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1. Introduction
At the RAN1#106-e meeting [1], there were discussions on HARQ enhancements for NR NTN and several agreements were reached. In this contribution, we share our further views on HARQ enhancements for NR NTN.

2. Discussions
2.1. HARQ process
At the previous meetings, the following agreements on HARQ process enhancements were reached.
	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
Agreement:
For enhancement on the HARQ process indication, extend the HARQ process ID field up to 5 bits for DCI 0-2/1-2
Agreement:
For enhancement on the HARQ process indication, extend the HARQ process ID field up to 5 bits for DCI 0-1/1-1 when the maximum supported HARQ processes number is configured as 32.
Agreement:
For enhancement on the HARQ process indication, one of following options for DCI 0-0/1-0 can be considered:
· Option 2: Reusing one bit from other bit field
· Option 4: No enhancement


The maximum number of HARQ processes is extended up to 32. For DCI format 0_2/1_2/0_1/1_1, the HARQ process number field is extended from 4 bits to 5 bits so that up to 32 HARQ process numbers can be indicated. 
The remaining issue is the case of 0_0/1_0. In current agreements, two options are still left. In our view, option 2 raised above will be impossible since all fields in DCI format 0_0/1_0 are essential and there is no available bit. Rather, we prefer option 4 since there seems no motivation to support HARQ process numbers over 16 in 0_0/1_0. The enhanced process number is motivated to achieve better throughput in our understanding. However, the motivation is not valid for DCI format 0_0/1_0. 16 HARQ processes will be sufficient and gNB can well control the different maximum numbers between fallback DCI and non-fallback DCI.
Observation 1:
· It seems that 16 HARQ processes indication is sufficient for DCI format 0_0/1_0.
Proposal 1:
· Option 4, i.e. no enhancement on the indication of HARQ process number in DCI format 0_0/1_0.

2.2. SPS
2.2.1. Signaling of enabling/disabling HARQ feedback
	Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling


At the last meeting, there were discussions on whether this agreement covers SPS case or not, and it was confirmed without any agreement/conclusion that the above agreement is applied to both dynamic PDSCH reception and SPS PDSCH reception. Then one question is that this RRC signaling per HARQ process is configured commonly or separately between dynamic PDSCH and SPS PDSCH. In our view, the configuration should separately be provided based on the following analysis.
In SPS, process number determination is dependent on the reception timing and a parameter nrofHARQ-Processes. In this sense, if common configuration with dynamic case is applied and it is intended that a SPS is configured with feedback enabling, all HARQ processes allocated for the SPS shall be configured with feedback enabling so that any SPS PDSCH receptions follow the same configuration of enabled feedback. However, it will degrade dynamic scheduling flexibility since HARQ processes allocated for the SPS can be used for dynamic scheduling as well. Any dynamic PDSCH scheduling with disabled feedback shall be transmitted via one of the other HARQ processes in this case. One note is that RTT in NTN is quite large, i.e. more HARQ processes will be needed for each SPS with enabled feedback. Another note is that the following is the process number determination of SPS PDSCH.
· HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes, or
· HARQ Process ID = [floor (CURRENT_slot × 10 / (numberOfSlotsPerFrame × periodicity))] modulo nrofHARQ-Processes + harq-ProcID-Offset
· where CURRENT_slot = [(SFN × numberOfSlotsPerFrame) + slot number in the frame] and numberOfSlotsPerFrame refers to the number of consecutive slots per frame
Therefore, configuration of enabling/disabling feedback per HARQ process should be provided as separate parameters between dynamic PDSCH and SPS PDSCH.
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Fig. 1: Common/Separate configuration per HARQ process between dynamic PDSCH and SPS.
Observation 2:
· If feedback-enabling/disabling configuration per HARQ process is common between dynamic PDSCH and SPS PDSCH, many HARQ processes would be configured with enabled feedback so that enabled feedback is applied to all of the SPS receptions.
· This aspect degrades flexibility of dynamic PDSCH scheduling with disabled feedback.
Proposal 2:
· Enabling/disabling HARQ feedback per HARQ process can separately be configured between dynamic PDSCH and SPS PDSCH.

