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1. Introduction
In this contribution, we discuss the remaining issues on HARQ procedure for NR-U operation, and also provide the corresponding (text) proposal. 

2. Discussions

· Enhanced dynamic HARQ-ACK codebook
According to the agreements on HARQ-ACK so far and the corresponding current TS 38.213 specification, following HARQ-ACK related information can be indicated via DL grant DCI and UL grant DCI based on gNB configuration. 

(1) DL grant DCI (with non-fallback DCI format)
A. This DCI indicates {T-DAI, NFI} for one of two PDSCH groups or indicates {T-DAI, NFI} per each of two PDSCH groups.
(2) UL grant DCI (with non-fallback DCI format)
A. This DCI indicates T-DAI for one of two PDSCH groups or indicates T-DAI per each of two PDSCH groups.

However, considering potential misalignment on HARQ-ACK codebook between UE and gNB caused from DL grant DCI missing by the UE, it is required for reliable HARQ-ACK feedback to indicate NFI via UL grant DCI. For example, if the following situation occurs, HARQ-ACK payload mismatch (at least for the scheduled PDSCH group) between UE and gNB would be inevitable since the UE doesn’t know the indicated NFI value signalled via the DL grant DCI actually missed by the UE.

1) A/N PUCCH is scheduled (by gNB) and/or transmitted (by UE) in slot n.
2) After that, DL grant DCI schedules a certain PDSCH group and the corresponding A/N PUCCH in slot n+k, and UL grant DCI also schedules PUSCH in same slot n+k.
3) But, the DL grant DCI is missed by the UE.

Given the above situation, unlike the PUCCH case, there might be serious impact such as UL reception buffer corruption caused by inaccurate PUSCH rate-matching for UL-SCH due to the HARQ-ACK payload mismatch. For this reason, it is needed to support NFI signalling in UL grant DCI for the case configured with the enhanced dynamic HARQ-ACK codebook.

Proposal #1: For the enhanced dynamic HARQ-ACK codebook, UL grant DCI (with non-fallback DCI format) indicates NFI per PDSCH group for the reliability of both HARQ-ACK feedback and UL-SCH reception.

· One-shot HARQ-ACK codebook
According to the following agreements made in RAN1#99 and the corresponding current TS 38.213 specification, for the one-shot HARQ-ACK codebook case not configured with NDI feedback, the condition to reset HARQ-ACK state as NACK for TB index t with HARQ process index h is just defined as the case where UE has reported ACK for same TB index t with same HARQ process index h. 

	Agreement:
For one-shot HARQ feedback:
· NDI can be configured to be part of one-shot HARQ feedback.
· When NDI is configured
· The latest NDI value detected by the UE is reported along with HARQ-ACK for the corresponding HARQ process ID. The UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· NDI is included for each TB
· When NDI is not configured:
· NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· UE is expected to reset HARQ-ACK state (as DTX or NACK) for a HARQ process ID once ACK is reported for the same HARQ process ID in the previous feedback
· CBG-based HARQ-ACK or TB-based HARQ-ACK can be configured to be part of the one-shot HARQ feedback for the CCs configured with CBG.
· Note: For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, the UE does not consider this PDSCH for one-shot HARQ codebook composition  



However, the above HARQ-ACK state reset condition is incomplete and undesirable in terms of DL scheduling/retransmission resource efficiency in following two aspects, since the condition doesn’t check whether an additional PDSCH is scheduled or not (for same TB index t with same HARQ process index h) after the previous ACK report. 

(1) Case 1
A. The previous ACK report was not correctly received by gNB, and thus the gNB transmits DL grant DCI scheduling PDSCH retransmission (for same TB index t with same HARQ process index h), and the UE receive the DCI.
(2) Case 2
A. The previous ACK report was correctly received by gNB, and then the gNB transmits DL grant DCI scheduling initial new PDSCH transmission (for same TB index t with same HARQ process index h), and the UE receive the DCI.

