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[bookmark: _Hlk521259925]In RAN1 #104-e meeting, several agreements were achieved on enhancements on HARQ for NTN [1].
	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:
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


In this contribution, we will discuss on related issues on enhancements on HARQ for NTN.

Issues-1: Enhanced HARQ process ID indication
In RAN1 #103-e meeting, enhanced HARQ process ID indication was agreed [2].
	Agreement:
· [bookmark: _Hlk71203644][bookmark: _Hlk61104604]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


For DCI 0-2/1-2 and DCI 0-1/1-1, option 3 is preferred for simplification and its ability to provide minimum specification impact and maximal scheduling flexibility. Furthermore, the bit size of HARQ process number field can be configured by higher layer parameter.
For DCI 0-0/1-0, Option 3 is also preferred to define a unified solution for all DCI formats.
Proposal 1: At least support extending the HARQ process ID field up to 5 bits for DCI 0-2/1-2 and DCI 0-1/1-1.
Proposal 2: At least support extending the HARQ process ID field up to 5 bits for DCI 0-0/1-0.

Issues-2: HARQ codebook enhancement
In RAN1 #104-e meeting, reduce codebook size with HARQ-ACK codebook only including HARQ-ACK of PDSCH with feedback-enabled HARQ processes was agreed for Type-2 HARQ codebook in NTN, while the details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes was left FFS [1].
	Agreement:
[bookmark: _Hlk71204153][bookmark: _Hlk71204134]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
· [bookmark: _Hlk71204231]FFS: The details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes


Furthermore, Moderator suggested for discussion on Type-1 and Type-3 HARQ codebook enhancement in NTN [3].
	· W.r.t the Type-1 codebook: companies are encouraged to check the potential cases/solution for Type-1 enhancement introduction of additional ambiguity from both UE and gNB side, e.g., due to missing detection of DCI. 
· W.r.t the Type-3 codebook: companies are encouraged to check the necessity for enhancement including the applicability of Type-3 codebook in NTN case. It should be noticed that from UE feature perspective, this codebook is already supported for licensed spectrum.


Discussion on enhancements for Type-1 HARQ codebook
UE should first construct a HARQ codebook, and then send it to the gNB.
Stage 1: HARQ codebook construction
In the first stage of HARQ codebook construction, legacy behavior is preferred. It is not preferred to couple codebook construction behavior with DCI decoding. Otherwise, 
· If HARQ codebook is constructed with reduced codebook size based on dynamic scheduling, additional ambiguity from both UE and gNB side may be introduced due to missing detection of DCI.
· [bookmark: _Hlk71207268]If HARQ codebook is constructed with reduced codebook size based on semi-static scheduling, scheduling flexibility may be significantly reduced.


(a) Ideal case: all DCIs of PDSCH can be correctly received by UE.


(b) [bookmark: _Hlk61122923]Error case 1: the 1st DCI of PDSCH with feedback-disabled HARQ process is missed.


(c) Error case 2: the 2nd DCI of PDSCH with feedback-disabled HARQ process is missed.
[bookmark: _Hlk53511792]Figure 1: Error cases due to miss detection of disabled HARQ process.
Figure 1 gives a demonstration on ambiguity when HARQ codebook is constructed with reduced codebook size based on dynamic scheduling. As shown in Figure 1 (a), gNB transmits PDSCHs with feedback-{enabled, disabled, enable, disabled} HARQ process from slots n to slot n+3. In the ideal case, all DCIs of PDSCH can be correctly received by UE. gNB expects UE to report Type-1 HARQ-ACK codebook with 2 bit, including ACK/NACKs for PDSCHs with feedback-enabled HARQ process at slot n and slot n+2.
Nevertheless, as shown in Figure 1 (b) and 1 (c), if any DCI of PDSCH with feedback-disabled HARQ process was miss-detected by the UE, the UE will determine Type-1 HARQ-ACK codebook with 3 bit, resulting in miss understanding on the bit size of the Type-1 HARQ-ACK codebook between the gNB and the UE. Furthermore, the position of ACK/NACK for PDSCH with feedback-enabled HARQ process in the reported Type-1 HARQ-ACK codebook are not fixed, and it depends on which one of the DCIs of PDSCH with feedback-disabled HARQ process was miss-detected. For example,
· If the 1st DCI of PDSCH with feedback-disabled HARQ process is missed, as shown in Figure 1 (b), the ACK/NACK for PDSCH with feedback-enabled HARQ process in slot n and slot n+2 is mapped to bit 0 and bit 2 in the reported Type-1 HARQ-ACK codebook, respectively.
· If the 2nd DCI of PDSCH with feedback-disabled HARQ process is missed, as shown in Figure 1 (c), the ACK/NACK for PDSCH with feedback-enabled HARQ process is mapped to bit 0 and bit 1, respectively.

