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Introduction
The following agreements on HARQ enhancements for NTN were made in RAN1#103-e and RAN1#104-e  [1, 2]:
	[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 0-1/1-1by 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

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



This contribution considers enhancements on HARQ for NTN, including enhancements for HARQ-ACK codebooks when HARQ-ACK information is disabled, enhancements on transmission, and support for the increased number of HARQ processes. 

Enhancements on HARQ-ACK feedback disabling
HARQ-ACK feedback disabling per HARQ process based on UE-specific RRC signaling was agreed in RAN1#102-e [3]. This section considers HARQ-ACK codebook enhancement and enhancements on transmission, with HARQ-ACK feedback disabling for some HARQ processes.

 
Enhancements on HARQ-ACK codebook
NR supports three types of codebooks: Type-1, Type-2/enhanced Type-2 and Type-3 HARQ-ACK codebooks. The enhanced Type-2 and Type-3 codebooks were introduced in Rel-16 NR-U to address LBT failures. Those codebooks are not supported by implementations for non-shared spectrum and always result to larger overhead for DCI formats, or to larger overhead for the HARQ-ACK codebook than for Type-2 or to worse reliability than for Type-1. Therefore, on non-shared spectrum, the enhanced Type-2 and Type-3 codebooks (which are optional) are always suboptimal to the Type-1 or Type-2 codebooks (which are mandatory), regardless of whether or not there are disabled HARQ processes. Therefore, there is no identifiable need or benefit to support the enhanced Type-2 or the Type-3 HARQ-ACK codebook for NTN. 

[bookmark: _Ref71294250]Proposal 1: Enhanced Type-2 and Type-3 HARQ-ACK codebooks are not supported for NTN. 

Type-1 HARQ-ACK codebook considers all possible PDSCH receptions that can have corresponding HARQ-ACK information multiplexed in a same PUCCH transmission and would include HARQ-ACK information for HARQ processes with disabled HARQ-ACK information reporting. As an important drawback of a Type-1 HARQ-ACK codebook is the corresponding codebook size, due to the inclusion of HARQ-ACK information for all PDSCH receptions with corresponding HARQ-ACK information that can be provided in a same PUCCH, it is beneficial to avoid inclusion of unnecessary HARQ-ACK information. 

To avoid unnecessarily increasing the size of a Type-1 HARQ-ACK codebook when HARQ-ACK information for some HARQ processes is disabled, a UE can be provided by higher layers a bitmap that indicates slots where the UE should generate HARQ-ACK information in the HARQ-ACK codebook for potential corresponding PDSCH receptions (or, equivalently, indicate slots where the UE should not generate HARQ-ACK information), as illustrated by Figure 1. The length of the bitmap can be equal to the maximum number of slots that the UE can generate HARQ-ACK information for the Type-1 HARQ-ACK codebook. The gNB can schedule PDSCH receptions for HARQ processes that do not require HARQ-ACK information from the UE in slots where the UE does not generate HARQ-ACK information according to the bitmap. This allows a gNB to control the Type-1 HARQ-ACK codebook size. For example, the gNB can set the bitmap so that the UE provides HARQ-ACK information as in Rel-16, or can set the bitmap so that the UE does not provide HARQ-ACK information for any of the HARQ processes with disabled HARQ-ACK information and schedules corresponding PDSCHs in corresponding slots according to the bitmap.

[bookmark: _Ref71294252]Proposal 2: For the Type-1 HARQ-ACK codebook, support configuration to a UE of a bitmap that indicates slots where the UE should generate HARQ-ACK information. 

If a UE is scheduled a PDSCH reception for a HARQ process with disabled HARQ-ACK information and the HARQ-ACK information is to be included in a HARQ-ACK codebook that is multiplexed in a PUCCH transmission, the UE can report a predetermined HARQ-ACK information value, such as a NACK, for the HARQ process with disabled HARQ-ACK information in the HARQ-ACK codebook. This can be applied to UCI with payload size that is , because a Reed-Mueller code is then used for encoding the HARQ-ACK information and the UE can use reduced power to transmit the PUCCH as the decoder can improve detection performance for the HARQ-ACK codebook when some of the HARQ-ACK information bits have a known value (as in Rel-16). When the total payload of the HARQ-ACK codebook is more than 11 bits, the UE can report HARQ-ACK information based on a reception outcome of a corresponding TB, even for HARQ processes with disabled HARQ-ACK information, as there is no benefit in practice (without additional design constraints) for decoding with a polar code when some bits have predetermined values. In addition to avoiding unnecessary PHY retransmission or, worse, higher layer ARQ retransmissions, providing actual HARQ-ACK information is beneficial to enable the gNB to perform outer loop link adaptation (OLLA), for example by determining a ratio of NACK values to ACK values.

[bookmark: _Ref71294254]Proposal 3: When HARQ-ACK information for a HARQ process with disabled HARQ-ACK information is included in a HARQ-ACK codebook, the UE reports
· A predetermined HARQ-ACK information value, such as a NACK, for the HARQ process when the UCI payload size is no more than 11 bits.
· HARQ-ACK information based on a reception outcome of a corresponding TB for the HARQ process when the UCI payload size is more than 11 bits.