Based on the above observations, to avoid unnecessary and inefficient DL scheduling/retransmission resource overhead, it is required to add a step “to check whether an additional PDSCH is scheduled (for same TB index t with same HARQ process index h) after previous ACK report” in the condition for HARQ-ACK state reset, and provide the corresponding text proposal as the following. 

Proposal #2: Adopt the following text proposal for one-shot HARQ-ACK codebook in TS 38.213 specification.
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If a UE is provided pdsch-HARQ-ACK-OneShotFeedback-r16, the UE determines a Type-3 HARQ-ACK codebook according to the following procedure.
Set  to the number of serving cells
Set  to the value of nrofHARQ-ProcessesForPDSCH for serving cell , if provided; else, set 
Set  to the value of maxNrofCodeWordsScheduledByDCI for serving cell  if harq-ACK-SpatialBundlingPUCCH is not provided; else, set 
Set  to the number of HARQ-ACK information bits per TB for PDSCH receptions on serving cell  as described in Clause 9.1.1 if maxCodeBlockGroupsPerTransportBlock is provided for serving cell  and pdsch-HARQ-ACK-OneShotFeedbackCBG-r16 is provided; else, set 
Set  if pdsch-HARQ-ACK-OneShotFeedbackNDI-r16 is provided; else set 
Set  – serving cell index
Set  – HARQ process number
Set  – TB index
Set  – CBG index
Set 
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while 
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if 
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If the UE detects a DCI format that includes a One-shot HARQ-ACK request field with value 1, the UE determines a PUCCH or a PUSCH to multiplex a Type-3 HARQ-ACK codebook for transmission in a slot as described in Clause 9.2.5. The UE multiplexes only the Type-3 HARQ-ACK codebook in the PUCCH or the PUSCH for transmission in the slot.
[…]



Moreover, according to the following agreements made in RAN1#99, one-shot HARQ-ACK codebook can be triggered by either the DL DCI with PDSCH scheduling or the DL DCI without PDSCH scheduling, based on the indicated FDRA value. 

	Agreement:
If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback:
· The feedback can be requested in DL DCI 1_1 with the introduction of 1 bit (present if one-shot HARQ-ACK feedback is configured to the UE) for triggering the feedback 
· UE determines the PUCCH for one-shot HARQ-ACK feedback from K1, PRI, TPC
· FFS: Use of NFI for determining PUCCH
· Note: as per Rel-15 behaviour, the feedback can be piggybacked on PUSCH

Agreement:
If a UE is configured to monitor feedback request for one-shot HARQ-ACK codebook feedback and the feedback is requested in DL DCI 1_1
· This DL DCI can either schedule or not schedule a PDSCH
· Working assumption: One value of the frequency domain resource assignment field indicates that this DCI does not schedule a PDSCH
· If the DL DCI does not schedule a PDSCH, the HARQ process ID and NDI fields are ignored by the UE
· If UE is triggered to report both one-shot and other HARQ-ACK feedback in the same slot, the UE reports only the one-shot feedback.



Here, for the latter case triggered by PDSCH-less DCI, it is necessary to decide how to apply the indicated K1 value in terms of the reference slot corresponding to K1=0, and how to apply the UE processing time between the DCI and the corresponding (one-shot) HARQ-ACK feedback. 

Proposal #3: For the case of triggering one-shot HARQ-ACK codebook by the DL DCI without PDSCH scheduling, it is necessary to decide how to apply the indicated K1 value and how to apply the UE processing time.

In addition, based on the above agreements, one-shot HARQ-ACK codebook can only be triggered by DL DCI (with non-fallback DCI format). On the other hand, considering the case where UL grant DCI (and/or DL DCI (with fallback DCI format) not having one-shot codebook indicator) is only received from UE perspective by missing some DL DCI having one-shot codebook indicator (consequently, UE doesn’t know the indicated HARQ-ACK codebook type signalled via the missed DL DCI), the corresponding UE behaviour doesn’t seem to be clearly stated in the current specification.

To address this issue, it can be considered for UE to assume semi-static or dynamic HARQ-ACK codebook in case of receiving UL grant DCI only or to explicitly indicate HARQ-ACK codebook type (by signalling one-shot codebook indicator as for DL DCI) via UL DCI. 

