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Introduction
This contribution considers HARQ aspects for NTN. 


HARQ-ACK Reporting
The following were agreed on HARQ-ACK codebooks when HARQ-ACK report for some HARQ processes is disabled.

	[bookmark: _Hlk56148125]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 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



Disabling HARQ-ACK for some HARQ processes intends to reduce UE power consumption by reducing HARQ-ACK payload and to reduce the UE complexity by statistically reducing the soft buffer size requirements. It is noted that HARQ-ACK disabling does not relate to the larger latency of NTN compared to TN. For Rel-17 NTN with single-cell operation, any benefits to UE power savings from HARQ-ACK disabling will be trivial as the HARQ-ACK payload, even for the most aggressive UL-DL configurations, is minimal compared to even the smallest PUSCH payloads. 

Observation 1: HARQ-ACK feedback disabling offers marginal benefits for UE power savings in Rel-17 NTN. 

[bookmark: _GoBack]In general, and in particular with the above consideration, any impact on UE/gNB implementation and on the specifications for processing HARQ-ACK codebooks should be the minimal required to account for HARQ process disabling and possible optimizations should be targeting reductions in UE power consumption and in UE soft buffer complexity. Focus is on the mandatory Type-1 and Type-2 codebooks as enhancements for the optional enhanced Type-2 and Type-3 codebooks can be considered unnecessary in non-shared spectrum. For example, neither enhanced Type-2 or Type-3 can outperform Type-2 which has been implemented since LTE Rel-8 and, additionally, Type-3 cannot support HARQ-ACK report for SPS PDSCH release and, possibly in Rel-18, for SCell dormancy indication.
 
Observation 2: Enhancements for Type-3 and enhanced Type-2 HARQ codebooks are not necessary for NTN in Rel-17. 

Type-1 HARQ-ACK codebook
The drawback of Type-1 HARQ-ACK codebook is a large size due to inclusion of HARQ-ACK for all candidate PDSCH receptions with corresponding HARQ-ACK in a same PUCCH. Therefore, the Type-1 HARQ-ACK codebook is the one for which a UE would benefit the most when some HARQ processes have disabled HARQ-ACK reporting. 

To reduce the size of a Type-1 HARQ-ACK codebook, a UE can be configured a bitmap that indicates slots where the UE should generate HARQ-ACK as shown Figure 1. The length of the bitmap can be equal to the maximum number of slots that the UE can generate HARQ-ACK for the Type-1 HARQ-ACK codebook – e.g. 4 slots for UL-DL configuration DDDSU. The gNB can schedule PDSCH receptions for HARQ processes with disabled HARQ-ACK in slots where the UE does not generate HARQ-ACK according to the bitmap. This allows a gNB to control the Type-1 HARQ-ACK codebook size and offer power savings to the UE when HARQ-ACK report is disabled for some HARQ processes. For example, the gNB can set the bitmap so that the UE provides HARQ-ACK as in Rel-16, or can set the bitmap so that the UE does not provide HARQ-ACK for any of the HARQ processes with disabled HARQ-ACK and can schedule PDSCHs with enabled/disabled HARQ processes in slots according to the bitmap.

[bookmark: _Ref71294252]Proposal 1: 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. 

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

If a UE is scheduled a PDSCH reception for a HARQ process with disabled HARQ-ACK that is included in a Type-1 HARQ-ACK codebook, the UE can report a predetermined HARQ-ACK value, such as a NACK, for the HARQ process with disabled HARQ-ACK. That would reduce a required PUCCH transmission power when the UCI payload size is  because the gNB Reed-Mueller decoder can improve detection performance by using the known values of some HARQ-ACK information bits (as in Rel-16). When a total payload of the Type-1 HARQ-ACK codebook is more than 11 bits, the UE can report HARQ-ACK as in Rel-16, regardless of whether a HARQ process for a received PDSCH has enabled or disabled HARQ-ACK report, as there is no benefit for decoding with a polar code when some bits have predetermined values – i.e. there are no UE power savings and there is only lost information to the gNB.

[bookmark: _Ref71294254]Proposal 2: When HARQ-ACK for a HARQ process with disabled HARQ-ACK report is included in a Type-1 HARQ-ACK codebook, the UE reports for the HARQ process:
· HARQ-ACK with NACK value when the Type-1 codebook size is not larger than 11 bits, and
· HARQ-ACK as in Rel-16 when the Type-1 codebook size is larger than 11 bits.


