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[bookmark: _Hlk521259925]In RAN1 #106b-e meeting, several agreements were achieved on enhancements on HARQ for NTN [1].
	Agreement:
For DCI indicating SPS PDSCH release, HARQ-ACK report is as in Rel-16.

Conclusion:
For DCI 0-0/1-0, no enhancement to support indication of more than 16 HARQ processes is considered in Rel-17.


In this contribution, we will discuss on related issues on enhancements on HARQ for NTN.
Discussion
Issue-2: HARQ codebook enhancements
Enhancement on Type-1 Codebook (Semi-static codebook)
In RAN1 #106-e meeting, agreements were achieved on Type-1 Codebook enhancement [2].
	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

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. 


If DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE for Type-1 HARQ codebook
In this case, Option-2 (i.e., the UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of corresponding PDSCH) is preferred for no spec impact and it can provide more feedback information by free.
Furthermore, if Option-2 is supported and if an actual NACK feedback is received for the feedback-disabled HARQ process, the gNB may not need to wait to RLC ARQ feedback, but to quickly reschedule a new transmission carrying the old TB by network implementation. Thus, although the soft combination gain is lost, the retransmission delay may be significantly reduced if reliable transmission is still required.
Proposal 1: For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, support Option-2, i.e.,
· The UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of corresponding PDSCH.

If only DCI carrying feedback-disabled HARQ process is detected by UE for Type-1 HARQ codebook
In RAN1 #106b-e meeting, the major companies show less preference on Option-1. Thus, Moderator suggested for down-selection between the following options [3].
	[Initial Proposal 2-2]: 
For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE (down-select between Option-1 and 1a)
       Option-1: 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.
       Option-1a: the UE should skip the codebook feedback, the UE should skip the HARQ codebook feedback when it is not multiplexed with other feedback in the same UCI.


We support Moderator’s proposal. 
In both options, the UE may generate the legacy codebook but finally drop it.
If unsuccessful detection of DCI carrying feedback-enable HARQ process doesn’t occur, no ambiguity occurs since neither gNB nor UE expects for the report. In this case, both PUCCH resource overhead for carrying HARQ-ACK feedback as configured by the gNB and UE battery consumption for sending PUCCH can be reduced.
Otherwise, if unsuccessful detection of DCI carrying feedback-enable HARQ process occurs, ambiguity due to missing detection of DCI for a PDSCH with a feedback-enabled HARQ processes occurs, i.e., gNB expected a HARQ-ACK feedback but UE missed it. But luckily the above ambiguity may be not an issue, since gNB knows to retransmit PDSCH with feedback-enabled HARQ processes, even if it receives no HARQ feedback. In this case, UE battery consumption for sending PUCCH carrying HARQ-ACK feedback can be reduced.
Thus, both Option-1 and Option-1a can be considered at least for saving UE battery consumption. Regarding the two options, Option-1a is more preferred.
Observation 1: For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, the UE should skip the codebook feedback, including:
· The UE may generate the legacy codebook but finally drop it.
Observation 2: For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, and if the UE skip the codebook feedback when the feedback is carried by PUCCH or when the HARQ codebook feedback is not multiplexed with other feedback in the same UCI, at least UE battery consumption for sending PUCCH carrying HARQ-ACK feedback can be reduced, including,
· If unsuccessful detection of DCI carrying feedback-enable HARQ process doesn’t occur, both PUCCH resource overhead for carrying HARQ-ACK feedback as configured by the gNB and UE battery consumption for sending PUCCH can be reduced.
· If unsuccessful detection of DCI carrying feedback-enable HARQ process occurs, UE battery consumption for sending PUCCH carrying HARQ-ACK feedback can be reduced.
[bookmark: _Hlk86784361]Proposal 2: For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE (down-select between Option-1 and 1a)
· Option-1: the UE should skip the codebook feedback at least when the feedback is carried by PUCCH.
· Option-1a: the UE should skip the codebook feedback, the UE should skip the HARQ codebook feedback when it is not multiplexed with other feedback in the same UCI.
Proposal 3: For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, Option-1a is preferred.
· Option-1a: the UE should skip the codebook feedback, the UE should skip the HARQ codebook feedback when it is not multiplexed with other feedback in the same UCI.
Enhancement on Type-2 Codebook
In RAN1 #106b-e meeting, Moderator suggested for enhancement on Type-2 Codebook [3].
	[Updated Initial Proposal 2-3 for working assumption]
For the DCI of PDSCH with feedback-disabled HARQ processes, the following option (from prior agreement) is supported for Type-2 codebook:
· For codebook generation, the UE assume that the C-DAI and T-DAI of the DCI of PDSCH with feedback-disabled process is the same as the C-DAI and T-DAI of the most recently transmitted DCI of PDSCH with feedback-enabled process by gNB.
· FFS: the case that all DCIs of PDSCH are associated with feedback-disabled HARQ process.


