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[bookmark: _Toc25053070]Introduction
This paper summarizes proposals on HARQ enhancement for NR-U submitted at the RAN1#98bis meeting. 
· The aspects on HARQ feedback mechanism are discussed in Section 2
· The aspects on scheduling are discussed in Section 3
· The aspects related to enhancements for CA are discussed in Section 4
The SI agreements on potential HARQ enhancements and scheduling enhancements are documented in TR38.889.

The corresponding WI objectives are:
[bookmark: _Hlk532426838]- 	HARQ operation: NR HARQ feedback mechanisms are the baseline for NR-U operation with extensions in line with agreements during the study phase (NR-U TR section 7.2.1.3.3), including immediate transmission of HARQ A/N for the corresponding data in the same shared COT as well as transmission of HARQ A/N in a subsequent COT. Potentially support mechanisms to provide multiple and/or supplemental time and/or frequency domain transmission opportunities. (RAN1)
-	Scheduling multiple TTIs for PUSCH in-line with agreements from the study phase (TR 38.889, Section 7.2.1.3.3). (RAN1)
In addition, 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

Essential remaining issues to be completed for having fully functional features for NR-U in Rel-16:
HARQ enhancements
· For enhanced dynamic codebook:
· How to map HARQ-ACK codebooks for the two PDSCH groups in PUCCH?
· DCI 1_0: behavior related to NFI
· DCI 0_1: behavior in case a single UL DAI is signaled
· Behavior with DL SPS
· Handling of non-numerical K1 value with non-enhanced dynamic codebook
· For one-shot HARQ-ACK feedback
· Relation with enhanced dynamic codebook
· NDI handling
· All DCI design details are still open
· For semi-static codebook
· Whether/how to support NNK1 value

Enhancements to enable scheduling multi-PUSCHs with one DCI
· TDRA: without further RAN1 agreement, RAN2 can finalize the design
· DCI overhead: determine whether fixed or depending on RRC configuration
· Maximum number of PUSCHs scheduled by a DCI: can be decided by RAN1 or RAN2
· TBS and MCS determination in case of scheduling one or more re-transmissions
· Which PUSCH carries the aperiodic CSI feedback
· Disabling/reuse of unused DCI fields

The two aspects below related to HARQ are discussed in other agenda items, so no proposals are made in this summary on those aspects. Companies are encouraged to submit the corresponding proposals to the relevant agendas for:
· LBT category for UE transmission of HARQ A/N feedback, and possible signalling of the LBT category
· Adaptation of contention window size in case of configuration of CBG HARQ
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[bookmark: _Toc25053071]Discussion
2 [bookmark: _Toc25053072]HARQ A/N feedback enhancements
[bookmark: _Ref5705214][bookmark: _Toc25053073]Enhanced Dynamic HARQ codebook (enhanced type-2)
2.1.1.1 [bookmark: _Toc25053074]DL DCI 1_1
Agreement (RAN1#98bis)
· 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 (RAN1#99):
For enhanced dynamic HARQ-ACK codebook, the number of requested groups is indicated in DCI 1_1 by one bit, indicating “0” for only the scheduled group, and “1” for both groups.

Agreement (RAN1#99):
C-DAI and T-DAI are accumulated within a PDSCH group until NFI for the PDSCH group is toggled. The C-DAI and T-DAI are reset when the NFI is toggled. C-DAI and T-DAI are not reset by PUCCH transmission occasions.

Agreement (RAN1#99):
For enhanced dynamic HARQ-ACK codebook, when more than one PDSCH group exists in a HARQ-ACK feedback report, the placement of HARQ-ACK feedback for the two groups is ordered based on increasing group index.
· FFS: Further enhancement for the case when only T-DAI is configured only for one group.

Proposals received for the case where T-DAI in DL DCI 1_1 is configured only for the scheduled group:
· [Samsung] The first HARQ-ACK codebook (for group 0) is generated based on a default T-DAI value=4, and the second HARQ-ACK codebook (for group 1) is generated according to its T-DAI
· [OPPO] Map the A/N from the left to the right for group 0, and map the A/N from the right to the left for group 1
· [NEC] Put the C-DAI of group #0 received by UE in front of A/N bits of group #0

Examples below are where group #0 and group #1 have 3 DCIs corresponding to 3 A/N bits separately, and last DCI of group #0 is missed. If gNB schedules DCI1, DCI2, and DCI3 with C-DAI=1, 2, and 3, respectively, then if UE missed DCI3, what will be the codebook reported to gNB from UE?

The issue is figure 1 below (current agreement), that A/N bits for group #1 will shift.
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Samsung’s proposal is figure 2 below, by adding reservation bits.
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Oppo’s proposal is figure 3 below, where UL DAI can be the sum of two groups if two groups are requested.
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NEC’s proposal is figure 4 below, even though group #1 A/N bits are shifted, with the first 2 bits of C-DAI the gNB can realize what happens and use the 2bits for A/N bits of group #0 instead of 3bits.
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Proposal (based on figure 2)
· For enhanced dynamic HARQ-ACK codebook, when more than one PDSCH group exists in a HARQ-ACK feedback report and T-DAI is configured only for one group, N NACKs are appended to the end of the HARQ-ACK codebook of group #0 (which is placed before the HARQ-ACK codebook of group #1)
· N is the smallest integer satisfying mod(M+N,4)=0
· M is the HARQ-ACK codebook size of group #0 assumed by the UE


[bookmark: _GoBack]
Handling of “error cases”
The feature lead’s proposal is to handle potential clarifications on UE behaviour for error cases, e.g. in case of inconsistent signalling from the network, to the maintenance of Release-16, unless time allows at RAN1#99.

2.1.1.2 [bookmark: _Toc25053075]DL DCI 1_0

Agreement (RAN1#98bis):
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

Summary of companies’ views at RAN1#99 on handling of NFI for PDSCH group #0 in fallback DL DCI
· NFI is signalled in DCI 1_0 (5): ZTE, Sanechips, Intel, CAICT, Mediatek
· NFI is not explicitly signaled in DCI 1_0 (18): Fujitsu, Nokia, Nokia Shanghai Bell, Huawei, HiSilicon, Ericsson, Sharp, NTT Docomo, LGE, Samsung, OPPO, InterDigital, Qualcomm, Vivo, MediaTek, Lenovo, Motorola Mobility, Spreadtrum

Agreement (RAN1#99):
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· NFI for group #0 is not signalled in DCI 1_0
· If the UE detects a DCI that indicates an NFI corresponding to group #0 since the last scheduled PUCCH that includes feedback for group #0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the DCI 1_0
· UE follows the indicated NFI (in DCI 1_1) to determine the codebook.
· FFS: If the UE does not detect a DCI that indicates an NFI corresponding to group #0 since the last scheduled PUCCH that includes feedback for group #0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the DCI 1_0
· UE assumes that the NFI is toggled compared to the last value of NFI for group #0 that was received in a DCI 1_1 before the last scheduled PUCCH that includes feedback for group #0
· UE only reports HARQ-ACK feedback for the PDSCHs scheduled by DCI 1_0



