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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#104 e-meeting, the following agreements on HARQ enhancement were achieved [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 provide some considerations on HARQ enhancement for HARQ process ID indication and disabling/enabling HARQ feedback in NR-NTN.
2. Discussion
2.1. Enhancement for HARQ process ID indication
According to the agreements of RAN1 #103 e-meeting, 32 is taken as the maximal supported HARQ processes number for both UL and DL, some solutions to indicate the extended HARQ process ID for different DCI formats were also discussed. 
For the non-fallback DCI formats, DCI 0-1/1-1 and DCI 0-2/1-2, the bits number of some fields have been determined by relevant configured high layer parameters. Hence, the straightforward way to indicate the 32 HARQ processes is to extend the HARQ process ID field up to 5 bits if the number of HARQ processes is configured to 32 by the high layer parameters, which minimizes the impact on the specification and performance, e.g. the scheduling and PDCCH detection.
For the fallback DCI formats, DCI 0-0/1-0, if we would like to schedule the 32 HARQ processes, two potential solutions could be considered. One is using implicit signalling, and the other is explicit indication. For implicit signalling, the HARQ process ID can be associated with the SFN/slot index. The slot index carrying the corresponding transmission can be used to indicate the LSB of the HARQ process ID, such as. However, there would be some restrictions on the scheduling flexibility using this method, resulting in performance reduction. For  explicit indication, one solution is to re-interpret existing DCI fields, such as the LSB of the MCS indication can be used to indicate the MSB or LSB of the HARQ process ID. Meanwhile, there is a negligible impact on the link adaptation performance , and even no impact on the scheduling flexibility and DCI detection. Another solution is to use some dedicated RNTIs or extend the number of scrambled CRC bits to indicate the MSB of the HARQ process ID.
Proposal 1：Support to indicate enhanced HARQ process ID by the following:
· For DCI 0-1/1-1 and DCI 0-2/1-2, extend the HARQ process ID field to 5 bits.
· For DCI 0-0/1-0, the following options can be considered:
· Option 1: Re-interpret existing DCI field to indicate the extension of HARQ process ID.
· Option 2: Use some dedicated RNTIs or extend the number of scrambled CRC bits to indicate the extension of HARQ process ID.
2.2. Restriction on the HARQ feedback disabling
In RAN1#102 e-meeting, the following agreement about the configuration of enabling/disabling HARQ feedback was achieved:
Agreement:
Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signalling.

In RAN1#104 e-meeting, some issues about the potential mismatch between UE’s and gNB’s behavior due to the disabling HARQ feedback are discussed. Such as 1) MAC signals timing, and 2) SPS activation/deactivation. Some solutions are also discussed, such as 1) UE expects that at least one HARQ process is configured with enabled HARQ feedback, and 2) UE expects that MAC CE and SPS release information is scheduled via HARQ process configured with enabled HARQ feedback. In our opinions, the scheduling of enabling/disabling HARQ process could be up to gNB implementation. Considering the scheduling flexibility, some dynamic configuration schemes can be considered, such as using dynamic indication (e.g. DCI) or dedicated RNTIs to switch the enabling/disabling HARQ feedback configured by RRC for some HARQ processes. Then, some or all of the HARQ processes can be configured as disabling HARQ feedback, and can be dynamically switched to enabling HARQ feedback if necessary. Thus, gNB can schedule the needed HARQ process with enabling or disabling HARQ feedback.
Proposal 2: The functionality of enabling/disabling HARQ feedback per HARQ process can be semi-static configured and dynamically switched.
2.3. HARQ-ACK codebook enhancement for disabling HARQ 
Due to the disabling/enabling HARQ feedback per HARQ process, the HARQ-ACK codebook scheme with disabled HARQ feedback should be clarified. 
[bookmark: _Hlk70341063]For Type-2 HARQ-ACK codebook, a straightforward way is that UE does not feedback the disabled HARQ processes to reduce the size of the HARQ-ACK codebook, and DAI is not counted for a PDCCH which is scheduling the disabled HARQ process. In current specification, the value of T-DAI in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) and SPS PDSCH release associated with the DCI formats up to the current PDCCH monitoring occasion, and the C-DAI in a DCI format denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) or SPS PDSCH release associated with the DCI formats up to the current serving cell and the current PDCCH monitoring occasion. Regardless of the disabled HARQ processes, DAI counts only PDSCH with enabled HARQ processes and SPS PDSCH release. Then the value of T-DAI in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) with enabled HARQ and SPS PDSCH release associated with the DCI formats up to the current PDCCH monitoring occasion, and the value of C-DAI in a DCI format denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) with enabled HARQ or SPS PDSCH release associated with the DCI formats up to the current serving cell and the current PDCCH monitoring occasion,  one example of (C-DAI, T-DAI) is shown in Figure 1. 