We support the above proposal. 
Regarding the FFS: “FFS: the case that all DCIs of PDSCH are associated with feedback-disabled HARQ process”, in the case that all DCIs of PDSCH are associated with feedback-disabled HARQ process, no matter UE sends or drops the HARQ-ACK feedback, no error case will occur. If UE sends the HARQ-ACK feedback, less spec impact can be expected since UE behaviors as legacy. On the other hand, if UE drops the feedback, UE battery consumption for HARQ-ACK feedback can be reduced. We are open to any option.
Proposal 4: For Type-2 HARQ codebook generation, the UE assume that the C-DAI and T-DAI of the DCI of PDSCH with feedback-disabled process is the same as the C-DAI and T-DAI of the most recently transmitted DCI of PDSCH with feedback-enabled process by gNB.
Observation 3: For Type-2 HARQ codebook, if all DCIs of PDSCH are associated with feedback-disabled HARQ process, no matter UE sends or drops the HARQ-ACK feedback, no error case will occur.
· If UE sends the HARQ-ACK feedback, less spec impact can be expected since UE behaviors as legacy. 
· If UE drops the feedback, UE battery consumption for HARQ-ACK feedback can be reduced.
Clarification on UE’s behaviour on LLR combination
In RAN1 #106b-e meeting, there was a discussion on UE’s behaviour on LLR combination [3].
In our view, in case of the TBs with disabled feedback, the LLR combination at UE side should be up to the UE’s implementation.
Proposal 5: Regarding the retransmissions for TBs with disabled HARQ feedback, the LLR combination is up to the UE’s implementation.
Issue-3: SPS PDSCH
In RAN1 #105-e meeting, several options were proposed for SPS PDSCH transmission [4].
	[Updated Initial Proposal 2-5-a] 
For SPS PDSCH, one of following should be supported:
· 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-3: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per SPS configuration.


For SPS PDSCH transmission, both Option-2 and Option-3 can be considered, wherein,
· Option-2 is preferred with less spec impact.
· In order to configure the same enable/disable configuration for all SPS PDSCH in a SPS configuration to satisfy the QoS requirement for SPS traffic, Option 3 is preferred. Otherwise, the scheduling flexibility for non SPS PDSCH may be restricted since some enable/disable HARQ processes are reserved by SPS PDSCH.
Proposal 6: For the SPS PDSCH transmission, one of following should be supported:
· Option-2: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per HARQ process.
· Option-3: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per SPS configuration.
Issue-4: PDSCH scheduling restriction
In RAN1 #106b-e meeting, there was a discussion on PDSCH scheduling restriction, and several proposals were made as following [3].
	[Initial Proposal 4-1]: No optimization on the bit-field related to the HARQ-ACK feedback for the DCI of PDSCH with feedback-disabled HARQ process.