Possible alternatives
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· If the UE does not detect a DCI that indicates an NFI corresponding to group #0 since the last scheduled PUCCH that includes feedback for group #0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the DCI 1_0
· Alt0 (from previous offline)
· UE assumes that the NFI is toggled compared to the last value of NFI for group #0 that was received in a DCI 1_1 before the last scheduled PUCCH that includes feedback for group #0
· UE only reports HARQ-ACK feedback for the PDSCHs scheduled by DCI 1_0
· Alt1 (updated to handle missed DCI 1_1 case)
· UE assumes that the NFI is toggled compared to the last value of NFI for group #0 that was received in a DCI 1_1 before the last scheduled PUCCH that includes feedback for group #0
· UE only reports HARQ-ACK feedback for the PDSCHs scheduled by DCI 1_0
· UE expects that C-DAI=1 in the first DCI format 1_0 received after the latest PUCCH occasion if the UE didn’t detect a DCI format 1_1 since the latest PUCCH occasion.
· Alt2 (further updated to account for Mediatek’s comment that NFI assumption cannot just be based on received DCI 1_1 because some earlier PUCCH occasion might come from only DCI 1_0)
· UE assumes that the NFI is toggled compared to the last value of NFI assumed for reporting HARQ-ACK feedback for group #0 in the latest PUCCH occasion for group #0
· UE only reports HARQ-ACK feedback for the PDSCHs scheduled by DCI 1_0 since the latest PUCCH occasion
· UE expects that C-DAI=1 in the first DCI format 1_0 received after the latest PUCCH occasion if the UE didn’t detect a DCI format 1_1 since the latest PUCCH occasion, otherwise the UE assumes that all missed DCIs are DCI formats 1_0.
· Alt3 (further further updated to avoid relation with NFI)
· UE assumes that the PDSCHs scheduled by DCI 1_0 since the latest PUCCH occasion do not belong to any group, and the UE only reports HARQ-ACK feedback for the PDSCHs scheduled by DCI 1_0 since the latest PUCCH occasion (as in Rel-15)
· If the C-DAI received in the first DCI format 1_0 received after the latest PUCCH occasion is not reset, and if the UE didn’t detect a DCI format 1_1 since the latest PUCCH occasion, the UE assumes that missed DCIs are DCI formats 1_0


Proposal (based on Alt3 above)
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· If the UE does not detect a DCI that indicates an NFI corresponding to group #0 since the last scheduled PUCCH that includes feedback for group #0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the DCI 1_0
· UE assumes that the PDSCHs scheduled by DCI 1_0 since the latest PUCCH occasion do not belong to any group, and the UE only reports HARQ-ACK feedback for the PDSCHs scheduled by DCI 1_0 since the latest PUCCH occasion (as in Rel-15)
· If the C-DAI received in the first DCI format 1_0 received after the latest PUCCH occasion is not reset, and if the UE didn’t detect a DCI format 1_1 since the latest PUCCH occasion, the UE assumes that missed DCIs are DCI formats 1_0

2.1.1.3 [bookmark: _Toc25053076]DL SPS
Summary of issue: what is the UE behaviour when the UE is scheduled with DL SPS and the UE is configured with enhanced dynamic codebook? How does the UE handle a non-numerical K1 value in a DL DCI activating DL SPS?

Summary of companies’ views at RAN1#99:
Only three companies (Huawei, Vivo, Intel) provided analysis and proposal for enhanced dynamic codebook operation with DL SPS, and two companies provided analysis for DL SPS with enhanced dynamic codebook and one-shot HARQ feedback. Samsung and Sharp also raised issues for the combination of DL SPS with enhanced dynamic codebook and one-shot HARQ-ACK feedback, in relation to the value of NDI.

Summary of alternatives:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by a DL DCI activating DL SPS:
· Alt1
· DCI 1_1: UE reports the corresponding HARQ-ACK feedback as part of the PDSCH group which is indicated by the DCI 1_1 activating SPS PDSCH reception
· DCI 1_0: UE reports the corresponding HARQ-ACK feedback as part of the PDSCH group #0
· A UE is not expected to receive a non-numerical value of K1 in a DL DCI activating DL SPS
· PDSCH group indication should be consistent in DL SPS activation and DL SPS release DCIs
· Alt2
· HARQ feedback for DL SPS follows the same behaviour as for DCI 1_0, where SPS PDSCH belongs to the PDSCH group #0

Summary from online discussion (not an agreed conclusion): HARQ feedback for SPS PDSCH and for SPS release is normally appended at the end of the reported HARQ codebook without belonging to any PDSCH group defined by enhanced dynamic codebook. This should still be supported without additional impact to the specifications. Re-transmission of HARQ feedback for SPS PDSCH will not be possible. No further discussion is expected.

2.1.1.4 [bookmark: _Toc25053077]UL DCI 0_1
Agreement (RAN1#98bis):
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

Summary of companies’ views at RAN1#99
If UL DAI is configured to be present in the non-fallback DCI for only one group:
· If feedback is requested for just one group, then this UL DAI applies to the reported group.
· Supported by (13): Huawei, HiSilicon, Vivo, MediaTek, Nokia, Nokia Shanghai Bell, ZTE, Sanechips, LG, Samsung, InterDigital, Qualcomm, NTT Docomo
· If feedback is requested for both groups, 
· Huawei, HiSilicon, Qualcomm: UL DAI applies to group #0, and the UE derives the DAI for group #1 by the last DL DCI scheduling PDSCH reception for group #1.
· NTT Docomo, ZTE, LGE: UL DAI reflects the latest T-DAI value of the latest transmitted group included in the HARQ-ACK feedback
· Vivo, Sharp: UL DAI is the sum of DAI for each involved PDSCH group with modulus operation
· OPPO: If T-DAI for non-scheduled group are not configured, UL DAI is used to indicate the total number of PDSCHs in the group not scheduled by the triggering DL grant; Otherwise, UL DAI is used to indicate the total number of PDSCHs in the group scheduled by the triggering DL grant
· Samsung, Intel: not supported

Qualcomm additionally proposed that if enhanced dynamic HARQ-Ack codebook is configured, DCI format 0_1 should also indicate the value of NFI, and that it is configurable whether to include NFI for one PDSCH group or for both PDSCH groups (using the same RRC parameter as for the presence of additional UL DAI field). LG shares the view with QC on the necessity of NFI signalling in UL DCI to avoid potential A/N misalignment between UE and gNB, and it seems to some discussion on whether to have configurability between one NFI and two NFIs in UL DCI and whether to apply the NFI for one group or both groups if only one NFI is configured.


Agreement (RAN1#99):
If UL DAI is configured to be present in the non-fallback DCI for two groups, these UL DAI fields apply separately to each group

Agreement (RAN1#99):
· If UL DAI is configured to be present in the non-fallback DCI for only one group, then for enhanced dynamic HARQ-ACK codebook feedback in PUSCH:
· If feedback is requested for just one group, then this UL DAI applies to the reported group
· FFS (to be resolved in RAN1#99): If feedback is requested for both groups


Summary of proposals for resolving the FFS for the case where feedback is requested for both groups but UL DAI is configured to be present in the non-fallback DCI for only one group:

	
	Interpretation of the single UL DAI
	Pros/cons

	Alt1
	The UL DAI applies to group #0 and the UE derives the DAI for group #1 by the latest DCI scheduling PDSCH reception for group #1 for this HARQ feedback occasion
	Pro: can compensate for missing the latest DL DCI scheduling group #0 in case T-DAI is signalled only for the scheduled group in DL DCI
Con: cannot compensate if group #1 was scheduled by the latest missed DCI, in which case UE and gNB may have a mismatch in the reported number of A/N bits, unless the latest received DCI is not missed and T-DAI for both groups is signalled in DL DCI

	Alt2
	The UL DAI reflects the T-DAI value of the group scheduled in the latest transmitted DCI for this HARQ feedback occasion
	Pro: can compensate for missing the latest DL DCI, no matter which group was scheduled, in case T-DAI is signalled only for the scheduled group in DL DCI 
Con: the UE may have missed the latest DCI of the other group and still not have the correct T-DAI value, in which case UE and gNB may have a mismatch in the reported number of A/N bits, unless the latest received DCI is not missed and T-DAI for both groups is signalled in DL DCI

