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Introduction
This contribution provides our view on possible HARQ enhancements in NR-based access to Unlicensed spectrum (NR-U). 
Following aspects are discussed:
· Additional HARQ-ACK transmission opportunities
· Multiple TTIs scheduling
[bookmark: _GoBack]The related agreements are quoted in section 5.
Discussion
Additional HARQ-ACK transmission opportunities
For one-shot HARQ-ACK feedback, the following agreement was reached in RAN1#98bis [1].
	Agreement:
· The last PDSCH for which A/N decoding result is reported in the HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) is determined as the last PDSCH within the UE N1 processing time capability
· UE also reports HARQ-ACK feedback for earlier PDSCHs scheduled with non-numerical K1
· For NDI, choose one of the following alternatives:
· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, choose one of the following alternatives (applicability dependent on decision on alternatives for the latest NDI value):
· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported
· Alt2: The HARQ A/N value is set to the default value of NACK
· FFS: applicability with CBG-based HARQ



Main concern on this topic was how to align the understanding of the last PDSCH between gNB and UE when UE misses PDCCH. Regarding alternatives for NDI above, if Alt. B is supported, the number of additional NDI bits would be 16 bits for single codeword case or 32 bits for two codeword case per CC. Since the number of NDI bits is the same as HARQ-ACK bits in case of TB-based HARQ-ACK, overhead due to NDI seems to be large. However, since one-shot HARQ-ACK feedback is supplemental feedback functionality (it is not always needed), the overhead would be acceptable to resolve ambiguity when UE misses PDCCH. Therefore, our preference is Alt. B.
Regarding alternatives for HARQ ACK/NACK value above, if the latest NDI is reported along with ACK/NACK result (if Alt. B is supported), Alt.1 is better because there is no need to set to the default value of NACK.
Proposal 1: For contents of one-shot HARQ-ACK feedback, Alt. B (Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH) and Alt.1 (the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported) should be supported.

Also, whether the gNB needs to transmit PDSCH or not and whether it needs to trigger additional HARQ-ACK feedback opportunities are independent operation. There is a case additional HARQ-ACK feedback are necessary but nothing to schedule PDSCH. Then it should be considered to allow DCI not scheduling PDSCH/PUSCH to trigger additional HARQ-ACK feedback opportunities. 
Proposal 2: To trigger additional HARQ-ACK feedback opportunities by DCI not scheduling PDSCH/PUSCH should be supported. 

Multiple TTIs scheduling
As agreed in RAN1#97, scheduling PUSCH over multiple slots/mini-slots by single DCI supports at least multiple continuous PUSCHs with separate TBs in Rel-16 NR-U. It was also agreed that each TB is mapped to at most one slot/mini-slot. 
Further agreement on multi-TTI scheduling was reached as follows:
	Agreement:
For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs, the TDRA table is extended such that each row indicates multiple PUSCHs (continuous in time-domain)
· Alt. 1: Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: Separate k2
· Alt. 2: 
· A separate SLIV for 
· the starting slot, 
· the ending slot
· The slots in between have a SLIV of S=0, L=14
· A separate mapping type for 
· the starting slot, 
· the ending slot,
· the slots in between (a single mapping type for all of them)
· The total number of PUSCHs for the row.
· FFS: Extension to non-contiguous PUSCHs



In above, it was agreed that the TDRA table is extended such that each row indicates multiple PUSCHs, which means one row of the TDRA table would show a separate SLIV for each PUSCH. One remaining discussion would be the down-selection of Alt.1 and 2 above. In Alt.1, each PUSCH has a separate SLIV and mapping type. From this approach, each PUSCH can obtain a flexible resource assignment. To achieve this, a single row of the TDRA should be able to indicate the same number of SLIVs as the one of scheduled multiple PUSCHs. If such a flexibility is needed, Alt.1 would be a good approach. On the other hand, in Alt.2, a fixed resource assignment with a SLIV of S=0 and L=14 is provided for PUSCHs which is neither the 1st nor last, besides a separate SLIV is provided for the 1st and the last PUSCH. In other words, only 2 SLIVs are provided in a single row of TDRA table. Then no timing gap is assigned during the middle PUSCHs. 
Our preference on the down-selection would be Alt.2. From our perspective, as transmissions in NR-U should basically be subject to LBT outcome before the transmission, timing gap during multiple transmissions from a gNB/UE should be avoided if unnecessary. If there is such a gap between transmissions, the transmitter should operate LBT before the transmission and follow the LBT outcome on whether the transmission should exactly be sent or not. In this sense, we would propose to select Alt.2 
Proposal 3: On the TDRA table extension, Alt.2 should be supported. 

