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1 Introduction
In RAN# 110, a couple of agreements have been achieved to enhance HARQ for IoT NTN [1]:
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)


In this contribution, we provide further considerations on HARQ disabling mechanism for IoT NTN.
2 Analysis on the performance of HARQ feedback disabling
For IoT NTN, the time resources for NPDSCH and NPUSCH format 2 transmission is determined by the following parameters:
· NPDSCH : , where  is the number of scheduled TB,  (maximum 2048) is repetition number,  is the number of slots scheduled for transport block;
· NPUSCH format 2: , where =1 is the number of scheduled TB for HARQ-ACK feedback,  (maximum 128) is repetition number,  is the number of slots in each RU, i.e. 4 for NPUSCH format 2;
Considering the link budget of satellite parameter Set-2, the edge UE requires SNR of about 6 dB for NPDSCH with MCS0 and 2.5dB for NPUSCH [2]. The required repetition number and the corresponding duration time of NPDSCH, NPDCCH and NPUSCH format 2 are shown in Table1. The HARQ-ACK is carried by NPUSCH format 2, which occupies 1 RU with 2ms in time domain. Particularly, we consider the number of subframes for scheduling is  and , respectively to see the benefit of HARQ disabling under different TBs. Besides, a DL gap of 64ms is inserted per every 256ms for DL synchronization. 
Table 1 Required repetition numbers for different satellite constellations
	Constellation
	NPDSCH
	NPDCCH 
	NPUSCH format 2

	
	Repetition number
	Duration time (ms)
	Repetition number
	Duration time (ms)
	Repetition number
	Duration time (ms)

	
	
	
	
	
	
	
	

	GEO
	32
	32
	384
	32
	32
	128
	256

	LEO1200
	8
	8
	80
	8
	8
	32
	64

	LEO600
	8
	8
	80
	8
	8
	16
	32


The scheduling timeline for UE with single HARQ process and two HARQ processes are shown in Figure 1(a) and Figure 1(b), respectively. To simplify comparison among UEs with two HARQ processes and configured with different repetition number, we use two DCIs to schedule two TBs supported in Rel-14. In the throughput evaluation, the value of  is indicated by the scheduling delay field ( ) in the DCI. K_offset was introduced in IoT NTN in Rel-17 to enhance the timing relationships involving DL-UL timing interaction. Therefore, if a NPDSCH is transmitted, eNB will receive the corresponding HARQ-ACK after  subframes. In the evaluation,  is indicated by the ACK/NACK resource field in the corresponding DCI and K_offset is 540 ms, 32ms, 17ms for GEO, LEO1200 and LEO600, respectively. Note that in the current specification, the minimum value 13 of indicates that the time between the end of NPDSCH and the start of the corresponding HARQ-ACK should be at least 12ms, which can be considered as the processing time for UE to decode the NPDSCH and prepare the ACK/NACK feedback.
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(a) [bookmark: _Hlk100590250]One HARQ process
[image: ] 
(b) [bookmark: _Hlk100590292]Two HARQ processes
Figure 1 Scheduling timeline for DL throughput evaluation with HARQ feedback enabled
When HARQ feedback is disabled for both configured HARQ processes, the scheduling timelines are illustrated in Figure 2. It is observed that the HARQ stalling issue caused by large RTT can be resolved, as eNB can schedule another NPDSCH with the same HARQ ID without waiting for the NPUSCH format 2 carrying ACK/NACK for the previous NPDSCH. Thus, the total duration time to complete a PDSCH scheduling and transmission can be significantly reduced. In Figure 1 and Figure 2, T_total is the time duration to complete NPDSCH(s) scheduling and transmission for UE with 1 or 2 HARQ processes. 
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(a) One HARQ process
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(b) Two HARQ processes
Figure 2 Scheduling timeline for DL throughput evaluation with HARQ feedback disabling
Based on the scheduling timelines, the total duration time to complete the DL transmission(s) and data rate of DL transmission(s) in different satellite constellations are compared in Table 2 and Table 3, respectively. In Table 3, TBS of 16 bits and 256 bits correspond to  and  are assumed. It is observed that HARQ disabling can improve the data rate in all scenarios (varying from 40% to 900%). The larger the RTT is, the more significant gain HARQ disabling can provide. The data rate gain from UE with single HARQ process is higher than the gain from UE with two HARQ processes (from 10% to 330%) because two HARQ processes alleviate HARQ stalling to some extent. The throughput gain decreases with the increasing of total transmission time of the PDSCH, i.e. . 
Table 2 Total duration time to complete the DL transmission(s) when HARQ feedback is enabled/ disabled
	