	Alt3
	The UL DAI is the modulo sum of T-DAI of both PDSCH groups for this HARQ feedback occasion
	Pro: avoid impact on de-multiplexing and decoding of other information (e.g. UL-SCH) multiplexed with the enhanced dynamic codebook in the scheduled PUSCH in case of DCI misdetection
Con: UE cannot determine for which group a DCI was missed if UL DAI does not match the UE’s summation of the latest received T-DAIs for the 2 groups, so all the A/N feedback for both groups is reported as NACK

	Alt4
	If DL grant contains DAI only for the scheduled group, UL DAI reflects the T-DAI value of the non-scheduled group in the latest transmitted DCI for this HARQ feedback occasion
If DL grant contains DAI for the two groups, UL DAI reflects the latest T-DAI value of the group scheduled in the latest transmitted DCI for this HARQ feedback occasion
	In case T-DAI is signalled for both groups in DL DCI, Alt4 is equivalent to Alt2
In case T-DAI is signalled only for the scheduled group in DL DCI:
Pro: can compensate the “con” of Alt2
Con: cannot compensate for missing the latest DL DCI

	Alt5
	It is not supported to request feedback for both groups in PUSCH when UL DAI is configured for just one group
	Con: scheduling restriction on PUSCH

	Alt6
	The UL DAI is applied for both two groups, where the value of the UL DAI signalled by the gNB is the maximum of the number of PDSCHs scheduled between group 0 and group 1
	Pro: can provide T-DAI value used for determining codebook size for both groups.
Con: a few additional bits need to be appended in case the total number of PDSCHs (with modulo-4) is different between two groups.




Proposal (based on Alt2 above)
· If UL DAI is configured to be present in the non-fallback DCI for only one group, then for enhanced dynamic HARQ-ACK codebook feedback in PUSCH,
· If feedback is requested for both groups:
· The UL DAI reflects the T-DAI value of the group scheduled in the latest transmitted DCI for this HARQ feedback occasion

Proposal (not discussed earlier)
· For enhanced dynamic HARQ-ACK codebook feedback in PUSCH
· DCI format 0_1 can indicate the value of NFI for one or both PDSCH groups
· Configuration of NFI field for both PDSCH groups uses the same RRC parameter as for the presence of additional UL DAI field


[bookmark: _Toc25053078](non-enhanced) dynamic HARQ codebook (type-2 codebook)

Agreement (RAN1#99):
For non-enhanced dynamic HARQ-ACK codebook, the HARQ-ACK timing for PDSCH scheduled with non-numerical value for K1 is derived by the next DCI scheduling PDSCH with a numerical K1 value. 
· Note: The C-DAI should account for the PDSCHs allocated with a non-numerical K1 value

[bookmark: _Toc25053079][bookmark: OLE_LINK1]One-shot HARQ-ACK feedback
Conclusion (RAN1#99):
Further enhancements and optimizations for the case where one-shot HARQ ACK feedback and enhanced dynamic HARQ codebook are configured together are not considered.

Construction of the one-shot HARQ-ACK feedback

Agreement (RAN1#98bis):
· 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 (RAN1#99):
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
· FFS: Handling of the case where spatial bundling for HARQ-ACK is configured
· 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.
· FFS: 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
· The HARQ A/N value is set to the default value of NACK
· The HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported

Summary of companies’ views on HARQ ID scheduled after the last determined PDSCH
· Alt1: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported 
· Vivo, Panasonic, ITRI, Qualcomm
· Alt2: The HARQ A/N value is set to the default value of NACK 
· ZTE, Sanechips, Huawei, HiSilicon, Xiaomi, Mediatek, Nokia, Nokia Shanghai Bell, Samsung, Intel, OPPO
· Alt 1 if NDI value is not toggled, Alt 2 if NDI value is toggled
· LGE

Proposal
· For one-shot HARQ feedback at least when NDI is not configured to be included in the one-shot HARQ feedback, for any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported,
· The HARQ A/N value is set to the default value of NACK
· For one-shot HARQ feedback when NDI is configured to be included in the one-shot HARQ feedback, for any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported,
· Alt1:
· The HARQ A/N value is set to the default value of NACK
· Alt 2: 
· If NDI value is not toggled: the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported
· If NDI value is toggled: The HARQ A/N value is set to the default value of NACK


DCI design details for one-shot HARQ-ACK feedback

Agreement (RAN1#98bis):
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 (RAN1#99):
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 (RAN1#99):
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.


[bookmark: _Toc25053080]Semi-static HARQ codebook (type-1 codebook)

Background: revised Alt2 from RAN1#98bis
· For operation with semi-static HARQ-ACK codebook, the HARQ-ACK timing for a PDSCH scheduled with non-numerical K1 value is derived by the next DL DCI scheduling PDSCH with numerical K1 value.
· If a non-numerical K1 value is included in the configuration of the higher layer parameter dl-DataToUL-ACK for at least one PUCCH configuration for a configured DL CC, and the UE is configured with semi-static HARQ-ACK codebook, then one additional bit per TB/CBG is always appended at the end of the HARQ-ACK bits for the corresponding DL CC in the semi-static HARQ-ACK codebook.
· If the semi-static HARQ-ACK codebook includes an occasion for candidate PDSCH reception corresponding to a PDSCH scheduled with non-numerical K1, the UE reports the actual HARQ-ACK value using this/those bit(s).
· Otherwise, 
· Alt1: for PDSCHs scheduled with non-numerical K1 to report at the derived HARQ-ACK timing but without occasion present in the semi-static HARQ codebook, the UE reports the HARQ-ACK feedback for the latest of those PDSCHs using the appended bit(s).
· Alt2: for a PDSCH scheduled with non-numerical K1 to report at the derived HARQ-ACK timing but without occasion present in the semi-static HARQ codebook, the UE reports the HARQ-ACK feedback using the appended bit(s)
· The UE does not expect to receive more than one PDSCH scheduled with non-numerical K1 value for which semi-static HARQ-ACK codebook does not include a bit corresponding to that PDSCH
· If there is no PDSCH scheduled with non-numerical K1 value to report in the semi-static HARQ-ACK codebook for a DL CC, the UE reports NACK per TB/CBG using the appended bit(s).
· If a non-numerical K1 value is NOT included in any configuration of the higher layer parameter dl-DataToUL-ACK for any PUCCH configuration for a configured CC, and the UE is configured with semi-static HARQ-ACK codebook:
· No bit is appended at the end HARQ-ACK bits for the corresponding DL CC in the semi-static HARQ-ACK codebook.

Summary of companies’ views at RAN1#99:
· No further enhancements for semi-static HARQ codebook, companies consider that one-shot HARQ-ACK feedback are relevant to semi-static HARQ codebook operation
· Huawei, HiSilicon, Xiaomi, Vivo, Xiaomi
· Add one bit in type 1 codebook to report one PDSCH scheduling with NNK1 value
· Nokia, Nokia Shanghai Bell, ZTE, Sanechips, Intel, Samsung, Sharp, Spreadtrum
· Exclude slots outside gNB-initiated COT from the downlink association set for reducing NR-U semi-static HARQ-ACK codebook
· Lenovo, Motorola Mobility

Proposal
For operation with semi-static HARQ-ACK codebook
· If a non-numerical K1 value is included in the configuration of the higher layer parameter dl-DataToUL-ACK for at least one PUCCH configuration for a configured DL CC:
· One reserved bit per TB/CBG for a single HARQ process is appended at the end of the HARQ-ACK bits for the corresponding DL CC in the semi-static HARQ-ACK codebook.
· The HARQ-ACK timing for a PDSCH scheduled with non-numerical K1 value is derived by the next DL DCI scheduling PDSCH with numerical K1 value
· The UE does not expect to receive more than one PDSCH scheduled with non-numerical K1 value per CC for which the semi-static HARQ-ACK codebook does not include a bit corresponding to an occasion for the candidate PDSCH reception
· If the semi-static HARQ-ACK codebook includes an occasion for the candidate PDSCH reception corresponding to a PDSCH scheduled with non-numerical K1, the UE reports the actual HARQ-ACK value using this/those bit(s).
· For a PDSCH scheduled with non-numerical K1 to report at the derived HARQ-ACK timing but without occasion present in the semi-static HARQ codebook, the UE reports the HARQ-ACK feedback using the appended bit(s) for the corresponding CC
· If there is no PDSCH scheduled with non-numerical K1 value to report in the semi-static HARQ-ACK codebook for a DL CC, the UE reports NACK using the appended bit(s).



