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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 and one objective is to specify HARQ enhancements for NTN. More specifically, according to the WID [1], HARQ enhancements as follows should be specified in RAN1:
· Number of HARQ process 
· Enabling / disabling of HARQ feedback as described in the TR 38.821 
In this contribution, we discuss our views on enhancements for HARQ-ACK codebooks when HARQ-ACK information is disabled, HARQ process ID indication and restriction on HARQ feedback disabling.
[bookmark: _Ref129681832]Discussion
[bookmark: _Hlk67056900]HARQ-ACK codebook enhancements
In RAN1#102-e meeting, it was agreed that enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling. To avoid redundant feedback overhead, following agreements were made in relation to HARQ-ACK codebook enhancement in RAN1#104-e meeting [2]. 
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.
For type-1 HARQ-ACK codebook, following options have been discussed without any agreement: 
· Option-1: No enhancement.
· Option-2: Report NACK on disabled process
· Option-3: Reduce codebook size with criteria 

Option-1, i.e., no enhancement is considered a straightforward way which can avoid any spec impacts. However, it needs to be clarified whether UE follows the legacy behaviour to generate ACK/NACK for disabled HARQ processes. If legacy behaviour is not followed, Option-2 seems preferrable choice for semi-static HARQ codebook determination. However, when only few HARQ processes are enabled and with the extension of maximal supported HARQ process number to 32, enhancements for type-1 HARQ-ACK codebook can be useful to reduce redundant overhead. In our view, following cases can be considered for Type-1 codebook enhancement:
· Case-1: All HARQ process for one UE are configured as disabled.
· Case-2: All HARQ process used for scheduling in MA,c occasions are disabled; 

[bookmark: _Hlk67045814]In our opinion, when all HARQ processes for a UE are configured disabled, HARQ-ACK report can be omitted without any concerns of ambiguity between gNB and UE. 
Proposal 1: When all HARQ processes for a UE are configured disabled, HARQ-ACK feedback is omitted.
Similarly to case-1, HARQ-ACK feedback can be omitted in case when HARQ processes used for scheduling in MA,c occasions are disabled. However, concerns were raised in the RAN1#104-e meeting that this can cause ambiguity between gNB and UE since UE cannot know all HARQ processes are disabled in case of DTX and DCI miss detection. In our view, ambiguity can be avoided by signalling to the UE that all HARQ processes in MA,c occasions are disabled. Following two options can be considered for signalling this information to the UE.
Option 1: DCI conveys indication that only disabled HARQ processes would be/have been used for the UE during the MA,c occasions. Since some fields in the DCI are redundant (e.g., PRI) for feedback disabled processes, when HARQ feedback is not expected, it is proposed to reuse one of those redundant fields. A reserved value in the indication field can inform the UE that no feedback is expected for the MA,c occasions. 
Option 2: Layer 2 conveys indication that only disabled HARQ processes would be/have been used for the UE during the MA,c occasions. For instance, MAC CE or one bit in MAC header can be used for this indication.
Such dynamic indication can alleviate concerns on ambiguity due to DCI miss detection or DTX and can be beneficial to reduce redundant UL overhead. For instance, considering option 1, if gNB knows that it does not need to schedule any feedback enabled HARQ processes for MA,c  occasions, it can transmit reserved value in the indicator field from the beginning. However, if gNB is not sure in the beginning if it will need to schedule any enabled HARQ processes (due to, for example. a situation with lower number of disabled processes and uncertainty if there would be sudden arrival of heavy DL traffic) but discovers later that all processes would be HARQ disabled, it can start transmitting DCI with the reserved value of the indicator field from the occasion it is sure about it. Even if one DCI is successfully decoded with the reserved value in the indicator field, UE would know that no HARQ-ACK feedback is expected for the MA,c occasions. 
Observation 1: Dynamic indication to inform the UE if HARQ-feedback is expected or not for MA,c occasions can be useful to reduce codebook size.
Proposed dynamic indication mechanism can also be useful for reducing the Type-1 codebook size when SPS PDSCH occasion(s) are configured within MA,c occasions. HARQ process number for SPS configuration is associated with the slot index. Therefore, gNB cannot ensure that all HARQ processes within MA,c occasions are HARQ disabled without imposing strict scheduling restrictions or unless all HARQ processes for the UE are configured disabled. However, SPS PDSCH occasions are known to the UE. Therefore, codebook size reduction can be achieved as follows:
· [bookmark: _Hlk67056395]gNB behavior: Start transmitting PDSCHs using feedback disabled HARQ processes without setting indicator field to the value which implies no feedback is expected for the MA,c occasions. Transmit layer-1 or layer-2 indicator field, depending on whether option 1 or option 2 is adopted, with reserved value from the instance it can be sure there would not be a HARQ enabled process and no feedback is needed for all occasions except where SPS PDSCH(s) occasions are configured.
· [bookmark: _Hlk67056771]UE behavior: Even if one instance of indicator field with reserved value is detected, ignore indicator field values in the other HARQ disabled processes; and send HARQ A/N feedback only for the SPS PDSCH occasion(s). To avoid ambiguity due to DTX or DCI miss detection, it is proposed that ACK/NACK feedback is sent for all SPS PDSCH occasions irrespective of the HARQ process number in this case.
Observation 2: Codebook size reduction can be achieved if only HARQ disabled processes and SPS PDSCHs are scheduled in MA,c occasions.
Proposal 2: Type-1 codebook enhancement is supported as:
· Layer1/Layer2 signalling is used to indicate that only HARQ disabled processes are scheduled in MA,c occasions.
· If there are no SPS PDSCH(s) configured within MA,c occasion, UE omits HARQ feedback.
· If there are SPS PDSCH(s) configured within MA,c occasion, UE omits HARQ feedback for non SPS PDSCH occasions.
· UE reports HARQ feedback for all SPS PDSCH occasions irrespective of their HARQ process number.
HARQ process ID indication 
In RAN1#102-e meeting, following agreements were made on the maximal supported HARQ process number.
Agreement:
The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· FFS: Support on the maximal HARQ process number is up to UE capability
· Minimizing the impacts on specification and scheduling

