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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#86, Rel-17 Work Item on Solutions for NR to support non-terrestrial networks was approved [1] with the following RAN1 objectives
RAN1
Enhancing features to address the identified issues due to long propagation delays, large Doppler effects, and moving cells in NTN, the following should be specified (see TR 38.821):
· Timing relationship enhancements[RAN1,RAN2]
· Enhancements on UL time and frequency synchronization [RAN1,RAN2]
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]
In addition, the following topics should be specified if beneficial and needed
· Enhancement on the PRACH sequence and/or format and extension of the ra-ResponseWindow duration (in the case of UE with GNSS capability but without pre-compensation of timing and frequency offset capabilities) [RAN1/2].
· Feeder link switch [RAN2,RAN1]
· Beam management and Bandwidth Parts (BWP) operation for NTN with frequency reuse [RAN1/2]
· Including signalling of polarization mode
· 

As one of the main issues in NTN, large propagation delay can have an impact on HARQ mechanism design. Typical round trip delay for low earth orbit (LEO) at 1200km is up to 41.77ms, and 541.46ms for geostationary earth orbit (GEO) satellite [1], which is much larger than in terrestrial networks. Hence, enhancements on HARQ mechanism for NTN are necessary. In this contribution, we further provide some considerations on HARQ enhancement in NTN.
[bookmark: _Ref129681832]HARQ enhancement in NTN
HARQ process ID indication
For NTN-HARQ, due to the stop-and-wait scheme, increased latency caused by large propagation delay results in a reduced user throughput if maintaining 16 HARQ processes as in terrestrial network. To solve this issue, the most straightforward way is to accommodate RTD in NTN by extending the number of HARQ processes to a larger value, e.g., the maximum number of required HARQ processes for GEO and LEO (assuming 1ms slot duration and 15 kHz SCS) may be extended to approximately 600 and 50 processes respectively, significantly exceeding the maximum number of HARQ processes currently adopted in terrestrial networks. However, simply increasing the number of HARQ processes may not work due to the power and memory limitations at the UE side as well as the signalling overhead for large number of UEs at the network side. The maximum number of HARQ process needs further study.
Proposal 1: More than 16 HARQ process can be considered for higher throughput.
When the number of HARQ processes is  extended, to ensure the compatibility with existing NR protocols, it is desirable not to introduce additional indication bits in DCI. Consequently, there is a need to define an implicit indication for HARQ process IDs beyond 16. 

Figure 1. Slot-based HARQ process ID scheduling
One solution is to schedule HARQ processes into different slot-groups, as shown in Figure 1, and generate HARQ ID as a function of the slot number. Correspondingly, process ID can be jointly determined by 4 DCI bits and extra implicitly indicated bits. For example, one can consider the scenario supporting 64 HARQ processes, wherein the HARQ process ID shall be extended to 6 bits length. 64 HARQ process IDs can be scheduled in 4 slot-groups, with 0~15 process in slot-group1, 16~31 in slot-group2 and so on. Thus 2 MSB (most significant bits) of HARQ process ID can be obtained by:
)
[bookmark: OLE_LINK28][bookmark: OLE_LINK29]However, as scheduling opportunity in each slot-group is numerology-related, slot-based HARQ transmission may introduce negative impact on scheduling flexibility, thus implicit indication without flexibility impairment should be considered. DMRS-based indication is one solution that avoids the flexibility restrictions of a solely slot number based mechanism.
Observation 1: HARQ ID can be implicitly indicated via slot index at the cost of scheduling flexibility.


[bookmark: OLE_LINK25]Figure 2. HARQ process ID indication
Consider an example of 64 HARQ processes: the 2 MSB of HARQ process ID can be indicated implicitly by DMRS contained in PDCCH at cost of detection complexity. Based on the received PDCCH, UE shall first determine the 2 MSB by blind detection; if the UE successfully decodes the PDCCH with a DMRS carries 2 MSB, then the complete HARQ process ID can be obtained through combining with the 4 LSB indicated by DCI.
Furthermore, based on above analysis, a hybrid way with slot-based indication and DMRS-based indication can also be considered for trade-off between flexibility and detection complexity.
Observation 2: HARQ ID can be implicitly indicated via DMRS at the cost of detection complexity.
[bookmark: OLE_LINK30]Proposal 2: HARQ process number field in DCI shall not be extended to ensure the compatibility with existing NR protocols.
[bookmark: OLE_LINK48]Proposal 3: Part of HARQ process ID can be implicitly obtained by slot index and/or DMRS sequence while the rest are indicated from DCI. 
HARQ-ACK codebook size reduction
Given that HARQ feedback can be configurable per UE and per HARQ process, partially disabling HARQ feedback is a reasonable scenario. In that sense, the semi-static HARQ codebook which assumes that all HARQ processes need ACK/NACK feedback may cause redundancy overhead. Optimization on HARQ process scheduling, through e.g., concentrated scheduling, may be helpful for saving signalling. As shown in Figure 3, ACK/NACK feedback for HARQ processes scheduled in slot 0~4 are transmitted in slot 9, and when HARQ processes with feedback disabled are scheduled in a concentrated fashion in slots 3~4, corresponding reserved resource in the codebook can be released and its size can be reduced from codebook size A to codebook size B.