[bookmark: _Toc25053081]PUCCH Resource Indication for HARQ-ACK transmission
Multiple frequency-domain opportunities for HARQ-ACK transmission has been proposed by several companies. Some companies are also proposing enhancements for time-domain opportunities, but those enhancements are considered covered by previous agreements that narrowed-down the options for time-domain opportunities.

Summary of companies’ views on multiple frequency-domain opportunities for HARQ-ACK transmission:
· Supported by(10): ZTE, sanechips, Huawei, HiSilicon, NTT DoCoMo, Samsung, CAICT, Mediatek(98bis), Lenovo, Motorola Mobility(98bis)
· Only within a wideband carrier: Nokia, Nokia Shanghai Bell
· Mediatek(98bis): only for PCell, PSCell, PUCCH-Scell
· Not supported by(5): Intel, Qualcomm (RAN1#97), Spreadtrum (RAN1#97), Fujitsu, Sharp

Proposed offline agreement
· For the case of HARQ-ACK on PUCCH, multiple PUCCH resources (in case of single wideband operation) and/or multiple PUCCH cells (in case of CA operation) can be configured
· For the case of HARQ-ACK on PUSCH, UCI including HARQ-ACK is piggybacked on every PUSCH in different CC in case of CA operation
· Maximize commonalities of the design for the CA case and wideband carrier case

3 [bookmark: _Toc25053082]Scheduling enhancements
[bookmark: _Toc25053083]Multi-TTI PUSCH scheduling
Agreement (RAN1#98bis):
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

Summary of companies’ views on TDRA
· Alt1 from RAN1#98bis (each PUSCH has separate SLIV)
· Supported by(9): vivo, Lenovo, Motorola Mobility, Ericsson, Sharp, Apple, NTT DOCOMO, Qualcomm, CAICT
· Alt2 from RAN1#98bis
· Supported by(10): ZTE, sanechips, Huawei, HiSilicon, intel, Nokia, Nokia Shanghai Bell, LG Samsung, Panasonic

Agreement (RAN1#99):
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 (RAN1#99):
When a DCI schedules M PUSCHs:
· The PUSCH that carries the aperiodic CSI feedback is:
· When M <= 2: the (M)-th scheduled PUSCH
· When M > 2: the (M-1)-th scheduled PUSCH
· The timing relation between A-CSI-RS and UL grant is same as Rel-15 NR.

Agreement (RAN1#99):
When UL DCI 0_1 schedules more than one PUSCH:
· A single MCS is indicated
· For MCS row 0-27/28
· 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 determines the TB size based on the explicitly indicated MCS
· For MCS row 28/29-31
· The UE refers to the DCI scheduling the initial PUSCH to determine the TB size
· Note: the modulation order is determined based on the MCS field

Agreement (RAN1#99):
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 

Agreement (RAN1#99):
· The TDRA table configuration allows indicating single or multiple continuous PUSCHs in any slot of the multiple scheduled slots
· For signaling the number of scheduled PUSCHs and TDRA in one DCI format 0_1 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.
· Alt. 2b: 
· For a row of the TDRA table that indicates scheduling multiple PUSCHs
· For the starting slot, the allowed SLIV values are:
· S=0, L=7 and S=7, L=7, or
· One SLIV ending at symbol 13
· For the ending slot, the allowed SLIV values are 
· S=0, L=7 and S=7, L=7, or
· One SLIV starting at symbol 0
· For the slots in between, the allowed SLIV values are:
· S=0, L=14, or
· S=0, L=7 and S=7, L=7
· 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.
· For a row of the TDRA table that indicates scheduling a single PUSCH
· One SLIV
· Note: For the fallback DCI, Rel-15 TDRA table is used
· If RAN1 does not choose an alternative in RAN1#99, RAN2 can decide between the two alternatives

Proposal


For single bit RV per PUSCH, alternatives discussed offline are:
· Choose from values {0, 2}: largest coding gain
· Choose from values {0 , 3}: only self-decodable TBs (for any MCS index?)
· Two values are RRC-configurable

Proposal
When multiple PUSCHs are scheduled in DCI 0_1, the single bit RV value signalled per PUSCH chooses from values {x, y}, where x and y are configurable by RRC among values {0, 1, 2, 3}.

[bookmark: _Toc25053084]Cross-carrier scheduling for PUSCH
Summary of companies’ observations and proposals at RAN1#98bis:

	Companies
	Views

	Nokia, Nokia Shanghai Bell
	Observation 1: Cross-numerology cross-carrier scheduling is beneficial for NR-U PUSCH scheduling especially in the case of Scenario A (CA with NR cells) deployment.

	LGE
	Proposal 10: Support following Type 1/2/3 of scheduling configuration in NR LAA case and Type 1/3 in U-cell only case.
Type 1: self-CC (U-cell to U-cell) scheduling for both DL and UL
Type 2: cross-CC (L-cell to U-cell) scheduling for both DL and UL
Type 3: self-CC scheduling for DL and cross-CC scheduling for UL

	Ericsson
	Proposal 20: Support UL/DL Scheduling combination:
· Self-scheduling for DL
· Self- and/or cross-carrier scheduling for UL



Possible offline agreement:
· Support configuration of self-CC scheduling for DL and cross-CC scheduling for UL of the same cell

[bookmark: _Toc25053085]PUCCH carrier on unlicensed band only
Docomo proposes that in case of CA between licensed NR PCell and unlicensed NR SCell, UCI regarding licensed NR carrier(s) is always sent on licensed NR carrier. Docomo proposes that for PUSCH transmission on unlicensed NR SCell in the scenario, simultaneous transmission with PUCCH on licensed NR PCell is necessary.

Possible offline agreement:
· For Scenario A (CA with NR cells): support simultaneous transmission of PUSCH on unlicensed NR Scell and PUCCH on licensed NR PCell

[bookmark: _Toc25053086]List of agreements on HARQ A/N feedback enhancements

Agreements made in the study phase are captured in TR38.889

Agreement (RAN1 AH1901)
· 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
· No additional value of K1 signaled by PDSCH-to-HARQ-timing-indicator needs to be introduced for the purpose of requesting feedback outside the COT (i.e. Alt3 in TR38.889 section 7.2.1.3.3)
· Further discuss the details for determining the LBT type for the UE transmission of HARQ A/N feedback for this case
· Further discuss whether additional values need to be introduced for the purpose of requesting feedback inside the COT
· If additional values are introduced these can also be used for requesting feedback outside the COT
· Note: This does not necessitate that the UE needs to know whether the feedback is inside or outside the COT at the time when the feedback is requested
· 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 (RAN1#96bis)
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 (RAN1#96bis)
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

The agreement above mean that there will be no further discussion based on the alternatives from TR38.889, instead the options above are used as baseline for further discussion. This also means Alt2 and Alt4 from TR38.889 HARQ enhancements are now out of the scope of NR-U for Rel-16, while Alt3 requires no further discussion to be supported.