[bookmark: _GoBack]
[bookmark: _Ref61271980]Figure 1 Example of (C-DAI, T-DAI) with disabled HARQ processes
[bookmark: _Hlk61270633]For Type-1 HARQ-ACK codebook, a straightforward way is that UE does not change the HARQ-ACK determination scheme, but there are two different situations for one HARQ-ACK reporting occasion. One is that, within the [image: ]occasions, both enabled HARQ processes or SPS release and disabled HARQ processes are transmitted. One simple approach is not to change the HARQ-ACK determination scheme and to also insert ACK or NACK depending on the decoding results of the PDSCHs in the positions corresponding to the PDSCHs associated with the disabled HARQ processes. In our understanding, one of the motivations of disabling HARQ feedback is to reduce the transmission latency and then enhance the system throughput, and the ACK information is also meaningful for the network to adjust the scheduling strategies, such as MCS and aggregation factor. The other situation is that, within the [image: ] occasion, only the disabled HARQ processes are transmitted, then this HARQ-ACK feedback can be omitted.
For Type-3 HARQ-ACK codebook, HARQ-ACK codebook size is determined based on all the configured HARQ processes, which will cause large redundancy for HARQ-ACK feedback if many HARQ processes are configured with disabled HARQ feedback. A straightforward way is that UE does not feedback the disabled HARQ processes to reduce the size of HARQ-ACK codebook, so UE only need to feedback HARQ-ACK information in the type-3 HARQ-ACK codebook for all enabled HARQ processes in one shot. 
Proposal 3：Support to enhance HARQ-ACK codebook as below:
· For Type-1 HARQ-ACK codebook:
· If both enabled HARQ processes or SPS release and disabled HARQ processes are transmitted in the [image: ] occasions, there is no need to enhance.
· If only disabled HARQ processes are transmitted in the [image: ]occasions, omit the HARQ-ACK report.
· For Type-2 HARQ-ACK codebook:
· HARQ-ACK codebook only includes HARQ-ACK of PDSCH with enabled HARQ processes and SPS release.
· DAI counts only PDSCH with enabled HARQ processes and SPS PDSCH release.
· The value of T-DAI in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) with enabled HARQ and SPS PDSCH release associated with the DCI formats up to the current PDCCH monitoring occasion.
· The value of C-DAI in a DCI format denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) with enabled HARQ or SPS PDSCH release associated with the DCI formats up to the current serving cell and current PDCCH monitoring occasion.
· For Type-3 HARQ-ACK codebook:
· HARQ-ACK codebook includes HARQ-ACK of all the enabled HARQ processes in one shot.
2.4. [bookmark: _Hlk61019262]PDSCH scheduling restriction for disabling HARQ
In RAN1#104e, whether X should be changed to X = max(Tproc,1, slot*K1) in the PDSCH scheduling restriction for disabling HARQ needed to be further studied. Form our opinions, the Tproc,1 is enough as the gap between two PDSCH with same HARQ process. Although in the discussion on HARQ-ACK codebook enhancement, some disabled HARQ processes are still potentially required to feedback the HARQ-ACK information, but the network can still schedule the same HARQ process before the HARQ-ACK feedback for the disabled HARQ. Hence, the X= Tproc,1 is enough for the signal processing. 
Proposal 4：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 Tproc,1 after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· The TB of the two PDSCHs can be either same or different.
3. Conclusion
In this contribution, we provide our views on HARQ enhancement for NR-NTN with the following proposals:
Proposal 1：Support to indicate enhanced HARQ process ID by the following:
· For DCI 0-1/1-1 and DCI 0-2/1-2, extend the HARQ process ID field to 5 bits.
· For DCI 0-0/1-0, the following options can be considered:
· Option 1: Re-interpret existing DCI field to indicate the extension of HARQ process ID.
· Option 2: Use some dedicated RNTIs or extend the number of scrambled CRC bits to indicate the extension of HARQ process ID.
Proposal 2: The functionality of enabling/disabling HARQ feedback per HARQ process can be semi-static configured and dynamically switched.
Proposal 3：Support to enhance HARQ-ACK codebook as below:
· For Type-1 HARQ-ACK codebook:
· If both enabled HARQ processes or SPS release and disabled HARQ processes are transmitted in the [image: ] occasions, there is no need to enhance.
· If only disabled HARQ processes are transmitted in the [image: ]occasions, omit the HARQ-ACK report.
· For Type-2 HARQ-ACK codebook:
· HARQ-ACK codebook only includes HARQ-ACK of PDSCH with enabled HARQ processes and SPS release.
· DAI counts only PDSCH with enabled HARQ processes and SPS PDSCH release.
· The value of T-DAI in a DCI format denotes the total number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) with enabled HARQ and SPS PDSCH release associated with the DCI formats up to the current PDCCH monitoring occasion.
· The value of C-DAI in a DCI format denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pair(s) in which PDSCH reception(s) with enabled HARQ or SPS PDSCH release associated with the DCI formats up to the current serving cell and current PDCCH monitoring occasion.
· For Type-3 HARQ-ACK codebook:
· HARQ-ACK codebook includes HARQ-ACK of all the enabled HARQ processes in one shot.
Proposal 4：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 Tproc,1  after the end of the reception of the last PDSCH or slot-aggregated PDSCH for that HARQ process.
· The TB of the two PDSCHs can be either same or different.
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