On signaling of MCS, below was agreed in the last meeting:
	Agreement:
Consider the following alternatives for signalling the MCS index for PUSCHs scheduled by a single DCI. 
· Alt. 1: A single MCS index is signalled for all the PUSCHs scheduled by a single DCI
· UE applies the same behaviour for the PUSCHs scheduled for initial transmission or re-transmission (Rel-15 behaviour):
· If MCS row 0-27 is indicated: the UE determines the TB size based on the explicitly indicated MCS
· If MCS row 28-31 is indicated: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size
· Alt. 2: A single normal MCS (row 0-27) is indicated in the scheduling DCI for uplink multi-TTI scheduling
· For a PUSCH scheduled for initial transmission: the UE determines the TB size based on the explicitly indicated MCS
· For a PUSCH scheduled for re-transmission: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size 
· FFS: The UE does not expect to receive signalling of an implicit MCS row 28-31 in a DCI scheduling multiple PUSCHs
· Alt. 3: Use a bitmap to determine for which of the PUSCHs the TBS determination should not be based on MCS in the multi-TTI DCI, and should instead be based on the previous DCI scheduling the same TB for the same HARQ process ID.
· The bitmap is included in the UL DCI only if the RRC-configured TDRA table includes at least one row that allows indicating more than one PUSCH



In Alt.1, only a single MCS index is signaled for all the PUSCHs scheduled by a single DCI. UE applies the same behavior as Rel-15 NR for the MCS interpretation. All the MCS rows (0 to 31) are considered, which means MCS row for retransmission can also be signaled for the PUSCHs. In Alt.2, similar to Alt.1, only a single MCS is signaled for all the PUSCHs scheduled by a single DCI. However, only the normal MCS for initial transmission (row 0-27) is signaled in Alt.2. Even if one of the multiple PUSCHs is a retransmission which was previously transmitted before the multi-PUSCHs, the MCS for the retransmission would follow the indication of multi-TTI scheduling DCI, following how to signal MCS for initial transmission. Alt.3 is a kind of hybrid approach of Alt.1 and 2. In multi-TTI DCI, a bitmap is indicated to determine for which of the PUSCHs the TBS determination should not be based on MCS in the multi-TTI DCI and should instead be based on the previous DCI scheduling the same TB for the same HARQ process (i.e. which PUSCH is a retransmission of the past transmission). 
From our point of view, both initial transmission and retransmission of a TB could happen during the multi-PUSCH transmission. On the other hand, we believe that PDCCH decoding failure, which is associated with the initial transmission, could happen and need to be considered. In Alt.1, even if one of MCS row 28-31 is indicated for one of the multiple PUSCH scheduled by a multi-TTI DCI, the UE could not understand which MCS should be used for the retransmission of a TB when the initial transmission of a TB is missed by the UE. In addition, in Alt.2, only a single MCS is given to all the PUSCHs scheduled by a multi-TTI DCI. As TBS and so on could vary slot by slot, such a limitation on MCS for all the PUSCH should be avoided. If PDCCH for the initial transmission is successfully decoded and the UE understand MCS index already, to reuse it would be beneficial. Therefore, we would propose Alt.3 in the down-selection above. 
Proposal 4: On MCS signaling for multiple PUSCHs scheduled by a multi-TTI DCI, Alt.3 should be supported. 

As well as PUSCH discussed above, multi-PDSCH scheduling by a single DCI would be also beneficial. Although any PDCCH can schedule corresponding PDSCH without gap in which another device can obtain a COT, resource efficiency to schedule PDSCH would increase by multi-PDSCH scheduling. It should be supported by similar method to multi-PUSCH scheduling. 
Proposal 5: Multi-PDSCH scheduling by a single DCI should be supported.