2.2.2. Activation/Release and HARQ feedback
One key issue on SPS is how to handle HARQ feedback corresponding to activation/release DCI. In other words, it is unclear whether or not disabled feedback for a HARQ process is applied to activation/release DCI. On this issue, we believe that success/failure of the activation/release command reception should be informed to gNB in any case; otherwise, many subsequent SPS PDSCHs are missed or many wasted SPS receptions are tried at the UE if the activation/release is missed. However, “disabled feedback” mechanism might not be aligned with this direction.
In Rel-15/16 spec., HARQ process number field and HARQ process number determination are specified as follows.
· An activation DCI of SPS assigns the initial SPS PDSCH reception with activation command. gNB notices by corresponding PUCCH detection whether the activation is successfully received at the UE or not. HARQ process number field in the activation DCI is set to all ‘0’s if only one SPS configuration is provided, and is set to a SPS configuration index otherwise. HARQ process number of the initial SPS PDSCH is determined based on the abovementioned rule, i.e. regardless of the DCI field.
· A release DCI of SPS is not associated with any PDSCH reception, and HARQ-ACK bit is reported corresponding to the release DCI so that gNB notices success of the release command. HARQ process number field in the release DCI is set to all ‘0’s if only one SPS configuration is provided, and is set to a SPS configuration index otherwise.
Based on the above, it can be said that activation/release DCI uses HARQ process number field but it is not related to HARQ process in MAC layer, and the initial SPS PDSCH transmitted with the activation command is possibly be associated with HARQ process configured with disabled feedback. To ensure HARQ feedback corresponding to activation/release DCI, the following is proposed.
Observation 3:
· Success/failure of the activation/release command reception should be informed to gNB in any case; otherwise, many subsequent SPS PDSCHs are missed or many wasted SPS receptions are tried at the UE if the activation/release is missed.
· Configurations of disabled feedback per HARQ process might allow not to report HARQ-ACK corresponding to activation/release DCI.
Proposal 3:
· For SPS activation/release, UE reports HARQ-ACK regardless of indication via HARQ process number field in activation/release DCI and HARQ process number corresponding to the initial SPS PDSCH (if any).
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Fig. 2: HARQ feedback regardless of disabled feedback configuration.
2.2.3. SPS PDSCH receptions before confirming successful activation command
Another question on SPS is whether there is any timing restriction between feedback for SPS activation and subsequent PDSCH receptions. For example, before reception at gNB of HARQ feedback corresponding to activation DCI, whether subsequent PDSCH receptions can be transmitted or not. In our view, some enhancement on this issue is necessary.
In Rel-15/16 spec., SPS periodicity can be large, can be small. Small periodicity is no/little issue in TN due to the small propagation delay. Meanwhile in NTN, when small periodicity is used for the SPS compared to slot offset between the initial PDSCH reception and the corresponding HARQ feedback, many subsequent SPS PDSCHs shall be transmitted before this HARQ feedback reception at gNB. The following figure illustrates this situation.
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Fig. 3: Many SPS PDSCH RXs before confirming successful activation command.

However, the activation DCI might be missed. In this case, the subsequent SPS PDSCH resources become wasted. Furthermore, if the activation DCI is received correctly at UE but HARQ-ACK corresponding to the activation DCI is missed at gNB, UE will transmit HARQ-ACK corresponding to each of the subsequent SPS PDSCHs, but gNB does not know the feedback transmissions. Presence of the HARQ-ACK is unclear at gNB side, so it is difficult for gNB to schedule PUSCH overlapping with any of each potential PUCCH for the HARQ-ACK.
To solve this situation, the following options would be considerable.
· Option 1: SPS PDSCH receptions are started after feedback slot corresponding to activation DCI
In this option, HARQ-ACK is reported corresponding to activation DCI, which is new behavior compared to TN.
· Option 2: 2nd SPS PDSCH is received after feedback slot corresponding to activation DCI
In this option, HARQ-ACK is reported corresponding to the initial SPS PDSCH as TN, which means that less spec impact than option 1 is expected.
· Option 3: Larger periodicity than slot offset to the corresponding feedback timing
This is easy option but such a large scheduling restriction is not preferable.
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Fig. 4: Possible options for SPS PDSCH RXs before confirming successful activation command.

