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Introduction
The work item on solutions for NR to support non-terrestrial networks (NTN) was approved at RAN#86 in [1] 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 the remaining issues of HARQ enhancements.
Discussion 
HARQ codebook enhancements
Enhancement on Type-1 Codebook 
For type-1 HARQ codebook, following was agreed in RAN1 106 e-meeting:
Agreement:
· For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, one of following options should be supported:
· Option-1: The UE will report NACK only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH
· Option-2: The UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of corresponding PDSCH
· FFS: Other cases, e.g., if only DCI carrying feedback-disabled HARQ process is detected by UE

In the case of the DCIs carrying the feedback-disabled and feedback-enabled HARQ processes, Option-1 avoids misalignment with the RAN1 agreement that processing time between the last PDSCH and the next PDCCH is ensured by gNB scheduler for feedback disabled processes. Option-1 can also provide better decoding performance since some bits would be known by the gNB. Therefore, we prefer to support Option-1 as compared to Option-2.
Proposal 1 [bookmark: _Ref86257031]For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, the UE will report NACK only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH.
For type-1 HARQ codebook, following was also agreed in RAN1 106 e-meeting:
Agreement:
For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, one of following options should be supported:
· Option-1: The UE’s behavior is same as the case if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE
· Option-2: The UE should skip the codebook feedback at least when the feedback is carried by PUCCH
· FFS: the case that feedback is carried by PUSCH. 

In the case of the DCIs only carrying feedback-disabled HARQ process is detected by UE, Option-1 seems a straightforward way which can allow unified behaviour to generate Type-1 codebook whether only DCI carrying feedback-disabled HARQ process is detected by UE or DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE. In addition to the benefit of power saving, this also implies that no further study is needed for the case that feedback is carried by PUSCH. 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, only DCI carrying feedback-disabled HARQ process will be detected by a UE, HARQ-ACK feedback could be omitted without any concerns of ambiguity between gNB and UE. 
Proposal 2 [bookmark: _Ref86762213][bookmark: _Ref86257046]If only DCI carrying feedback-disabled HARQ process is detected by UE, the UE should skip the codebook feedback.

Enhancement on Type-2 Codebook
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 signalling. To avoid redundant feedback overhead, following agreements were made in relation to Type-2 HARQ-ACK codebook enhancement in RAN1#106-e meeting. 
Agreement:
For the DCI of PDSCH with feedback-disabled HARQ processes, only one of following is supported for Type-2 codebook:
· Option-1: The C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented, and are taken into account by the UE for type 2 codebook generation.
· [bookmark: _Hlk83021122]Option-2: The C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation.

In our view, unless there is a clear benefit, the selected solution should minimise the specification impact. Since Type-2 HARQ-ACK codebook does not include HARQ-ACK of PDSCH with feedback-disabled HARQ processes, the T-DAI and C-DAI of these processes should be ignored by the UE. Therefore, gNB can use any value for these processes.
Proposal 3 [bookmark: _Ref86434560]The C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation.

SPS PDSCH
In RAN1 106bis e-meeting, the following agreement has been made: 
Agreement:
For DCI indicating SPS PDSCH release, HARQ-ACK report is as in Rel-16.

Regarding the HARQ-feedback SPS activation and the configuration of HARQ-feedback for SPS transmission, consensus still has not been made.
For the SPS transmission, according to the current spec, the UE reports ACK/NACK to the network. If the SPS transmission is activated by DCI, the network considers the SPS transmission is activated for the UE if ACK/NACK for the first SPS PDSCH is received. In NR NTN, to avoid the misalignment of the SPS transmission activation between the UE and the network, the legacy behaviour should still be applied, regardless the HARQ-feedback is enabled/disenabled for the corresponding HARQ process. As the HARQ-feedback for the DCI indicating SPS activation is physically ‘enabled’ all the time, it is technically sensible to increase the DAI for the corresponding DCI, which aligns with the legacy behaviour.
Proposal 4 [bookmark: _Ref86434583]For DCI indicating SPS PDSCH activation, DAI is increased for the corresponding DCI and ACK/NACK is reported by the UE regardless the HARQ feedback is enabled/disabled for the first SPS PDSCH.
Regarding the configuration of HARQ-feedback for SPS transmission, there are currently 3 main options: 
· Option-1: All HARQ process associated to SPS PDSCH should be feedback-enabled
· Option-2: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per HARQ process.
· Option-2a: Enabling/disabling HARQ feedback per HARQ process can separately be configured between dynamic PDSCH and SPS PDSCH.
· Option-2b: UE sends feedback for all SPS PDSCH occasions irrespective of their HARQ process number.
· Option-3: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per SPS configuration.
From our perspective, Option-3 is a possible solution. For the legacy configuration of SPS, according to TS 38.213, in general, the HARQ process ID of SPS PDSCH is determined based on the following rules. 
‘the HARQ Process ID associated with the slot where the DL transmission starts is derived from the following equation:
HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes
where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame] and numberOfSlotsPerFrame refers to the number of consecutive slots per frame as specified in TS 38.211 [8].’ 
In the equation, nrofHARQ-Processes is given by RRC signalling. 
The HARQ process ID of the SPS PDSCH is determined by the UE based on the above equation with considering the ‘current slot number’ of the SPS PDSCH. It would be not sensible to configure the HARQ-feedback of the SPS PDSCH per HARQ process, because the HARQ process ID is not determined before the SPS PDSCHs are activated/received. Configure specific HARQ process(es) for SPS transmission in advance will introduce restriction to transmission scheduling and change the current rules. 
Observation 1. [bookmark: _Ref86434616]HARQ process ID of SPS PDSCH is not determined before the DL transmission is started/activated. 
Furthermore, as it has been mentioned some companies in the previous discussion, the QoS/service requirement should be the same for a SPS transmission. There is no need to configure the HARQ-feedback differently for one SPS. The configuration of the HARQ-feedback enabling/ disenabling could be included in the legacy SPS configuration related IE in RRC signalling. 
Therefore, from our perspective, we support that the feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per SPS configuration.
Proposal 5 [bookmark: _Ref86434632]The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per SPS configuration.