Figure 3. Optimization on HARQ scheduling for HARQ-ACK codebook redundancy reduction
Proposal 4: Optimization on HAR	Q processes scheduling can be considered for reducing HARQ-ACK codebook redundancy.

Enhancement for enabling HARQ feedback
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, triggering the retransmission in advance. Conditions could be:
a) Channel status, requiring sufficient CSI-RS resources to be reserved for timely detecting the CSI variations;
b) UE memory status, as plentiful memory allows receiving more RVs;
[image: ]
Figure 4. Terrestrial network HARQ scheme
[image: ]
[bookmark: OLE_LINK27]Figure 5. The pre- active HARQ scheme for NTN
We illustrate one example in Figure 5, 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 with a NACK to NTN node, triggering a pre-active retransmission with RV3. Comparing with traditional scheme in Figure 4, the corresponding latency can be reduced from T1 to T2.
· [bookmark: _GoBack]Detecting CSI improving above a pre-defined threshold, UE can respond with an ACK, notifying the NTN node to end current the 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 Figure 6, multiple early-feedback opportunities are provided with reserved resources. 

[image: ]
Figure 6. 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 3: The pre-active HARQ feedback scheme can improve overall HARQ latency in NTN with multiple retransmission.
Proposal 5: The pre-active HARQ feedback scheme can be considered as enhancement when enabling HARQ in NTN.
Enhancement for disabling HARQ feedback
For disabled HARQ process, the enhancement for data transmission including repetition schemes can be studied. Similar design with slot aggregation introduced in NR can be considered for NTN. Consequently, a corresponding design for NTN needs to be specified in detail, including the maximum repetition number, repetition pattern and clarification of redundancy version sequence when repetition number > 1. 
	Transmission index
	Repetition pattern
	Repetition number
	RV sequence

	000
	Pattern A(frequency)
	4
	0 0 0 0

	001
	Pattern A(frequency)
	4
	0 2 3 1

	……
	
	……
	……

	110
	Pattern B(time)
	4
	0 0 0 0

	111
	Pattern B(time)
	4
	0 2 3 1



[bookmark: OLE_LINK32][bookmark: OLE_LINK33][bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: OLE_LINK43][bookmark: OLE_LINK44]A certain number of bits for indicating repetition-related parameters are necessary. Instead of RRC configuration, signalling by DCI is preferred in consideration of flexibility. When HARQ feedback is disabled, a couple of bit fields in DCI are not needed, including HARQ process number (4 bits), redundancy version (2 bits), new data indication (1 bit). Thus, reusing idle bits in DCI is worthy to be considered for saving signalling resource.
Proposal 6: Reinterpreting bits in DCI for indicating repetition-related parameters shall be considered for disabled HARQ process.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this contribution, we discussed enhancements for HARQ procedures in NTN. Then we get the following observations and proposals:
Observation 1: HARQ ID can be implicitly indicated via slot index at the cost of scheduling flexibility.
Observation 2: HARQ ID can be implicitly indicated via DMRS at the cost of detection complexity.
Observation 3: The pre-active HARQ feedback scheme can improve overall HARQ latency in NTN with multiple retransmission.

Proposal 1: More than 16 HARQ process can be considered for higher throughput.
Proposal 2: HARQ process number field in DCI shall not be extended to ensure the compatibility with existing NR protocols.
Proposal 3: Part of HARQ process ID can be implicitly obtained by slot index and/or DMRS sequence while the rest are indicated from DCI. 
Proposal 4: Optimization on HAR	Q processes scheduling can be considered for reducing HARQ-ACK codebook redundancy.
Proposal 5: The pre-active HARQ feedback scheme can be considered as enhancement when enabling HARQ in NTN.
Proposal 6: Reinterpreting bits in DCI for indicating repetition-related parameters shall be considered for disabled HARQ process.
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