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1. Introduction
At the RAN1#105-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:
· 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:
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 at least for DCI 0-1/1-1, the Option-1 and Option-1a are lower priority for further discussion.


The maximum number of HARQ processes is extended up to 32. For DCI format 0_2/1_2, 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 and 0_1/1_1.
· DCI format 0_0/1_0
Regarding DCI format 0_0/1_0, maintaining DCI size is important to keep the performance level. In addition, these formats are used in initial access and thereby the extension will not be applied for the situation. Meanwhile, 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. Then in the first place, the necessity of the 32 processes support should be discussed carefully. 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. Therefore, the extension of maximum HARQ process number is not needed for DCI format 0_0/1_0.

Observation 1:
· It seems that 16 HARQ processes indication is sufficient for DCI format 0_0/1_0.
Proposal 1:
· No enhancement on the indication of HARQ process number in DCI format 0_0/1_0.

· DCI format 0_1/1_1
For DCI format 0_1/1_1, either option 2 or option 3 remains alive. Option 2 is better from perspective of DCI size reduction, which is an important aspect in NTN due to the larger propagation distance. Meanwhile option 3 is better from perspective of easier/cleaner specification, i.e. just updating from 4 bits to 5 bits as 0_2/1_2 case. From these two options, we slightly prefer option 3 since the performance degradation is quite small while RAN1 discussions can be reduced. 
Observation 2:
· Disadvantage of option 3 for DCI format 0_1/1_1 is quite small while option 3 can reduce RAN1 workload.
Proposal 2:
· For DCI format 0_1/1_1, extend the HARQ process ID field up to 5 bits.

2.2. 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 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.
2.2.1. SPS with disabled feedback
The 1st remaining issue is on SPS. The above agreement does not mention SPS, so discussions/clarifications on SPS with disabled feedback is required.
· Whether/how disabling is applicable for SPS or not?
As abovementioned, the agreements on enabling/disabling HARQ feedback does not include SPS aspects. Then we believe that the motivation of disabling is common between dynamic case and SPS case. That is, there becomes no need to wait for HARQ feedback with large RTT. Otherwise, when a SPS with small periodicity is configured, many HARQ processes for the SPS shall be allocated.
Proposal 3:
· Disabling HARQ feedback is applicable to SPS PDSCH.

If applicable, how to disable HARQ-ACK feedback for SPS should be discussed. The previous agreement is that disabling feedback is configured per HARQ process. For dynamic PDSCH scheduling, the mechanism will work well. On the other hand, process number determination of SPS PDSCH is dependent on the reception timing and a parameter nrofHARQ-Processes. In this sense, if the same mechanism as dynamic case is applied and a SPS would be configured with feedback enabling, all HARQ processes allocated for SPS shall be configured with feedback enabling so that a SPS follows the same configuration of either enabled or disabled. However, it will degrade dynamic scheduling flexibility since HARQ processes allocated for SPS can be used for dynamic scheduling as well. Any dynamic PDSCH scheduling with disabled feedback shall be transmitted via 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 a SPS with feedback enabling. 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, another enabling/disabling mechanism will be desirable. For a SPS series, the same configuration of either enabled or disabled would be valid while a configuration like sometimes enabled but sometimes disabled will be invalid. Then we believe that enabling/disabling feedback should be configured per SPS-Config. The configuration is used for the SPS reception regardless of the enabling/disabling configuration per HARQ process.
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Fig. 1: SPS with enabled/disabled feedback
Observation 3:
· If the feedback-enabling/disabling configuration per HARQ process is used for SPS, many HARQ processes would be configured with enabling so that feedback enabling is applied to all of the SPS receptions.
· This aspect degrades flexibility of dynamic PDSCH scheduling with disabled feedback.
Proposal 4:
· For SPS, enabling/disabling HARQ feedback is configured per SPS-Config.
· HARQ feedback-enabling/disabling configured per HARQ process is ignored for SPS.