Type-2 HARQ-ACK codebook
For a Type-2 HARQ-ACK codebook one open issue is whether to modify the Rel-16 construction in order to account for DAI values in DCI formats scheduling PDSCH receptions with HARQ processes having disabled HARQ-ACK. It is rather clear that is a marginal optimization and cannot justify changes in specifications and in gNB/UE implementations. 

In Rel-17 with single-cell operation and for the typical DDDSU UL-DL configuration, a UE will report at most 4 HARQ-ACK bits in a slot for the Type-2 codebook. When all HARQ-ACK corresponds to HARQ processes with enabled or disabled HARQ-ACK report, there is no impact. When there is a mixture of HARQ processes with enabled/disabled HARQ-ACK reports, a maximum benefit from using the DAI value in a DCI format scheduling a PDSCH with a HARQ process having disabled HARQ-ACK report can be when that DCI format is the last received DCI format and the UE missed an immediately previous DCI format associated with HARQ-ACK. The probability of such event is negligible, the cost is marginal (at most 2 unnecessary PDSCH retransmissions), and the overall impact on DL throughput would be practically zero. Any other combination of DCI formats scheduling PDSCHs with HARQ processes having a mixture of enabled/disabled HARQ-ACK reports will have a same or an even lower impact. In case CA is deployed, even such marginal benefit would not typically exist due to the total DAI in DCI formats received at a last PDCCH monitoring occasion. The same applies in case HARQ-ACK is multiplexed in a PUSCH scheduled by a DCI format.
  
Observation 3: There is no need to specify any value for the DAI in a DCI format scheduling PDSCH reception for a HARQ process having disabled HARQ-ACK.

Observation 4: There is no need to change the Rel-16 Type-2 HARQ-ACK codebook construction that is for HARQ processes with enabled HARQ-ACK reports.

One other issue is whether to keep redundant fields in a DCI format 1_1 associated with a HARQ process with disabled HARQ-ACK. Redundant fields are the ones associated with PUCCH transmission or with Type-2 HARQ-ACK codebook determination and include the PRI, PUSCH-to-HARQ_feedback timing, counter DAI, and TPC command fields for a total of 10 bits. Considering the NTN is unlikely to support spatial multiplexing of 2 TBs in a PDSCH, DCI format 1_1 with size reduced by 10 bits and scheduling 1 TB has similar size to DCI format 0_1. A flag to differentiate the two DCI formats is mandatorily present in each. Then, a gNB can schedule PDSCH receptions with disabled HARQ processes with reduced DCI overhead without affecting an impact on scheduling flexibility, DCI format sizes, or on decoding operations a UE needs to perform. 

Proposal 3: A DCI format scheduling a PDSCH reception for a HARQ process with disabled HARQ-ACK does not include the PRI, a PUSCH-to-HARQ_feedback timing, counter DAI, and TPC command fields.

One other issue is whether a UE should provide HARQ-ACK for SPS PDSCH release. For example, possible options are ‘always provide’, ‘RRC configures whether or not to provide’, ‘never provide’, or “conditionally provide”. There is no reason to change Rel-16 operation particularly as a SPS PDSCH release is a relatively rare event, optimizations (if any are possible) would have marginal/no impact, and a corresponding miss of a SPS PDSCH release by a UE would be more detrimental to UE power consumption than if the UE provides a corresponding HARQ-ACK for the SPS PDSCH release. Therefore, there is no need/justification for any modification to Rel-16 operation - a UE should provide HARQ-ACK for a SPS PDSCH release.

Observation 5: There is no need to change Rel-16 operation for HARQ-ACK report in response to SPS PDSCH release.


HARQ-ACK reporting for SPS PDSCHs
HARQ-ACK for SPS PDSCHs is determined semi-statically based on the SPS PDSCH occasions without a possible mismatch between the UE and the gNB. For a Type-2 HARQ-ACK codebook, a UE appends HARQ-ACK for every possible SPS PDSCH occasion on every serving cell to HARQ-ACK associated with DCI formats that is mapped to a same PUCCH slot/sub-slot as the HARQ-ACK for SPS PDSCH. 

