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Introduction
A RAN2-led Rel-17 Working Item on Solutions for NR to support non-terrestrial networks (NTN) was revised in RAN Plenary #88e [1]. The study item phase has identified HARQ scheduling and re-transmissions aspects for NR-NTN deployment scenarios [2]. This contribution aims to discuss HARQ aspects for satellite deployment. In this contribution, we make observations and proposals to address issues discussed in RAN1#103e and summarized in FL summary #4  for NTN HARQ [3].
[bookmark: _Hlk56148125]
[bookmark: _Ref481671177]Enhanced HARQ process ID indication 
This section addresses Issue#1 in FL summary in [3]. RAN1#104-e made the following agreements:
Enhancement on the HARQ process indication is supported as:
For DCI 0-2/1-2: 
· Option 3: Extending the HARQ process ID field up to 5 bits 
For DCI 0-1/1-1, at least one of following is supported:
· Option 1: Slot index as the MSB
· Option 1-a:Slot index as the LSB 
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits 
FFS: DCI 0-0/1-0

HARQ stalling occurs where a DL packet on a given HARQ process ID is received but the corresponding UL HARQ feedback is not yet received and processed in the gNB. The HARQ process cannot be released until a new DL assignment on the HARQ process ID by DCI is received at the device. Increasing the number of HARQ processes allows to avoid HARQ stalling. If only 16 HARQ processes are used, the peak rate reduction due to HARQ stalling is about 43% for LEO and about 97% for GEO if HARQ feedback is not disabled. It is reasonable to consider an increase in number of HARQ processes if HARQ feedback is not disabled. Mandating 32 HARQ processes raises the implementation complexity to support NR NTN. If HARQ feedback is disabled, there is likely to be no significant peak data rate reduction depending on considered solutions. Hence we make the following proposal:
Proposal 1: Support of 32 HARQ processes in the device is a UE capability in NR NTN.

The fallback DCI 0-0/1-0 is used for acquiring SIB and also maintain connection when coverage deteriorates. There are significant issues that will need to be resolved if the DCI fallback is modified with any of the options 1, 1-a, 2, and 3. First, if the NTN DCI fallback is different from TN DCI fallback, UE has no means of differentiating NTN from TN network, assuming network type TN or NTN is indicated by a flag in SIB. The other way is to mandate the UE to double decode TN DCI fall back and NTN DCI fallback, which un-necessarily increases complexity. The simplest way is that the number of HARQ processes is not changed for UL grants or DL assignments indicated via DCI fallback.
Proposal 2: The fallback DCI 0-0/1-0 I is used for UL and DL connections with a maximum of 16 HARQ processes.

We now discuss the options for DCI formats 0-1/1-1 and DCI 0-2/1-2:
· Option 1 and Option 1-a involve un-necessary restriction for the gNB scheduler that cannot be justified. The achievable peak data rate is rather hypothetical. It is very unlikely that only one device will be scheduled all the resources in a satellite cell.
· Option 2 seems reasonable as a spare bit from another field could readily be re-interpreted to increase the HARQ process ID field by 1 bit. One redundancy version (RV) bit can be used to indicate the MSB of HARQ process number. If one RV bit is re-used, it is necessary to ensure self-decodability for the other RVs, other there would be impact on decoding performance by (re)transmission using non-decodable RVs. RV0 is always self decodable, RV1 is not self-decodable, RV2 requires low coding rate to be self-decodable. RV3 is self-decodable at moderate coding rate. Hence, reuse one bit from DCI RV field could be considered, where only RV0 is used, or RV0 and RV3 are used.
· Option 3 is straightforward and has no restriction on the legacy fields in DCI formats. It requires a change in DCI size for Formats 0_1, 1_1, 0_2, 1-2. We have preference for a unified solution for this Option 3.
Proposal 3: Support Option 2 “Reusing one bit from other bit field” for  DCI 0-1/1-1 and DCI 0-2/1-2

HARQ codebook enhancements
This section addresses Issue#2 in FL summary in [3]. RAN1#104-e made the updated proposal:
For the following HARQ codebook in NTN:
· Type-1 HARQ codebook: 
If only disabled HARQ process are used for scheduling in [image: ]occasions, no HARQ-ACK feedback is expected at UE side. Otherwise, legacy behavior is assumed.
· Type-3 HARQ codebook: Reduce codebook size with HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: DCI for SPS release.

In Type-1 HARQ codebook, the case of missed DCI may mean that the UE cannot know that only disabled HARQ processes are used.  According to the specifications the entries within the semi-static codebook for slots where no DL data was transferred are populated with NACKs. It seems reasonable to use similar convention for the slots mapped to a HARQ processor with UL HARQ feedback disabled. This is the simplest way to apply the existing specifications. 
Proposal 4: For Type-1 HARQ codebook, support report ACK/NACK on enabled processes and NACK on disabled processes.

Restriction on HARQ feedback disabling
This section addresses Issue#4 in FL summary in [3]. Moderator made the following proposal in RAN1#104-e:
UE expects that any PDSCH carrying a MAC CE command, whose activation/deactivation time is coupled to the transmission time of the associated HARQ-ACK, is scheduled via a HARQ process with HARQ feedback enabled.

Companies are encouraged to further check this issue with at least consideration on the following two aspects:
1.	Reliability for MAC CE delivering;
2.	MAC CE Processing timeline
Reliability of MAC CE can be ensured by not disabling the associated HARQ feedback with the scheduled HARQ process. For simplicity of specifications, we also think that MAC CE should be sent with HARQ feedback enabled even if activation/deactivation time is not coupled to the transmission time of the associated HARQ-ACK. The MAC CE processing timeline with HARQ feedback enabled can then be discussed in AI 8.4.1.
Proposal 5: UE expects that any PDSCH carrying a MAC CE command, whose activation/deactivation time is coupled to the transmission time of the associated HARQ-ACK, is scheduled via a HARQ process with HARQ feedback enabled.
Proposal 6: MAC CE are sent with HARQ feedback enabled even if activation/deactivation time is not coupled to the transmission time of the associated HARQ-ACK. 

Conclusion
In this contribution, we discussed scope of HARQ enhancements. We made the following observations and proposals:
Proposal 1: Support of 32 HARQ processes in the device is a UE capability in NR NTN.
Proposal 2: The fallback DCI 0-0/1-0 I is used for UL and DL connections with a maximum of 16 HARQ processes.
Proposal 3: Support Option 2 “Reusing one bit from other bit field” for DCI 0-1/1-1 and DCI 0-2/1-2
Proposal 4: For Type-1 HARQ codebook, support report ACK/NACK on enabled processes and NACK on disabled processes.
Proposal 5: UE expects that any PDSCH carrying a MAC CE command, whose activation/deactivation time is coupled to the transmission time of the associated HARQ-ACK, is scheduled via a HARQ process with HARQ feedback enabled.
Proposal 6: MAC CE are sent with HARQ feedback enabled even if activation/deactivation time is not coupled to the transmission time of the associated HARQ-ACK. 
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