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1. [bookmark: _Ref18181]Introduction
In RAN1#104e [1], the followings have been agreed on HARQ for IoT-NTN.
Agreement:
Study further the potential benefits and/or drawbacks of increasing the number of HARQ processes on throughput, latency, power consumption and complexity
Agreement:
· For NTN, further study potential benefits and/or drawbacks of disabling HARQ feedback for NB-IoT.
· For NTN, further study potential benefits and/or drawbacks of disabling HARQ feedback for eMTC.
Agreement:
In relation to HARQ operation in NTN IoT, further study at least 
· The necessity, potential benefits and drawbacks of any other potential HARQ feedback mechanisms
· The necessity, potential benefits and drawbacks of reduced PDCCH monitoring
· The necessity, potential benefits and drawbacks of coverage enhancements
· The necessity, potential benefits and drawbacks of uplink transmission gaps with multiple HARQ processes
· The necessity, potential benefits and drawbacks of maintaining HARQ process continuity in serving cell change 
· The necessity, potential benefits and drawbacks of multiple Transport Blocks scheduling
· The necessity, potential benefits and drawbacks of throughput enhancements
· FFS: Whether target throughput in NTN will be the same as target throughput in terrestrial networks
Agreement:
The motivation for introducing HARQ enhancements in NR NTN needs further consideration for HARQ enhancements in NTN IoT. Capture the following in the TR:
· For NTN IoT, potential HARQ enhancements need to consider the main characteristics of an IoT device, which are low complexity, low cost, low power consumption and low throughput, and key requirements of IoT services which are extended coverage, delay-tolerant and infrequent data transmissions, and support of massive communications.  
· The peak throughput of IoT UEs operating over NTN is not expected to be higher than the peak throughput of IoT UEs operating over TN.   
Agreement:
Further study to identify whether HARQ stalling happens at least in the GEO satellite scenario.
Agreement:
· Further discuss the potential benefits and/or drawbacks of increasing the number of HARQ processes in the UL for NB-IoT and eMTC, and for the analysis consider at least the following for the number of HARQ processes
· NB-IoT: 1,2,4
· eMTC: 2,4,8,14
· And discuss at least power consumption and peak data rate as performance metrics
· FFS: Whether to consider DL
· Other values for number of HARQ processes below the maximum value can be discussed
Agreement:
· Further discuss the potential benefits and/or drawbacks of disabling HARQ feedback for NB-IoT and eMTC, and consider at least the following number of HARQ processes for the analysis
· NB-IoT: 
· Total: 2, disabled: {1,2}
· eMTC:
· Total: 2, disabled: {1,2}
· Total: 8, disabled: {1,2,7,8}
· Other values for number of HARQ processes below the maximum value can be discussed
· FFS: whether to consider separately LEO and GEO scenarios
· FFS: whether to allow disabling of HARQ feedback in case of single HARQ process
· FFS: whether to allow disabling of all HARQ feedback
· FFS: other details for the evaluation/analysis
In this contribution, the issues related to HARQ are elaborated with corresponding analysis.
1. Discussion on necessity for HARQ enhancement
In NR-NTN discussion, increasing HARQ process number and disabling HARQ feedback are proposed to avoid the throughput loss due to HARQ stalling with the consideration on large RTT. While for the IoT case, due to the needs on time domain repetition for each TB to ensure the large coverage, the duration for each transmission will be extended and the impacts of larger RTT may be not significant as NR-NTN. Therefore, evaluations on the throughput in IoT-NTN should be firstly performed before concluding the necessity on HARQ enhancement.
· HARQ stalling in DL
Based on the Set-1 parameters agreed in [2], the maximum achievable SNR and RTT are summarized in Table 3.
[bookmark: _Ref25191]Table 3 Maximum SNR and RTT for IoT-NTN with Set-1 parameters
	elevation angle
	LEO-600
	LEO-1200
	GEO

	
	Max SNR(dB)
	Max RTT(ms)
	Max SNR(dB)
	Max RTT(ms)
	Max SNR(dB)
	Max RTT(ms)

	90 deg
	3.71
	16.88
	3.69
	28.87
	-6.8
	509.11

	30 deg
	-1.39
	20.04
	-0.78
	34.2
	-7.5
	527.93

	10 deg
	-6.62
	25.75
	-4.81
	41.75
	-8.06
	541.08



Note that the SNR in DL transmission is not related to the bandwidth and it will be higher than UL SNR when, especially for GEO cases. As a result, throughput loss in DL due to HARQ stalling will occur. For example, for 90 degree elevation angle in GEO, the maximum achievable throughput of NPDSCH under the condition of BLER<10% is shown in Table 4.