Agreement (RAN1#97)
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

Conclusion (RAN1#98):
In Rel-16, the PDSCH-to-HARQ-timing-indicator field is not enhanced to indicate larger values of K1 compared to Rel-15.

Agreement (RAN1#98):
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 (RAN1#98):
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

Agreement (RAN1#98):
· 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 (RAN1#98bis)
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 (RAN1#98bis)
· 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 (RAN1#98bis):
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 (RAN1#98bis):
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 (RAN1#98bis):
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 (RAN1#98bis):
· 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 (RAN1#98bis):
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 (RAN1#99):
For enhanced dynamic HARQ-ACK codebook, when more than one PDSCH group exists in a HARQ-ACK feedback report, the placement of HARQ-ACK feedback for the two groups is ordered based on increasing group index.
· FFS: Further enhancement for the case when only T-DAI is configured only for one group.

Agreement (RAN1#99):
For enhanced dynamic HARQ-ACK codebook, the number of requested groups is indicated in DCI 1_1 by one bit, indicating “0” for only the scheduled group, and “1” for both groups.

Agreement (RAN1#99):
C-DAI and T-DAI are accumulated within a PDSCH group until NFI for the PDSCH group is toggled. The C-DAI and T-DAI are reset when the NFI is toggled. C-DAI and T-DAI are not reset by PUCCH transmission occasions.

Agreement (RAN1#99):
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· NFI for group #0 is not signalled in DCI 1_0
· If the UE detects a DCI that indicates an NFI corresponding to group #0 since the last scheduled PUCCH that includes feedback for group #0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the DCI 1_0
· UE follows the indicated NFI (in DCI 1_1) to determine the codebook.
· FFS: If the UE does not detect a DCI that indicates an NFI corresponding to group #0 since the last scheduled PUCCH that includes feedback for group #0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the DCI 1_0
· UE assumes that the NFI is toggled compared to the last value of NFI for group #0 that was received in a DCI 1_1 before the last scheduled PUCCH that includes feedback for group #0
· UE only reports HARQ-ACK feedback for the PDSCHs scheduled by DCI 1_0

Agreement (RAN1#99):
If UL DAI is configured to be present in the non-fallback DCI for two groups, these UL DAI fields apply separately to each group

Agreement (RAN1#99):
· If UL DAI is configured to be present in the non-fallback DCI for only one group, then for enhanced dynamic HARQ-ACK codebook feedback in PUSCH:
· If feedback is requested for just one group, then this UL DAI applies to the reported group
· FFS (to be resolved in RAN1#99): If feedback is requested for both groups

Agreement (RAN1#99):
For non-enhanced dynamic HARQ-ACK codebook, the HARQ-ACK timing for PDSCH scheduled with non-numerical value for K1 is derived by the next DCI scheduling PDSCH with a numerical K1 value. 
· Note: The C-DAI should account for the PDSCHs allocated with a non-numerical K1 value

Conclusion (RAN1#99):
Further enhancements and optimizations for the case where one-shot HARQ ACK feedback and enhanced dynamic HARQ codebook are configured together are not considered.

Agreement (RAN1#99):
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
· FFS: Handling of the case where spatial bundling for HARQ-ACK is configured
· 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.
· FFS: 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
· The HARQ A/N value is set to the default value of NACK
· The HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported



[bookmark: _Toc25053087]List of agreements on NR-U scheduling enhancements

TR38.889
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, i.e., scheduling multiple TBs with different HARQ process IDs over multiple slots, using a single UL grant, is identified as beneficial and should be supported in NR-U. 

Agreement (RAN1 AH1901)
Cross-carrier HARQ re-transmissions will not be discussed for NR-U in Rel-16.

Agreement from RAN1#95
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 from RAN1#96
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

Agreement (RAN1#97)
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.

Conclusion (RAN1#98):
There is no consensus to support a 2-stage uplink grant for NR-U in Rel-16.

Conclusion (RAN1#98):
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

Agreement (RAN1#98bis):
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 (RAN1#98bis):
Scheduling multiple PUSCHs is not supported in UL fallback DCI

Agreement (RAN1#98bis):
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
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	Companies
	Views

	ZTE, sanechips
	Proposal 1: For enhanced dynamic HARQ-ACK codebook, when more than one PDSCH group exists in a HARQ-ACK feedback report, the HARQ-ACK feedback for the two groups should be placed in an increasing order of the group index.
Proposal 2: NFI is introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation.
Proposal 3: If there is UL DAI configured to be present in the non-fallback DCI for only one group, it can apply to the latest transmitted PDSCH group that is included in the HARQ-ACK report.
Proposal 4: For (non-enhanced ) dynamic HARQ-ACK codebook, the HARQ-ACK timing for a PDSCH scheduled with non-numerical value for K1 is derived by the next DCI scheduling PDSCH with a numerical K1 value.
Proposal 5: If the semi-static HARQ-ACK codebook includes a bit corresponding to that PDSCH scheduled with non-numerical K1, the UE reports the actual HARQ-ACK value using the appended bit(s). Otherwise, UE should not feedback any ACK/NACK information until the timing and resource for the HARQ-ACK feedback is provided by the next DL DCI.
Proposal 6: One-shot HARQ ACK for all configured HARQ processes can be triggered with PUSCH grant or with PDSCH assignment. 
Proposal 7: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH. And for any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, the HARQ value with that HARQ ID is set to the default value of NACK.
Proposal 8: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback is not supported.
Proposal 9: Multiple opportunities in frequency domain in different LBT subbands should be supported to provide multiple frequency domain opportunities for HARQ-ACK feedback, such as multiple carriers/subbands.
Proposal 10: The maximum number of PUSCHs scheduled by a DCI can be RRC configured and the value can be 1,2,4,8, but for value 16 should not be supported.
Proposal 11: CBG based re-transmission in the multiple TTIs scheduling should be supported, and the CBGTI field in the DCI should be per re-transmitted PUSCH.
Proposal 12: For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs, we think Alt.2 provided in last meeting should be supported.
Proposal 13: A single normal MCS is indicated in the scheduling DCI, and for a TTI for retransmission scheduled by multi-TTI DCI, the UE refers to the DCI scheduling the initial PUSCH to determine the TB size, and The UE does not expect to receive signalling of an implicit MCS row 28-31 in a DCI scheduling multiple PUSCHs, that is Alt2.
Proposal 14: Two types of DCI can be introduced, DCI formats 0_1A and DCI formats 0_1B to different single TTI scheduling and multiple TTIs scheduling for NR-U.
Proposal 15: For DCI formats and CSI request field apply to which PUSCH, the same design as in LAA can be considered. 