· Whether disabling is applicable for SPS activation/release or not?
Regarding SPS activation/release, success/failure of the activation/release reception should be informed to gNB; otherwise, many subsequent SPS PDSCHs are missed or many wasted SPS receptions are tried at the UE if the activation/release is missed.
Here the key point is whether the current specifications/agreements already cover this feature or not. In Rel-15/16, HARQ process number field is utilized for the activation/release as follows:
· If one SPS configuration is provided, validation of the SPS activation/release is achieved if special fields for the DCI format are set accordingly. HARQ process number field is included in the special fields and set to all ‘0’s for the validation.
· If more than one SPS configurations are provided, HARQ process number field indicates which SPS configuration is activated/released, i.e. any value is possible dependent on SPS configurations.
Then the previous agreement is saying ‘configurable per HARQ process’. It seems that two interpretations are possible; the agreement covers any DCI with HARQ process number field or covers only the case of DL-SCH/UL-SCH-related reception. Clarification in specification is better to avoid any misinterpretation.
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Fig. 2: SPS activation/release always with feedback enabling
Proposal 5:
· For SPS activation/release, UE reports HARQ-ACK regardless of any configuration of enabling/disabling HARQ feedback.

· 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. 3: Processing time constraints for SPS PDSCH receptions

Proposal 6:
· 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.

2.2.2. HARQ-ACK CB for disabled feedback
	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 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
Agreement:
For Type-2 HARQ codebook in NTN, 
· For the DCI of PDSCH with feedback-enabled HARQ processes, the C-DAI and T-DAI are the count of only feedback-enabled processes
· FFS: Whether DCI for SPS release and any other DCIs are included in counting of C-DAI and T-DAI


On HARQ-ACK CB constructions the above agreements were reached, while further discussions are needed.
· Type 1
For Type 1 HARQ-ACK CB, still whether enhanced or not is under discussion. We believe that option 2 should be taken from the following reasons:
1) Option 1 would mean feedback based on decoding results of PDSCH receptions with disabled feedback. In this case, the processing time constraints agreed at the previous meetings become quite complicated. There is no motivation to report ACK for the PDSCH receptions.
2) Option 3 would mean no feedback corresponding to PDSCH receptions with disabled feedback. This leads to CB size misalignment between gNB and UE due to PDCCH misdetections at UE side. The main concept of Type 1 CB is keeping the CB size independent to presence of PDSCH scheduling. Option 3 is against the concept.
Observation 4:
· For Type 1 HARQ-ACK CB with disabled feedback,
· Option 1 is not reasonable since processing time constraints become quite complicated.
· Option 3 is not reasonable since this leads to CB size misalignment, which is not aligned with Type 1 concept.
Proposal 7:
· For Type 1 HARQ-ACK CB, take option 2, i.e. report NACK on disabled process.

Another raised issue is mechanism when there is no DCI for a PDSCH with a feedback enabled HARQ processes in any slot. In our view, no feedback is straightforward at least via PUCCH. However, one Rel-15/16 CR discussion is related to this topic, which is whether or not HARQ-ACK is multiplexed on a PUSCH based on UL DAI when there is no PDSCH receptions. At least PUSCH case should be postponed till the CR is concluded. Detailed discussion on the CR can be found in [2].
Proposal 8:
· For Type 1 HARQ-ACK CB, discussions on behavior if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot (at least PUSCH case) is postponed till the corresponding Rel-15/16 CR is concluded.

· Type 2
C-DAI/T-DAI counting in Type 2 HARQ-ACK CB was clarified at the last meeting, but one FFS point is remaining. The issue is whether DCI for specific purpose without PDSCH reception is also included in the count or not. In our view, a DCI indicating a SPS release and a DCI indicating SCell dormancy should be included regardless of feedback-enabling/disabling. In Rel-15/16, these features are not corresponding to any PDSCH reception but HARQ feedback is performed. If not included, CB size misalignment between gNB and UE will occur due to PDCCH misdetections at UE side.
Proposal 9:
· For Type 2 HARQ-ACK CB, DCI for SPS release and DCI for SCell dormancy are included in counting of C-DAI and T-DAI regardless of feedback-enabling/disabling.