Based on the above discussions, the following proposal is submitted.
Observation 4:
· When small periodicity is used for the SPS compared to slot offset between the initial PDSCH reception and the corresponding HARQ feedback, many subsequent SPS PDSCHs shall be transmitted before this HARQ feedback reception at gNB.
· This situation leads to less efficiency and higher difficulty of PUSCH scheduling due to misalignment between gNB and UE.
Proposal 4:
· Introduce enhancement to avoid many subsequent SPS PDSCH receptions before confirming successful activation command. The following are possible options.
· Option 1: SPS PDSCH receptions are started after feedback slot corresponding to activation DCI.
· Option 2: 2nd SPS PDSCH is received after feedback slot corresponding to activation DCI.

2.2.4. Processing time constraints for SPS
The last sub-issue on SPS is processing time constraints. At the previous meetings, processing time constraints for PDSCH receptions with disabled feedback were agreed as captured below.
	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:
Confirm the previous working assumption for  X = T_proc,1 where X is defined from the end of the reception of the last PDSCH or slot-aggregated PDSCH for a given HARQ process with disabled feedback to the start of the PDCCH carrying the DCI scheduling another PDSCH or set of slot-aggregated PDSCH for the given HARQ process.


After the end of a PDSCH reception at time t, UE does not expect to receive a PDCCH carrying a DCI scheduling another PDSCH that starts within [t, t+T_proc,1). However, this does not cover SPS case except the initial one with activation since there is no corresponding PDCCH. The agreement at the last meeting should be updated as the following proposal with red color so that any SPS PDSCH reception is included.
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Fig. 5: Processing time constraints for SPS PDSCH receptions
Proposal 5:
· Update the RAN1#105-e agreement:
· Confirm the previous working assumption for X = T_proc,1 where X is defined from the end of the reception of the last PDSCH or slot-aggregated PDSCH for a given HARQ process with disabled feedback to the start of the PDCCH carrying the DCI scheduling another PDSCH or set of slot-aggregated PDSCH or the PDSCH without corresponding PDCCH for the given HARQ process.

2.3. Disabled HARQ feedback
	Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling


At the previous meetings, disabling HARQ feedback was agreed as one of HARQ enhancements for NTN. Then many agreements on disabling HARQ feedback were reached. There are remaining issues on this feature, so they will be discussed below. Note that SPS-related issues with disabled HARQ feedback is discussed at the last section.
2.3.1. Disabled HARQ feedback in Type 1 HARQ-ACK CB
	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


For type 1 HARQ-ACK CB, the above two options are listed for the case when DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE. We believe that option 1 should be taken from the following reasons:
1) Option 1 generates NACK regardless of decoding results of PDSCH receptions with disabled feedback. This mechanism is aligned with the agreed processing time constraints. In addition, the “NACK” bits are pre-known at gNB, so decoding performance of the PUCCH can be improved by using the information.
2) Option 2 generates HARQ-ACK based on decoding results of PDSCH receptions with disabled feedback. In this case, ACK/NACK leads to an issue that the agreed processing time constraints do not work well. Even when HARQ process with disabled feedback is used for a PDSCH reception, processing time constraints for the next PDSCH with the same HARQ process shall be considered with the PUCCH timing. In this sense, option 2 is more complicated option rather easier one from perspectives of gNB scheduler and UE soft-buffer management.
Observation 5:
· For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, Option 2 is more complicated option rather easier one from perspectives of gNB scheduler and UE soft-buffer management due to processing time constraints.
Proposal 6:
· For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, Option 1 is supported.

	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.


