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[bookmark: _Hlk521259925]In the last RAN1 #103-e meeting, several agreements were achieved on enhancements on HARQ for NTN [1].
	[bookmark: _Hlk56148125]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.
· FFS: value of X and units in which it is defined.
· FFS: Whether TB of the two PDSCHs needs to be different

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:
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


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

Enhanced HARQ process ID indication
In the last RAN1 meeting, there was a preliminary discussion on enhanced HARQ process ID indication, with the following agreements achieved.
	Agreement:
· [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.

HARQ codebook enhancements
In the last RAN1 meeting, there was a preliminary discussion on enhanced HARQ process ID indication, with the following agreements achieved.
	Agreement:
HARQ codebook enhancement is supported as:
· [bookmark: _Hlk61119808]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
· [bookmark: _Hlk61126135]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;
· [bookmark: _Hlk61120182]Option-2: Report NACK on disabled process
· [bookmark: _Hlk61120078]Option-3: Reduce codebook size with criteria 
· FFS: Enhancements for Type-3 HARQ codebook



On enhancements for Type-1 HARQ codebook
W.r.t. Option 3: Reduce codebook size with criteria,
· If Type-1 HARQ-ACK codebook is determined based on dynamic scheduling, error cases may occur due to miss detection of DCI of PDSCH with feedback-disabled HARQ process.
· 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+1 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.


(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.
· If Type-1 HARQ-ACK codebook is determined 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.
Based on the above discussion, Option 3 is not preferred.
Observation 1: For type-1 HARQ-ACK codebook, error cases may occur for Option 3 (Reduce codebook size with criteria) if the HARQ-ACK codebook is determined based on dynamic scheduling.
· 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: For type-1 HARQ-ACK codebook, scheduling flexibility may be significantly reduced for Option 3 (Reduce codebook size with criteria) if the HARQ-ACK codebook is determined based on semi-static scheduling.

W.r.t. Option 2: Report NACK on disabled process,
Option 1 and Option 2 have the same HARQ-ACK codebook size. Option 1 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, down select Option 1 (No enhancement).

On enhancements for Type-2 HARQ codebook
For Type-2 HARQ codebook, Option-1 can be supported to reduce codebook size.
Proposal 4: For type-2 HARQ-ACK codebook, Option-1 (Reduce codebook size with HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes) can be supported.

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]Alt-1: The C-DAI field and T-DAI field in DCI of PDSCH with feedback-disabled HARQ processes are disabled.
· Alt-2: 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-3: 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-3 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 3: 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.

[bookmark: _Hlk61129428]Compared with Alt-2, Alt-1 is preferred for simplification and less specification impact. Thus, it is suggested to disable the C-DAI field and T-DAI field in DCI of PDSCH with feedback-disabled HARQ processes.
Proposal 5: For type-2 HARQ-ACK codebook enhancement with reduced codebook size, disable the C-DAI field and T-DAI field in DCI of PDSCH with feedback-disabled HARQ processes can be considered.

Performance enhancements
In the last RAN1 meeting, there was a preliminary discussion on performance enhancements, but no consensus ware achieved. Moderator thus suggested for more discussion in this meeting.
	According to the above analysis, Companies are encouraged to take the following proposal as general guidance for future discussion with more solid results in RAN1#103e. The decision on whether/which enhancement will be supported will be done by RAN1#104e.
[Initial Proposal 5]: Study on following enhancements is prioritized:
· [bookmark: _Hlk61129933]Enhancements on aggregated transmission (including repetition) 
· Enhancements on MCS (including CQI report)
· Note-1: Supports on the detailed solution should be justified.
· Note-2: For other solutions, companies are encouraged to provide the results to justify the gain comparing to these two in sub-bullets.


In our view, enhancement on aggregated transmission (including repetition) is preferred with less specification impact.
Proposal 6: Enhancement on aggregated transmission (including repetition) can be prioritized.

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: For type-1 HARQ-ACK codebook, error cases may occur for Option 3 (Reduce codebook size with criteria) if the HARQ-ACK codebook is determined based on dynamic scheduling.
· 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: For type-1 HARQ-ACK codebook, scheduling flexibility may be significantly reduced for Option 3 (Reduce codebook size with criteria) if the HARQ-ACK codebook is determined based on semi-static scheduling.
Observation 3: 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, down select Option 1 (No enhancement).
Proposal 4: For type-2 HARQ-ACK codebook, Option-1 (Reduce codebook size with HARQ-ACK codebook only includes HARQ-ACK of PDSCH with feedback-enabled HARQ processes) can be supported.
Proposal 5: For type-2 HARQ-ACK codebook enhancement with reduced codebook size, disable the C-DAI field and T-DAI field in DCI of PDSCH with feedback-disabled HARQ processes can be considered.
Proposal 6: Enhancement on aggregated transmission (including repetition) can be prioritized.
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