· Type 3
There seems a proposal to support Type 3 HARQ-ACK CB in NTN and discuss enhancements. Type 3 HARQ-ACK CB was introduced mainly for unlicensed spectrum though it is available in licensed spectrum as well. Considering RAN1 workload, no need to discuss Type 3 HARQ-ACK CB.
Proposal 10:
· No further discussion on Type 3 HARQ-ACK CB.

2.2.3. Exceptions of feedback-disabling
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 some exceptions should be discussed and agreed. As discussed in 2.2.1/2.2.2, at least the following two situations should be excluded from feedback-disabling.
· PDCCH reception carrying a DCI indicating SPS activation/release (proposal 5)
· PDCCH reception carrying a DCI indicating SCell dormancy
In addition, there are other cases that should be discussed carefully. For example,
· PDSCH reception scheduled by a fallback DCI
· PDSCH reception including successRAR: e.g. CFRA in a handover case
Proposal 11:
· For SCell dormancy, UE reports HARQ-ACK regardless of any configuration of HARQ feedback-enabling/disabling.
· Discuss whether disabling is applied for some specific cases or not, e.g.
· PDSCH reception scheduled by a fallback DCI
· PDSCH reception including successRAR: e.g. CFRA in a handover case

2.2.4. MAC CE vs feedback-disabling
The last issue related to feedback-disabling is the case of PDSCH reception conveying MAC CE. The following proposal was captured at the last meeting but the outcome was no consensus. We believe that further discussion will be necessary.
	[Updated Proposal 4-1]: 
UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled.


In our view, this 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 applied for feedback-disabling.
Proposal 12:
· Specify that UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled.

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:
· No enhancement on the indication of HARQ process number in DCI format 0_0/1_0.
Observation 2:
· Disadvantage of option 3 for DCI format 0_1/1_1 is quite small while option 3 can reduce RAN1 workload.
Proposal 2:
· For DCI format 0_1/1_1, extend the HARQ process ID field up to 5 bits.
Proposal 3:
· Disabling HARQ feedback is applicable to SPS PDSCH.
Observation 3:
· If the feedback-enabling/disabling configuration per HARQ process is used for SPS, many HARQ processes would be configured with enabling so that feedback enabling is applied to all of the SPS receptions.
· This aspect degrades flexibility of dynamic PDSCH scheduling with disabled feedback.
Proposal 4:
· For SPS, enabling/disabling HARQ feedback is configured per SPS-Config.
· HARQ feedback-enabling/disabling configured per HARQ process is ignored for SPS.
Proposal 5:
· For SPS activation/release, UE reports HARQ-ACK regardless of any configuration of enabling/disabling HARQ feedback.
Proposal 6:
· 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 4:
· For Type 1 HARQ-ACK CB with disabled feedback,
· Option 1 is not reasonable since processing time constraints become quite complicated.
· Option 3 is not reasonable since this leads to CB size misalignment, which is not aligned with Type 1 concept.
Proposal 7:
· For Type 1 HARQ-ACK CB, take option 2, i.e. report NACK on disabled process.
Proposal 8:
· For Type 1 HARQ-ACK CB, discussions on behavior if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot (at least PUSCH case) is postponed till the corresponding Rel-15/16 CR is concluded.
Proposal 9:
· For Type 2 HARQ-ACK CB, DCI for SPS release and DCI for SCell dormancy are included in counting of C-DAI and T-DAI regardless of feedback-enabling/disabling.
Proposal 10:
· No further discussion on Type 3 HARQ-ACK CB.
Proposal 11:
· For SCell dormancy, UE reports HARQ-ACK regardless of any configuration of HARQ feedback-enabling/disabling.
· Discuss whether disabling is applied for some specific cases or not, e.g.
· PDSCH reception scheduled by a fallback DCI
· PDSCH reception including successRAR: e.g. CFRA in a handover case
Proposal 12:
· Specify that UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled.
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