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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
With respect to NTN HARQ, RAN1#98 made the following conclusions:
Conclusion:
RAN1 does not need to further discuss dynamic disabling of HARQ by gNB following the RAN2#107 decision stating the following
· The enabling / disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis

And RAN2#107 made the following agreements:
Agreement:
1. Multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. Enhancements, if any, are up to RAN1 to discuss.
2. Soft combining of multiple transmissions of the same TB in a bundle (e.g. MAC schedules packets in a bundle with pdsch-AggregationFactor > 1 in downlink and pusch-AggregationFactor > 1 in the uplink) according to NR Rel.15 is supported in the receiver. 
3. Multiple transmissions of the same TB (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) are possible and might be useful to lower the residual BLER, particularly in case HARQ feedback is disabled. For the uplink, this behaviour can be realised within the Rel.15 specification, minor changes on the UE procedure might be needed for the downlink transmission.
4. Soft combining of multiple transmissions of the same TB by the MAC scheduler (e.g. MAC schedules the same TB on the same HARQ process without the NDI being toggled) according to NR Rel.15 is supported in the receiver.  
5. It should be possible to semi-statically enable / disable HARQ feedback by RRC signalling. 
6. The enabling / disabling of HARQ feedback can be configurable on a per UE and per HARQ process basis via RRC signalling.

In this contribution, we discuss the impact of long round-trip delay (RTD) on HARQ operation in NTN and propose some potential enhancements.

[bookmark: _Ref129681832]HARQ in non-terrestrial networks 
HARQ is a combination of high-rate forward error correction coding and ARQ error-control. The large propagation delay is one of the main issues in NTN as shown in Table 1. The RTD of low earth orbit (LEO) at 1200km is up to 41.77ms, and the round trip delay rises to 541.46ms for geostationary earth orbit (GEO) satellite [1], which cannot be negligible compared to terrestrial networks can have an impact on HARQ design in NTN.

Table 1 Propagation delays for NTN scenarios
	Scenarios
	GEO (Scenario A)
	LEO (Scenario C2 & D2)

	Altitude
	35,786 km
	600 km
1,200 km

	Min Elevation angle for both sat-gateway and user equipment
	10°
	10°

	Max distance between satellite and user equipment at min elevation angle
	40,586 km
	1,932 km (600 km altitude)
3,131 km (1,200 km altitude)

	Max Round Trip Delay 
	541.46 ms 
	Transparent payload (C2): 
· 25.77 ms (600km altitude)
· 41.77 ms (1200km altitude)

Regenerative payload (D2): 
· 12.89 ms (600km altitude)
· 20.89 ms (1200km altitude)



Different enhancements to HARQ can be considered to accommodate specific NTN scenarios: 
Option A: Extending the HARQ processes number to cover the long RTD.
Option B: Enhancing the HARQ feedback for the purpose of reducing latency; 
Option C: Limiting the HARQ capability.

HARQ process extension 
The long RTD in NTN has an impact on the number of HARQ processes, e.g., the maximum number of required HARQ processes for GEO and LEO (assuming 1ms slot duration and 15 kHz SCS) increases to approximately 600 and 50 respectively [2], significantly exceeding the maximum number of HARQ processes in terrestrial network. Thus, the most straightforward way is to extend the HARQ processes to a larger value. Consequently, there is a need to define an unambiguous indication for HARQ process IDs beyond 16. To ensure the compatibility with existing protocols, it is not desirable to introduce additional indication bits in DCI. Considering that the HARQ enabling/disabling is configurable on per process basis, the redundant bits of disabled HARQ process can be reinterpreted to indicate extended process ID. 
The UE soft buffer size is should not be a concern. According to simulation in [3], the maximum throughput per UE for typical case is around 15Mbps, much smaller than typical UE throughput in terrestrial network, therefore the soft buffer size shall not be an issue to extend the HARQ process number for terrestrial network capable UE.
Proposal 1: Even should an increased number of HARQ processes be adopted in NTN do not extend HARQ process number field in DCI.

