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1 Introduction

In RAN1 #98 meeting, the following conclusion and agreements were made for HARQ enhancement for NR-U [1]:

Conclusion:

In Rel-16, the PDSCH-to-HARQ-timing-indicator field is not enhanced to indicate larger values of K1 compared to Rel-15.
Agreement:
When configured for operation with enhanced dynamic HARQ codebook (type-2 codebook), a UE shall support 2 PDSCH groups.

· The number of PDSCH groups that the UE shall support is not RRC configurable

· FFS: More groups, depending on the resolution of the FFS on up to 4 groups from a prior agreement
Agreement:
· For enhanced dynamic HARQ codebook, choose one of the alternatives below: 

· Alt-1: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group
· Alt-2: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups
· FFS: Extension to fallback DCI
Agreement:
For enhanced dynamic HARQ-ACK codebook when the feedback is triggered by a DL DCI scheduling a PDSCH, a UE is not expected to be requested in that DL DCI to provide feedback only for a PDSCH group not scheduled in that DL DCI
Agreement:
For enhanced dynamic codebook operation, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by the next DL DCI scheduling PDSCH with a numerical value for K1 triggering feedback for PDSCH group(s) including the PDSCH group of this PDSCH.

· FFS: additional methods including 

· based on an earlier DCI

· one-shot HARQ-ACK feedback
· FFS: dependency on NFI
In this contribution, we present the discussion on the HARQ enhancement for NR-U.
2 Discussion
2.1 Group-based HARQ-ACK feedback in dynamic HARQ-ACK codebook
Group ID and New ACK-Feedback Group Indicator(NFI) are already agreed to be added in DCI scheduling PDSCH. In our opinion, even two consecutive sets of PDSCHs have the same group ID, the two sets of PDSCHs can still be regarded as two groups if NFI is toggled between them. As illustrated in Fig. 1, PDSCH1-6 and PDSCH7-9 can have separate PUCCH resources for HARQ-ACK if NFI toggled within the group, so that PDSCH1-6 and PDSCH7-9 form two virtual groups.
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Fig. 1 NFI toggled between two sets of PDSCHs with the same group ID.
Proposal 1: Two consecutive sets of PDSCHs with the same group ID can be regarded as two virtual groups if NFI is toggled between them.
Within each virtual group, that is a group with the same GI and NFI, the DCI of a later PDSCH could change both the slot index and PUCCH resource ID for HARQ-ACK as compared to indicated by the DCI of a previous PDSCH. And it is obvious that the PUCCH resource indicated by the last DCI within a virtual group will be the final PUCCH resource for carrying HARQ-ACK information for the virtual group.
To allow enough time for UE to process PDSCH/HARQ-ACK, the ending symbol of a later DCI within each virtual group should be at least X symbols prior to the starting symbol of the PUCCH resource indicated by a former DCI. As illustrated in Fig. 2, if the gap is shorter than X symbol, UE will be not able to change HARQ-ACK codebook generation and it has to prepare HARQ-ACK information without considering subsequent DCI4/PDSCH4. In this case even DCI4 indicates the same GI and NFI, it is still regarded as a new group, but since NFI is not toggled, the HARQ-ACK codebook should contain feedback information for PDSCH1-3 as well.
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Fig. 2 The gap between the ending symbol of a later DCI and the starting symbol of the PUCCH resource indicated by a former DCI should be at least X symbol
 It should be noted that there is already a similar restriction as to the X symbol mentioned above in NR spec TS 38.213,as coped below, and it can be a starting point for the discussion of the value of X . 