[bookmark: _Ref29289]Table 4 Maximum throughput of NPDSCH with 90 degree elevation angle,,  in GEO
	

	1
	2
	4
	8
	16

	
Max achievable
	0
	2
	6
	10
	12

	Throughput of NPDSCH
	25.6 kb/s
	21.2 kb/s
	25.8 kb/s
	21.7 kb/s
	14.25 kb/s


From Table 4, it can be observed that better performance can be achieved with moderate repetition number for transmission. In this case, required transmission time for each duration is much shorter than RTT and there is still rooms to improve the throughput for IoT over NTN by addressing the HARQ stalling in cases with either 2 or 4 HARQ process.
W.r.t eMTC, similar observation can be achieved since transmission duration with consideration of repetition will be even shorter than NB-IoT. More specifically, even in LEO, HARQ stalling could also occur in CEmodeB where 2 HARQ processes are assumed. For example, for 90 degree elevation angle in LEO-600, the required repetition number is 1, i.e., the time length of PDSCH is 1ms, which is much shorter than 16.88 ms RTT and throughput is degraded due to HARQ stalling in CEmodeB.
Observation 1: The maximum throughput in DL of IoT-NTN is reduced due to HARQ stalling.
· HARQ stalling in UL

For UL, the throughput is mainly determined by the link budget to achieve the reasonable coderate and overall allocated resource for one TB including the configuration for repetition. More specifically, when the allocated in frequency domain is reduced, the achievable SNR can be improved, which will lead to the less repetition number. On the other hand, the time length of one repetition should be enlarged to provide same number of resource elements for keeping same coderate for fixed TBS (e.g., which is essential for effective throughput). In this section, 12 subcarriers case () is mainly considered for simplicity. Based on the Set-1 parameters agreed in [2], the maximum achievable SNR and RTT are calculated and summarized in Table 1.

[bookmark: _Ref24634]Table 1 Maximum SNR and RTT for NB-IoT over NTN with Set-1 parameters and 
	elevation angle
	LEO-600
	LEO-1200
	GEO

	
	Max SNR(dB)
	Max RTT(ms)
	Max SNR(dB)
	Max RTT(ms)
	Max SNR(dB)
	Max RTT(ms)

	90 deg
	1.88
	16.88
	-4.14
	28.87
	-15.73
	509.11

	30 deg
	-3.22
	20.04
	-8.61
	34.2
	-16.43
	527.93

	10 deg
	-8.44
	25.75
	-12.64
	41.75
	-16.99
	541.08


For 90 degree elevation angle in LEO-600, the maximum achievable throughput of NPUSCH under the condition of BLER<10% is listed in Table 2.


[bookmark: _Ref28112]Table 2 Maximum throughput of NPUSCH with 90 degree elevation angle,,  in LEO-600
	

	1
	2
	4
	8

	Max achievable throughput of NPUSCH
	56.8 kb/s
	69.2 kb/s
	62.5 kb/s
	32.3 kb/s

	
 index when max throughput is achieved
	3
	8
	12
	13

	
 index when max throughput is achieved
	10
	10
	4
	4



From Table 2, it can be found that the maximum throughput is achieved when. In this case, the transmission duration is 20 ms, which is larger than RTT. Therefore, there is no HARQ stalling issues and further enhancement is not needed. For cases with 30 degree and 10 degree elevation angle, since the max SNRs are poor than the case with 90 degree for elevation angle, the required repetition number should be enlarged for achieving similar BLER. And it will lead to the further extended duration, which is longer than the max RTT. Similar observation can be achieved for other cases as LEO-1200 and GEO. 