[image: ]
[bookmark: _Ref52203356][bookmark: _Ref52807103]Figure 1.  Configuration of the Type-1 HARQ-ACK codebook

A Type-2 HARQ-ACK codebook includes HARQ-ACK information only for PDSCH receptions that a UE identifies as scheduled or configured, regardless of whether or not the UE actually receives a PDSCH. That functionality is enabled by a counter Downlink Assignment Index (DAI) and, when applicable such as for operation with DL CA, a total DAI in a DCI format scheduling a PDSCH reception. A UE can ignore the values of the DAI fields in a DCI format scheduling a HARQ process with disabled HARQ-ACK information report, and the Type-2 HARQ-ACK codebook can include HARQ-ACK information only for HARQ processes with enabled HARQ-ACK information report. The DAI values count PDSCH receptions for which the UE reports HARQ-ACK information. 

[bookmark: _Ref71294257]Proposal 4: A Type-2 HARQ-ACK codebook only includes HARQ-ACK information for HARQ processes with enabled HARQ-ACK information report. 
· DAI values change only when a PDSCH includes TBs for HARQ processes with enabled HARQ-ACK information report. 


Enhancements on transmission
In Rel-16 NR systems, parameters repetitionNumber-r16 for DL and numberOfRepetitions-r16 for UL can be configured by higher layers to be contained in TimeDomainAllocationList. The number of repetitions can be indicated by DCI via the TDRA field. The maximum number of repetitions that can be configured by repetitionNumber-r16 for DL and numberOfRepetitions-r16 for UL is 16. Considering the limited link budget in NTN due to large distance between gNB and UE, and the scheduling of HARQ processes with disabled HARQ-ACK information report, a larger number of repetition factors needs to be supported to improve the transmission performance.  

With a larger number of repetitions, an indication of the number of repetitions by a DCI format is still preferred for better adaptation to the link quality. The DCI format can include additional bits to indicate the number of repetitions jointly with the TDRA field. For example, 1 or 2 bits can be added to indicate up to 32 or 64 repetitions, respectively, or some entries can be removed and replaced with entries for a larger number of repetitions (for some loss in scheduling flexibility over Rel-16). The TDRA field can be extended with additional 1 or 2 bits to indicate a larger number of repetitions. Alternatively, the TDRA table can be kept the same, and a new field with 1 or 2 bits can be added for the indication of increased number of repetitions. 

[bookmark: _Ref71294259]Proposal 5: Support a larger number of repetitions for NTN 
· The number of repetitions is indicated by the DCI format as in Rel-16.
· Extend/modify the TDRA field or add a new field to indicate the number of repetitions.

Regarding the timeline for when a UE can expect to receive a next PDSCH after a PDSCH that includes TBs for HARQ processes with disabled HARQ feedback, the working assumption is implementable and should be confirmed. 

Proposal 6: Confirm the WA that a UE does not expect to receive a PDSCH with a TB for a disabled HARQ process prior to T_proc,1 after the last PDSCH with a TB for the disabled HARQ process.  


Enhancements on number of HARQ processes
As agreed in RAN1#102-e [2], the maximum number of HARQ processes for NTN is up to 32. This section considers designs to support an increased number of HARQ processes. 

For the HARQ process ID indication when the number of HARQ processes is 32, it is preferred to have a unified solution for all DCI formats. Option 3, as agreed in RAN1#103-e [1], is preferable i.e., to extend the HARQ process ID field up to 5 bits, as it is the simplest solution applicable to all DCI formats.
 
For the DL, the gNB can configure the number of HARQ processes up to 32. For the UL, the gNB can configure 32 HARQ processes if a UE indicates a capability. If the gNB does not configure 32 HARQ processes, a UE can assume that the number of HARQ processes for the UL is 16 (same as for Rel-15/16 UEs).

When the gNB reconfigures the number of HARQ processes, there can be an ambiguity period in the number of HARQ processes between the gNB and the UE. As in Rel-16 where the number of HARQ processes is configurable (through DCI formats 0_2/1_2), scheduling with a reconfiguration period can be via DCI formats 0-0/1-0that have 4 bits for indication of HARQ process ID.
[bookmark: _Ref71294260]Proposal 7: For the HARQ process ID indication in DCI formats 0_1/1_1/0_2/1_2, extend the HARQ process ID field to 5 bits when the number of HARQ processes is more than 16 (Option 3).
[bookmark: _Ref71294262]
Proposal 8: For the DL, the gNB can configure up to 32 HARQ processes. For the UL, the gNB can configure up to 32 HARQ processes if a UE indicates a capability. If the gNB does not configure 32 HARQ processes, the number of HARQ processes is 16 (as in Rel-15/16).

Regarding the support of the maximum number of HARQ processes, the number of HARQ processes and the maximum TBS should be jointly considered in order to minimize the impact on UE soft buffer size because the UE soft buffer size depends on the number of HARQ processes, the maximum TBS, and the coding rate. The following two options can be considered. 

