNB will lose the feedback information required for link adaptation, resulting a degraded performance. Then from eNB side, to guarantee an acceptable BLER, eNB has to select a unnecessary conservative high repetitition number or a conservative lowe MCS level. The impact may be different for different flucturation of the channel. But considering the coverage limitation of the IoT NTN, the performance may be unacceptable when link adaptation is impacted/disabled, as shown in Figure 2. Considering the conservative high repetition number, when mitigating the impact on performance, it should be considered how to have effective feedback meanwhile avoiding HARQ stalling It should be further discussed how to guarantee a workable link adaptation. This is requested especially for NB-IoT UE with 1 or 2 HARQ processes, where the feedback information will be significantly reduced when HARQ feedback disabling is utilized.
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Figure 2 Reduction of system resource utilization effiency because of unnecessary repetition number increasing.
Observation 5: Disabling HARQ feedback may adversely impact the link adaptation operation for NB-IoT and eMTC, resulting an degraded/unacceptable perofrmance.
Proposal 10: RAN1 should discuss how to guarantee a workable link adaptation meanwhile avoiding HARQ stalling when HARQ feedback disabling is utilized.
To maintain a satisfactory link performance, some long-term feedback can be considered. For instance, bundling of HARQ ACK/NACK for a certain number of transmissions, or indication of BLER exceeding a desired threshold, etc. Such approaches will limit the signaling overhead, but still provide some information for the base station to perform link adaptation. 
Proposal 11: When HARQ feedback is disabled, alternative long-term feedback or other feedback scheme not causing HARQ stalling should be considered to facilitate link adapation for NB-IoT/eMTC in NTN. 
Serving cell change during data transfer
The IoT technologies rely on, among others, repetitions to improve the link budget. 
The transmission times of 10 s and 40 s, as mentioned above, can be larger than the time the UE is served by a single cell in the LEO scenarios. For example, the maximum coverage time of one cell may be 50 km / 7.56 km/s =6.6 s based on the assumption of 50km satellite beam diameter for set 1, or 234 km /7.56 km/s = 31s for set 3 with 234km satellite beam diameter.
Thus, the issue is that the NB-IoT NTN UE in many cases can not complete the scheduled number of repetitions before performing a cell reselection. Even if the number of repetitions for example only lead to a total transmission time, which is half of the coverage time (i.e. 3.3 s for the 50 km cell) this will result in the network only being able to schedule such UEs in the first half of the coverage time. This will limit the spectral efficiency and increase the latency.
The issues are illustrated in Figure 3, where it can be seen how the link budget is limited by use of less repetitions than what is actually required by the current coverage conditions for the UE. In the first scenario, the UE will receive/transmit less repetitions, because the serving cell A is no longer available, while in the second scenario a UE that starts transmission/reception late in cell A has to rely on even less repetitions.
[image: ]
[bookmark: _Ref115083946]Figure 3 Timeline for use of repetitions during cell change.

Observation 6: The available service time of a cell can be significantly shorter than the time required for a data transmission using repetitions.
According to current release 17 specification the UE will experience Radio Link Failure (RLF), when the serving cell disappears. The RLF will lead to the UE performing cell reselection and flushing of the physical layer buffers. The UE would then have to request resources to attempt transmission of the same data in the newly selected cell, but since the cell coverage time is likely similar to the previous cell the result may be the same: the UE cannot finish the transmission of data using repetitions within the coverage time of a single cell.
From the perspective of HARQ, the flushing of the buffers (at UE and eNB side) means the UE cannot continue the transmission using the same HARQ process and that the UE cannot provide the HARQ feedback in the serving cell, which started the transmission. 
Thus, there is a need for RAN1 to consider this issue and discuss whether the HARQ process can continue from one cell to the other. When considering the transparent satellite scenario, addressed by release 17 and 18, the eNB would remain the same in the case of intra-satellite mobility, which would be the case occurring more frequently. Therefore, it may be feasible for the eNB to continue the HARQ process. 
Proposal 12: RAN1 to discuss the issue of repetition continuation for a HARQ process between two NTN cells.  
[bookmark: _Hlk68691077]Conclusion
In this contribution, we discussed disabling of HARQ feedback for NB-IoT/eMTC over NTN, our observations and proposals are presented as following:
Observation 1: The degree of downlink throughput improvement from HARQ feedback disabling depends on the satellite type, orbit, number of HARQ processes, and the UE location.
Observation 2: Option 1 (i.e., reusing R17 NR-NTN solution) need large signalling overhead and latency for the HARQ feedback disabling/enabling switch for IoT NTN with single HARQ process. 
Observation 3: With option 1 (i.e., reusing R17 NR-NTN solution) to indicate HARQ feedback disabling/enabling for two HARQ processes case, the matched HARQ process may be not available in some cases, which will delay the data (e.g., the RRC signalling /MAC CE) transmission.
Observation 4: When SR is only indicated by NPRACH , the required NPRACH capacity may be very high for a NTN cell.
Observation 5: Disabling HARQ feedback may adversely impact the link adaptation operation for NB-IoT and eMTC, resulting an degraded/unacceptable perofrmance.
Observation 6: The available service time of a cell can be significantly shorter than the time required for a data transmission using repetitions.