Proposal #4: For the case configured with one-shot HARQ-ACK codebook, it needs to be considered for UE to assume semi-static or dynamic codebook in case of receiving UL grant DCI only or to explicitly indicate HARQ-ACK codebook type (by signalling one-shot codebook indicator) via UL DCI.

· Multi-TTI PUSCH scheduling
According to the following agreements made in RAN1#99 and the corresponding RRC configuration signalling, TDRA table for multi-TTI PUSCH scheduling can be configured per BWP, and consequently, the maximum number M of PUSCHs scheduled by a single DCI (and the corresponding multi-TTI scheduling DCI payload size) could be different across BWPs. 

	Agreement:
For scheduling multiple PUSCHs by a single DCI Format 0_1:
· The same DCI Format 0_1 can schedule a single PUSCH or multiple PUSCHs
· Maximum number of PUSCHs that can be configured in a row of the TDRA table: 8
· The number of NDI bits and RV bits in DCI format 0_1 is determined based on the configured TDRA table
· 1 RV bit per PUSCH in case multiple PUSCHs are scheduled
· 2 RV bits for the PUSCH in case only a single PUSCH is scheduled

Agreement:
The payload size of DCI format 0_1 is determined based on the largest between the DCI size scheduling one PUSCH and the DCI size scheduling multiple PUSCHs, based on the configured TDRA table.
· When UL DCI 0_1 schedules more than one PUSCH:
· UL-SCH indicator field is not present
· CBGTI field is not present
· When UL DCI 0_1 schedules a single PUSCH:
· UL-SCH indicator field is present 
· CBGTI field is present 



In this case, considering dynamic BWP switching between the BWPs configured with different M values (especially, for the case of switching from the BWP1 with smaller M (e.g. M1) to the BWP2 with larger M (e.g. M2)), some handling would be necessary. For example, in case when a DCI with BWP1-dedicated (e.g. smaller M1-based) payload size schedules multiple PUSCHs on BWP2 (configured with larger M2), there would be some problem if the number of the scheduled PUSCHs is larger than M1 since the number of NDI/RV fields in the DCI is set to M1. 

To simply handle this issue, it is necessary for the above case to allow scheduling of up to M1 PUSCHs in case of BWP switching from the BWP with smaller M1 to the BWP with larger M2. 

Proposal #5: For multi-TTI PUSCH scheduling, in case of dynamic BWP switching from source BWP with smaller M to target BWP with larger M where M is the maximum number of PUSCHs scheduled by single DCI configured per BWP, the maximum number of PUSCHs scheduled by the BWP-switching DCI is equal to the M value configured for source BWP.

3. Conclusions
In this contribution, the remaining issues on HARQ procedure for NR-U were discussed, and based on the discussion, the followings are proposed.

Proposal #1: For the enhanced dynamic HARQ-ACK codebook, UL grant DCI (with non-fallback DCI format) indicates NFI per PDSCH group for the reliability of both HARQ-ACK feedback and UL-SCH reception.

Proposal #2: Adopt the following text proposal (in Section 2 in this contribution) for one-shot HARQ-ACK codebook in TS 38.213 specification.

Proposal #3: For the case of triggering one-shot HARQ-ACK codebook by the DL DCI without PDSCH scheduling, it is necessary to decide how to apply the indicated K1 value and how to apply the UE processing time.

[bookmark: _GoBack]Proposal #4: For the case configured with one-shot HARQ-ACK codebook, it needs to be considered for UE to assume semi-static or dynamic codebook in case of receiving UL grant DCI only or to explicitly indicate HARQ-ACK codebook type (by signalling one-shot codebook indicator) via UL DCI.

Proposal #5: For multi-TTI PUSCH scheduling, in case of dynamic BWP switching from source BWP with smaller M to target BWP with larger M where M is the maximum number of PUSCHs scheduled by single DCI configured per BWP, the maximum number of PUSCHs scheduled by the BWP-switching DCI is equal to the M value configured for source BWP.
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