When HARQ-ACK reports for some HARQ processes are disabled, corresponding HARQ-ACK information does not need to be included in a HARQ-ACK codebook. This does not require any modification to a HARQ-ACK codebook determination other than not providing HARQ-ACK for HARQ processes with disabled HARQ-ACK. For SPS PDSCH, the HARQ process number (HPN) is determined by incrementing the HPN for a previous SPS PDSCH. As an example, for SPS configuration #0 with periodicity of 1 slot, if the HPN of SPS PDSCH in slot m is 0, the HPN of SPS PDSCH in slot m+1 is 1, in slot m+2 is 2, and so on. Therefore, as each SPS PDSCH occasion is uniquely associated with a HPN, the UE can determine whether or not to include corresponding HARQ-ACK in a HARQ-ACK codebook.

Proposal 4: For SPS PDSCH, the HARQ-ACK codebook includes only HARQ-ACK information for enabled HARQ processes.


Coverage Enhancements
A DCI can indicate a number of repetitions for a PDSCH/PUSCH transmission via the TDRA field. For CG-PUSCH and SPS PDSCH, the number of repetitions is configured. 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, a larger number of repetition factors would be beneficial to improve reception reliability.  

The Rel-17 WI on coverage enhancements (CE) is specifying enhancements to PUSCH and PUCCH transmissions with repetitions – the maximum number of PUSCH repetitions has been increased to 32 and there is also support for a TB transmission over multiple slots (without repetitions). Those enhancements can be incorporated for NTN without requiring additional specification support. There are no corresponding CE for PDSCH, PDCCH, or PRACH and, for NTN, they can be considered in Rel-18. For PDSCH, CE can be limited to introducing larger repetition numbers and, together with the use of a low SE MCS table, they are sufficient for Rel-17 NTN. There is no need to differentiate PDSCHs with enabled/disabled HARQ-ACK for corresponding HARQ processes because, if a larger number of repetitions is to be targeted for a PDSCH having a HARQ process with disabled HARQ-ACK, it would much more preferable for spectral efficiency and UE power consumption to have enabled HARQ-ACK.  

Observation 6: There is no need for PDSCH coverage enhancements to depend on whether a HARQ-ACK report for a respective HARQ process is enabled or disabled.

[bookmark: _Ref71294259]Proposal 5: Support coverage enhancements in NTN based on the Rel-17 WI on coverage enhancements
· For PUCCH/PUSCH, the Rel-17 mechanisms are applicable for NTN.
· For PDSCH, introduce larger repetition numbers.
· Consider coverage enhancements for PRACH/PDCCH in Rel-18.


HARQ Processes
HPN Indication
The maximum number of HARQ processes for NTN is up to 32. The following have been agreed regarding the HPN indication by a DCI format. 

	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:
· 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:
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.



For DCI formats 0_1/1_1, the same solution as for DCI formats 0_2/1_2 should apply because:
a) should not have different solutions to a same trivial issue, 
b) adding one bit to a DCI format has practically no impact on anything (e.g. no impact on coverage or overhead), 
c) if the overhead of one additional bit could somehow be an argument, that is more applicable to DCI formats 0_2/1_2 than to DCI formats 0_1/1_1,
d) clean solutions that do not introduce mixed functionalities for fields are preferable. 

DCI formats 0_0/1_0 are used for fallback and there is no need for indicating up to 32 HARQ processes - 16 HARQ processes are easily sufficient for fallback purposes.
[bookmark: _Ref71294260]
[bookmark: _Hlk77624064]Proposal 6: When a UE is configured more than 16 UL/DL HARQ processes, the HPN field size in DCI formats 0_1/1_1 is 5 bits. The HPN field size in DCI formats 0_0/1_0 is as in Rel-16.

[bookmark: _Ref71294262]Proposal 7: A UE indicates a capability for a maximum number of UL HARQ processes.


UE Capability Aspects
For the DL, the gNB can configure to a UE up to 32 HARQ processes. For the UL, the gNB can configure the UE more than 16 HARQ processes if the UE indicates a corresponding capability. The number of HARQ processes and the maximum TBS should be jointly considered to minimize the impact on UE soft buffer size that 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 informs a maximum TBS to a UE. Based on the maximum TBS, the UE determines a maximum number of HARQ processes that the UE can support and reports the maximum number as a UE capability to the gNB. The configuration of the maximum TBS is up to gNB implementation, for example based on the overall link quality on the cell, or based on the link quality for the UE, that will typically not be able to support high-order modulation and large TBS. Therefore, an impact on maximum achievable data rate can be limited with configuration of maximum TBS and the benefit from a larger number of HARQ processes is obtained without impact on UE implementation complexity. 