Proposal 1: Disabling HARQ feedback is studied by taking into consideration the characteristics of of IoT devices and deployment scenarios. 
Proposal 2: Option 1 (i.e., reuse R17 NR-NTN solution) should be baseline for eMTC NTN. 
Proposal3 : Dynamic HARQ feedback enabling/disabling (i.e., Option 3 or Option 4) can be studied for IoT NTN with single HARQ process. 
Proposal 4 : Dynamic HARQ feedback enabling/disabling (i.e., Option 3 or Option 4) can be studied for IoT NTN with two HARQ process. 
Proposal 5: Schemes between HARQ fully feedback disabling and fully enabling can be considered for SPS to avoid HARQ stalling and also provide assistance to scheduler.
Proposal 6: UE always send a HARQ feedback for the first SPS PDSCH and for SPS release regardless of the HARQ feedback configuration.
Proposal 7: RAN1 should decide on HARQ feedback disabling scheme in multi-TB scheduling for eMTC and NB-IoT over NTN.
Proposal 8: RAN1 consider schemes for HARQ feedback disabling in multi-TB scheduling for control signaling transmission in IoT over NTN.
Proposal 9: When HARQ feedback is disabled, NPUSCH format 2 resources can be allocated for SR and ACK/NACK transmission to reduce the load requirement on PRACH.
Proposal 10: RAN1 should discuss how to guarantee a workable link adaptation meanwhile avoiding HARQ stalling when HARQ feedback disabling is utilized.
Proposal 11: When HARQ feedback is disabled, alternative long-term feedback or other feedback scheme not causing HARQ stalling should be considered to facilitate link adapation for NB-IoT/eMTC in NTN. 
Proposal 12: RAN1 to discuss the issue of repetition continuation for a HARQ process between two NTN cells.  
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Appendix: Throughput analysis
Throughput analysis is performed using the link budget assumptions of set 1 and set 2 from TR 36.763 for GEO, LEO-1200, and LEO-600. Transport block size is assumed to be 932 bits for eMTC and 680 bits for NB-IoT. Coupling loss in each scenario is calculated first, and then repetitions of MPDCCH, PDSCH, NPDCCH, and NPDSCH are estimated based on the coupling loss, also considering the transmit power density in NTN. (Note: Terrestrial network coupling loss and corresponding repetitions can be used as reference, but need to take into account the Tx power density difference between NTN and TN.) For eMTC, we assume UE has 8 HARQ processes. For NB-IoT, both 1 HARQ and 2 HARQ cases are evaluated. In this analysis, scheduling restrictions for UE decoding and HARQ-ACK transmission have been accounted for. Throughput gain from HARQ feedback disabling is shown in Tables A3 – A5.
Table A-1. Parameters of Set 1 scenarios
	Set 1 Scenario
	GEO
	LEO-1200
	LEO-600

	
	Cell center
	Cell edge
	Cell center
	Cell edge
	Cell center
	Cell edge

	Tx ant gain (dBi)
	51
	48
	30
	27
	30
	27

	EIRP density (dBW/MHz)
	59
	56
	40
	37
	34
	31

	Tx power density (dBW/MHz)
	8
	8
	10
	10
	4
	4

	Elevation angle (deg)
	12.5
	2.3
	30
	26.3
	30
	27

	Round-trip time (ms)
	538.0
	552.7
	26.7
	28.7
	14.3
	15.4

	Path loss1 at 2 GHz (dB)
	198.98
	199.22
	172.79
	173.41
	167.4
	168.01

	Coupling loss (dB)
	147.98
	151.22
	142.79
	146.41
	137.4
	141.01

	MPDCCH transmission time (ms)
	1
	4
	1
	1
	1
	1

	PDSCH (932-bit TBS) transmission time (ms)
	4
	64
	1
	4
	1
	4

	NPDCCH transmission time (ms)
	2
	4
	1
	1
	1
	1

	NPDSCH (680-bit TBS) transmission time (ms)
	4
	16
	1
	4
	1
	4

	Note 1: Path loss includes a shadow fading margin, polarization loss, scintillation loss, and atmospheric absorption used in link budget analysis.