Observation 1: If Type-1 HARQ codebook is constructed with reduced codebook size based on dynamic scheduling, additional ambiguity from both UE and gNB side may be introduced due to missing detection of DCI.
· If any DCI of PDSCH with feedback-disabled HARQ process was miss-detected, miss understanding may occur on the bit size of the Type-1 HARQ-ACK codebook between the gNB and the UE.
· The position of ACK/NACK for PDSCH with feedback-enabled HARQ process in the reported Type-1 HARQ-ACK codebook are not fixed, and it depends on which one of the DCIs of PDSCH with feedback-disabled HARQ process was miss-detected.

On the other hand, if HARQ codebook is constructed with reduced codebook size based on semi-static scheduling, e.g., specify restriction on allowable HARQ feedback-enabled/disabled properties in given slots, error cases may be avoided with the cost of significantly reduced scheduling flexibility.
Observation 2: If HARQ codebook is constructed with reduced codebook size based on semi-static scheduling, scheduling flexibility may be significantly reduced.

Based on the above discussion, for type-1 HARQ-ACK codebook construction, the legacy behavior seems more attractive since it requires no specification modification, and it can provide additional information on whether the PDSCH with feedback-disabled HARQ process was correctly decoded with no additional feedback cost.
Proposal 3: For type-1 HARQ-ACK codebook construction, support the legacy behavior.

Stage 2: HARQ codebook transmission
In the second stage of HARQ codebook transmission, if only disabled HARQ process are used for scheduling in  occasions, no HARQ-ACK feedback is expected at UE side.


(a) Ideal case: all DCIs of PDSCH can be correctly received by UE.


(b) 	Error case: the 1st DCI of PDSCH with feedback-enabled HARQ process is missed.
Figure 2: Error cases due to miss detection of enabled HARQ process.
In the case of both DCIs of PDSCH with feedback-enabled/disabled HARQ processes are transmitted by the gNB, but only DCIs of PDSCH with feedback-disabled HARQ processes are received by the UE, ambiguity from both UE and gNB side may be introduced, i.e., gNB may expect Type-1 HARQ codebook report, but UE expects no feedback. But luckily the above ambiguity may be not an issue, since the gNB knows to retransmit PDSCH with feedback-enabled HARQ processes, even if it receives no HARQ feedback. Note that in the above case, the PUCCH resource overhead is not saved at the gNB side.
Observation 3: If only disabled HARQ process are used for scheduling in  occasions, and if no HARQ-ACK feedback is expected at UE side, ambiguity due to missing detection of DCI will cause no issue.

In the other case of only DCIs of PDSCH with feedback-disabled HARQ processes are transmitted by the gNB, and all of them are correctly received by the UE, no HARQ-ACK feedback is expected at both the gNB and UE side. In this case, the PUCCH resource overhead can be significantly reduced.
Observation 4: If only disabled HARQ process are used for scheduling in  occasions, and if no HARQ-ACK feedback is expected at UE side, PUCCH resource overhead may be significantly reduced if only DCIs of PDSCH with feedback-disabled HARQ processes are transmitted by the gNB.