	Huawei, HiSilicon
	Observation 1: For group #0, if all the PDSCH(s) are scheduled by fallback DCI, the UE does not expect that HARQ-ACK feedback for these PDSCHs will be requested more than once. Otherwise, UE follows the indications (including NFI) for group #0 in non-fallback DCIs pointing to the same PUCCH.
Proposal 1: For enhanced dynamic HARQ-ACK codebook in PUCCH: 
UE generates the HARQ-ACK codebook by appending the HARQ-ACK codebook for the second group to the codebook for the first group if HARQ-ACK feedback for more than one group is requested.
Proposal 2: For enhanced dynamic HARQ-ACK codebook in PUSCH
· The request for multiple group HARQ-ACK feedback should be included in UL DCI;
· If UL DAI for only one group is configured,
· If feedback is requested for just one group, then this UL DAI field applies to the reported group.
· If feedback is requested for both groups, then this UL DAI field applies to group #0, and the UE derives the DAI for group #1 by the last DL DCI scheduling PDSCH reception for group #1.
· If UL DAI for more than one group are configured, these UL DAI fields apply separately to each group;
· The UE generates the HARQ-ACK codebook by appending the HARQ-ACK codebook for the second group to the HARQ-ACK codebook for the first group. 
For one-shot HARQ-ACK feedback:
Observation 2: Besides the one-shot HARQ-ACK feedback, no further enhancement for semi-static HARQ-ACK codebook is needed.
Proposal 3: For triggering of one-shot HARQ-ACK feedback, a configurable field in DL non-fallback DCI should be introduced. When the bit triggers one-shot HARQ-ACK feedback, the UE assumes that the DCI does not schedule a PDSCH, and the UE determines the parameters for HARQ-ACK feedback on PUCCH from K1, PRI, TPC, and NFI. 
Proposal 4: For one-shot HARQ-ACK feedback in NR-U:
· NDI value is not reported along with HARQ-ACK for the corresponding PDSCH
· For any HARQ ID after the last determined PDSCH for which A/N decoding result is reported, the HARQ A/N value is set to the default value of NACK 
· One-shot HARQ-ACK feedback for CBG based transmission is not supported in R16.
For DL SPS:
Observation 3: Non-numerical value of K1 is not supported for DL SPS.
Proposal 5: For SPS PDSCH activated by non-fallback DCI, UE reports the corresponding HARQ-ACK feedback as part of the PDSCH group with the same group index, which is indicated by the DCI activating SPS PDSCH reception. 
Proposal 6: For SPS PDSCH activated by fallback DCI, UE reports the corresponding HARQ-ACK feedback as part of the PDSCH group #0.
Observation 4: For any group, if all the PDSCH(s) are SPS PDSCH, the UE does not expect that HARQ-ACK feedback for these PDSCHs will be requested more than once.
For multiple HARQ feedback opportunities in the frequency domain:
Proposal 7: Multiple opportunities for HARQ-ACK feedback in frequency domain should be supported in NR-U:
· When UE is configured with carrier aggregation (CA), gNB could indicate to the UE multiple concurrent PUCCH resources across multiple activated carriers including SCells.
· When the UE is configured with a wideband BWP, the associated PUCCH Resource Sets should be distributed across multiple LBT subbands of the wideband BWP. 
For multi-TTI scheduling:
Proposal 8: Non-contiguous PUSCH by multi-TTI scheduling is not supported in NR-U. 
Proposal 9: For TDRA in multi-TTI scheduling DCI, Alt 2 should be supported. 
Proposal 10: A single MCS is indicated in the scheduling DCI for uplink multi-TTI scheduling
· MCS row 0-27 is indicated if part of the PUSCHs are scheduled for initial transmission:
· 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 
· MCS row 28-31 is indicated when all of the PUSCHs are scheduled for retransmission.
Proposal 11: CBG based retransmission for multi-TTI scheduling is not supported.

	Xiaomi
	Observation 1: One-shot HARQ-ACK feedback is indeed a semi-static HARQ-ACK feedback method.
Proposal 1: no need to further enhance semi-static HARQ-ACK feedback for NR-U R16 since the tight time budget.
Proposal 2: no need to support configuring enhanced dynamic codebook and one-shot feedback simultaneously.
Proposal 3: When one-shot HARQ-ACK feedback is configured, indicate a numerical K1 value in the scheduling DCI to trigger one-shot HARQ-ACK feedback, and for other scheduling DCI not triggering feedback, a non-numerical K1 value is indicated.
Observation 2: As to whether report NDI along with HARQ-ACK, Alt.C is not workable.
Proposal 4: As to whether report NDI along with HARQ-ACK, Alt.A should be supported.
Proposal 5: For HARQ process not actually scheduled after the last determined PDSCH for which A/N decoding result is reported, a default NACK will be reported.
Proposal 6: To reduce CBG-based HARQ-ACK codebook size, only feedback CBG level HARQ-ACK for those actually scheduled TB with NACK.

	vivo
	Observation 1: When indication of NFI and T-DAI in non-fallback DCI for the non-scheduled group is not configured by RRC, totally 3 bits shall be introduced in DCI format 1_1, otherwise totally 6 bits shall be introduced.
Proposal 1: No new field is introduced in DCI format 1_0 to support enhanced dynamic codebook.
Proposal 2: Some predefined rules could be introduced for DCI format 1_0 as follows:
· The NFI corresponding to a DCI format 1_0 follows that indicated in the latest DCI format 1_1 scheduling a PDSCH belonging to the PDSCH group #0.
· If some new HARQ-ACK feedback in the enhanced dynamic codebook transmitted in slot n corresponds to DCI format 1_1, the PDSCH group triggering corresponding to a DCI format 1_0 could follow that indicated in the latest DCI format 1_1, otherwise a DCI format 1_0 will always trigger only the PDSCH group #0.
Proposal 3: UE generates an enhanced dynamic codebook based on the NFI and PDSCH group triggering indicated in the latest DCI when it is DCI format 1_1, or corresponding to the latest DCI when DCI format 1_0, which has new HARQ-ACK feedback to be transmitted in the enhanced dynamic codebook.
Proposal 4: When the other group is triggered, the dynamic codebook is constructed as that the codebook for the second group is appended after that for the first group.
Proposal 5: When there is only one UL DAI in DCI format 0_1, if only one PDSCH group is involved in the enhanced dynamic codebook to be multiplexed in the scheduled PUSCH, the UL DAI applies to this PDSCH group, otherwise the UL DAI is the sum of DAI for each involved PDSCH group with modulus operation.
Proposal 6: Reuse the framework of enhanced dynamic codebook for SPS PDSCH by introducing following rules:
· SPS PDSCH belongs to the PDSCH group #0.
· NFI corresponding to an SPS PDSCH is derived by that indicated in the latest DCI format 1_1 scheduling a PDSCH belonging to the PDSCH group #0.
· When HARQ-ACK feedback for the PDSCH group #0 is requested or triggered, HARQ-ACK feedback corresponding to SPS PDSCHs will also be reported, including all SPS PDSCHs since the latest toggling of NFI corresponding to the PDSCH group #0.
Proposal 7: Semi-static codebook in NR Rel-15 is reused in NR-U with no enhancements. One-shot group HARQ-ACK feedback for all configured HARQ processes is performed whenever needed.
Proposal 8: Downlink scheduling DCI can be used to only request/trigger HARQ-ACK feedback by setting the resource assignment fields as reserved values to indicate empty/invalid resource.
Proposal 9: When the number of HARQ-ACK bits to report is more than a configurable threshold, one-shot group HARQ-ACK feedback for all configured HARQ processes may be performed actually.
Proposal 10: Simultaneous configuration of enhanced dynamic codebook and one-shot group feedback is supported.
Proposal 11: For one-shot group feedback, latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH.
Proposal 12: For one-shot group feedback and for any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, the HARQ A/N result of the previous PDSCH with that HARQ ID is reported.
Proposal 13: CBG-based one-shot group feedback is not supported unless obvious benefit is identified.
Observation 2: When using PDSCH-to-HARQ-timing-indicator in the DCI scheduling the PDSCH to indicate UE to feedback HARQ-ACK outside a COT, the UE may be indicated two LBT categories for a same PUCCH resource and how the UE handles such case needs to be considered.
Proposal 14: A PUSCH set table, a row of which indicates detailed time domain resource assignment for multiple scheduled PUSCHs, is used for uplink multi-TTI scheduling.
Proposal 15: A single normal MCS is indicated in the scheduling DCI for uplink multi-TTI scheduling, with each scheduled initial transmission using it directly, and each scheduled retransmission using the corresponding reserved MCS to keep the TB size unchanged.
Proposal 16: CBG-based retransmission is not supported for multi-TTI scheduling.
Proposal 17: The scheduled PUSCH located in the last two scheduled slots without any UCI and of largest capacity is chosen to carry the triggered aperiodic CSI feedback.
Proposal 18: For the non-fallback DCI format, separate DCI format shall be designed for single-TTI scheduling and multi-TTI scheduling.
Proposal 19: Multiple mini-slots can be considered when scheduling multiple consecutive TTIs using a single UL grant.
Proposal 20: Transmitting repetitions of a TB by scheduling multiple TTIs using a single UL grant is supported.