W.r.t eMTC, TBS is mainly affected by the number of PRBs () instead of RUs () in NB-IoT. With fixed  and increased, the bandwidth and TBS will increase but coderate will not change a lot. Therefore, higher repetition number is required to mitigate the link budget loss due to larger bandwidth when increased  is applied for same. For fixed coderate, if bandwidth is increased to  times of original one, the link budget will decrease to  so that repetition number should also be roughly increased to  times ideally to mitigate BLER performance loss. In this case, the throughput gain of pure PUSCH due to wider band and loss due to more repetitions are roughly canceled. However, the transmission duration of one TB is increased and HARQ stalling is more likely to be avoided. Therefore, once the transmission duration is not long enough to fill RTT, it is easily to increase  and  at the same time to increase TBS and transmission time of one scheduled TB, so that HARQ stalling can be avoided without changing throughput of PUSCH a lot under same BLER requirement. Based on above analysis, the throughput in UL of eMTC over NTN will not be significantly affected by HARQ stalling when proper parameter setting is applied, and increasing HARQ process number is not needed. 
Observation 2: The maximum throughput in UL of IoT-NTN will not be significantly affected by HARQ stalling when proper parameter setting is applied.
Based on above evaluations, enhancement on the HARQ may be needed since there will be a HARQ stalling in DL of NB-IoT and eMTC for both GEO and LEO. However, as agreed in RAN1#104e [1], the main characteristics of an IoT devices include lower throughput, lower complexity and lower power consumption. While larger HARQ process number will certainly require larger soft buffer size, larger memory, higher computing capabilities. Thus, disabling HARQ feedback is preferred for throughput recovery instead of increasing HARQ process number since it has less requirement on UE complexity. Moreover, HARQ feedback disabling can be dynamic enabled up to the scenario, e.g., with good link budget, which is able to achieve high throughput. 
Proposal 1: HARQ process number for NB-IoT/eMTC in terrestrial network is reused for IoT-NTN.
Proposal 2: HARQ feedback disabling for DL can be supported in IoT-NTN.
1. Discussion on remaining topics 
In RAN1#104e [1], several other topics are agreed to be investigated to further identify what should be enhanced on HARQ for IoT-NTN. 
· Reduced PDCCH monitoring
When HARQ feedback is enabled, the interval between two transmissions of one HARQ process should be longer than RTT. During this interval, UE is not possibly to receive a PDCCH. Hence, the PDCCH monitoring in this waiting time can be skipped to reduce power consumption. In traditional TN, the active time for PDCCH monitoring is controlled by HARQ RTT Timer and UL HARQ RTT timer. By enhancing the timers, e.g., add an additional offset corresponding to RTT, UEs can avoid to monitor PDCCH for a long time.
Observation 3: Reduced PDCCH monitoring can be achieved by enhancing HARQ RTT Timer.
· Coverage enhancement
According to the analysis in [3], larger coupling loss along with lower CNR can be found, especially in case of UEs in NLoS condition. Taking the coupling loss distribution in Figure 1 and Figure 2 as examples, where Set-1, Set-2, Set-3, and Set-4 are 4 parameter sets suggested in [4] and [5], the LoS probability of the UE in urban scenario is assumed according to the Table 6.6.1-1 in [4]. It can be found that a large number of UEs experience a CL larger than 164 dB. The CLs of about 50% GEO UEs are larger than 164 dB, and the CLs of about 30% LEO-600 UEs are larger than 164 dB.
Such large coupling loss is not expected by NB-IoT and eMTC devices, and performance enhancement, e.g., higher repetition number or more suitable MCS, on data transmission should be considered if these UEs are supported. 
	[image: ]
Figure 1  GEO_ubran
	[image: ]
Figure 2  LEO-600_urban  


Proposal 3: Enhancement on coverage should be considered if scenarios beyond exiting system capability are supported.
· Maintaining HARQ process continuity in serving cell change
Long UL/DL transmission with larger repetition number is supported in terrestrial IoT system. For IoT over NTN, there may exist corresponding long UL/DL transmission e.g., up to N*256ms, in a cell/beam. Moreover, the transmission may go through different cells/beams because the lasting time of transmission may surpass the serving time of a satellite beam, especially for LEO satellite scenario. 
As discussed in [6], as to the mobility of IoT, introducing beam management mechanism is preferable from the perspective of avoid much impact from high layer and much complexity. Therefore, HARQ continuity in beam switch should be considered in priority compared with that in serving cell change since beam switch happens more frequently. To tackle this problem, when a long transmission does not completely end while the UE moving out of a first beam coverage, the gNB may determine to continue the transmission via a different service beam, e.g., via indicating beam switching, and a second beam can be employed for the next repeated transmission.
Proposal 4: In IoT over NTN, enhanced repeated transmission to keep HARQ process continuity in beam switch should be studied. 
· Multiple TBs scheduling
Multiple TBs scheduling is already supported for NB-IoT and eMTC in Rel-16. Moreover, there is no clear intention that this feature should be precluded. Therefore, it is not necessary to pay more attention on whether this feature should be supported in IoT-NTN.
Proposal 5: Multiple TBs scheduling is supported in IoT-NTN as in traditional TN.
1. Conclusions
In this contribution, discussion of the enhancement on HARQ for IoT-NTN is conducted with following observations and proposals:
Observation 1: The maximum throughput in DL of IoT-NTN is reduced due to HARQ stalling.
Observation 2: The maximum throughput in UL of IoT-NTN will not be significantly affected by HARQ stalling when proper parameter setting is applied.
Observation 3: Reduced PDCCH monitoring can be achieved by enhancing HARQ RTT Timer.
Proposal 1: HARQ process number for NB-IoT/eMTC in terrestrial network is reused for IoT-NTN.
Proposal 2: HARQ feedback disabling for DL can be supported in IoT-NTN.
Proposal 3: Enhancement on coverage should be considered if scenarios beyond exiting system capability are supported.
Proposal 4: In IoT over NTN, enhanced repeated transmission to keep HARQ process continuity in beam switch should be studied. 
Proposal 5: Multiple TBs scheduling is supported in IoT-NTN as in traditional TN.
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