Based on the above discussion, for type-1 HARQ-ACK codebook report, if only disabled HARQ process are used for scheduling in  occasions, no HARQ-ACK feedback expected at UE side is preferred to save PUCCH resource overhead in certain conditions.
Proposal 4: For type-1 HARQ-ACK codebook report, if only disabled HARQ process are used for scheduling in  occasions, no HARQ-ACK feedback is expected at UE side.

Discussion on enhancements for Type-2 HARQ codebook
Regarding the details of C-DAI and T-DAI counting for DCI of PDSCH with feedback-enable/disabled HARQ processes, the following solutions can be considered.
· [bookmark: _Hlk61129384][bookmark: _Hlk71212715]Alt-1: The C-DAI field and T-DAI field in DCI of PDSCH with feedback-disabled HARQ processes is ignored by the UE.
· [bookmark: _Hlk71212904][bookmark: _Hlk71212663]Alt-1A: the C-DAI and T-DAI field in the DCI of PDSCH with feedback-disabled HARQ processes is removed or reinterpreted.
· Alt-1B: the C-DAI and T-DAI in the DCI of PDSCH with feedback-enabled/disabled HARQ processes count only PDSCH with feedback-enabled HARQ processes.
· Alt-2: C-DAI and T-DAI in the DCI of PDSCH with feedback-enabled/disabled HARQ processes are separately counted.
· C-DAI/T-DAI value in DCI scheduling enabled PDSCH is counted for enabled PDSCH.
· C-DAI/T-DAI value in DCI scheduling disabled PDSCH is counted for disabled PDSCH.

[bookmark: _Hlk61129170]According to our understand, the motivation of Alt-2 is to identify whether there are some DCIs of PDSCH with feedback-disabled HARQ processes being miss detected. Nevertheless, even if the UE identified DCI miss detection event for PDSCH with feedback-disabled HARQ processes, the UE can NOT trigger RLC retransmission due to unknow the SN of the corresponding RLC PDU. Therefore, the benefit of separately counting C-DAI/T-DAI for PDSCH with feedback-enabled/disabled HARQ processes is unclear.
Observation 5: For type-2 HARQ-ACK codebook, even if the UE identified DCI miss detection event for PDSCH with feedback-disabled HARQ processes, the UE can NOT trigger RLC retransmission due to unknow the SN of the corresponding RLC PDU.

Based on the above discussion, Alt-1 (the C-DAI field and T-DAI field in DCI of PDSCH with feedback-disabled HARQ processes is ignored by the UE) is preferred for simplification and less specification impact. Furthermore, it is preferred to remove or reinterpret the C-DAI field and T-DAI field in DCI of PDSCH with feedback-disabled HARQ processes to save signaling overhead.
Proposal 5: For type-2 HARQ-ACK codebook enhancement with reduced codebook size, the C-DAI field and T-DAI field in DCI of PDSCH with feedback-disabled HARQ processes is ignored by the UE.
Proposal 6: For type-2 HARQ-ACK codebook enhancement with reduced codebook size, the C-DAI and T-DAI field in the DCI of PDSCH with feedback-disabled HARQ processes can be removed or reinterpreted.

[bookmark: _Hlk71213110]Issues-3: PDSCH/PUSCH scheduling restriction
In RAN1 #104-e meeting, several agreements were achieved on PDSCH/PUSCH scheduling restriction [1].
	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.
· [bookmark: _Hlk71213422]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


Regarding the above FFS, if X = max(T_proc,1, K1), we have concern on whether the UE complexity may increase to adjust its scheduling timeline to fit seme-static k1 configuration. 
Based on the above discussion, the working assumption of X = T_proc,1 is a bit preferred for simplification. 
Proposal 7: For PDSCH/PUSCH scheduling restriction, confirm the working assumption of X = T_proc,1.