Conclusion
In this contribution, we discuss HARQ enhancements for NR-U. We have made following proposals on additional HARQ-ACK transmission opportunities and multiple TTIs scheduling. 
Proposal 1: For contents of one-shot HARQ-ACK feedback, Alt. B (Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH) and Alt.1 (the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported) should be supported.
Proposal 2: To trigger additional HARQ-ACK feedback opportunities by DCI not scheduling PDSCH/PUSCH should be supported. 
Proposal 3: On the TDRA table extension, Alt.2 should be supported. 
Proposal 4: On MCS signaling for multiple PUSCHs scheduled by a multi-TTI DCI, Alt.3 should be supported. 
Proposal 5: Multi-PDSCH scheduling by a single DCI should be supported.

Reference
[1] Draft Report of 3GPP TSG RAN WG1 #98bis v0.1.0

Appendix
Past agreements
Agreements in #93
	Agreement:
· Transmission of HARQ A/N for the corresponding data in the same shared COT is identified as beneficial
· Strive to support transmitting all HARQ A/N for the corresponding data in the same shared COT, if possible, considering the current NR UE processing time required
· Mechanisms to support this need to be identified
· It is understood in some cases, the HARQ A/N has to be transmitted in a separate COT from the one the corresponding data was transmitted
· Mechanisms to support this need to be identified
Agreement:
· Techniques to handle reduced HARQ A/N transmission opportunities for a given HARQ process due to LBT failure are identified as beneficial
· Potential techniques include mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities
Agreement:
· NR-U uses NR HARQ feedback mechanisms as baseline, and enhancements can be identified
· When UL HARQ feedback is transmitted on unlicensed band, NR-U considers mechanisms to support flexible triggering and multiplexing of HARQ feedback for one or more DL HARQ processes

Agreement:
· Scheduling multiple TTIs for PUSCH each using a separate UL grant in the same PDCCH monitoring occasion is identified as beneficial 
· Scheduling multiple TTIs for PUSCH using a single UL grant is identified as beneficial and should be supported in NR-U



Agreements in #94
	Agreement: 
· NR-U should support both:
· [bookmark: OLE_LINK20]HARQ feedback corresponding to some or all the PDSCHs of a channel occupancy can be reported in the same channel occupancy
· It is found beneficial to extend the PDSCH-to-HARQ-timing to support indicating timings up to the end of the longest COT allowed by regulations, one or more of the following would be needed:
· Allow values larger than 15 by RRC signaling (FFS the largest value needed)
· Note: in some cases this may point outside of the COT
· Allow more bits for the PDSCH-to-HARQ-timing-indicator
· HARQ feedback corresponding to PDSCHs of a channel occupancy can be reported outside of that channel occupancy. These possible candidate solutions can be considered:
· Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s)
· Alt2: UE is configured to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger
· Alt3: by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
· Note: the alternatives above are at least applicable for the case where there is no HARQ feedback expected in the same channel occupancy as the PDSCH
· Study the impact of the above candidate solutions on the HARQ codebook




Agreements in #94bis
	Agreement:
A gap of up to 16 us should be allowed between the end of the DL transmission and the immediate transmission of feedback to accommodate for the hardware turnaround time



Agreement in RAN1#95:
	Agreement:
Introduce signaling a value of the PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH that tells the UE that the timing and resource for HARQ-ACK feedback for the corresponding PDSCH will be determined later.
Agreement:
It is beneficial to be able to support transmissions (e.g. CSI reporting or SRS, or other PUSCH, or CSI-RS, or other PDSCH) in the time between one DL data transmission for a UE and the corresponding UL transmission of DL HARQ feedback for the same UE within a shared COT.
· Potential enhancements for such type of operation, e.g. by possibly pre-configured or pre-determined uplink transmissions for reducing signaling overhead for these transmissions, may be beneficial.

Agreement:
Capture the table below in the TR for describing the potential solutions to allow cross-COT HARQ-ACK feedback and multiple opportunities for HARQ-ACK feedback.
	
