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Introduction
In the RAN1 #102e and #103e meeting, HARQ enhancements in NTN were discussed and the following agreements were reached [1][2]:
Agreement:
· Enabling/disabling on HARQ feedback for downlink transmission should be at least configurable per HARQ process via UE specific RRC signaling.
· The extension of maximal HARQ process number can be considered with following assumptions:
· The maximal supported HARQ process number is up to 32.
· FFS: Support on the maximal HARQ process number is up to UE capability
· Minimizing the impacts on specification and scheduling
[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 more aspects about enhancements on HARQ in NTN.
Discussion
Enhancements on HARQ process number
It has been agreed the maximal supported HARQ process number is up to 32. As for how to indicate more than 16 HARQ process, it was agreed at least one of following is supported for DCI 0-2/1-2 and DCI 0-1/1-1:
· 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 
For Option 1 and Option 1-a, scheduling flexibility would somehow be impacted. Since the maximal supported HARQ processes number is 32 for both UL and DL, only one additional bit is needed with Option 3. With option 3, performance and specification impacts could be marginal. It is preferred to have unique solution for all formats. That is option 3 also applies for DCI 0-0/1-0.
Proposal 1: Support option 3 for all DCI formats.
Mechanisms for disabling/enabling HARQ
It is agreed that enabling/disabling on HARQ feedback for downlink should be at least configurable per HARQ process via UE specific RRC signaling. In the SI period, there was no convergence on the necessity of supporting HARQ disable/enable dynamically via DCI in new/re-interpreted field. Suppose two subset of HARQ process ID configured through RRC signal, one for disabled HARQ processes and the other for enabled HARQ processes, dynamic HARQ disable/enable has be realized to some extent with dynamic indication of used HARQ process ID in the DCI.
Proposal 2: Configure two subsets of HARQ processes for enabled HARQ processes and disabled HARQ processes respectively via RRC signaling. To decide the HARQ disable/enable state with HARQ process ID indication in the scheduling DCI.
Enhancements on HARQ-ACK codebook
To guarantee the performance of certain DL transmission such as RRC or MAC configuration, it was proposed at least one HARQ process with feedback for downlink transmission should be kept. This means both HARQ-ACK enable and HARQ-ACK disable should be supported for one UE. Then further enhancements should be considered. For dynamic HARQ-ACK codebook, there is no HARQ-ACK information for candidate PDSCH scheduling while the transmission is absent. The principle of dynamic HARQ-ACK codebook is to construct the HARQ-ACK information according to the requirements. Since HARQ-ACK is disabled, it is proposed HARQ-ACK for disabled HARQ is not included in the dynamic HARQ-ACK codebook.
Proposal 3: HARQ-ACK for disabled HARQ is not included in the dynamic HARQ-ACK codebook.
In the current specification [3], there are several bit fields about HARQ-ACK feedback in the DCI formats for DL scheduling, like “PDSCH-to-HARQ_feedback timing indicator”, “PUCCH resource indicator”, “Downlink assignment index”, and etc. For the HARQ process which HARQ is disabled, the indication of these bit fields would be invalid. The redundancy of DCI format for scheduling of disabled HARQ process would make the system inefficient. To decrease impacts on PDCCH blind detection complexity, the following enhancements could be considered:
· Alt 1: 2-level DCI for enabled HARQ process
The HARQ-ACK feedback related bit fields are included in the second DCI. The UE could determine the HARQ disable/enable state with HARQ process ID indication in the first DCI. For scheduled enabled HARQ process, the UE get the HARQ-ACK feedback related indication in the second DCI. For scheduled disabled HARQ process, UE needs not to detect the second DCI.
· Alt 2: reinterpret HARQ-ACK feedback related bit fields for disabled HARQ process
It is possible to have different configuration and transmission mechanism for each HARQ process with/without HARQ-ACK feedback. For disabled HARQ process, the HARQ-ACK feedback related bit fields could be reinterpreted for the corresponding transmission indication which is not used for an enabled HARQ process.
· Alt 3: Independent PDCCH detection for enabled/disabled HARQ processes scheduling
Considering the HARQ process with HARQ-ACK feedback enabled is mainly used for certain data such as RRC or MAC configuration. For these transmission, the latency requirements are usually not urgent. Then it is possible to preconfigure some time periods when HARQ-ACK feedback enabled HARQ processes could be scheduled. In the other time periods, HARQ processes with HARQ-ACK feedback disabled could be scheduled. With this configuration, the UE could decide the length of bit fields for detecting DCI formats within each time period. Then the PDCCH blind detection complexity could be kept.
Proposal 4: Consider enhancements on DCI formats and corresponding PDCCH detection when DL HARQ process with feedback disabled and enabled are simultaneously supported for one UE.
Disabling/enabling HARQ for DL SPS/UL CG
For DL SPS or UL configured grant, there is no bit field for HARQ process ID indication in DCI and the HARQ process ID is calculated by the location of transmission resource in time domain. It is possible that HARQ processes in one DL SPS/UL CG configuration are separated in different preconfigured HARQ process ID subsets. In Rel.16, more than one DL SPS/UL CG is supported to support different kinds of service type. It is strange that in one DL SPS/UL CG configuration some of the transmissions are HARQ-ACK disabled and some of the transmissions are HARQ-ACK enabled. Therefore, it is improper to decide HARQ-ACK disable/enable state of one HARQ process through the configured HARQ process ID subset since one DL SPS/UL CG configuration is usually used for one service type. It is proposed that enabling/disabling of HARQ feedback for DL SPS/UL CG is configured per configuration. 
Proposal 5: Enabling/disabling of HARQ feedback for DL SPS/UL CG is configured per configuration.
Enhancements on the transmission
It is observed for UL transmission, the priority of simultaneous UL channels should be considered. In the current specification [4], if the total UE transmit power on serving cells in a respective transmission occasion [image: ] would exceed the configured UE maximum transmit power, the UE allocates power to the UL channels according to predefined priority order. To enhance the performance of disabled HARQ PUSCH transmission, it is proposed to provide higher priority order for the HARQ disabled transmission than the priority order provided for the HARQ enabled transmission.
Proposal 6: Provide higher priority order for the HARQ disabled transmission than the priority order for HARQ enabled transmission.
Conclusion
In this contribution, we discussed possible enhancements on HARQ in NTN. The following proposals are reached:
Proposal 1: Support option 3 for all DCI formats.
Proposal 2: Configure two subsets of HARQ processes for enabled HARQ processes and disabled HARQ processes respectively via RRC signaling. To decide the HARQ disable/enable state with HARQ process ID indication in the scheduling DCI.
Proposal 3: HARQ-ACK for disabled HARQ is not included in the dynamic HARQ-ACK codebook.
Proposal 4: Consider enhancements on DCI formats and corresponding PDCCH detection when DL HARQ process with feedback disabled and enabled are simultaneously supported for one UE.
Proposal 5: Enabling/disabling of HARQ feedback for DL SPS/UL CG is configured per configuration.
[bookmark: _GoBack]Proposal 6: Provide higher priority order for the HARQ disabled transmission than the priority order for HARQ enabled transmission.
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