Issues-4: Restriction on the HARQ feedback disabling
In RAN1 #104-e meeting, Moderator suggested for further check on the below conclusion [3].
	[Updated Proposal 4] for conclusion:
UE expects that any PDSCH carrying a MAC CE command, whose activation/deactivation time is coupled to the transmission time of the associated HARQ-ACK, is scheduled via a HARQ process with HARQ 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. Thus, it is preferred to support the above conclusion.
Proposal 8: UE expects that any PDSCH carrying a MAC CE command, whose activation/deactivation time is coupled to the transmission time of the associated HARQ-ACK, is scheduled via a HARQ process with HARQ feedback enabled.

#Issues-5: Performance enhancement
In RAN1 #104-e meeting, Moderator suggested for further discussion on enhancement on the aggregated transmission for DL and [UL] [3].
	[Updated Proposal 5]: 
[bookmark: _Hlk71214516][bookmark: _Hlk71214877]Enhancement on the aggregated transmission for DL and [UL] is prioritized for further discussion.
· Note: UE and satellite parameters listed in 38.821 are the baseline for evaluation.


Regarding the reduced reliability due to disabling of feedback, performance enhancement on the aggregated transmission for DL can be supported. Whether enhancement on the aggregated transmission for UL is needed depends on the result of UL link budget analysis.
Proposal 9: Support enhancement on the aggregated transmission for DL.

Conclusions
In this contribution, we share our views on related issues on enhancements on HARQ for NTN. The observations and proposals are summarised as follows:
Observation 1: If Type-1 HARQ codebook is constructed with reduced codebook size based on dynamic scheduling, additional ambiguity from both UE and gNB side may be introduced due to missing detection of DCI.
· If any DCI of PDSCH with feedback-disabled HARQ process was miss-detected, miss understanding may occur on the bit size of the Type-1 HARQ-ACK codebook between the gNB and the UE.
· The position of ACK/NACK for PDSCH with feedback-enabled HARQ process in the reported Type-1 HARQ-ACK codebook are not fixed, and it depends on which one of the DCIs of PDSCH with feedback-disabled HARQ process was miss-detected.
Observation 2: If HARQ codebook is constructed with reduced codebook size based on semi-static scheduling, scheduling flexibility may be significantly reduced.
Observation 3: If only disabled HARQ process are used for scheduling in  occasions, and if no HARQ-ACK feedback is expected at UE side, ambiguity due to missing detection of DCI will cause no issue.
Observation 4: If only disabled HARQ process are used for scheduling in  occasions, and if no HARQ-ACK feedback is expected at UE side, PUCCH resource overhead may be significantly reduced if only DCIs of PDSCH with feedback-disabled HARQ processes are transmitted by the gNB.
Observation 5: For type-2 HARQ-ACK codebook, even if the UE identified DCI miss detection event for PDSCH with feedback-disabled HARQ processes, the UE can NOT trigger RLC retransmission due to unknow the SN of the corresponding RLC PDU.
Proposal 1: At least support extending the HARQ process ID field up to 5 bits for DCI 0-2/1-2 and DCI 0-1/1-1.
Proposal 2: At least support extending the HARQ process ID field up to 5 bits for DCI 0-0/1-0.
Proposal 3: For type-1 HARQ-ACK codebook construction, support the legacy behavior.
Proposal 4: For type-1 HARQ-ACK codebook report, if only disabled HARQ process are used for scheduling in  occasions, no HARQ-ACK feedback is expected at UE side.
Proposal 5: For type-2 HARQ-ACK codebook enhancement with reduced codebook size, the C-DAI field and T-DAI field in DCI of PDSCH with feedback-disabled HARQ processes is ignored by the UE.
Proposal 6: For type-2 HARQ-ACK codebook enhancement with reduced codebook size, the C-DAI and T-DAI field in the DCI of PDSCH with feedback-disabled HARQ processes can be removed or reinterpreted.
Proposal 7: For PDSCH/PUSCH scheduling restriction, confirm the working assumption of X = T_proc,1.
Proposal 8: UE expects that any PDSCH carrying a MAC CE command, whose activation/deactivation time is coupled to the transmission time of the associated HARQ-ACK, is scheduled via a HARQ process with HARQ feedback enabled.
Proposal 9: Support enhancement on the aggregated transmission for DL.
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