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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#103 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.
· 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:
[bookmark: _Hlk61269863]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 provide some considerations on HARQ enhancement for HARQ number and disabling/enabling HARQ feedback in NR-NTN.
2. Discussion
2.1. Enhancement for HARQ process number
According to the agreement of RAN1 #103e 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 related configured high layer parameters. Hence, the straightforward way to indicate the 32 HARQ number 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 parameter, which minimizes the impact on the specification, e.g. the scheduling and PDCCH detection performance.
For the fallback DCI formats, DCI 0-0/1-0, if used to schedule the 32 HARQ processes, two possible solutions are considered, one is using implicit signalling, and another is explicit indication. For the 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 are some restrictions on the scheduling flexibility using the slot-based HARQ number indication, resulting in performance reduction. For the explicit indication, one solution is re-interpreting existing DCI fields, such as the reserved MCS indication can be used to indicate the MSB of the HARQ process ID, meanwhile there is no impact on the scheduling flexibility and DCI detection performance.
Proposal 1：Enhanced HARQ process ID indication is supported by the following:
· For DCI 0-1/1-1 and DCI 0-2/1-2, extending the HARQ process ID field to 5 bits.
· For DCI 0-0/1-0, re-interpreting existing DCI field to indicate the extension of HARQ ID.
2.2. HARQ-ACK codebook enhancement for disabling HARQ 
Due to the disabling/enabling HARQ on a per HARQ process mode, the HARQ-ACK codebook scheme with disabled HARQ should be clarified. 
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. 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 current PDCCH monitoring occasion. With the disabled HARQ, DAI is not counted for a PDCCH which schedules the disabled HARQ process. 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, 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,  one example of (C-DAI, T-DAI) is shown in Figure 1. 


[bookmark: _Ref61271980]Figure 1 Example of (C-DAI, T-DAI) with disabled HARQ 
[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 report occasion. One is that, within the [image: ]occasions, both enabled HARQ or SPS release and disabled HARQ 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 is to reduce the transmission latency and to enhance the 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 disabled. A straightforward way is that UE does not feedback the disabled HARQ processes to reduce the size of HARQ-ACK codebook, so UE only feedbacks HRAQ-ACK information in the type-3 HARQ-ACK codebook for all enabled HARQ processes in one shot. 
Proposal 2：HARQ codebook enhancements are supported as:
· For Type-1 HARQ codebook:
· If both enabled HARQ processes or SPS release and disabled HARQ processes are transmitted in the [image: ] occasions, no enhancement.
· If only disabled HARQ processes are transmitted in the [image: ]occasions, omit the HARQ-ACK report.
· For Type-2 HARQ codebook:
· HARQ-ACK codebook only includes HARQ-ACK of PDSCH with enabled HARQ processes and SPS 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 codebook:
· HARQ-ACK codebook includes HARQ-ACK of all the enabled HARQ processes in one shot.
2.3. [bookmark: _Hlk61019262]PDSCH/PUSCH scheduling restriction for disabling HARQ
In RAN1#103e, the following agreement about PDSCH scheduling restriction is achieved:
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.
· [bookmark: OLE_LINK1]FFS: Whether TB of the two PDSCHs needs to be different






[bookmark: _Hlk45742881][bookmark: _Hlk500865557][bookmark: _Hlk508187268]Considering the disabling HARQ, the UE does not need to prepare and report the HARQ-ACK for the disabled HARQ in most scenarios, then the HARQ process can be reused to transmit another PDSCH or set of slot-aggregated PDSCH after the end of reception of the previous PDSCH. In current specification, the PDSCH processing time between the end of the last symbol of the PDSCH carrying the TB and the first uplink symbol of the PUCCH which carries the HARQ-ACK information is , which is used for the UE to receive the PDSCH and prepare the HARQ-ACK message. For the disabled HARQ, the UE just need to receive the PDSCH, so less processing time is needed, so the minimal value of the X can be ，as the evaluation assumptions for the latency in TR 37.910. But if the successive two or more PDSCHs with the same HARQ process carrying the same TB, the UE needs to decode the two or more PDSCH repetitions/(re)transmission to get the decoded TB, so the processing time should be enough for the signal combination,  may be not enough. According to the current specification, is enough for the repetitions or retransmission signal combination, so the value of X can be  for both same and different TB, so we give the following proposal:

Proposal 3：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 until  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 same or different.
For PUSCH, the following restriction is considered in current specification:
The UE is not expected to be scheduled to transmit another PUSCH by DCI format 0_0, 0_1 or 0_2 scrambled by C-RNTI or MCS-C-RNTI for a given HARQ process until after the end of the expected transmission of the last PUSCH for that HARQ process.