HARQ feedback enhancement
The main challenge for HARQ design in NTN is the long RTD which impacts the overall (re)transmission delay. Here, we propose an enhanced retransmission scheme which pre-acts the need for retransmission of data. For pre-active retransmission scheme, an early ACK/NACK feedback is reported to the NTN node based on some particular conditions, e.g. sudden channel deterioration, interference level increase, shortage of UE memory etc., triggering the retransmission in advance. 
[image: ]
Figure 1. The state of art HARQ scheme in TN

[bookmark: OLE_LINK27]Figure 2. The pre- active HARQ scheme for NTN
As an example shown in Figure 2, a UE continuously monitors CSI while communicating with satellites:
· Detecting CSI deteriorating to a pre-defined threshold, UE assumes failure for 2nd transmission without receiving RV2 and immediately respond a NACK to NTN node, triggering a pre-active retransmission with RV3. Comparing with traditional scheme in Figure 1, the corresponding latency can be reduced from T1 to T2.
· Detecting CSI surpassing a pre-defined threshold, UE can respond an ACK, notifying the NTN node to end current HARQ process and initiate a new one. It should be noted that, to guarantee timely reporting from UE, additional time-frequency resources may be required, which can be configured periodically or with pre-defined pattern. E.g. in figure3, multiple early-feedback opportunities are provided with reserved resources. 


Figure 3. Resource configuration for pre-active HARQ-ACK feedback
As the processing time for received data is very short compared to RTD, reducing the stop-and-wait time in HARQ, the pre-active scheme can bring significant improvement on overall HARQ latency.
Observation 1: The pre-active HARQ feedback scheme can improve overall HARQ latency in NTN with multiple retransmission.
Proposal 2:  The pre-active HARQ feedback scheme can be considered for HARQ enhancement in NTN.

Disabling HARQ feedback
It was agreed that 	the enabling/disabling of HARQ feedback should be configurable on a per UE and per HARQ process basis. However, for a given UE, the number of enabled/disabled HARQ processes can only be changed via RRC reconfiguration. To provide some further flexibility, a MAC-CE based on indication scheme can be considered, indicating which HARQ-ACK process is enabled/disabled.
Proposal 3: A MAC-CE based indication scheme can be considered to provide additional flexibility for HARQ disabling/enabling for NTN.
In case HARQ retransmission is disabled, the enhancement to data channel transmission such as frequency domain (FD)/ time domain (TD)/ code domain (CD) repetitions can be studied. Similar design with blind/HARQ-less repetitions [4] has been proposed in LTE-URLLC and can be considered for NTN. Consequently, corresponding design for NTN need to be specified in detail, including the maximum repetition number, repetition pattern and clarification of redundancy version sequence when repetition number > 1. A certain number of bits for indicating related-parameters are necessary. Considering HARQ disabled scenario, a couple of fields in the downlink control information (DCI) formats are not needed, including HARQ process number, redundancy version (RV), new data indication (NDI). Thus, reusing idle bits in DCI is worthy considered for saving signalling resource.
Proposal 4: Repetition can be considered as an enhancement for data transmission when HARQ is disabled.
Proposal 5: Reinterpreting bits in DCI for indicating repetition-related parameters shall be considered for disabled HARQ retransmissions.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed the impact on HARQ due to the long RTD and proposed potential enhanced and disabled HARQ procedures in NTN. Then we get the following observations and proposals:
Observation 1: The pre-active HARQ feedback scheme can improve overall HARQ latency in NTN with multiple retransmission.

Proposal 1: Even should an increased number of HARQ processes be adopted in NTN do not extend HARQ process number field in DCI.
Proposal 2:  The pre-active HARQ feedback scheme can be considered for HARQ enhancement in NTN.
Proposal 3: A MAC-CE based indication scheme can be considered to provide additional flexibility for HARQ disabling/enabling for NTN.
Proposal 4: Repetition can be considered as an enhancement for data transmission when HARQ is disabled.
Proposal 5: Reinterpreting bits in DCI for indicating repetition-related parameters shall be considered for disabled HARQ retransmissions.
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