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Introduction
In this contribution, we discuss HARQ enhancements for NR-U. This contribution is a revision of R1-1904252.

Discussion
HARQ-ACK feedback triggering
Dynamic HARQ codebook
Regarding HARQ-ACK feedback triggering, 2 identified options for dynamic HARQ codebook were agreed in the RAN1#96bis meeting [1].· For dynamic HARQ codebook:
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· gNB can request HARQ-ACK feedback in the same PUCCH for all PDSCHs in the same group
· Option 1: 
· One PUCCH can carry HARQ-ACK feedback for one or more PDSCH groups
· DCI can request HARQ-ACK feedback for one or more PDSCH groups 
· FFS one of the two options below
· C-DAI/T-DAI can be accumulated across multiple PDSCH groups for which feedback is requested in the same PUCCH
· C-DAI/T-DAI is accumulated only within one PDSCH group
· FFS: New ACK-Feedback Group Indicator for each PDSCH Group
· The number of HARQ-ACK bits for one PDSCH group is constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission, i.e. the PDSCH group cannot be enlarged after the first feedback transmission
· Option 2: 
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· FFS: Feedback for more than one PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· FFS: Requests for more than one PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission

The main difference between option 1 and option 2 is the definition of a PDSCH group. In option 1, PDSCH group size is determined in an explicit manner (e.g., numbering PDSCH group index via DCI) or implicit manner (e.g. grouping PDSCH whose HARQ-ACKs are initially transmitted on the same PUCCH, grouping PDSCH based on time window or COT). Option 1 tends to increase DCI overhead. Assuming 4 PDSCH groups and explicit PDSCH group determination, a total of 4 bits (2 bits for indicating current group index and 2 bits for indicating the group for HARQ-ACK feedback triggering) are required. Although DCI overhead could be reduced by making some restrictions, such as a limitation of which PDSCH group is triggered for HARQ-ACK feedback transmission or through implicit PDSCH group determination, such restrictions would reduce flexibility, implying that some PDSCH have to be retransmitted due to lack of retransmission opportunities of HARQ-ACK feedback.
On the other hand, option 2 could require less DCI overhead compared to option 1 while keeping flexibility. Since use of 2 PDSCH groups is enough for option 2, a total of 2 bits (1bits for indicating current group and 1 bit for reset indicator) are required. Although option 2 tends to have a large HARQ-ACK codebook size, it would be acceptable for NR-U because enough UL resource could be available due to the 20 MHz OCB requirement. Therefore, we prefer option 2.
Proposal 1: For HARQ-ACK feedback triggering, option 2 should be supported.
· Option 2:
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission

Semi-static HARQ codebook
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.· Semi-static codebook. Options FFS.

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 case (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 2: 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 for 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 group HARQ-ACK feedback triggering
In the RAN1#96bis meeting [1], one-shot group HARQ-ACK feedback was discussed.· 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 3: One-shot group HARQ-ACK feedback should be introduced in NR-U. The request for one-shot group HARQ-ACK feedback should be used at least for a UE configured with semi-static HARQ codebook.
[bookmark: _GoBack]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 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. On top of these DCIs, a UE-common DCI which indicates the triggering to multiple UEs like DCI format 2_2/2_3 could be considered to be introduced, because when certain LBT failure occurs for certain UEs, LBT failure may also occur for neighbour UEs. For the contents of the DCI, considering DCI overhead, PUCCH resource indication (e.g. PUCCH resource indicator and DCI-to-HARQ_feedback timing indicator) would be necessary. While a UE-specific DCI not scheduling PDSCH or PUSCH 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, this would be a corner case and it could be solved by using UE-common DCI if UE-common DCI is introduced.
Proposal 4: 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
· The request is carried in a UE-common DCI

Additional A/N transmission opportunities
According to a RAN1#96bis agreement, discussion on multiple opportunities in frequency domain is still open.· Note: The discussion on preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion

We consider that in some cases HARQ-ACK transmission outside a gNB-acquired COT is beneficial because the latency of HARQ-ACK feedback on a UE-initiated COT tends to be shorter than that on a gNB-initiated COT. Especially, multiple opportunities in different LBT sub-bands contribute towards a shorter latency of HARQ feedback. If UL wideband operation on a sub-band bandwidth of greater than 20 MHz sub-band is allowed, it is possible that multiple PUCCH resources across multiple LBT sub-bands could be configured.
Therefore, opportunistic PUCCH transmission across multiple LBT sub-bands should be supported for a UE that has the capability of wideband operation. The gNB may indicate multiple resources on different frequency resources for PUCCH transmission corresponding to one PDSCH. Even if the channel is busy on one frequency band, the UE can transmit PUCCH by using one of the multiple resources on another frequency band which the gNB indicated. Furthermore, through this mechanism, PUCCH transmission opportunities could be increased.
Proposal 5: If UL wideband operation with a sub-band bandwidth of greater than 20 MHz is allowed, frequency domain opportunistic HARQ-ACK transmission on multiple LBT sub-bands should be supported.

Conclusions
In this contribution, based on the above discussion we have the following proposals:
Proposal 1: For HARQ-ACK feedback triggering, option 2 should be supported.
· Option 2:
· One PUCCH can carry HARQ-ACK feedback for a single PDSCH group
· DCI can request HARQ-ACK feedback for a single PDSCH group
· C-DAI/T-DAI is accumulated within one PDSCH group
· A reset indicator signals new HARQ-ACK feedback for a PDSCH group
· The number of HARQ-ACK bits for one PDSCH group may not be constant between a first HARQ-ACK feedback transmission and a HARQ-ACK feedback re-transmission
Proposal 2: 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 3: One-shot group HARQ-ACK feedback should be introduced in NR-U. The request for one-shot group HARQ-ACK feedback should be used at least for a UE configured with semi-static HARQ codebook.
Proposal 4: 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
· The request is carried in a UE-common DCI
Proposal 5: If UL wideband operation with a sub-band bandwidth of greater than 20 MHz is allowed, frequency domain opportunistic HARQ-ACK transmission on multiple LBT sub-bands should be supported.
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