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1. Introduction
At the 3GPP TSG RAN meeting #86 the new work item (WI) on solutions for NR to support non-terrestrial networks (NTN) was approved in [1]. WI aims to specify the enhancements identified for NR NTN especially LEO and GEO with implicit compatibility to support HAPS (high altitude platform station) and ATG (air to ground) scenarios according to the following principles:
· FDD is assumed for core specification work for NR-NTN.
· NOTE: This does not imply that TDD cannot be used for relevant scenarios e.g. HAPS, ATG
· Earth fixed Tracking area is assumed with Earth fixed and moving cells
· UEs with GNSS capabilities are assumed.
According to the 3GPP TR 38.821 [2] enhancements are required to support NTN with 5G NR due to long propagation delays, Doppler effects, and moving cells. Multiple features of NR specification should be enhanced to support NTN including HARQ. During the study item phase two main aspects for HARQ were discussed: disabling of HARQ for NR NTN and increased number of HARQ processes [2]. In this contribution HARQ enhancements for NR to support NTN are discussed including HARQ disabling and increased number of parallel HARQ processes.
2. Discussion
At the last RAN1 meeting the following agreements on Type 1 and Type 2 HARQ codebooks was achieved. 
	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


Type I HARQ codebook relies only on semi-static configuration. For Type I HARQ codebook it is assumed that bit corresponding to possible PDSCH transmission is always present in the HARQ feedback, even if no DCI with DL assignment was decoded. Such design may lead to higher HARQ feedback overhead, but it allows to handle cases where UE misses scheduling DCI without any additional signalling in DL. It is not clear if reduction of bits for HARQ feedback is possible for Type I HARQ codebook without any impact on the reliability. Thus, in order to retain reliability for mis decoding of DCI the same Type I HARQ codebook can be used for the case with partially disabled HARQ feedback. 
For the Type II HARQ codebook it is assumed that the number of bits in HARQ report is determined by downlink assignment index (DAI) indicated in DCI. Thus, the number of bits for HARQ feedback with Type II HARQ codebook is variable. It can be reduced for the case where HARQ feedback is disabled for a subset of HARQ processes if the corresponding DL assignments are not counted for DAI and corresponding HARQ bits are not included in HARQ feedback. 
Proposal 1: 
· Support Rel. 15 Type I HARQ codebook for the case where HARQ feedback is disabled for a subset of HARQ processes
· For Type II HARQ codebook, PDSCH with disabled HARQ feedback is not counted for DAI and the corresponding ACK/NACK is not transmitted by the UE
There are some negative aspects related to support for increased number of parallel HARQ processes including larger number of bits for HARQ process ID indication in DCI. There are some solutions proposed in [2] which allow to increase the number of HARQ processes without increased number of DCI bits. For example, HARQ process ID may be determined based on the index of the slot where the corresponding TB is transmitted. The following agreement was made at the last RAN1 meeting on HARQ process ID determination. 
	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


In our view option 1 and option 1-a should be supported since they provide sufficient flexibility for HARQ process indication without additional changes for DCI.
Proposal 2: 
· HARQ process ID is determined based on DCI indication and slot index of the corresponding transmission as MSB or LSB
· 4 bits are used for HARQ process ID indication in DCI
3. Conclusion
In this contribution aspects related to HARQ operation were discussed. The following proposals are made.
Proposal 1: 
· Support Rel. 15 Type I HARQ codebook for the case where HARQ feedback is disabled for a subset of HARQ processes
· For Type II HARQ codebook, PDSCH with disabled HARQ feedback is not counted for DAI and the corresponding ACK/NACK is not transmitted by the UE
Proposal 2: 
· HARQ process ID is determined based on DCI indication and slot index of the corresponding transmission as MSB or LSB
· 4 bits are used for HARQ process ID indication in DCI
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