Table A-2. Parameters of Set 2 scenarios
	Set 2 Scenario
	GEO
	LEO-1200
	LEO-600

	
	Cell center
	Cell edge
	Cell center
	Cell edge
	Cell center
	Cell edge

	Tx ant gain (dBi)
	45.5
	42.5
	24
	21
	24
	21

	EIRP density (dBW/MHz)
	53.5
	50.5
	34
	31
	28
	25

	Tx power density (dBW/MHz)
	8
	8
	10
	10
	4
	4

	Elevation angle (deg)
	20
	11
	30
	22.2
	30
	23.8

	Round-trip time (ms)
	527.7
	540.1
	26.7
	31.2
	14.3
	16.7

	Path loss1 at 2 GHz (dB)
	198.81
	199.02
	172.79
	174.15
	167.4
	168.72

	Coupling loss (dB)
	153.31
	156.52
	148.79
	153.15
	143.4
	147.72

	MPDCCH transmission time (ms)
	8
	8
	1
	4
	1
	2

	PDSCH (932-bit TBS) transmission time (ms)
	64
	64
	4
	64
	4
	4

	NPDCCH transmission time (ms)
	8
	8
	2
	4
	2
	4

	NPDSCH (680-bit TBS) transmission time (ms)
	16
	32
	4
	16
	4
	4

	Note 1: Path loss includes a shadow fading margin, polarization loss, scintillation loss, and atmospheric absorption used in link budget analysis.



Table A-3. DL throughtput (in kbps) comparison when HARQ feedback is enabled and disabled (eMTC with 8 HARQ processes)
	eMTC
	Set1
	Set2

	
	GEO
	LEO1200
	LEO600
	GEO
	LEO1200
	LEO600

	
	Center
	Edge
	Center
	Edge
	Center
	Edge
	Center
	Edge
	Center
	Edge
	Center
	Edge

	Unused time period [%]
	84.0
	5.8
	0.0
	0.0
	0.0
	0.0
	0.0
	1.3
	0.0
	0.0
	0.0
	0.0

	Throughput with feedback [kbps]
	13.5
	11.9
	116.5
	84.7
	116.5
	84.7
	12.0
	11.8
	84.7
	12.6
	84.7
	77.7

	Throughput without feedback [kbps]
	93.2
	12.8
	133.1
	93.2
	133.1
	93.2
	12.1
	12.1
	93.2
	12.8
	93.2
	84.7

	Throughput improvement [%]
	588.3
	7.6
	14.3
	10.0
	14.3
	10.0
	1.3
	2.6
	10.0
	1.4
	10.0
	9.1


Table A-4. DL throughtput (in kbps) comparison when HARQ feedback is enabled and disabled (NB-IoT with 2 HARQ processes) 
	NB-IoT
	Set1
	Set2

	
	GEO
	LEO1200
	LEO600
	GEO
	LEO1200
	LEO600

	
	Center
	Edge
	Center
	Edge
	Center
	Edge
	Center
	Edge
	Center
	Edge
	Center
	Edge

	Unused time period [%]
	91.1
	86.9
	15.4
	12.1
	0.0
	0.0
	85.2
	80.8
	6.8
	0.0
	0.0
	0.0

	Throughput with feedback [kbps]
	2.4
	2.3
	27.4
	24.9
	32.4
	28.3
	2.3
	2.2
	25.4
	17.4
	27.2
	25.2

	Throughput without feedback [kbps]
	34.0
	20.0
	42.5
	35.8
	42.5
	35.8
	17.9
	12.6
	34.0
	20.0
	34.0
	30.9

	Throughput improvement [%]
	1310.8
	773.4
	55.2
	43.8
	31.3
	26.3
	667.8
	467.1
	34.1
	14.7
	25.0
	22.7


Table A-5. DL throughtput (in kbps) comparison when HARQ feedback is enabled and disabled (NB-IoT with 1 HARQ process)
	NB-IoT
	Set1
	Set2

	
	GEO
	LEO1200
	LEO600
	GEO
	LEO1200
	LEO600

	
	Center
	Edge
	Center
	Edge
	Center
	Edge
	Center
	Edge
	Center
	Edge
	Center
	Edge

	Unused time period [%]
	95.6
	93.4
	57.7
	56.1
	43.8
	42.0
	92.6
	90.4
	53.4
	44.0
	39.5
	39.2

	Throughput with feedback [kbps]
	1.2
	1.2
	13.7
	12.5
	18.2
	16.4
	1.2
	1.1
	12.7
	9.8
	16.5
	15.3

	Throughput without feedback [kbps]
	34.0
	20.0
	42.5
	35.8
	42.5
	35.8
	17.9
	12.6
	34.0
	20.0
	34.0
	30.9

	Throughput improvement [%]
	2733.3
	1639.1
	210.4
	187.5
	133.4
	117.8
	1429.1
	1034.2
	168.4
	104.7
	106.7
	101.8
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