	Cross-COT HARQ-ACK feedback
	Multiple opportunities for HARQ-ACK feedback

	Alt1: gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)
	Alt1a: request/trigger reporting of HARQ feedback for earlier COT(s) or additional reporting of earlier HARQ feedback without explicit signaling of HARQ process ID, possibly along with other HARQ feedback reports (e.g. for the current COT)

Alt1b: request/trigger reporting for a set of HARQ processes, either for all configured HARQ processes (e.g. group feedback), or for a set of HARQ process IDs or HARQ process ID groups

	Alt2: UE is configured/allowed to report HARQ feedback for PDSCH from earlier COT(s) without an explicit request/trigger 
	UE autonomously reports UCI with additional information about HARQ processes - e.g. corresponding to PDSCH from earlier COT(s) - that are reported in PUSCH [or PUCCH] along with the HARQ-ACK feedback.

	Alt3: gNB requests feedback outside the COT by PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH
	The UE will attempt reporting at the indicated time and resource (e.g. in a UE-initiated channel occupancy), even if the PDSCH-to-HARQ-timing-indicator indicates a slot that falls outside the gNB-initiated COT.
	Not a solution if PDSCH-to-HARQ-timing-indicator can only indicate a single value

	Alt4: preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands
	Possible if this is combined with Alt1 or Alt2 or Alt3
	Possible for indicating multiple candidate PUCCH or PUSCH carrying HARQ-ACK feedback

	Alt5: preconfigured/pre-indicated multiple opportunities in time domain
	The UE will attempt reporting at the preconfigured/pre-indicated times and resources (e.g. in a UE-initiated channel occupancy)
	Alt5a: Multiple candidate opportunities by providing multiple timings in PDSCH-to-HARQ-timing-indicator and/or other DCI fields

Alt5b: Multiple candidate slots in a window with size configured by RRC. There could be some activation/deactivation by DCI



Agreement:
The previous agreement on multi-TTI scheduling implies that NR-U should at least support scheduling multiple TBs with different HARQ process IDs in multiple slots using a single UL grant
Agreement:
In case of CBG-based HARQ and LBT category 4, enhancements for defining how to adjust the contention window size (CWS) based on TB-level HARQ-ACK and CBG-level HARQ-ACK would be beneficial.
Agreement:
Capture the following in the TR:
· A possible enhancement for dynamic HARQ codebook is to support a larger DAI field to accommodate for possibly missing more than 4 PDSCH transmissions, which is more likely to occur on unlicensed spectrum
· Enhancements are necessary for aligning the dynamic HARQ codebook between UE and gNB
· Alt. 1 allows triggering/requesting a report for missed or unreported HARQ-ACK feedback in case of LBT failure for PUCCH/PUSCH transmission, or in case of PUCCH/PUSCH detection failure at gNB, or in case of PDCCH detection failure at UE, or in case of HARQ-ACK feedback pending from earlier COT(s)
· Alt. 2 allows reporting unreported HARQ-ACK feedback in case of LBT failure for PUCCH/PUSCH transmission, or in case of HARQ-ACK feedback pending from earlier COT(s)





Agreements in RAN1 AH1901:
	Agreement:
· RRC parameter dl-DataToUL-ACK supports a value that can be signaled by PDSCH-to-HARQ-timing-indicator, which indicates that the UE needs to store the HARQ A/N feedback result for the corresponding PDSCH, and which does not provide any timing for the transmission of this HARQ A/N feedback result

Agreement:
For enabling multiple opportunities for HARQ A/N transmission and for cross-COT HARQ-ACK feedback, at least the following is supported:
gNB requests/triggers feedback for PDSCH from earlier COT(s) or additional reporting of earlier HARQ feedback, where the exact HARQ feedback timing and resource is provided to the UE in another DCI (in the same or in another COT)

Agreement:
Cross-carrier HARQ re-transmissions will not be discussed for NR-U in Rel-16.




Agreements in RAN1#96
	Agreement:
Scheduling PUSCH over multiple slots/mini-slots by single DCI supports at least multiple continuous PUSCHs with separate TBs
· Each TB is mapped to at most one slot or one mini-slot




Agreements in RAN1#96bis
	[bookmark: _Hlk7024107]Agreement:
A non-numerical value is added to the possible range of PDSCH-to-HARQ-timing-indicator values defined in Rel-15, and is used to indicate to the UE that the HARQ-ACK feedback for the corresponding PDSCH is postponed until the timing and resource for the HARQ-ACK feedback is provided by the gNB.