Constellation
	

RTT (ms)
	T_total (ms)
=1
	T_total (ms)
=10

	
	
	HARQ feedback enabled
	HARQ feedback disabled
	HARQ feedback enabled
	HARQ feedback disabled

	
	
	1 HARQ Process
	2 HARQ Processes
	1 HARQ Process
	2 HARQ Processes
	1 HARQ Process
	2 HARQ Processes
	1 HARQ Process
	2 HARQ Processes

	GEO
	539.66
	879
	1214
	80
	160
	1231
	1918
	432
	864

	LEO1200
	31.18
	131
	226
	32
	64
	203
	370
	104
	208

	LEO600
	16.69
	84
	147
	32
	64
	156
	291
	104
	208


Table 3 Downlink data rate when HARQ feedback is enabled or disabled
	

Constellation
	


	
TBS
(bits)
	Data rate (kbps)
	Data rate gain with HARQ feedback disabled

	
	
	
	HARQ feedback enabled
	HARQ feedback disabled
	

	
	
	
	1 HARQ Process
	2 HARQ Processes
	1 HARQ Process
	2 HARQ Processes
	1 HARQ Process
	2 HARQ Processes

	GEO
	1
	16
	0.02
	0.03
	0.20
	0.20
	900%
	567%

	
	10
	256
	0.21
	0.27
	0.59
	0.59
	181%
	119%

	LEO1200
	1
	16
	0.12
	0.14
	0.50
	0.50
	317%
	257%

	
	10 
	256
	1.26
	1.38
	2.46
	2.46
	95%
	78%

	LEO600
	1 
	16
	0.19
	0.22
	0.50
	0.50
	163%
	127%

	
	10 
	256
	1.64
	1.76
	2.46
	2.46
	50%
	40%


Observation 1: HARQ disabling can improve DL throughput in all evaluated satellite scenarios for both UE with single HARQ process and UE with two HARQ processes, when PDSCH repetition () is used and number of subframe for PDSCH is larger than one (). The data rate gain by HARQ disabling for UE with single HARQ process is larger than the gain for UE with two HARQ process. With the increase of time domain resource used for a PDSCH transmission (, the data rate gain from HARQ disabling reduces. 
3 Indication of disabling HARQ feedback for IoT NTN
In RAN#110 meeting, the indication options via MAC CE and SIB signaling are precluded. The following remaining indication options for disabling HARQ feedback in IoT NTN can be categorized into semi-static (option 1) and dynamic (option 3/4).
· 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 determined by existing configured/indicated parameter(s) (e.g., repetition number, TBS)
· Option 6: combinations of some options above.
In RAN2#119-e, at least for eMTC, enabling/disabling HARQ feedback can be configured per DL HARQ process at least via UE specific RRC signalling. FFS for NB-IoT (and especially for CP solution for NB-IOT) from RAN2 perspective. For category NB1 UEs, there is only one HARQ process supported in Rel-13 due to restriction on complexity. It has been discussed in Rel-17 that MAC CE should be scheduled with HARQ process enabled to avoid potential misunderstanding between the eNB and UE. The MAC CE signaling such as TAC may need to be informed to UE frequently due to the high mobility of satellite in NTN, which means there is a high likelihood that the configuration of HARQ feedback for the only HARQ process would be changed frequently. The semi-static disabling HARQ process does not match the dynamic switching between the transmission of regular traffic and MAC CE. When two HARQ processes are configured for category NB2 UE, if 1 HARQ process is semi-statically configured as HARQ-ACK feedback disabled, the transmission of MAC CE may be deferred because it can only rely on the other HARQ process with HARQ-ACK enabled. Moreover, for a UE that only supports the Control Plane CIoT EPS optimisation or the Control Plane CIoT 5GS optimisation, RRC reconfiguration is not applicable. It is impossible for a UE to further switch on/off the HARQ-ACK feedback through RRC reconfiguration once it is configured during RRC connection setup, if option 1 is adopted.
Among the two dynamic HARQ disabling options identified (option 3 and option 4), we prefer option 4 because there is no impact on the existing DCI format N1. According to the observation in section 2, the data rate gain from HARQ disabling depends on the RTT between satellite and UE, number of HARQ processes of UE and number of time domain resource allocated for NPDSCH transmission (). If UE is configured with a threshold of allocated time domain resource, it can dynamically determine whether HARQ-ACK feedback corresponding to the scheduled NPDSCH(s) is disabled according to the threshold. Moreover, the HARQ disabling could also be determined by the MCS indicated for the NPDSCH. For the traffic with higher reliability requirement, eNB usually schedule lower MCS which require the HARQ feedback to be enabled. While in option 3, additional bit per HARQ process should be introduced which may increase the DCI overhead and complexity in PDCCH detection for IoT device. Based on the discussion above, we have the following proposal.
