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[bookmark: _Hlk521259925]In RAN1 #105-e meeting, several agreements were achieved on enhancements on HARQ for NTN [1].
	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 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

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.

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.

Agreement:
Discussion of enhancement(s) on the aggregated transmission (including repetition) is prioritized to improve the performance in NTN.


In this contribution, we will discuss on related issues on enhancements on HARQ for NTN.
Discussion
Issue-1: Enhanced HARQ process ID indication
In RAN1 #105-e meeting, agreements were achieved on enhanced HARQ process ID indication [1].
	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.


Moderator suggested for discussion on HARQ process indication for DCI format x-1 and x-0 [2].
	[Initial Proposal 1-2]: 
Enhancement on the HARQ process indication is supported as:
· For DCI 0-1/1-1, one of following is considered
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits 
· For DCI 0-0/1-0, one of following is considered
· Option 2: Reusing one bit from other bit field
· Option 3: Extending the HARQ process ID field up to 5 bits 


For DCI 0-1/1-1, Option 3 is preferred for simplification to provide the minimum specification impact and the maximal scheduling flexibility, and for a unified solution with DCI 0-2/1-2. 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 considered to define a unified solution for all DCI formats. Nevertheless, “no enhancement”, i.e., keep the 4bit bitfield size unchanged, is also acceptable, since for fallback DCI which is temporarily used in initial access procedure and RRC reconfiguration procedure, current 4 bits seems enough.
Proposal 1: Support extending the HARQ process ID field up to 5 bits for DCI 0-1/1-1.
Proposal 2: For DCI 0-0/1-0, one of the followings is considered
· Option 3: Extending the HARQ process ID field up to 5 bits
· Option x: “no enhancement”, i.e., keep the HARQ process ID field up to 4 bits unchanged
Issue-2: HARQ codebook enhancements
In RAN1 #105-e meeting, agreements were achieved on HARQ codebook enhancements [1].
	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


Moderator suggested for more discussion on the following remaining issues [2].
	[Initial Proposal 2-1]: 
For Type-1 HARQ codebook in NTN, the UE should not generate and send the codebook feedback if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot associated with the HARQ codebook is decoded.

[Initial Proposal 2-2]: 
For Type-3 HARQ codebook in NTN, the UE should not generate and send the codebook feedback for a feedback-disabled HARQ processes

[Updated Proposal 2-4]: 
For Type-2 HARQ codebook in NTN, 
· For the DCI of PDSCH with feedback-disabled HARQ process, the counting of C-DAI and T-DAI are the count of feedback-enabled processes, despite they are not incremented 
· FFS: Details on the counting for C-DAI
· FFS: Whether DCI for SPS release and any other DCIs are included in counting of C-DAI and T-DAI


Discussion on enhancements for Type-1 HARQ codebook
We can support Moderator’s initial proposal 2-1, i.e., “For Type-1 HARQ codebook in NTN, the UE should not generate and send the codebook feedback if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot associated with the HARQ codebook is decoded”.


(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 1: Error cases due to miss detection of enabled HARQ process.
As shown in Figure 1, in the case of both DCIs of PDSCH with feedback-enabled/disabled HARQ processes are mixed transmitted by the gNB, if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot associated with the HARQ codebook is decoded, 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.
Observation 1: In the case of both DCIs of PDSCH with feedback-enabled/disabled HARQ processes are mixed transmitted by the gNB, if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot associated with the HARQ codebook is decoded, ambiguity due to missing detection of DCI for a PDSCH with a feedback-enabled HARQ processes occurs but it will cause no issue.

Note that in the above case of both DCIs of PDSCH with feedback-enabled/disabled HARQ processes are mixed transmitted by the gNB, skipping feedback transmission due to error cause may save UE battery consumption and reduce UL interference, but it can NOT bring any benefit on PUCCH resource overhead saving at the gNB side.
Observation 2: In the case of both DCIs of PDSCH with feedback-enabled/disabled HARQ processes are mixed transmitted by the gNB, skipping feedback transmission due to error cause may save UE battery consumption and reduce UL interference, but it can NOT bring any benefit on UL resources overhead saving at the gNB side.

Nevertheless, in the case of only DCIs of PDSCH with feedback-disabled HARQ processes are transmitted by the gNB, no HARQ-ACK feedback is expected at both the gNB and UE side. In this case, skipping feedback transmission will save UE battery consumption, reduce UL interference, and save UL resources overhead at gNB side.
Observation 3: In the case of only DCIs of PDSCH with feedback-disabled HARQ processes are transmitted by the gNB, skipping feedback transmission will save UE battery consumption, reduce UL interference, and save UL resources overhead at gNB side.

Based on the above discussion, for Type-1 HARQ codebook in NTN, the UE should not generate and send the codebook feedback if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot associated with the HARQ codebook is decoded.
Proposal 3: For Type-1 HARQ codebook in NTN, the UE should not generate and send the codebook feedback if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot associated with the HARQ codebook is decoded.
Discussion on enhancements for Type-2 HARQ codebook
We can support Moderator’s initial proposal 2-4, i.e., “For Type-2 HARQ codebook in NTN, for the DCI of PDSCH with feedback-disabled HARQ process, the counting of T-DAI is the count of feedback-enabled processes, despite they are not incremented”, which is helpful to mitigate the last DCI for a PDSCH with a feedback-enabled HARQ processes missing issue.
Proposal 4: For Type-2 HARQ codebook in NTN, for the DCI of PDSCH with feedback-disabled HARQ process, the counting of T-DAI is the count of feedback-enabled processes, despite they are not incremented.
Issue-4: Restriction on HARQ feedback disabling
In RAN1 #105-e meeting, Moderator suggested for further check on the below proposal.
	[Updated Proposal 4-1]: 
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. Thus, it is preferred to support the above conclusion.
Proposal 5: UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled.
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: In the case of both DCIs of PDSCH with feedback-enabled/disabled HARQ processes are mixed transmitted by the gNB, if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot associated with the HARQ codebook is decoded, ambiguity due to missing detection of DCI for a PDSCH with a feedback-enabled HARQ processes occurs but it will cause no issue.
Observation 2: In the case of both DCIs of PDSCH with feedback-enabled/disabled HARQ processes are mixed transmitted by the gNB, skipping feedback transmission due to error cause may save UE battery consumption and reduce UL interference, but it can NOT bring any benefit on UL resources overhead saving at the gNB side.
Observation 3: In the case of only DCIs of PDSCH with feedback-disabled HARQ processes are transmitted by the gNB, skipping feedback transmission will save UE battery consumption, reduce UL interference, and save UL resources overhead at gNB side.
Proposal 1: Support extending the HARQ process ID field up to 5 bits for DCI 0-1/1-1.
Proposal 2: For DCI 0-0/1-0, one of the followings is considered
· Option 3: Extending the HARQ process ID field up to 5 bits
· Option x: “no enhancement”, i.e., keep the HARQ process ID field up to 4 bits unchanged
Proposal 3: For Type-1 HARQ codebook in NTN, the UE should not generate and send the codebook feedback if no DCI for a PDSCH with a feedback-enabled HARQ processes in any slot associated with the HARQ codebook is decoded.
Proposal 4: For Type-2 HARQ codebook in NTN, for the DCI of PDSCH with feedback-disabled HARQ process, the counting of T-DAI is the count of feedback-enabled processes, despite they are not incremented.
Proposal 5: UE expects that MAC-CEs are transmitted using HARQ processes with feedback enabled.
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