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Introduction
Guidance was provided by RAN#84 on essential components of NR-U HARQ enhancements that need to be completed in Rel-16 [RP-191581]:
Essential
· Details for group based HARQ ACK retransmission for dynamic codebook
· Details for DCI support for multi-TTI grant
· One-shot HARQ ACK retransmission
· Details to handle non-numerical value for K1
Optimizations
· Group based HARQ ACK retransmission for semi-static codebook
· Larger K1 values
· Multiple freq domain opportunities for HARQ ACK in UL CA case and/or wideband CC case
· Larger K2 values
· 2-stage UL grant

In this contribution, we discuss HARQ enhancements for NR-U. This contribution is a revision of R1-1908767.

Discussion
Semi-static HARQ codebook
In the previous RAN1#97 meeting, dynamic HARQ codebook was already agreed to be supported in NR-U. In addition, as per the RAN1#96bis discussion, semi-static codebook is to be discussed.
In Rel-15 NR, both semi-static HARQ codebook (type-1) and dynamic HARQ codebook (type-2) were supported. Dynamic HARQ codebook is beneficial for minimizing HARQ-ACK payload size, while mis-alignment can occur in some cases (e.g., when the last DAI is missing). On the other hand, in semi-static HARQ codebook determination, the issues associated with dynamic HARQ codebook could be solved. As is the case for Rel-15 NR, both dynamic HARQ codebook and semi-static HARQ codebook should be supported in NR-U.
Proposal 1: On top of dynamic HARQ codebook, semi-static HARQ codebook should be supported in NR-U.
In Rel-15 NR, for the semi-static HARQ codebook, codebook size is determined based on a configured set of PDSCH-to-HARQ-ACK timings. In NR-U, HARQ-ACK transmission is not guaranteed due to LBT failure. In such a case, the legacy codebook size determination mechanism doesn’t work if HARQ-ACK feedback triggering or HARQ-ACK delay is performed. However, as we will discuss in the next section, RAN1 are discussing the possibility of one-shot group HARQ-ACK feedback. In the case that HARQ-ACK transmission is blocked due to LBT failure, using one-shot group HARQ-ACK feedback could solve this issue. We don’t see the need for enhancement for semi-static HARQ codebook if one-shot group HARQ-ACK feedback is introduced.
Observation 1: For semi-static HARQ codebook, no further enhancement is necessary if one-shot group HARQ-ACK feedback triggering is introduced.

One-shot HARQ-ACK retransmission
In the RAN1#96bis meeting [2], one-shot group HARQ-ACK feedback was discussed and concluded.· If request/trigger for one-shot group HARQ ACK feedback for all configured HARQ processes is introduced (at least for non-CBG HARQ), select one or more of the following candidate schemes:
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
· [bookmark: _Hlk7393594]The request is carried in a UE-specific DCI not scheduling PDSCH nor PUSCH
· The request is carried in a UE-common DCI
· The request can be used for UE configured with dynamic or semi-static HARQ codebook

One-shot group HARQ-ACK feedback triggering would be a simple and robust way for HARQ-ACK feedback retransmission to solve the missed HARQ-ACK bits issue. We think one-shot triggering would be beneficial for a UE configured with semi-static HARQ codebook in the case that HARQ-ACK feedback transmission is blocked due to LBT failure, as discussed in the previous section.
Proposal 2: One-shot group HARQ-ACK feedback should be introduced in NR-U.
By using one-shot group HARQ-ACK feedback, the UE would transmit the HARQ-ACK bits for all configured HARQ processes. Since UL resource indication is necessary, UE-specific DCI becomes a prime candidate for triggering of one-shot group HARQ-ACK feedback. A UE-specific DCI carrying a PUSCH grant can indicate PUSCH resource so that the UE can transmit the indicated PUSCH piggybacking UCI which contains the HARQ-ACK bits. For a DCI carrying a PDSCH assignment, since this DCI indicates PUCCH resource, the UE can use the PUCCH resource for the HARQ-ACK bits transmission.
A UE-common DCI which indicates the triggering to multiple UEs like DCI format 2_2/2_3 would be beneficial especially for reducing signaling overhead. For a UE-specific DCI not scheduling PDSCH or PUSCH, it would be beneficial in the case when the gNB has no DL data and the last HARQ-ACK transmission is blocked due to LBT failure. However, both schemes are optimizations and would require large specification impact because the introduction of a new DCI format would be necessary. These new DCI formats for one-shot group HARQ-ACK feedback would be able to be considered in Rel-17 NR-U.
In summary, considering the remaining Rel-16 NR-U time, the request field for one-shot group HARQ-ACK feedback should be carried in DCI formats which have already been specified in Rel-15 NR, such as DCI format 0_1 and 1_1. As per the discussion on dynamic HARQ codebook, it is further investigated whether to include this request field into fallback DCI.
Proposal 3: For a request of one-shot group HARQ-ACK feedback, the following candidate schemes should all be supported.
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
Upon the request of one-shot group HARQ-ACK feedback by the gNB, the UE sends HARQ-ACK bits corresponding to the PDSCHs for all configured HARQ processes. As per similar discussions relating to DFI on NR-U configured grant, it should be determined by RAN1 which are the PDSCHs that the UE sends corresponding HARQ-ACK bits for with one-shot group HARQ-ACK feedback. A simple way is that the UE sends HARQ-ACK bits corresponding to the last PDSCHs for which HARQ-ACK feedback timing meets the required processing time.
Proposal 4: For one-shot group HARQ-ACK feedback, the PDSCHs for which HARQ-ACK bits are reported should be determined as the last PDSCHs for which HARQ-ACK feedback timing meets the required processing time.

Conclusions
In this contribution, based on the above discussion we have the following proposals:
Proposal 1: On top of dynamic HARQ codebook, semi-static HARQ codebook should be supported in NR-U.
Observation 1: For semi-static HARQ codebook, no further enhancement is necessary if one-shot group HARQ-ACK feedback triggering is introduced.
Proposal 2: One-shot group HARQ-ACK feedback should be introduced in NR-U.
Proposal 3: For a request of one-shot group HARQ-ACK feedback, the following candidate schemes should all be supported.
· The request is carried in a UE-specific DCI carrying a PUSCH grant
· The request is carried in a UE-specific DCI carrying a PDSCH assignment
[bookmark: _GoBack]Proposal 4: For one-shot group HARQ-ACK feedback, the PDSCHs for which HARQ-ACK bits are reported should be determined as the last PDSCHs for which HARQ-ACK feedback timing meets the required processing time.
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