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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#105-e, a couple of agreements have been achieved to enhance HARQ for NTN [1]: 
[bookmark: _GoBack]Agreement:
For enhancement on the HARQ process indication, extend the HARQ process ID field up to 5 bits for DCI 0-2/1-2
Agreement:
For Type-2 HARQ codebook in NTN, 
· For the DCI of PDSCH with feedback-enabled HARQ processes, the C-DAI and T-DAI are the count of only feedback-enabled processes
· FFS: Whether DCI for SPS release and any other DCIs are included in counting of C-DAI and T-DAI
Agreement:
Confirm the previous working assumption for  X = T_proc,1 where X is defined from the end of the reception of the last PDSCH or slot-aggregated PDSCH for a given HARQ process with disabled feedback to the start of the PDCCH carrying the DCI scheduling another PDSCH or set of slot-aggregated PDSCH for the given HARQ process.
Agreement:
For enhancement on the HARQ process indication at least for DCI 0-1/1-1, the Option-1 and Option-1a are lower priority for further discussion.
Agreement:
Discussion of enhancement(s) on the aggregated transmission (including repetition) is prioritized to improve the performance in NTN.

In this contribution, we provide some further considerations on HARQ enhancement for NTN.

[bookmark: _Ref129681832]HARQ enhancement in NTN
HARQ process ID indication
It was agreed that 32 is taken as the maximal supported HARQ process number for both uplink and downlink [2]. Since the maximum bit field size for HARQ process number in existing DCI formats is 4 bits, the HARQ process number indication needs to be enhanced. To expand the number of process ID to 32, the 5 bits indication field in DCI are needed.
For non-fallback DCI 0-1/1-1 cases, the aim is intended to support adding new features in NR for forward compatibility. The HARQ process ID field can be configured with many different sizes depending on the configuration. If extending the HARQ process ID field up to 5 bits, performance and specification impacts could be marginal, and the solution can be aligned with DCI 0-2/1-2 which have reached agreement. On the other hand, compare with extending to 5 bits, reusing 1 bit from other bit fields (e.g., the slot index) may not bring much performance gain and the scheduling flexibility at gNB can be restricted. Based on this, the Option 3 is a straightforward and clean way for supporting up to 32 HARQ processes, and align with the configurable features of non-fallback DCI format.
[bookmark: _Hlk78218106]In the case of fallback DCI 0-0/1-0, the HARQ process ID field has a fixed size of 4 bits. Note that it is designed for supporting basic NR operations since Rel-15. Thus, its not desirable to increase the payload for fallback DCI 0-0/1-0. Moreover, for backward compatibility, the HARQ process ID field in fallback DCI 0_0/1_0 should not be extended to accommodate 32 HARQ processes. In addition, since the 32 HARQ processes are used for high throughput, the scheduling can be carried out with non-fallback DCI 0_1/1_1. Therefore, in NTN case, 16 processes are sufficient for fallback DCI 0_0/1_0. 
Proposal 1: If 32 HARQ processes are configured, extending the HARQ process ID field up to 5 bits for non-fallback DCI 0-1/1-1.
Proposal 2: No HARQ enhancement for DCI 0-0/1-0 is needed.

[bookmark: OLE_LINK48]HARQ-ACK codebook size reduction
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]At RAN1#105-e, regarding the enhancement on Type 2 HARQ codebook, it has been agreed that the C-DAI and T-DAI are the count of only feedback-enabled processes for the DCI of PDSCH with feedback-enabled HARQ processes. The details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-disabled HARQ processes, several candidate options were proposed at RAN1#105e [1]:
· Option-1: The C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented 
· Option-2: The C-DAI and T-DAI are a reserved value that can be ignored by the UE 
· Option-3: The C-DAI/T-DAI are the count of feedback-disabled processes
· Option-4: The C-DAI is a reserved value that can be ignored by the UE and T-DAI is the count of feedback-enabled processes despite it not incremented.
Different options are shown in Figure 1. 


