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Introduction
In RAN1 #103-e and RAN1#104-e, the following agreement has been made as a progress for the HARQ enhancement for NTN [1][2]: 
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Agreement:
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until [X] after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· FFS: value of X and units in which it is defined.
· FFS: Whether TB of the two PDSCHs needs to be different

Agreement:
· Enhanced HARQ process ID indication is supported for DCI 0-2/1-2 and DCI 0-1/1-1 by at least one of following:
· 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
· Note: 32 is taken as maximal supported HARQ processes number for both UL and DL
 
Agreement:
HARQ codebook enhancement is supported as:
· For Type-2 HARQ codebook:
· Option-1: Reduce codebook size with:
· HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: the details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes
· FFS: at least DCI for SPS release/SPS PDSCH
· Option-2: No enhancement
· Other options are not precluded.
· For Type-1 HARQ codebook, further discuss is needed with down selection among following options:
· Option-1: No enhancement
· Option-2: Report NACK on disabled process
· Option-3: Reduce codebook size with criteria 
· FFS: Enhancements for Type-3 HARQ codebook

Agreement:
For a DL HARQ process with disabled HARQ feedback, the UE is not expected to receive another PDSCH or set of slot-aggregated PDSCH scheduled for the given HARQ process that starts until X after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· Working assumption: X = T_proc,1
· FFS: Whether X should be changed to X = max(T_proc,1, K1) where K1 is the minimum k1 if it is configured, otherwise k1 = 0
· Note: The TB of the two PDSCHs can be either same or different

Agreement:
For Type-2 HARQ codebook in NTN: Reduce codebook size with HARQ-ACK codebook only including HARQ-ACK of PDSCH with feedback-enabled HARQ processes
· FFS: The details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes
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Discussion
HARQ feedback enabling/disabling
During SI, RAN2 has agreed that HARQ feedback can be enabled/disabled per UE per HARQ process number. In the previous RAN1 meeting, RAN1 also made an agreement that the HARQ feedback enabling/disabling per UE per HARQ process number is configured via UE-specific RRC signaling.
The HARQ feedback disabling for a HARQ process could address the issue of the UE throughput performance loss due to long round trip delay with a limited HARQ process numbers, and the rely on the higher layer ARQ.
The L1 retransmission with HARQ feedback allows the scheduler to use an aggressive MCS selection for initial transmission as the retransmission could handle the failed TB reception, which in general improves the UE throughput. Therefore, in general, the PDSCH target BLER is assumed 10% (e.g., for eMBB) and its associated CQI is also derived based on the PDSCH target BLER. 
When the HARQ feedback is disabled, it would be beneficial to lower the target BLER for PDSCH as no retransmission is available so that the number of retransmissions in upper layer can be reduced. Note that the retransmission in higher layer would increase the latency and resource waste significantly especially when frequent error occurs for TB transmission.
Observation-1: lowering target BLER for PDSCH when HARQ feedback is disabled is beneficial in terms of resource utilization and latency as it can reduce the number of retransmissions in higher layer
The HARQ feedback is also used for outer-loop link adaptation as the CQI feedback is typically not accurate since interference is changed dynamically, therefore the outer-loop link adaptation based on ACK/NACK has been used. However, if HARQ feedback is disabled and CQI feedback is based on the target BLER 10%, it is hard to determine MCS to meet a lower target BLER (e.g., 1%). Therefore, it would be beneficial to use a CQI table with a lower BLER target (but not as low as URLLC CQI table) when HARQ feedback is disabled.
Observation-2: use of a CQI table with a lower BLER target (e.g., 1%) could provide a better link adaptation with lower PDSCH BLER target when HARQ feedback is disabled
Therefore, a same CQI table with a different target BLER may be considered based on the HARQ feedback enabling/disabling status.
Proposal-1: a CQI table with a new target BLER (e.g., 1%) is considered when HARQ feedback is disabled
In addition, a blind retransmission could be also used to lower the target BLER of the initial transmission when HARQ is disabled for a HARQ process. A couple of options for the blind retransmission could be considered such as Rel-15 slot aggregation, multiple DCI with same TB scheduling, and single DCI scheduling multi-slot PDSCH with frequency hopping, and so forth. Since the Rel-15 slot aggregation is limited to the consecutive slots and the same frequency allocation, an enhancement of blind retransmission may be considered.
Proposal-2: blind retransmission is considered when HARQ feedback is disabled

HARQ process number indication
It has been agreed in RAN1 #103-e that the maximum HARQ process number can be increased up to 32 for both UL and DL to address the throughput loss due to the long RTD in NTN. Since the maximum HARQ process number supported in current specification is 16, the options to indicate larger HARQ process number were discussed as following:
· 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 
Among the Options, all Options except for the Option 3 tries to keep the same number of bits for the HARQ process number indication field while requiring additional standards efforts to identify additional details and/or potential issues. On the other hand, the Option 3 seems to be straightforward and not require any additional discussion to finalize the issue.
In addition, the gain from saving 1bit is not clear as the coverage of PDCCH may not be much different with saving 1bit considering the payload size of DCI formats and the signal strength difference between cell center and cell edge is not as big compared to terrestrial so coverage may not be an issue in NTN. Also, the HARQ process ID bit field could be scalable based on the number of HARQ process IDs configured which is already supported in compact DCI. Therefore, there is no overhead issues unless the configured HARQ process number is greater than 16.
Proposal-3: support extending the HARQ process ID field up to 5 bits (i.e., Option 3)

HARQ feedback disabling restriction for MAC-CE command
The MAC-CE action time has been defined based on the timing of HARQ-ACK feedback of the corresponding PDSCH carrying MAC-CE command. Therefore, if HARQ-ACK feedback is disabled, it becomes unclear when the MAC-CE command is applied at the UE side since there is no associated HARQ-ACK feedback, resulting in ambiguity period as similar to the RRC although the period could be much shorter than RRC ambiguity period. Moreover, the reliability of the MAC-CE command is also degraded since gNB has no information whether the UE received the MAC-CE command correctly or not. As such, it has been discussed whether the PDSCH carrying MAC-CE command is transmitted only via a HARQ process with HARQ-ACK feedback enabled or leave it for the gNB implementation.
The MAC-CE command is used for (re)configuration of TCI states for beam management which is sensitive to the time latency. Therefore, it is important that UE and gNB are synchronized when the MAC-CE command is applied at the UE, otherwise significant performance loss may be observed during the ambiguity period. If the MAC-CE command is missed at the UE and gNB doesn’t know the case, the performance loss could be even worse.
Based on this observation, restricting to use MAC-CE command for the HARQ process with HARQ feedback enabled seems to be the best option without compromising reliability and performance.
Proposal-4: the PDSCH carrying MAC-CE command is transmitted in the HARQ process with HARQ feedback enabled
Summary
In this contribution, we discussed on remaining issues on the HARQ feedback enhancement for NTN. Based on the discussion, we have following observations and proposals:
 
Observation-1: lowering target BLER for PDSCH when HARQ feedback is disabled is beneficial in terms of resource utilization and latency as it can reduce the number of retransmissions in higher layer
Observation-2: use of a CQI table with a lower BLER target (e.g., 1%) could provide a better link adaptation with lower PDSCH BLER target when HARQ feedback is disabled

Proposal-1: a CQI table with a new target BLER (e.g., 1%) is considered when HARQ feedback is disabled
Proposal-2: blind retransmission is considered when HARQ feedback is disabled
Proposal-3: support extending the HARQ process ID field up to 5 bits (i.e., Option 3)
Proposal-4: the PDSCH carrying MAC-CE command is transmitted in the HARQ process with HARQ feedback enabled
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