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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN #80, a new RAN1 SI on solution evaluation for NR is approved to support non-terrestrial network (NTN) [1]. The objectives of the SI are described as follows: 
Physical layer
Consolidation of potential impacts as initially identified in TR 38.811 and identification of related solutions if needed  [RAN1]: 
· Physical layer control procedures (e.g. CSI feedback, power control)
· Uplink Timing advance/RACH procedure including PRACH sequence/format/message
· Making retransmission mechanisms at the physical layer more delay-tolerant as appropriate. This may also include capability to deactivate the HARQ mechanisms.
Performance assessment of NR in selected deployment scenarios (LEO based satellite access, GEO based satellite access) through link level (Radio link) and system level (cell) simulations [RAN1]

With respect to NTN HARQ, RAN1#97 made the following agreements:
Agreement:
· Network disabling of HARQ via RRC configuration should be supported. 
· FFS: Dynamic disabling of HARQ by gNB.
· Evaluate impact of Satellite RTT when HARQ is enabled and potential solutions if needed
· At least the following aspects should be considered if the number of HARQ processes is > 16:
· DCI size
· HARQ soft buffer size

RAN2#106 made the following agreements:
Agreement:
· If HARQ feedback is disabled, blind HARQ (re)transmissions are still possible to improve robustness.  What blind HARQ retransmissions mean will be captured in email discussion.  
· Even if HARQ feedback is disabled, the HARQ processes are still configured
· Enabling / disabling of HARQ feedback is a network decision 
In this contribution, we discuss the impact of long RTT 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-correcting coding and ARQ error-control. The large propagation delay is one of the main issues in NTN as shown in Table 1. The round trip time (RTT) delay 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 [2]. The long RTT cannot be negligible compared to terrestrial networks.
The long RTT in NTN has an impact on the number of HARQ processes. As an example, the maximum number of required HARQ processes for GEO and LEO (with 1ms slot duration and 15 kHz SCS) increases to approx. 600 and 50 respectively [3]. Hence, simply reusing current HARQ design by increasing the number of HARQ processes may not work due to the power and memory limitations at the UE side as well as the signaling overhead for large number of UEs at the gNB side. To handle this problem, two possibilities can be considered: one is to enhance the existing HARQ operation to optimally extend the HARQ processing accommodating low to moderate NTN RTT delays; the other one is to limit HARQ capabilities and/or disabling HARQ for long RTT delays.
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)



Observation 1: The long RTT in NTN has a negative influence on designing HARQ procedure due to increase the UE buffer size and complexity with the enhanced number of HARQ processes.

HARQ enhancement in NTN 
The main challenge for HARQ design in NTN is the long RTT 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, including CSI (channel state information)/MCS (modulation and coding scheme)/UE’s memory capability, and the retransmission is triggered in advance. As an example shown in Figure 2, UE continuously monitors CSI while communicating with satellites. Upon CSI deteriorating to a pre-defined threshold, it is reasonable to assume failure for 2nd transmission at UE side without receiving RV2. Then UE can 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. 
As the processing time for received data is very short compared to RTT, reducing the stop-and-wait time in HARQ, the pre-active scheme can bring significant improvement on overall HARQ latency.
In addition, the pre-active retransmission scheme can be combined with the traditional HARQ procedure. That means there are two types of ACK/NACK including early and traditional ACK/NACK feedback. Hence how to apply the two types ACK/NACK can be further studied in future. 

Figure 1. The state of art HARQ scheme in TN
 
Figure 2. The pre- active HARQ scheme for NTN
[bookmark: _GoBack]Observation 2: The pre-active scheme can improve overall HARQ latency in NTN with multiple retransmission.
Proposal 1:  The pre-active scheme can be considered for HARQ enhancement in NTN.

Disabled HARQ in NTN 
Besides semi-static disabling/enabling HARQ configuration, it seems reasonable to support dynamic configuration scheme in certain scenarios for flexibility and low latency. Regarding how to dynamically configure the HARQ operation, both DCI and MCA CE can be considered:
· DCI based configuration: 
DCI can provide high flexible configuration at the expense of heavy signaling overhead due to the dense transmission compared to semi-static configuration with RRC. Meanwhile, additional bits field may be required, which may require new DCI format and induce backward compatibility issue.
Observation 3: Dynamic HARQ configuration with DCI provides high flexibility at expense of a relatively high signaling overhead and potential compatibility issues.
· MAC CE based configuration: 
MAC CE provides configuration in PDU granularity, giving consideration to both flexibility and signaling overhead. New MAC CE format shall be introduced, e.g. as shown below:
	R
	F
	LCID

	L (HARQ Process number indication)

	HARQ disabling/enabling
	HARQ process ID 

	HARQ disabling/enabling
	HARQ process ID 

	…

	HARQ disabling/enabling
	HARQ process ID 



Proposal 2: Dynamic HARQ disabling/enabling via MAC CE can be considered 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 by DCI bits, 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 3: Repetition can be considered as an enhancement for data transmission when HARQ is disabled.
Proposal 4: Reusing redundant bits in DCI for indicating repetition-related parameters shall be considered.
Besides the aforementioned problems, In addition, the challenges to the RLC should be considered if HARQ is disabled in MAC. If the retransmission only relies on the RLC retransmission, whether the induced transmission delay can be neglected should be studied. The ARQ process of the RLC layer needs to buffer the packets that have been sent until a packet acknowledgment is received or the timer expires to initiate a retransmission. In the satellite system, a larger buffer is needed to cope with the long transmission delay, and it is possible to limit the maximum number of retransmission times for each transmission packet. In addition, in the scheduling process of the MAC layer and the RLC layer, the long delay of the satellite system also affects the scheduling scheme, and the scheduling delay parameters need to be adjusted. Hence, some parameters related to the RLC should be FFS, such as the size of Rx/Tx window and the sequence number, the number of retransmission, retransmission timer and so on. Overall, impacts on the RLC should be studied if HARQ is disabled.
Proposal 5: The challenges to the RLC should not be neglected if HARQ is disabled in NTN.

Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed the impact bring by long RTT and proposed potential enhanced and disabled HARQ procedures in NTN. Then we get the following observations and proposals:
Observation 1: The long RTT in NTN has a negative influence on designing HARQ procedure due to increase the UE buffer size and complexity with the enhanced number of HARQ processes.
Observation 2: The pre-active scheme can improve overall HARQ latency in NTN with multiple retransmission.
Observation 3: Dynamic HARQ configuration with DCI provides high flexibility at expense of a relatively high signaling overhead and potential compatibility issues.

Proposal 1:  The pre-active scheme can be considered for HARQ enhancement in NTN.
Proposal 2: Dynamic HARQ disabling/enabling via MAC CE can be considered for NTN.
Proposal 3: Repetition can be considered as an enhancement for data transmission when HARQ is disabled.
Proposal 4: Reusing redundant bits in DCI for indicating repetition-related parameters shall be considered.
Proposal 5: The challenges to the RLC should not be neglected if HARQ is disabled in NTN.
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