[bookmark: _Ref60150085]Figure 1: Different Options of C-DAI and T-DAI.
In DCI for DL scheduling, the T-DAI field denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) are used to avoid DCI miss detection of dynamic scheduling and SPS release. Thus, compare to Option 2, the Option 1 is more reliable, which benefits in addressing the last DCI missing issue. 
[bookmark: _Hlk78322523]Examples of Option 1 and Option 2 are as shown in the Figure 2 and Figure 3 [3]. If the DCI in monitor occasion m=3 is missed, for Option 1 and Option 2, the UE would determine the HARQ-ACK bits for the dynamic codebook as 5 and 4, respectively. Obviously, for Option 2, this would lead to HARQ-ACK codebook size misalignment between gNB and UE due to UE’s misdetection of the DCI. Thus, we support Option 1, i.e. the C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented. 
[image: ]
Figure 2: Type2 codebook with disabling and enabling HARQ-ACK feedback with Option 1
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Figure 3: Type2 codebook with disabling and enabling HARQ-ACK feedback with Option 2
Regarding Option 3, it can provide additional information on whether DCI for disabled HARQ process is missed by a UE. However, benefits for scheduling are not clear because of no HARQ-ACK feedback for disabled HARQ process.
Regarding Option 4, same as to Option 1, but reserve C-DAI field in the DCI that schedules feedback-disabled process. Benefits for this Option are not clear (the reserved C-DAI field may be used for other purpose in Rel.17 or later release). 
Proposal 3: Type 2 HARQ-ACK codebook can be enhanced, and the C-DAI and T-DAI are the count of feedback-enabled processes despite they are not incremented.

Type 1 is semi-static HARQ-ACK codebook, meaning that the size of the type 1 HARQ-ACK codebook is fixed based on RRC configured parameters and should not be changed dynamically. In NTN sense, the redundancy overhead of semi-static HARQ-ACK codebook which assumes that all PDSCH occasions, i.e., HARQ processes need ACK/NACK feedback would be too large when only a few HARQ processes are enabled. For example, if all serving cells in one occasion are configured for HARQ feedback disabled, the ACK/NACK information also need to reserve that will increase the unnecessary overhead. Thus, we support to reduce the semi-static HARQ-ACK codebook size by ignoring the transmission occasions with disabled HARQ processes. 
Proposal 4: Type-1 codebook can be enhancement by ignoring the transmission occasions with disabled HARQ processes.
The Type-3 HARQ codebook is introduced for unlicensed band in NR Rel-16, to benefit from the HARQ-ACK retransmission due to listen-before-talk (LBT) failure [3]. It was agreed in the RAN1#103-e that the Type-3 HARQ codebook is also supported for licensed spectrum [4]. In the case of NR Type-3 HARQ codebook, UE would generate HARQ-ACK feedback on all HARQ processes for all the configured serving cells in one shot. Therefore, in our view, one simpler approach to reduce the unnecessary overhead is to only allow the feedback for HARQ process with enabled ACK/NACK information in the Type-3 codebook.
Proposal 5: For Type-3 HARQ codebook, enhancement should be considered to reduce the unnecessary overhead.

Restriction on HARQ feedback disabling
The proposal in the RAN1#105e of moderator is suggested for further check on the below conclusion [1]:
UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled. 
To avoid the potential misunderstanding of MAC CE signaling between gNB and UE, it is beneficial to mandate the scheduling with enabled HARQ process. Thus, we agree with this proposal, but the MAC-CEs are transmitted with enabled/disabled HARQ processes depending on the specific implementation of network operators.
Proposal 6: The MAC-CEs are transmitted with enabled/disabled HARQ processes depending on the specific implementation of network operators.

Conclusions
In this contribution, we discussed enhancements for HARQ procedures in NTN. Then we get the following observations and proposals:
Proposal 1: If 32 HARQ processes are configured, extending the HARQ process ID field up to 5 bits for non-fallback DCI 0-1/1-1.
Proposal 2: No HARQ enhancement for DCI 0-0/1-0 is needed.
Proposal 3: Type 2 HARQ-ACK codebook can be optimized, and the C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented.
Proposal 4: Type-1 codebook can be enhancement by ignoring the transmission occasions with disabled HARQ processes.
Proposal 5: For Type-3 HARQ codebook, enhancement should be considered to reduce the unnecessary overhead.
Proposal 6: The MAC-CEs are transmitted with enabled/disabled HARQ processes depending on the specific implementation of network operators.
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