We support the above proposals to minimum spec impact. 
Proposal 7: No optimization on the bit-field related to the HARQ-ACK feedback for the DCI of PDSCH with feedback-disabled HARQ process.
Issue-5: Performance enhancement
In RAN1 #106b-e meeting, there was a discussion on extending the aggregation factor for DL PDSCH to 16 or 32, but no consensus was achieved [3].
Regarding the reduced reliability due to disabling of feedback, performance enhancement on the aggregated transmission for DL can be supported.
Proposal 8: The maximum number of supported aggregation factor (i.e., pdsch-AggregationFactor) for DL PDSCH is 16 or 32.
Issue-6: Restriction on HARQ feedback disabling
In RAN1 #106-e meeting, there was a discussion on restriction on HARQ feedback disabling, and several proposals were made as following [3].
	[Initial Proposal 5-1]: UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled.


In order to avoid the potential error case of misunderstanding of MAC CE signaling, it is better to mandate the scheduling with enabled HARQ process. Nevertheless, some companies pointed out that TAC control loop is closed-loop and there is no need for additional confirmation via HARQ ACK for TAC. Therefore, the following proposal is suggested.
Proposal 9: UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled, except for TA command indication.
Conclusions
In this contribution, we share our views on related issues on enhancements on HARQ for NTN. The observations and proposals are summarized as follows:
Observation 1: For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, the UE should skip the codebook feedback, including:
· The UE may generate the legacy codebook but finally drop it.
Observation 2: For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, and if the UE skip the codebook feedback when the feedback is carried by PUCCH or when the HARQ codebook feedback is not multiplexed with other feedback in the same UCI, at least UE battery consumption for sending PUCCH carrying HARQ-ACK feedback can be reduced, including,
· If unsuccessful detection of DCI carrying feedback-enable HARQ process doesn’t occur, both PUCCH resource overhead for carrying HARQ-ACK feedback as configured by the gNB and UE battery consumption for sending PUCCH can be reduced.
· If unsuccessful detection of DCI carrying feedback-enable HARQ process occurs, UE battery consumption for sending PUCCH carrying HARQ-ACK feedback can be reduced.
Observation 3: For Type-2 HARQ codebook, if all DCIs of PDSCH are associated with feedback-disabled HARQ process, no matter UE sends or drops the HARQ-ACK feedback, no error case will occur.
· If UE sends the HARQ-ACK feedback, less spec impact can be expected since UE behaviors as legacy. 
· If UE drops the feedback, UE battery consumption for HARQ-ACK feedback can be reduced.
Proposal 1: For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, support Option-2, i.e.,
· The UE will report NACK/ACK for the feedback-disabled HARQ process depending on the decoding results of corresponding PDSCH.
Proposal 2: For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE (down-select between Option-1 and 1a)
· Option-1: the UE should skip the codebook feedback at least when the feedback is carried by PUCCH.
· Option-1a: the UE should skip the codebook feedback, the UE should skip the HARQ codebook feedback when it is not multiplexed with other feedback in the same UCI.
Proposal 3: For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, Option-1a is preferred.
· Option-1a: the UE should skip the codebook feedback, the UE should skip the HARQ codebook feedback when it is not multiplexed with other feedback in the same UCI.
Proposal 4: For Type-2 HARQ codebook generation, the UE assume that the C-DAI and T-DAI of the DCI of PDSCH with feedback-disabled process is the same as the C-DAI and T-DAI of the most recently transmitted DCI of PDSCH with feedback-enabled process by gNB.
Proposal 5: Regarding the retransmissions for TBs with disabled HARQ feedback, the LLR combination is up to the UE’s implementation.
Proposal 6: For the SPS PDSCH transmission, one of following should be supported:
· Option-2: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per HARQ process.
· Option-3: The feedback for the HARQ process associated to SPS PDSCH can be disabled by RRC configuration per SPS configuration.
Proposal 7: No optimization on the bit-field related to the HARQ-ACK feedback for the DCI of PDSCH with feedback-disabled HARQ process.
Proposal 8: The maximum number of supported aggregation factor (i.e., pdsch-AggregationFactor) for DL PDSCH is 16 or 32.
Proposal 9: UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled, except for TA command indication.
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