Furthermore, HARQ-ACK feedback can be omitted in case when HARQ processes used for scheduling in MA,c occasions are disabled. However, 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. The ambiguity will be of greater concern if feedback is carried by PUSCH. 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.
Alt-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. 
Alt-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 alt-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 2. [bookmark: _Ref86434648]Dynamic indication to inform the UE if HARQ-feedback is expected or not for MA,c occasions can be useful to reduce codebook size.
When assistance information is sent by gNB, as proposed above, to indicate that only HARQ disabled processes are scheduled in MA,c occasions, UE can skip HARQ feedback whether it is carried by PUCCH or PUSCH since there is no ambiguity between gNB and UE.
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 alt-1 or alt-2 is adopted, with reserved value from the instance it can be sure there would not be any 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 feedback is sent for all SPS PDSCH occasions irrespective of the HARQ process number in this case.
Observation 3. [bookmark: _Ref86434659]Codebook size reduction can be achieved if only HARQ disabled processes and SPS PDSCHs are scheduled in MA,c occasions.

Enhancements on transmission
Aggregated transmission has been identified as an attractive enhancement for NTN data transmission for disabled HARQ processes. In RAN1#106-e meeting following was agreed.
Agreement: 
The maximum number of supported aggregation factor (i.e., pdsch-AggregationFactor) for DL PDSCH is [X]
· FFS: X = 8, 16 or 32

In our view, repetition factor should be selected for each UE according to its channel conditions and dynamically indicated via DCI. Extension or modification of TDRA field can be considered for the indication of number of repetitions.
Proposal 6 [bookmark: _Ref86434677]Indication/configuration of aggregation factor/repetition factor is DCI-based.
Proposal 7 [bookmark: _Ref86434685]Consider extension/modification of TDRA field to indicate number of repetitions to a UE. 
The repetitions can be transmitted either in consecutive or time-interleaved slots. Time-interleaved slot aggregation can achieve diversity gain whereas consecutive slot transmission can benefit from cross-slot channel estimation. Therefore, further investigation is needed to choose interleaving factor for repetition transmission in NTN.
[bookmark: _Ref86434689]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 signalling with enabled HARQ process. Since not all MAC CE signalling 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 8 [bookmark: _Ref86434700]Whether to use HARQ enabled or disabled process for the transmission of MAC CE is left up to gNB implementation. 

Conclusion 
From the discussion, we have the following observations and proposals: 
Proposal 1. For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, the UE will report NACK only for the feedback-disabled HARQ process regardless of decoding results of corresponding PDSCH.
Proposal 2.If only DCI carrying feedback-disabled HARQ process is detected by UE, the UE should skip the codebook feedback.
Proposal 3. The C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation.
Proposal 4. For DCI indicating SPS PDSCH activation, DAI is increased for the corresponding DCI and ACK/NACK is reported by the UE regardless the HARQ feedback is enabled/disabled for the first SPS PDSCH.
Observation 1. HARQ process ID of SPS PDSCH is not determined before the DL transmission is started/activated.
Proposal 5. The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per SPS configuration.
Observation 2. 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 3. Codebook size reduction can be achieved if only HARQ disabled processes and SPS PDSCHs are scheduled in MA,c occasions.
Proposal 6. Indication/configuration of aggregation factor/repetition factor is DCI-based.
Proposal 7. Consider extension/modification of TDRA field to indicate number of repetitions to a UE.
Proposal 8. Whether to use HARQ enabled or disabled process for the transmission of MAC CE is left up to gNB implementation.

References 
[1]. RP-193234, “NR-NTN: Solutions for NR to support non-terrestrial networks (NTN)”, RAN #86, Dec. 2019.