Proposal 1: Support dynamic HARQ feedback enabling/disabling per HARQ process based on MCS and allocated resource for transmission(s) for NB-IoT (Option 4).
There was discussion on the PRACH capacity starvation if HARQ-ACK feedback is disabled because SR is not able to be piggybacked on NPUSCH format 2. If HARQ feedback can be dynamically disabled, the SR is still able to be opportunistically piggybacked on the HARQ feedback. In some cases, eNB can even deliberately enable the HARQ feedback for UE to piggyback SR according to the usage of PRACH resource. In some implementations, the HARQ-ACK is also used by eNB to adjust MCS in an open loop manner. If the HARQ-ACK is always disabled, the accuracy of link adaptation may be impacted. With the dynamic HARQ-ACK disabling, eNB could enable the HARQ-ACK feedback whenever it requires to check whether the selected MCS is suitable. 
Observation 2: With dynamic HARQ feedback disabling/enabling, the issues on PRACH capacity starvation and lack of reference for open loop link adaptation can be alleviated by eNB implementation. 
4 NPDSCH/NPDCCH scheduling restriction for HARQ disabling
In RAN# 110 meeting, two options on scheduling restriction for NPDSCH without HARQ feedback are presented for further down selection. Option 1 is derived from the rule in NR NTN while option 2 is from rule in NB-IoT for NPDSCH carrying SIB, RAR and MBS. The difference between Option 1 and Option 2 is whether the 12ms scheduling restriction is posed only on the corresponding HARQ process or both HARQ processes. In NB-IoT, UE is usually not capable of decoding NPDSCH and NPDCCH in parallel. The 12 ms scheduling restriction is reserved for UE to decode NPDSCH, and, eNB is not expected to transmit a DCI scheduling NPDSCH with any HARQ process. Otherwise, additional complexity would be introduced to NB-IoT UE compared with legacy behavior shown in the text box. So we support to define the scheduling restriction for HARQ disabling as Option 2.
In TS36.213 [3], the scheduling restriction for NPDSCH without HARQ feedback is defined as following. 
TS 36.213, Section 16.6
If a NB-IoT UE receives a NPDSCH transmission ending in subframe n, and if the UE is not required to transmit a corresponding NPUSCH format 2, the UE is not required to monitor NPDCCH in any subframe starting from subframe n+1 to subframe n+12.

Proposal 2: For IoT NTN, UE is not required to monitor NPDCCH in a period of 12ms from the end of reception of the last NPDSCH with HARQ disabling.
5 HARQ feedback for scheduling multiple TBs
In Rel-16, to reduce the control channel overhead and to increase data rate, especially in deep coverage area, multiple TBs scheduling for unicast is introduced for NB-IoT. To ensure the same soft buffer size as legacy UE, a DCI can schedule at most 2 TBs. The eNB can configure multiple TBs scheduling by the higher layer parameter “npusch-MultiTB-Config” and some DCI fields would be reinterpreted as shown in Table 4. Furthermore, when two TBs are scheduled by a single DCI, HARQ process ID of 0 shall be assumed for the first TB and HARQ process ID of 1 shall be assumed for the second TB. If the two TBs are transmitted with interleaved mode (npdsch-MultiTB-Config is set to 'interleaved'), UE could bundle the HARQ feedback of the two TBs in NPUSCH format 2 if harq-ACK-Bundling is configured.
Table 4 DCI fields associated with multiple TBs scheduling
	Information
	Size [bits]
	Indication

	New data indicator
	1
	Single TB scheduling: New data indicator
Multiple TBs scheduling: New data indicator for the first TB

	HARQ process number
	1
	Single TB scheduling: HARQ ID
Multiple TBs scheduling: New data indicator for the second TB