Agreement:
Restrict further discussion on HARQ codebook to the following:
· 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
· Semi-static codebook. Options FFS.
· 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
· 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
· Note: The discussion on preconfigured/pre-indicated multiple opportunities in frequency domain in different LBT subbands is a separate discussion




Agreements in RAN1#97
	Agreement:
For multiple PUSCHs scheduled by a single DCI
· The following fields in the DCI are signalled per PUSCH
· NDI
· RV (FFS: compression scheme for RV)
· FFS if CBG-based re-transmission is supported for multi-TTI scheduling, at least the following options are considered for signalling the CBGTI field in the DCI
· Option 1: per re-transmitted PUSCH 
· FFS: limitations on number of re-transmitted PUSCH for which CBGTI field is signalled
· Option 2: per PUSCH
· Option 3: only for a fixed number of PUSCHs
· HARQ process ID signalled in the DCI applies to the first scheduled PUSCH. HARQ process ID is then incremented by 1 for subsequent PUSCHs in the scheduled order (with modulo operation as needed)
· Time domain resource assignment mechanism is enhanced for indicating the number of scheduled mapping Type A and Type B PUSCHs, and their starting and ending symbols
· At least continuous time domain resource assignment is supported 
· FFS: whether multiple mapping Type B PUSCHs is allowed within the first slot
· FFS: whether multiple starting positions is allowed for UE-initiated COT (discussed as part of agenda 7.2.2.1.3) 
· FFS: configuration/signalling details
· CSI request field in the DCI applies to a single PUSCH
· FFS: relation between the timing of the triggered CSI-RS and the PUSCH carrying the CSI feedback, and how to determine which PUSCH carries the CSI feedback
· FFS: Whether existing DCI formats can be extended or new formats are necessary and associated details for supporting scheduling multiple PUSCHs
· FFS: Potential impact on MCS signalling for re-transmission
· Note: Indication of the LBT type and priority class should be possible with the DCI
· Note: SRS request field in the DCI applies to a single slot with the applicable slot signalled as in Rel-15
· Note: The number of DAI fields is not increased as compared to the single PUSCH scheduling DCI in Rel-16. Applicability of the DAI field is the same as multi-slot PUSCH scheduling in Rel-15.

Agreement:
For operation with dynamic HARQ codebook (type-2 codebook):
· PDSCH grouping by explicitly signalling a group index in DCI scheduling the PDSCH
· For any PDSCH scheduled with numerical or non-numerical value of K1
· The number of HARQ-ACK bits for one PDSCH group can change between successive requests for HARQ-ACK feedback for the same PDSCH group
· HARQ-ACK feedback for all PDSCHs in the same group is carried in the same PUCCH 
· One DCI can request HARQ-ACK feedback for one or more PDSCH groups in the same PUCCH
· C-DAI/T-DAI is accumulated only within each PDSCH group
· FFS: Choose between the following options:
· T-DAI is included only for the scheduled group
· T-DAI is included for each group
· New ACK-Feedback Group Indicator for each PDSCH Group operates as a toggle bit
· Maximum number of PDSCH groups: 2 (FFS: maximum number of groups 4 and maximum number of groups for which feedback is requested in the same PUCCH)
· A UE can signal support of this feature as part of capability signaling




Agreements in RAN1#98
	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

Conclusion:
There is no consensus to support a 2-stage uplink grant for NR-U in Rel-16.

Conclusion:
For multi-TTI scheduling and for single TTI scheduling for PUSCH, the UE shall only attempt transmitting a PUSCH at the single starting position indicated in the UL grant in PDCCH for this PUSCH.
· FFS: for msg3




Agreements in RAN1#98bis
	Agreement:
· For enhanced dynamic HARQ codebook with single or multiple configured DL cells, 
· NFI is indicated in non-fallback DCI scheduling PDSCH for the scheduled group
· T-DAI is indicated in non-fallback DCI scheduling PDSCH for the scheduled group if more than one DL cell is configured
· Indication of NFI and T-DAI in non-fallback DCI for the non-scheduled group with single or multiple configured DL cells can be configured by RRC.

