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1. Introduction
 In the WID [1], the following HARQ related issues are captured to be specified. 
· HARQ
· Number of HARQ process [RAN1]
· Enabling / disabling of HARQ feedback as described in the TR 38.821 [RAN1&2]

 Also, during the study item phase, following agreements and conclusions are made as:
In RAN1 97,
Agreement:
Network disabling of HARQ via RRC configuration should be supported. 
· FFS: Dynamic disabling of HARQ by gNB.

Agreement:
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

In RAN1 98,
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






In this contribution, we discuss on the HARQ enhancements in NTN.

2. Discussion  
Number of HARQ process
In this sub section, we discuss on the number of HARQ process in NTN. In NR, up to 16 HARQ processes are supported per UE. In NTN, much longer RTT as shown in Table 1 is considered and therefore it is considered to increase the number of parallel HARQ processes in order to efficiently adapt long RTT delay and provide more throughput gain. 

Table 1. The maximum RTT & HARQ processes for transparent payload
	
	LEO
	GEO

	
	600km
	1200km
	

	Max RTT (ms)
	20.89
	41.77
	541.46

	# of HARQ processes (15 kHz SCS)
	21
	42
	542



In RAN1#99, there was a discussion related to number of HARQ process and it was failed to reach a consensus. In the discussion, following two options are listed as: 
· Option 1: Keep 16 HARQ process IDs and rely on RLC ARQ for HARQ processes with UL HARQ feedback disabled via RRC 
· Option 2: Greater than 16 HARQ process IDs with UL HARQ feedback enabled via RRC with following consideration
· UE capability if greater than 16 HARQ process IDs 
· Keep 4-bit HARQ process ID field in DCI 

[bookmark: _GoBack]  During the discussion, the proponents of Option 1 insist that the performance gain for increasing the parallel HARQ process number is marginal compared to Option 1. However, relaying on RLC ARQ in Option 1 may cause more delay, thus we think relaying on HARQ retransmission is more desirable. Also, in order to support high data rates in such long RTT scenarios, the number of HARQ process needs to be increased. Meanwhile, increased the number of HARQ process may require larger buffer size, so the support of more than 16 HARQ process should be up to UE capability reporting.  
Proposal 1: Based on the UE capability, more than 16 HARQ processes are supported in NTN.

  If we increase the number of HARQ process, the next issue is how to indicate the HARQ process id using DCI. Regarding this issue, two options can be considered. 1) is increasing the HARQ process id field in DCI and 2) is keeping HARQ process id field as 4 bit and implicitly identifying the HARQ process id based on other information, e.g., slot number, virtual id [2][3]. Between two options, we prefer option 2, i.e., keep 4bit HARQ process id field, since increasing DCI payload is not desirable, especially for fall-back DCI case. To efficiently support option 2, we may consider CCE index based identification similar to PUCCH resource allocation in NR. For example, 32 HARQ processes can be supported by 4 bits from HARQ process id field in DCI and 1 bit from based on CCE index of PDCCH carrying DCI. 
Proposal 2: Consider CCE index based HARQ process id identification for NTN.

Enabling/disabling HARQ feedback
In this sub section, we discuss on HARQ feedback disabling. As captured above, HARQ disabling is supported in Rel-17 NR NTN. HARQ is a basic function in NR in order to maintain link reliability. If all HARQ process are disabled, it is hard for gNB to decide proper MCS level. Thus, gNB will use conservative MCS level, so the link performance/reliability would be degraded. In addition, MAC-CE activation is determined based on the HARQ feedback timing, so it would be safe option to have at least one HARQ process is always enabled for HARQ feedback. 
Proposal 3: At least one HARQ process is enabled for HARQ feedback.
  
If the HARQ feedback is disabled, slot aggregation based transmission can be good option to ensure the DL performance. For NTN scenario, larger number of repetition may provide good DL BLER performance at the expense of spectral efficiency. In [3], the trade-off between spectral efficiency and BLER according to the number of repetition were presented, and it is desired to select proper repetition number according to SINR and channel condition. To this end, number of recommended repetition can be reported by UE.
  Another issue when HARQ feedback is disabled is how to construct HARQ-ACK codebook. Especially for Type-1 HARQ-ACK codebook, ACK/NACK information for all HARQ processes need to be feed-backed even though some HARQ processes are disabled. Therefore it may cause large redundancy for HARQ feedback. For example, in case of all HARQ processes in a certain CC are disabled for HARQ feedback, HARQ-ACK codebook for this CC is not needed. If only one HARQ process is enabled for HARQ feedback in a certain CC, UE may only require to feedback the information of ACK/NACK for the enabled HARQ process. Thus, we need to further discuss on how to efficiently construct HARQ-ACK codebook when HARQ feedback is disabled. 

Proposal 4: Discuss on HARQ-ACK codebook enhancement when HARQ feedback is disabled.

3. Conclusion
In this contribution, we discussed on the HARQ enhancements in NTN. Based on the above discussion, we have following observation and proposals:
Proposal 1: Based on the UE capability, more than 16 HARQ processes are supported in NTN.
Proposal 2: Consider CCE index based HARQ process id identification for NTN.
Proposal 3: At least one HARQ process is enabled for HARQ feedback.
Proposal 4: Discuss on HARQ-ACK codebook enhancement when HARQ feedback is disabled.
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