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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104e meeting [1], following agreements on the HARQ enhancements are achieved:
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, we provide some further considerations on HARQ enhancement.

[bookmark: _Ref129681832]Discussion
HARQ process number
In RAN1#104-e, it was agreed to study the potential benefits and/or drawbacks of increasing the number of HARQ processes in the UL for NB-IoT in NTN.  
For NB-IoT, the data transmission are scheduled as follows
· NPUSCH : , where  is the number of scheduled TB,  (maximum 128) is repetition number,  is RU number scheduled for transport block,  (2,4,8,16) is slots number in each RU;
· NPDSCH : , where  is the number of scheduled TB,  (maximum 2048) is repetition number,  is subframe number scheduled for transport block; 
In case of GEO deployment, according to the link budget given in our companion paper in [2], the repetition number for DL and UL are assumed to be 4 and 8 for further analysis below. Considering the largest TB size, the number of RU is 10. For single-tone case, the slot number of NPUSCH could be , i.e. the subframe number of NPUSCH is 640. For multi-tone case, the slot number would be  with 12 subcarriers or   with 6 subcarriers, i.e. the subframe number of NPUSCH is 80 and 160, respectively. Especially, in the single-tone case and multi-tone case with 6 subcarriers, due to the large subframe number, a set of 40ms UL gap shall be inserted, then the duration time of NPUSCH transmission is 720ms and 360ms, respectively. 
If NPUSCH transmission from two HARQ processes are scheduled together (with no gap), the waiting timing gap between NPUSCH of first HARQ process and its corresponding NPDCCH (denoted as T_gap) which indicates the ACK/NACK in NDI field is RTT+T_NPUSCH+3. This time gap can be reduced to RTT+3, (as shown in Figure 1(a)) when gNB scheduled/transmit the NPDCCH for the same HARQ process after receiving the corresponding NPUSCH while before the data from the different HARQ process. As the NPUSCH duration time in single-tone case with 8 times of repetition is 720ms, T_gap of one HARQ process can already be occupied by the NPUSCH from the other HARQ process. When doubling the HARQ process number, as shown in Figure 1(b), the possible NPUSCH duration of the other 3 HARQ processes during T_gap of the first HARQ process can be computed as

Here the Value of  (8, 16, 32, 64) is determined by the scheduling delay field ( ) in the corresponding DCI and Koffset is introduced to cover the large TA of NTN which is also discussed in [3]. Table 1 provides the value of T with different HARQ process number. It can be observed that the “waiting time” T_gap is not large enough for the other 3 HARQ processes with multi-tone with 6 subcarriers and single tone. 
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Figure 1. UL timing relationship with 2 and 4 HARQ processes for GEO case

Table 1 Value of T with different HARQ process number
	T_gap(ms)
	544.46

	NPDCCH Repetition number
	4

	NPUSCH Repetition number
	8

	Number of HARQ processes
	2
	4

	T_multitone(ms)/12 subcarriers
	168
	504

	T_multitone(ms)/6 subcarriers
	368
	1104

	T_singletone(ms)
	728
	2184



Observation 1: In case of GEO, the timing between NPUSCH and its corresponding NPDCCH indicating ACK/NACK can already be occupied with 2 HARQ processes for the case of multi-tone transmission with 6 subcarriers and single tone transmission.
In addition to analysis above, it should be noted that the typical use case of intermittent delay-tolerant small packet transmission does not have a high requirement on throughput even though the detailed requirement should be agreed on first. From this perspective, there is no strong motivation to increase the number of HARQ processes considering the potential negative impact on power consumption. 
Proposal 1: There is no need to extend the HARQ process number for IoT-NTN.
HARQ disabling
In NR-NTN, it has been agreed that some HARQ processes can be disabled, and there is no explicit UL feedback for DL transmission when a HARQ process is disabled. For IoT NTN, it has been analyzed in the previous section that 2 HARQ processes can meet the data rate requirement for both UL and DL, there is no need to disable HARQ feedback for the reason of increasing data rate. Moreover, IoT NTN is delay tolerant, it is not obvious that there is any need to disable DL HARQ processes.
Proposal 2: Disabling HARQ processes is not necessary for IoT-NTN.

NPDCCH monitoring
	3GPP TS 36.213 [4]
If a NB-IoT UE is configured with higher layer parameter twoHARQ-ProcessesConfig
-	and if the UE has a NPUSCH transmission ending in subframe n,
-	the UE is not required to receive transmissions in the Type B half-duplex guard periods as specified in [4]for FDD ; and
-	the UE is not expected to receive an NPDCCH with DCI format N0/N1 for the same HARQ process ID as the NPUSCH transmission in any subframe starting from subframe n+1 to subframe n+3;



For a NTN UE that is configured with one HARQ process, if the NPUSCH transmission ending in subframe n, due to long RTT, the corresponding NPDCCH which indicated ACK/NACK would not come before RTT, therefore, UE shall skip NPDCCH monitoring to reduce power consumption. 
When an NTN UE is configured with higher layer parameter twoHARQ-ProcessesConfig, NPDCCH candidates from the two HARQ processes can be scheduled together or separately as shown in Figure 1 (a) and Figure 2. Obviously, DCI with format N0 which indicates the ACK/NACK information from the same HARQ process will not come within RTT+3 from the ending of the corresponding NPUSCH transmission (NPUSCH0). However, for the“one by one”scheduling in Figure 3, UE needs to monitor the NPDCCH from the other HARQ process, which may come after a short period of NPUSCH0 transmission. 


Figure 2. UL timing relationship of 2 HARQ processes for LEO case
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Figure 3. UL timing relationship of 2 HARQ processes scheduled one by one

In addition, Figure 4 and 5 illustrate NPDCCH monitoring restrictions when the UL and DL frame timing are aligned or offset by a fixed value respectively. In Figure 4, the RTT is compensated at the UE with a large TA, the UE is not expected to receive an NPDCCH for the same HARQ process ID from DL subframe n+1 to subframe n+3. Therefore, the current specification in [4] can be reused. For the case in Figure 5, the TA is shorter than RTT. To reduce the potential conflict between NPUSCH and NPDCCH, the NPDCCH would not come before subframe n+K_mac+3, which is later than subframe n+3. The current specification in [4] can also be reused if the power consumption of NPDCCH monitoring between DL subframe n+4 and subframe K_mac+3 is acceptable.

[image: ]
Figure 4. UL and DL timing relationship with large TA
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Figure 5. UL and DL timing relationship with K_mac >0

Observation 2: The earliest subframe for an UE to receive an NPDCCH with DCI format N0/N1 for the same HARQ process depends on the offset between the UL and DL frame timing at the eNB.

Conclusion
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed the impact brought by long RTT on HARQ procedure in IoT-NTN. Then we get the following observation and proposals:
Observation 1: In case of GEO, the timing between NPUSCH and its corresponding NPDCCH indicating ACK/NACK can already be occupied with 2 HARQ processes for the case of multi-tone transmission with 6 subcarriers and single tone transmission.
[bookmark: _GoBack]Observation 2: The earliest subframe for an UE to receive an NPDCCH with DCI format N0/N1 for the same HARQ process depends on the offset between the UL and DL frame timing at the eNB.
Proposal 1: There is no need to extend the HARQ process number for IoT-NTN.
Proposal 2: Disabling HARQ processes is not necessary for IoT-NTN.
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