Since existing DCI formats have maximum bit field size of 4 bits for HARQ process number indication, different solutions have been discussed for HARQ process ID indication if a UE is configured with more than 16 HARQ processes in NTN system. In RAN1 meeting #103-e, following agreement regarding enhanced HARQ process ID indication was made.
Agreement:
· [bookmark: _Hlk67289843]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

[bookmark: _Hlk67289901]Since field sizes of non-fallback DCI formats are configurable, we prefer to support option 3, i.e. extending the HARQ process ID field to 5 bits, if 32 HARQ processes are configured. Since the field sizes of fallback DCI 0-0/0-1 are not configurable, it is preferred not to extend HARQ process ID field size for backward compatibility. Instead, scheduling of 32 HARQ processes can be carried out with non-fallback DCI formats and hence no enhancement is needed for DCI 0-0/1-0.
Proposal 3: If 32 HARQ processes are configured, scheduling is carried out with non-fallback DCI formats:
· Support option 3 for HARQ process ID indication for non-fallback DCI 0-2/1-2 and DCI 0-1/1-1
· No enhancement is needed for DCI 0-0/1-0

Restriction on HARQ feedback disabling  
[bookmark: _Hlk67308503]HARQ feedback disabling can have specification impact e.g., on MAC CE activation/deactivation timing relationships when MAC CE activation/deactivation of a certain feature becomes effective 3 msec after the UE transmits HARQ-ACK corresponding to the PDSCH carrying the MAC CE command. Reliability of MAC CE can also become an issue if HARQ is disabled. Therefore, it has been discussed in several meetings whether to mandate the scheduling of PDSCH carrying MACE CE signaling with enabled HARQ process. Since not all MAC CE signaling require HARQ feedback, it would be an unnecessary restriction on gNB. Therefore, it can be left up to gNB implementation whether to use HARQ enabled or disabled process for the transmission of MAC CE.
Proposal 4: Whether to use HARQ enabled or disabled process for the transmission of MAC CE is left up to gNB implementation. 
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have the following observations and proposals.
Proposal 1: When all HARQ processes for a UE are configured disabled, HARQ-ACK feedback is omitted.
Observation 1: Dynamic indication to inform the UE if HARQ-feedback is expected or not for MA,c occasions can be useful to reduce codebook size.
Observation 2: Codebook size reduction can be achieved if only HARQ disabled processes and SPS PDSCHs are scheduled in MA,c occasions.
Proposal 2: Type-1 codebook enhancement is supported as:
· Layer1/Layer2 signalling is used to indicate that only HARQ disabled processes are scheduled in MA,c occasions.
· If there are no SPS PDSCH(s) configured within MA,c occasion, UE omits HARQ feedback.
· If there are SPS PDSCH(s) configured within MA,c occasion, UE omits HARQ feedback for non SPS PDSCH occasions.
· UE reports HARQ feedback for all SPS PDSCH occasions irrespective of their HARQ process number.
Proposal 3: If 32 HARQ processes are configured, scheduling is carried out with non-fallback DCI formats:
· Support option 3 for HARQ process ID indication for non-fallback DCI 0-2/1-2 and DCI 0-1/1-1
· No enhancement is needed for DCI 0-0/1-0
Proposal 4: Whether to use HARQ enabled or disabled process for the transmission of MAC CE is left up to gNB implementation. 
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