Option 2: A UE reports a number of HARQ processes that the UE can support as a UE capability for a specified combination of UE capabilities. For example, the UE can report that it can support a maximum of 16 HARQ processes without a maximum TBS constraint, or a maximum of 32 HARQ processes with reduced maximum TBS, or a maximum of 32 HARQ processes without a maximum TBS constraint. With such capability reporting, a UE with limited soft buffer size can still be scheduled with more than 16 HARQ processes under the maximum TBS constraint, and that can expand the applicability of NTN deployments while avoiding additional UE complexity/cost. Considering that the link quality will typically not be able to support large TBS in NTN, UEs with limited soft buffer size can support NTN with a larger number of HARQ processes and without an impact on the UE soft buffer size. 

[bookmark: _Ref71294267]Proposal 8: For the maximum number of HARQ processes, support one of the following options. 
· Option 1. A gNB informs a maximum TBS to a UE and the UE reports its capability for a number of HARQ processes. 
· Option 2. A UE reports separate capabilities for a number of predefined pairs of {maximum number of HARQ processes, maximum TBS}. 


A UE is also aware of the soft buffer status for the DL HARQ processes and it would be beneficial for the UE to request HARQ-ACK disabling for HARQ processes from the gNB when the soft buffer is full. The UE can use the UEAssistanceInformation to request for HARQ-ACK disabling/enabling or to indicate statistics for the soft buffer. The UE may also report its soft buffer size to the gNB as part of the UE capability information.

[bookmark: _Ref71294270]Proposal 9: Consider UE assistance information to support up to 32 HARQ processes without increasing the soft buffer size.


Conclusions 
This contribution considered HARQ aspects for NTN and proposes the following.

Proposal 1: 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 2: When HARQ-ACK for a HARQ process with disabled HARQ-ACK report is included in a Type-1 HARQ-ACK codebook, the UE reports for the HARQ process:
· HARQ-ACK with NACK value when the Type-1 codebook size is not larger than 11 bits, and
· HARQ-ACK as in Rel-16 when the Type-1 codebook size is larger than 11 bits.

Proposal 3: A DCI format scheduling a PDSCH reception for a HARQ process with disabled HARQ-ACK does not include the PRI, a PUSCH-to-HARQ_feedback timing, counter DAI, and TPC command fields.

Proposal 4: For SPS PDSCH, the HARQ-ACK codebook includes only HARQ-ACK information for enabled HARQ processes.

Proposal 5: Support coverage enhancements in NTN based on the Rel-17 WI on coverage enhancements
· For PUCCH/PUSCH, the Rel-17 mechanisms are applicable for NTN.
· For PDSCH, introduce larger repetition numbers.
· Consider coverage enhancements for PRACH/PDCCH in Rel-18.

Proposal 6: When a UE is configured more than 16 UL/DL HARQ processes, the HPN field size in DCI formats 0_1/1_1 is 5 bits. The HPN field size in DCI formats 0_0/1_0 is as in Rel-16.

Proposal 7: A UE indicates a capability for a maximum number of UL HARQ processes.

Proposal 8: For the maximum number of HARQ processes, support one of the following options. 
· Option 1. A gNB informs a maximum TBS to a UE and the UE reports its capability for a number of HARQ processes. 
· Option 2. A UE reports separate capabilities for a number of predefined pairs of {maximum number of HARQ processes, maximum TBS}. 

Proposal 9: Consider UE assistance information to support up to 32 HARQ processes without increasing the soft buffer size.

In addition, the following observations are made. 

Observation 1: HARQ-ACK feedback disabling offers marginal benefits for UE power savings in Rel-17 NTN. 

Observation 2: Enhancements for Type-3 and enhanced Type-2 HARQ codebooks are not necessary for NTN in Rel-17. 

Observation 3: There is no need to specify any value for the DAI in a DCI format scheduling PDSCH reception for a HARQ process having disabled HARQ-ACK.

Observation 4: There is no need to change the Rel-16 Type-2 HARQ-ACK codebook construction that is for HARQ processes with enabled HARQ-ACK reports.

Observation 5: There is no need to change Rel-16 operation for HARQ-ACK report in response to SPS PDSCH release.

Observation 6: There is no need for PDSCH coverage enhancements to depend on whether a HARQ-ACK report for a respective HARQ process is enabled or disabled.
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