Agreement:
If the DCI is received that toggles the NFI for a PDSCH group, then the UE 
· Discards the HARQ-ACK feedback for the PDSCH(s) in that PDSCH group including the PDSCH(s) that were associated with a non-numerical K1 value.
· Note: HARQ-ACK feedback for PDSCH(s) scheduled in this DCI are not discarded.
· The UE expects the DAI values for the PDSCH group to be reset.

Agreement:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· UE reports HARQ-ACK feedback for the corresponding PDSCH as part of the PDSCH group #0
· FFS: whether/how to define a rule for UE to determine NFI if NFI is not explicitly signalled
· The fallback DCI does not support signalling a non-numerical value of K1
· FFS: Whether NFI is introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation

Agreement:
Support requesting feedback of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) for all CCs configured for a UE in the PUCCH group.
· One-shot feedback should be configurable separately from the configuration of semi-static(including any potential enhancements)/non-enhanced dynamic HARQ codebook
· FFS: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback

Agreement:
· The last PDSCH for which A/N decoding result is reported in the HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback) is determined as the last PDSCH within the UE N1 processing time capability
· UE also reports HARQ-ACK feedback for earlier PDSCHs scheduled with non-numerical K1
· For NDI, choose one of the following alternatives:
· Alt. A: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· Alt. B: Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· Alt. C: UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH
· UE assumes NDI=0 if there is no prior NDI value for the HARQ process
· For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, choose one of the following alternatives (applicability dependent on decision on alternatives for the latest NDI value):
· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported
· Alt2: The HARQ A/N value is set to the default value of NACK
· FFS: applicability with CBG-based HARQ

Agreement:
If a UE is configured to monitor feedback request of a HARQ-ACK codebook containing all DL HARQ processes (one-shot feedback):
· The feedback can only be requested in a UE-specific DCI
· The feedback can be requested for reporting in PUCCH (As per Rel-15 behaviour, the feedback can be piggybacked on PUSCH)

Agreement:
If enhanced dynamic codebook is configured, the presence of UL DAI for an additional PDSCH group in the non-fallback DCI can be configured by RRC signalling. 
· FFS: If there is UL DAI configured to be present in the non-fallback DCI for only one group, to which group this UL DAI applies

Agreement:
For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs, the TDRA table is extended such that each row indicates multiple PUSCHs (continuous in time-domain)
· Alt. 1: Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: Separate k2
· Alt. 2: 
· A separate SLIV for 
· the starting slot, 
· the ending slot
· The slots in between have a SLIV of S=0, L=14
· A separate mapping type for 
· the starting slot, 
· the ending slot,
· the slots in between (a single mapping type for all of them)
· The total number of PUSCHs for the row.
· FFS: Extension to non-contiguous PUSCHs

Agreement:
Scheduling multiple PUSCHs is not supported in UL fallback DCI

Agreement:
Consider the following alternatives for signalling the MCS index for PUSCHs scheduled by a single DCI. 
· Alt. 1: A single MCS index is signalled for all the PUSCHs scheduled by a single DCI
· UE applies the same behaviour for the PUSCHs scheduled for initial transmission or re-transmission (Rel-15 behaviour):
· If MCS row 0-27 is indicated: the UE determines the TB size based on the explicitly indicated MCS
· If MCS row 28-31 is indicated: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size
· Alt. 2: A single normal MCS (row 0-27) is indicated in the scheduling DCI for uplink multi-TTI scheduling
· For a PUSCH scheduled for initial transmission: the UE determines the TB size based on the explicitly indicated MCS
· For a PUSCH scheduled for re-transmission: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size 
· FFS: The UE does not expect to receive signalling of an implicit MCS row 28-31 in a DCI scheduling multiple PUSCHs
· Alt. 3: Use a bitmap to determine for which of the PUSCHs the TBS determination should not be based on MCS in the multi-TTI DCI, and should instead be based on the previous DCI scheduling the same TB for the same HARQ process ID.
· The bitmap is included in the UL DCI only if the RRC-configured TDRA table includes at least one row that allows indicating more than one PUSCH



4

2
3GPP