	Fujitsu
	Proposal 1: NFI is not introduced in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation. If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0, the UE may assume the NFI for PDCCH group#0 is toggled.
Observation 1: Increasing the number of PDSCH groups from 2 to 4 can not only provide more flexibility and agility for gNB scheduling but also help to mitigate the problem of consecutive miss detection of PDCCHs.
Proposal 2: Maximum number of the PDSCH groups for dynamic HARQ codebook is 4.
Proposal 3: When a PUCCH overlaps with a PUSCH which starts at a different symbol, the UE can transmit the PUCCH if the LBT for PUCCH succeeds.

	MediaTek
	Enhanced dynamic HARQ-ACK codebook
Proposal 1: When enhanced dynamic HARQ-ACK codebook is configured:
· The maximum number of PDSCH groups: 2 (1 bit for group index)
· The maximum number of PDSCH groups for which HARQ-ACK feedbacks can be requested in the same PUCCH: 2
· One-bit request is conveyed by a non-fallback DL DCI scheduling a PDSCH belonging to a scheduled PDSCH group:
· Set to “0”: Request feedback only for the scheduled PDSCH group.
· Set to “1”: Request feedback for both scheduled and non-scheduled PDSCH groups.
· When two PDSCH groups exist in the same PUCCH, UE concatenates the two codebooks individually generated for the two PDSCH groups by increasing order of corresponding group indexes.
Proposal 2: For a given PDSCH group, UE expects that DAI for the PDSCH group always continues to be accumulated if the NFI of the PDSCH group has not been toggled.
· Note: DAI for the same PDSCH group can be accumulated across one or more HARQ-ACK opportunities for the PDSCH group.
Proposal 3: When multiple CC are configured, UE doesn't expect to receive different NFI values in the DCIs scheduling a same PDSCH group in a PDCCH monitoring occasion m.
Proposal 4: When enhanced dynamic HARQ-ACK codebook is configured, choosing one of the following alternatives for fallback DL DCI:
· Alt1: NFI is not explicitly signalled in fallback DL DCI, and UE assumes NFI is NOT toggled by fallback DL DCI.
· Alt2: NFI is explicitly signalled in fallback DL DCI, and the presence of this field is not configurable.
Proposal 5: When enhanced dynamic HARQ-ACK codebook is configured, a fallback DL DCI requests HARQ-ACK feedback only for the scheduled PDSCH group (PDSCH group #0).

Proposal 6: If UL DAI is configured to be present in a non-fallback UL DCI for only one PDSCH group, UL DAI is applied to the scheduled PDSCH group for which corresponding HARQ-ACK feedback is multiplexed in the PUSCH scheduled by the non-fallback UL DCI.
One-shot HARQ-ACK feedback
Proposal 7: Simultaneous configuration of enhanced dynamic HARQ-ACK codebook and one-shot HARQ-ACK feedback is not supported. 
Proposal 8: One-shot HARQ-ACK feedback can be triggered using DCI format 1_1 and DCI format 0_1 with or without UL-SCH.
Proposal 9: NDI value is not reported along with HARQ-ACK for the corresponding PDSCH.
Proposal 10: For any HARQ ID that is scheduled after the last determined PDSCH for which A/N decoding result is reported, the HARQ A/N value is set to the default value of NACK.
Non-enhanced dynamic HARQ-ACK codebook
Proposal 11: When Rel-15 non-enhanced dynamic HARQ-ACK codebook is configured, the HARQ-ACK timing for a PDSCH scheduled with non-numerical K1 value is derived by the next DCI scheduling PDSCH with a numerical K1 value and indicating a PRI value the same as the one of the DCI scheduling the PDSCH with non-numerical K1 value.
· If the PRI value of the DCI scheduling the PDSCH with non-numerical K1 value is different from the one of the next DCI scheduling PDSCH with a numerical K1, then UE discards the HARQ-ACK for the PDSCH scheduled with non-numerical K1 value.
Multi-TTI PUSCH scheduling
Proposal 12: If multi-TTI PUSCH scheduling is configured (e.g., if pusch-TimeDomainAllocationList-r16 is configured), an identifier is present in DCI format 0_1 for distinguishing that this DCI is a single-TTI UL grant or a multi-TTI UL grant.
Proposal 13: The following fields are not included in a multi-TTI UL grant (even only one PUSCH is scheduled): 
· UL-SCH indicator
· Frequency hopping flag
· CBGTI
Proposal 14: If UE receives a multi-TTI UL grant that requests a CSI report with data, the CSI report should be transmitted on a scheduled PUSCH depending on the number of scheduled PUSCHs (M):
· When M <= 2, the aperiodic CSI report is transmitted in the (M)-th scheduled PUSCH 
· When M > 2, the aperiodic CSI report is transmitted in the (M-1)-th scheduled PUSCH 


	Intel
	Proposal 1: Regarding HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1,
· It can be derived by a DL DCI with a numerical K1, which is received at the same timing as or later timing than the DCI with a non-numerical value for K1. 
Proposal 2: If it is configured by RRC that NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group, the latest NFI for the non-scheduled group known by UE is included in the HARQ-ACK codebook. 
Proposal 3: NFI bit is included in DCI 1_0 for enhanced dynamic HARQ-ACK codebook. 
Proposal 4: One-shot HARQ-ACK feedback could be triggered by adding one explicit bit in DL DCI
· Two NFIs for the two PDSCH groups are indicated in the DL DCI. 
Proposal 5: For SPS PDSCH release, the associated HARQ process ID is indicated by TDRA field in DCI 1_0 for SPS PDSCH release.
Proposal 6: For semi-static HARQ-ACK codebook, 
· Use NR Rel-15 type 1 HARQ-ACK codebook with extension of one reserved bit for a PDSCH scheduled with non-numerical K1
· In one-shot feedback, only HARQ-ACK bit for each HARQ process is included and NDI value is not reported
· CBG based HARQ-ACK feedback is supported in one-shot feedback. 
Proposal 7: Multiple opportunities for PUCCH in frequency domain is not supported in NR-U. 
Proposal 8: The LBT bandwidth for PUCCH transmission of a UE is derived from the LBT bandwidths where LBT are successful at gNB. 
Proposal 9: Scheduling PUSCH over multiple slots/mini-slots by a single DCI does not support multiple PUSCHs which are discontinuous to each other in time. 
Proposal 10: Adopt Alt. 2 for TDRA, i.e.
· 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.
Proposal 11: For a for retransmission of a PUSCH scheduled by multi-PUSCH DCI, TBS always follows initial transmission of the same TB, while modulation order could follow the currently indicated MCS.  
Proposal 12: CBG based (re)transmission is only supported in single-PUSCH scheduling. 
Proposal 13: Introduce one new DCI format to support dynamic switching between single-PUSCH scheduling and multi-PUSCH scheduling 
· If single PUSCH is scheduled, it includes 1-bit NDI, 2-bit RV and CBGTI. 
· If more than one PUSCHs are scheduled, it includes 1-bit NDI and 1-bit RV per TB