When HARQ disabling is applied to single DCI scheduling two TBs in IoT NTN, the following three options are considered in RAN# 110 meeting. 
· Option 1: ACK is assumed/reported for the downlink transmission with HARQ process disabled regardless of decoding results of corresponding transmission
· Option 2: HARQ feedback is reported only for downlink transmission with HARQ process enabled (e.g., HARQ feedback is not reported for downlink transmission with HARQ process disabled)
· Option 3: HARQ feedback is reported in case the other TB scheduled by single DCI is HARQ-enabled for NB IoT
With HARQ disabling, the two TBs scheduled by one DCI might have same or different assumptions for HARQ feedback: 
· Case 1: Both of the two TBs are associated with feedback-disabling HARQ processes, 
· Case 2: One TB is associated with feedback enabling HARQ process and the other is feedback disabling. 
For Case 1, if UE always generate ACK for the two disabled HARQ processes as Option 1, UL resources would be occupied by unnecessary feedback, which may decrease the throughput compared with Option 2. However, for Case 2, as can be seen in Figure 3, according to NPDCCH monitoring defined in [3], UE is not required to monitor NPDCCH in any subframe from the start of NPDSCH(s) transmission to end of receiving NPUSCH format 2. It is not possible for eNB to schedule another NPDSCH with HARQ disabled before eNB receives HARQ ACK for the TB with HARQ enabled. The difference between option 2 and option 3 is the number of HARQ bit to be feedback. Table 5 presents the throughput of the option 2 and option 3 for Case 2 assuming the NPDCCH/NPDSCH(=10)/NPUSCH repetition number provided in Table 1. The marginal throughput loss in option 3 compared with option 2 is due to one additional NPUSCH Format 2 carrying the HARQ feedback for disabled HARQ process. However, the temporally feedback for disabled HARQ process together with the TB scheduled by the same DCI (option 3) is beneficial for the transmission reliability and open loop link adaptation. If HARQ time bundling is enabled, there is even no throughput loss by option 3. Thus, we propose that both TBs can be regarded as HARQ-ACK feedback enabled to help eNB for link adaptation (Option3)
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(a) Option 2
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(b) Option 1 and 3
Figure 3 Scheduling timeline for Case 2
Table 5 Throughput of the three options for Case 2
	
Constellation
	
RTT (ms)
	T_total (ms) =10
	Throughput

	
	
	Option 2
	Option 3
	Option 2
	Option 3

	GEO
	539.66
	1615
	1871
	0.3170
	0.2737

	LEO1200
	31.18
	283
	347
	1.8092
	1.4755

	LEO600
	16.69
	236
	268
	2.1695
	1.9104



Proposal 3: If two TBs are scheduled by single DCI and HARQ feedback is disabled for both processes, UE do not feedback HARQ-ACK (option 2). 
Proposal 4: For multiple TBs scheduled by one DCI and HARQ feedback is disabled for one TB and enabled for the other, HARQ feedback are assumed enabled for both of the scheduled TBs.


6 Conclusion
The observations and proposals made in this contribution are summarized below:
Observation 1: HARQ disabling can improve DL throughput in all evaluated satellite scenarios for both UE with single HARQ process and UE with two HARQ processes, when PDSCH repetition () is used and number of subframe for PDSCH is larger than one (). The data rate gain by HARQ disabling for UE with single HARQ process is larger than the gain for UE with two HARQ process. With the increase of time domain resource used for a PDSCH transmission (, the data rate gain from HARQ disabling reduces. 
Observation 2: With dynamic HARQ feedback disabling/enabling, the issues on PRACH capacity starvation and lack of reference for open loop link adaptation can be alleviated by eNB implementation. 

Proposal 1: Support dynamic HARQ feedback enabling/disabling per HARQ process based on MCS and allocated resource for transmission(s) for NB-IoT (Option 4).
Proposal 2: For IoT NTN, UE is not required to monitor NPDCCH in a period of 12ms from the end of reception of the last NPDSCH with HARQ disabling.
Proposal 3: If two TBs are scheduled by single DCI and HARQ feedback is disabled for both processes, UE do not feedback HARQ-ACK (option 2). 
[bookmark: _GoBack]Proposal 4: For multiple TBs scheduled by one DCI and HARQ feedback is disabled for one TB and enabled for the other, HARQ feedback are assumed enabled for both of the scheduled TBs.
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