If a UE detects a first DCI format 1_0 or DCI format 1_1 indicating a first resource for a PUCCH transmission with corresponding HARQ-ACK information in a slot and also detects at a later time a second DCI format 1_0 or DCI format 1_1 indicating a second resource for a PUCCH transmission with corresponding HARQ-ACK information in the slot, the UE does not expect to multiplex HARQ-ACK information corresponding to the second DCI format in a PUCCH resource in the slot if the PDCCH reception that includes the second DCI format is not earlier than 
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Proposal 2: Within each virtual group, the ending symbol of a later DCI within each virtual group should be at least X symbols prior to the starting symbol of the PUCCH resource indicated by a former DCI.
As analysed above, NFI toggling can also be regarded as a way for virtual grouping, that means 4 virtual groups can be formed simultaneously, so in our opinion two PDSCH groups is enough and group ID in the scheduling DCI can be only 1bit.    
Proposal 3: Two PDSCH groups is enough and group ID in the scheduling DCI can be only 1bit.  
To request HARQ-ACK retransmission of other group, the requesting DCI should at least indicate the group ID. Since NFI can be seen as an indicator for virtual group, so NFI of the requested group should be included in the scheduling DCI, and by including NFI of the requested group, UE can retransmit only HARQ-ACK for a virtual group instead of a whole PDSCH group. To ensure no misunderstanding of the HARQ-ACK codebook size between gNB and UE, T-DAI of the requested group should also be included.
Proposal 4: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups.
2.2 One-shot HARQ-ACK feedback
One-shot HARQ-ACK feedback is to feedback HARQ-ACK for all the configured HARQ processes, it is indeed a semi-static HARQ-ACK feedback method, i.e. each HARQ-ACK codebook would include a fixed size of HARQ-ACK bits so there is no misunderstanding of the HARQ-ACK codebook size on gNB side. 
Observation 1: One-shot HARQ-ACK feedback is indeed a semi-static HARQ-ACK feedback method.
For each one-shot HARQ-ACK feedback, there may be some configured HARQ process ID are not actually scheduled or has already been fed back in the last feedback but not scheduled in current feedback. As shown in Fig. 3, HARQ ID 10-15 are scheduled in the first COT and UE feedback ACK for all the 6 HARQ processes. In the second COT, only HARQ ID 0-7 are scheduled and assume they are all received correctly. Obviously, UE should feedback ACK for HARQ ID 0-7 and NACK for HARQ ID 8-9. As to HARQ ID 10-15, whether NACK or the actual A/N state of HARQ ID 10-15 scheduled in last COT should be reported? Reporting the actual A/N state of HARQ ID 10-15 scheduled in last COT can bring the benefit of repeating HARQ-ACK transmission but it may also bring some misunderstanding at the gNB side. For example, if HARQ ID 8-10 has actually been scheduled in the second COT but anyhow missed by UE, UE would think HARQ ID 10 is not scheduled at all. If UE reports actual A/N state of HARQ ID 10-15 scheduled in last COT, gNB will receive an ACK, then misunderstanding happens.
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Fig. 3 Padding NACK for not received HARQ process
Proposal 5: For HARQ process not actually scheduled or has already been fed back in the last feedback but not scheduled corresponding to current feedback, UE will report NACK.

Another issue for one-shot HARQ-ACK feedback is how to retransmit HARQ-ACK if LBT fails. One solution is to configure/indicate multiple HARQ-ACK transmission opportunities, another solution is that gNB can re-send triggering DCI to request one-shot HARQ-ACK retransmission if the previous one is not received correctly. And in this sense, decoupling one-shot HARQ-ACK feedback triggering DCI from scheduling DCI is reasonable since when re-triggering one-shot HARQ-ACK feedback, maybe there is no PDSCH transmission at all.
Proposal 6: Mechanisms to retransmit one-shot HARQ-ACK feedback should be considered further.
CBG-based HARQ-ACK feedback is already supported in NR and a key issue is how to reduce CBG HARQ-ACK codebook size.  An efficient way is to only feedback CBG level HARQ-ACK for those TB with NACK. But in one-shot feedback, HARQ processes not scheduled will also be fed back with NACK, so one solution can be UE indicates for which HARQ process a TB is actually scheduled, and only for those actually scheduled TB with NACK, CBG level feedback will be appended.  
Proposal 7: To reduce CBG-based HARQ-ACK codebook size, only feedback CBG level HARQ-ACK for those actually scheduled TB with NACK.
As illustrated above, one-shot HARQ-ACK feedback is indeed a semi-static HARQ-ACK feedback method. In our view, there is no need to support another semi-static HARQ-ACK feedback method similar to NR R15. Since compared to one-shot HARQ-ACK feedback, R15-like semi-static HARQ-ACK feedback has no clear benefit and need gNB to configure a feedback window to each UE, which increase signaling overhead.
Proposal 8: If one-shot HARQ-ACK feedback is supported, then no need to support semi-static HARQ-ACK feedback method similar to NR R15.

3 Conclusions

In this contribution, we present the discussion on HARQ enhancements for NR-U operation. Based on our analysis, we have the following observation and proposals:
Proposal 1: Two consecutive sets of PDSCHs with the same group ID can be regarded as two virtual groups if NFI is toggled between them.

Proposal 2: Within each virtual group, the ending symbol of a later DCI within each virtual group should be at least X symbols prior to the starting symbol of the PUCCH resource indicated by a former DCI.

Proposal 3: Two PDSCH groups is enough and group ID in the scheduling DCI can be only 1bit. 
Proposal 4: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups.
Observation 1: One-shot HARQ-ACK feedback is indeed a semi-static HARQ-ACK feedback method.
Proposal 5: For HARQ process not actually scheduled or has already been fed back in the last feedback but not scheduled corresponding to current feedback, UE will report NACK.

Proposal 6: Mechanisms to retransmit one-shot HARQ-ACK feedback should be considered further.

Proposal 7: To reduce CBG-based HARQ-ACK codebook size, only feedback CBG level HARQ-ACK for those actually scheduled TB with NACK.

Proposal 8: If one-shot HARQ-ACK feedback is supported, then no need to support semi-static HARQ-ACK feedback method similar to NR R15.
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