Option 1: A gNB broadcasts the maximum TBS to be configured for the cell. Based on the indication of the maximum TBS, the UE determines the number of HARQ processes that the UE can support and reports the number as a UE capability to the gNB. The configuration of the maximum TBS is up to gNB implementation and can consider the overall link quality condition in the cell. Considering the large distance between gNB and UE in NTN, the link quality may frequently not be able to support high-order modulation and large TBS. Therefore, the impact on the maximum achievable data rate can be limited with configuration of maximum TBS while the benefit from having a larger number of HARQ processes is obtained without impact on the UE implementation complexity. 

Option 2: It is up to UE capability how many number of HARQ processes the UE can support. For example, the UE capability can be categorized into the following groups. For the first group, a UE can report that it can support only up to 16 HARQ processes without a maximum TBS constraint. For the second group, a UE can report that it can support up to 32 HARQ processes with reduced maximum TBS (and the UE can support up to 16 HARQ processes without a maximum TBS constraint). For the third group, a UE can report that it can support up to 32 HARQ processes without a maximum TBS constraint. With such capability reporting, UEs with soft buffer size limit can still be scheduled with more than 16 HARQ processes under the maximum TBS constraint and that will facilitate NTN deployments as additional UE complexity/cost can be avoided. Considering that the link quality may not be frequently able to support large TBS in NTN networks, the performance of the UEs with soft buffer size limit can improve by configuring a larger number of HARQ processes with no or limited impact on the UE soft buffer size. 

[bookmark: _Ref71294267]Proposal 9: For the maximum number of HARQ processes, support the following options. 
· Option 1. gNB broadcasts the maximum TBS to be configured for the cell and UE reports its capability for a number of HARQ processes. 
· Option 2. UE reports separate capabilities for a number of predefined pairs of {maximum number of HARQ processes, maximum TBS constraint}. 


Other enhancements
In another aspect, a UE is fully aware of the buffer situation in the DL HARQ procedure. If a UE observes the buffer for HARQ operation is full or almost full, it would be beneficial to trigger the HARQ disabling from the UE side, although the final decision of HARQ disabling/enabling is configured from the network side. For example, a UE can report HARQ related information in the RRC parameter UEAssistanceInformation to request for HARQ disabling/enabling, and the HARQ related information could be an explicit indication of HARQ disabling/enabling request, or a buffer condition for HARQ operation for gNB to consider disabling/enabling HARQ. For another example, a UE can report HARQ related information in the RRC parameter UEAssistanceInformation to request adaptation of the number of HARQ processes by requesting the number or by reporting the buffer condition. Alternatively, the UE buffer size can be signaled as part of UE capability and then gNB can handle contiguous data transmission to the UE, if necessary, by estimating the UE’s soft buffer status.
[bookmark: _Ref71294270]Proposal 10: Support UE assistance information for HARQ to address support of larger number of HARQ processes than in Rel-16 without a large increase of the UE soft buffer size.

Conclusions 
In this contribution, we discussed the enhancements on HARQ for NTN. Our proposals are summarized below.
Proposal 1: Enhanced Type-2 and Type-3 HARQ-ACK codebooks are not supported for NTN.
Proposal 2: For the Type-1 HARQ-ACK codebook, support configuration to a UE of a bitmap that indicates slots where the UE should generate HARQ-ACK information.
Proposal 3: When HARQ-ACK information for a HARQ process with disabled HARQ-ACK information is included in a HARQ-ACK codebook, the UE reports
· A predetermined HARQ-ACK information value, such as a NACK, for the HARQ process when the UCI payload size is no more than 11 bits.
· HARQ-ACK information based on a reception outcome of a corresponding TB for the HARQ process when the UCI payload size is more than 11 bits.
Proposal 4: A Type-2 HARQ-ACK codebook only includes HARQ-ACK information for HARQ processes with enabled HARQ-ACK information report.
· DAI values change only when a PDSCH includes TBs for HARQ processes with enabled HARQ-ACK information report. 
Proposal 5: Support a larger number of repetitions for NTN
· The number of repetitions is indicated by the DCI format as in Rel-16.
· Extend/modify the TDRA field or add a new field to indicate the number of repetitions.
Proposal 7: For the HARQ process ID indication in DCI formats 0_1/1_1/0_2/1_2, extend the HARQ process ID field to 5 bits when the number of HARQ processes is more than 16 (Option 3).
Proposal 8: For the DL, the gNB can configure up to 32 HARQ processes. For the UL, the gNB can configure up to 32 HARQ processes if a UE indicates a capability. If the gNB does not configure 32 HARQ processes, the number of HARQ processes is 16 (as in Rel-15/16).
Proposal 9: For the maximum number of HARQ processes, support the following options.
· Option 1. gNB broadcasts the maximum TBS to be configured for the cell and UE reports its capability for a number of HARQ processes. 
· Option 2. UE reports separate capabilities for a number of predefined pairs of {maximum number of HARQ processes, maximum TBS constraint}. 
Proposal 10: Support UE assistance information for HARQ to address support of larger number of HARQ processes than in Rel-16 without a large increase of the UE soft buffer size.
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