For type 1 HARQ-ACK CB, the above two options are listed for the case when only DCI carrying feedback-disabled HARQ process is detected by UE. We believe that option 2 should be taken since there seems no motivation to transmit feedback only for feedback-disabled processes. There was a claim that when gNB transmits also DCI with feedback-enabled processes but the UE misses it, and if the gNB-intended PUCCH is overlapped with another PUCCH/PUSCH, the gNB cannot receive the outcome of overlap handling. However, this situation can occur regardless of presence of DCI with feedback-disabled processes. We do not understand why this issue should be addressed only for the current discussed case. In addition, in Rel-16 SL scheduling, HARQ-ACK report is skipped when there is no scheduling with enabled feedback. The mechanism should be reused for NTN.
Regarding PUSCH case, there was no consensus in related discussions for Rel-15/16 CR and no further discussions are assumed. Then Rel-17 NTN discussion does not need to consider the CR discussion, thereby same mechanism is applicable to PUSCH case.
Proposal 7:
· For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, Option 2 is supported. Option 2 is applied also to the case that feedback is carried by PUSCH.

2.3.2. Disabled HARQ feedback in Type 2 HARQ-ACK CB
	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.
· Option-2: The C-DAI and T-DAI are ignored by the UE regardless of the value for Type 2 codebook generation.


For type 2 HARQ-ACK CB, the above two options are listed for the DCI of PDSCH with feedback-disabled HARQ processes. In our view, option 1 is better one than option 2. Option 1 has benefit to avoid misalignment between gNB and UE due to misdetection. It seems that option 1 does not have negative aspect compared to option 2 and that option 2 does not have any benefit over option 1.
Proposal 8:
· For the DCI of PDSCH with feedback-disabled HARQ processes, Option 1 is supported for type-2 HARQ-ACK CB.

2.3.3. Exceptions/Applicability of disabled HARQ feedback
Regarding feedback-disabling, another issue would be whether HARQ feedback for a HARQ process is always disabled once disabled is configured for the HARQ process. Then we believe that at least one exception other than SPS activation/release should be discussed and agreed. The case is SCell dormancy without scheduling a PDSCH reception.
In Rel-16, SCell dormancy via DCI format 1_1 was introduced. The DCI format indicating SCell dormancy can assign a PDSCH reception or also can skip the PDSCH assignment. For each case, HARQ process number field is used as follows.
· When DCI format 1_1 indicating SCell dormancy with scheduling a PDSCH reception, HARQ process number field in the DCI is used for the scheduling. In this case, gNB can use HARQ process with enabled feedback to ensure feedback corresponding to the SCell dormancy indication. No issue is assumed.
· When DCI format 1_1 indicating SCell dormancy without scheduling a PDSCH reception, HARQ process number field in the DCI is used for indication of SCell index. Index indicated in the HARQ process number field might be associated with HARQ process number with disabled feedback. In this case, gNB cannot control to use the value with enabled feedback. Feedback corresponding to the SCell dormancy indication is not ensured.
Therefore, the above 2nd situation is similar to SPS activation/release, and the following proposal is submitted to ensure HARQ feedback corresponding to SCell dormancy.
Observation 6:
· Similarly to SPS activation/release, HARQ feedback for SCell dormancy is essential behavior.
· When DCI format indicating SCell dormancy without scheduling a PDSCH reception, HPN field is used for indication of SCell index.
Proposal 9:
· For SCell dormancy, UE reports HARQ-ACK regardless of indication via HARQ process number field in DCI format 1_1 indicating SCell dormancy without scheduling a PDSCH reception.

	[Updated Proposal 4-1]: 
UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled.


The last issue related to disabled feedback is the case of PDSCH reception conveying MAC CE. The following proposal was captured at the previous meeting but the outcome was no consensus. We believe that further discussion will be necessary.
In our view, this proposal should be agreed; otherwise, UE behavior is unclear when MAC CE is transmitted with feedback-disabled HARQ process. The validation timing is not determined. In addition, gNB cannot know whether the MAC CE is received or not, i.e. it leads to uncontrollable UE behavior. There are many sentences to prohibit such a situation in current spec, like ‘UE expects/does not expect...’. This direction should be followed.
Note that even if no restriction is specified, at least validation timing needs to be specified explicitly. In the current specification, a configuration conveyed in MAC CE is validated after slot n+3N, where n is the PUCCH slot. This aspect is described in spec as e.g. ‘When the UE would transmit a PUCCH with HARQ-ACK information in slot n corresponding to the PDSCH carrying the subselection indication...’. However, we think that the text is not applicable for disabled feedback.
In addition, it seems that this kind of text is necessary for PDSCH reception including successRAR. In a handover case, 2-step CFRA is applicable. In this case, UE might have UE-specific RRC parameter including feedback-disabling. UE behavior is unclear when successRAR is transmitted with feedback-disabled HARQ process.
Proposal 10:
· Specify that UE expects that MAC-CEs are transmitted using HARQ processes with enabled feedback.
· Specify that UE expects that successRAR is transmitted using HARQ processes with enabled feedback.