[bookmark: OLE_LINK2][bookmark: OLE_LINK3]In NR terrestrial network, due to the enough HARQ processes number and the PUSCH scheduling restrictions, the network transmit the DCI of scheduling a PUSCH for a given HARQ process always after the transmission of previous PUSCH of the same HARQ process ID, the timeline of terrestrial network is shown in Figure 2, the transmission interval for the same HARQ process can be filled by other HARQ processes. 


[bookmark: _Ref61298101]Figure 2 NR timeline ruler for PUSCH with same HARQ process ID in TN scenario
[bookmark: OLE_LINK4][bookmark: OLE_LINK5]But in NTN, due to the large propagation latency, if the network still transmit the DCI of scheduling a PUSCH for a given HARQ process after the transmission of previous PUSCH of the same HARQ process ID, additional transmission interval for the same HARQ process can be up to twice of the propagation latency, which can not be filled by other HARQ processes according to the supported HARQ processes number and cause a large limitation on performance, as shown in Figure 3.


[bookmark: _Ref61299385]Figure 3 NR timeline ruler for PUSCH with same HARQ process ID in NTN scenario
[bookmark: _Hlk61626316]For NTN UL transmission, in order to reduce the impact on the uplink throughput of the large propagation latency and supported HARQ process number, the gNB could schedule the HARQ process before the reception of the previous PUSCH with the same HARQ process ID. Hence, the gNB can transmit the DCI of scheduling a PUSCH for a given HARQ process before it receives the previous PUSCH transmission for the same HARQ process, as shown in Figure 4.


[bookmark: _Ref61301032]Figure 4 NTN timeline ruler for PUSCH with same HARQ ID
According to the PUSCH scheduling restrictions, the absolute time of the DCI arriving at UE should after the end of the expected transmission of the last PUSCH for the same HARQ process, and the time gap of the two DCI scheduling the same HARQ process should be large than the slot offset K2. Due to the uplink timing advance in NTN, the downlink frame/slot number of the DCI arriving at UE may be less than the uplink frame/slot number of the transmission of the previous PUSCH for the same HARQ process.
Observation 1: The gNB can transmit the DCI of scheduling a PUSCH for a given HARQ process before it receives the previous PUSCH transmission for the same HARQ process.
· The time gap of the two DCI scheduling the same HARQ process should be not smaller than the slot offset K2 .
· The absolute time of the DCI arriving at UE should after the end of the expected transmission of the last PUSCH for the same HARQ process.
· The downlink frame/slot number of the DCI arriving at UE may be less than uplink frame/slot number of the transmission of the previous PUSCH for the same HARQ process.
3. Conclusion
In this contribution, we provide our views on HARQ enhancement for NR-NTN with the following observations and proposals:
Observation 1: The gNB can transmit the DCI of scheduling a PUSCH for a given HARQ process before it receives the previous PUSCH transmission for the same HARQ process.
· The time gap of the two DCI scheduling the same HARQ process should be not smaller than the slot offset K2 .
· The absolute time of the DCI arriving at UE should after the end of the expected transmission of the last PUSCH for the same HARQ process.
· The downlink frame/slot number of the DCI arriving at UE may be less than uplink frame/slot number of the transmission of the previous PUSCH for the same HARQ process.
Proposal 1：Enhanced HARQ process ID indication is supported by the following:
· For DCI 0-1/1-1 and DCI 0-2/1-2, extending the HARQ process ID field to 5 bits.
· [bookmark: _GoBack]For DCI 0-0/1-0, re-interpreting existing DCI field to indicate the extension of HARQ ID.
Proposal 2：HARQ codebook enhancements are supported as:
· For Type-1 HARQ codebook:
· If both enabled HARQ processes or SPS release and disabled HARQ processes are transmitted in the [image: ] occasions, no enhancement.
· If only disabled HARQ processes are transmitted in the [image: ]occasions, omit the HARQ-ACK report.
· For Type-2 HARQ codebook:
· HARQ-ACK codebook only includes HARQ-ACK of PDSCH with enabled HARQ processes and SPS 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 codebook:
· HARQ-ACK codebook includes HARQ-ACK of all the enabled HARQ processes in one shot.

Proposal 3：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 until  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 same or different.
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