3. Conclusion
In this contribution, we discussed HARQ enhancements on NR NTN. Observations/Proposals are summarized as following: 
Observation 1:
· It seems that 16 HARQ processes indication is sufficient for DCI format 0_0/1_0.
Proposal 1:
· Option 4, i.e. no enhancement on the indication of HARQ process number in DCI format 0_0/1_0.
Observation 2:
· If feedback-enabling/disabling configuration per HARQ process is common between dynamic PDSCH and SPS PDSCH, many HARQ processes would be configured with enabled feedback so that enabled feedback is applied to all of the SPS receptions.
· This aspect degrades flexibility of dynamic PDSCH scheduling with disabled feedback.
Proposal 2:
· Enabling/disabling HARQ feedback per HARQ process can separately be configured between dynamic PDSCH and SPS PDSCH.
Observation 3:
· Success/failure of the activation/release command reception should be informed to gNB in any case; otherwise, many subsequent SPS PDSCHs are missed or many wasted SPS receptions are tried at the UE if the activation/release is missed.
· Configurations of disabled feedback per HARQ process might allow not to report HARQ-ACK corresponding to activation/release DCI.
Proposal 3:
· For SPS activation/release, UE reports HARQ-ACK regardless of indication via HARQ process number field in activation/release DCI and HARQ process number corresponding to the initial SPS PDSCH (if any).
Observation 4:
· When small periodicity is used for the SPS compared to slot offset between the initial PDSCH reception and the corresponding HARQ feedback, many subsequent SPS PDSCHs shall be transmitted before this HARQ feedback reception at gNB.
· This situation leads to less efficiency and higher difficulty of PUSCH scheduling due to misalignment between gNB and UE.
Proposal 4:
· Introduce enhancement to avoid many subsequent SPS PDSCH receptions before confirming successful activation command. The following are possible options.
· Option 1: SPS PDSCH receptions are started after feedback slot corresponding to activation DCI.
· Option 2: 2nd SPS PDSCH is received after feedback slot corresponding to activation DCI.
Proposal 5:
· Update the RAN1#105-e agreement:
· Confirm the previous working assumption for X = T_proc,1 where X is defined from the end of the reception of the last PDSCH or slot-aggregated PDSCH for a given HARQ process with disabled feedback to the start of the PDCCH carrying the DCI scheduling another PDSCH or set of slot-aggregated PDSCH or the PDSCH without corresponding PDCCH for the given HARQ process.
Observation 5:
· For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, Option 2 is more complicated option rather easier one from perspectives of gNB scheduler and UE soft-buffer management due to processing time constraints.
Proposal 6:
· For Type-1 HARQ codebook, if DCIs carrying the feedback-disabled and feedback-enabled HARQ processes are detected by UE, Option 1 is supported.
Proposal 7:
· For Type-1 HARQ codebook, if only DCI carrying feedback-disabled HARQ process is detected by UE, Option 2 is supported. Option 2 is applied also to the case that feedback is carried by PUSCH.
Proposal 8:
· For the DCI of PDSCH with feedback-disabled HARQ processes, Option 1 is supported for type-2 HARQ-ACK CB.
Observation 6:
· Similarly to SPS activation/release, HARQ feedback for SCell dormancy is essential behavior.
· When DCI format indicating SCell dormancy without scheduling a PDSCH reception, HPN field is used for indication of SCell index.
Proposal 9:
· For SCell dormancy, UE reports HARQ-ACK regardless of indication via HARQ process number field in DCI format 1_1 indicating SCell dormancy without scheduling a PDSCH reception.
Proposal 10:
· Specify that UE expects that MAC-CEs are transmitted using HARQ processes with enabled feedback.
· Specify that UE expects that successRAR is transmitted using HARQ processes with enabled feedback.
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