	Nokia, Nokia Shanghai Bell
	UL scheduling
Observation 1: Multi-PUSCH TDRA Alt.2 can use similar SLIV table structure as agreed for Rel-16 URLLC. The need for the additional TDRA flexibility facilitated by Alt.1 is not clear.  
Proposal 1: Alt.2 is supported for TDRA of Multi-TTI PUSCH.  
Proposal 2: For multi-TTI PUSCH scheduling DCI, pusch-TimeDomainAllocationList can be extended up to 32 entries. 
Proposal 3: For multi-TTI scheduling DCI, MCS and TBS are determined according to Alt. 2 identified in RAN1#98bis.
Proposal 4: For multi-TTI scheduling DCI, UL-SCH indicator and frequency hopping flag are not included; and a single field for LBT type and CP extension, frequency domain RA, TPC command, and beta offset is included
Proposal 5: CBG-based re-transmission is supported for multi-TTI scheduling based on option 1-b: CBGTI is provided for a predefined number of re-transmitted PUSCHs. Unused NDI and RV fields are utilized for CBGTI signalling to maintain CBGTI overhead acceptable.
Proposal 6:  Multi-TTI PUSCH scheduling is configured in NR-U by configuring a row/rows indicating multiple PUSCHs to the TDRA table pusch-TimeDomainAllocationList.
· number of schedulable TTIs  is determined as the number of scheduled PUSCHs in the indicated entry on the configured pusch-TimeDomainAllocationList.
· maximum number of schedulable TTIs that can be configured in pusch-TimeDomainAllocationList is limited to 8
Observation 2: Cross-numerology cross-carrier scheduling is beneficial for NR-U PUSCH scheduling especially in the case of Scenario A (CA with NR cells) deployment.
Observation 3: If Proposal-6 would be agreed, there seems to be no additional specification effort to support cross-carrier cross-numerology scheduling also for multi-TTI scheduling.
Postponed HARQ feedback with semi-static codebook
Observation 4: The feature of postponed HARQ-ACK indication (NN-K1) is independent from the UL LBT uncertainty, therefore it should be supported with all HARQ-ACK CBs applicable to NR-U UEs.   
Observation 5: Transmission of postponed HARQ A/N(s) of the PDSCH(s) scheduled with non-numerical K1 only via one-shot HARQ-ACK codebook after each DL burst results in significant increase in UCI overhead, especially if NDI for each HARQ process is included to the one-shot HARQ-ACK codebook.
Proposal 7: HARQ A/N of the PDSCH scheduled with non-numerical K1 is included in the semi-static codebook.
Proposal 8: Based on RRC configuration, an additional bit container is appended to the semi-static codebook for the HARQ A/N of the PDSCH scheduled with non-numerical K1 for each configured serving DL cell.
Proposal 9: With semi-static codebook, HARQ-ACK timing for a PDSCH scheduled with a non-numerical K1 is derived based on the next DL DCI scheduling PDSCH with a numerical K1 value. A UE reports HARQ-ACK in the appended bit container.
Postponed HARQ feedback with Type 2 dynamic codebook
Observation 6: Use of NR Type 2 dynamic codebook is attractive when CAT 1 channel access is used prior HARQ feedback transmission. HARQ feedback postponing with the NN-K1 indication is essential also with the NR Type 2 dynamic codebook. 
Observation 7: Use of NN-K1 indication can be easily supported with NR Type 2 dynamic codebook without changing the codebook determination or DAI operation, including DAI being reset after each transmission including HARQ-ACK codebook.
Proposal 10: With NR Type 2 dynamic codebook, HARQ-ACK timing for a PDSCH scheduled with DCI indicating a non-numerical K1 is derived based on the next DCI scheduling PDSCH with a numerical K1 value.
· UE expects that DAI is reset for PDSCH transmitted later than N1 symbols before PUCCH transmission.
Proposal 11: The next DL DCI with a numerical K1 is the first DL DCI with a numerical K1 and PDCCH monitoring occasion not overlapping with the PDCCH monitoring occasion of the DL DCI with non-numerical K1. In case of CA and multiple DL DCIs on the first non-overlapping PDCCH monitoring occasion, the DL DCI with the lowest serving cell index is selected as the next DL DCI. 
Postponed HARQ feedback with enhanced dynamic codebook
Proposal 12: HARQ-ACK timing determination for a PDSCH with non-numerical K1 based on an earlier DCI indicating a numerical K1 and triggering feedback for the associated PDSCH group is not supported.  
Enhanced dynamic codebook
Proposal 13: For enhanced dynamic codebook, UE does not expect DAI to be reset at the HARQ-ACK codebook transmission occasion. 
Proposal 14: If the non-fallback DCI scheduling PUSCH provides total DAI for single PDSCH group, the total DAI is associated to the last PDSCH group scheduled on the same PDCCH monitoring occasion as or before the PDCCH monitoring occasion for PUSCH scheduling DCI  
Proposal 15: If a UE detects only a DCI 1_0 with C-DAI value 1 on the PCell / PSCell within the PDCCH monitoring occasions for PDSCH scheduling as determined in Rel15, UE determines codebook only for the PDSCH reception.
Proposal 16: No new fields are introduced into the fallback DCI for the NR-U dynamic codebook enhancement.
Enhancements for semi-static codebook
Proposal 17: For one-shot HARQ-ACK feedback, NDI value is not reported along with the HARQ-ACK codebook. Instead, each HARQ A/N is transmitted only once, after which the HARQ A/N value is set to the default value of NACK.
Observation 8: UCI overhead is doubled for one-shot HARQ-ACK feedback if the NDI is reported along with the HARQ-ACK codebook for each HARQ process. This is a significant drawback especially if one-shot HARQ-ACK feedback is triggered after each DL burst to acquire HARQ-ACK for the last PDSCH scheduled with non-numerical K1.  
Proposal 18: TB-based HARQ-ACK feedback is reported with one-shot HARQ-ACK codebook also when CBG-based operation is configured to the UE.
Proposal 19: One-shot HARQ-ACK feedback can be triggered with PUSCH grant or with PDSCH assignment. 
Enhancements for PUCCH resource configuration
Observation 9: In case of wideband BWP consisting of multiple LBT sub-bands and DL LBT being successful on only some of the sub-bands, gNB can select and indicate a HARQ-ACK PUCCH resource for a UE only from a reduced number of PUCCH resources available due to partial DL LBT success.
Proposal 20: NR-U supports PUCCH resource configuration, where multiple frequency resources can be configured for each PUCCH resource indicator value to ensure a sufficient number of PUCCH resources on each BWP sub-band given the indicated gNBs LBT outcome.
Proposal 21: Optional parameter of secondary startingPRB value is introduced to PUCCH-Resource. UE selects the secondary startingPRB value if GC-PDCCH indicates the LBT sub-band corresponding to the (primary) startingPRB value as non-available and LBT sub-band corresponding to the second startingPRB value as available.

	Lenovo, Motorola Mobility
	Proposal 1: For enhanced dynamic HARQ-ACK codebook, number of requested groups is indicated in DCI. 
Proposal 2: For enhanced dynamic HARQ-ACK codebook, HARQ-ACK codebook for the two PDSCH groups comprises two sub-codebooks with each sub-codebook corresponding to one PDSCH group.
Proposal 3: For enhanced dynamic HARQ-ACK codebook, the two sub-codebooks are ordered based on increasing group index. 
Proposal 4: DCI format 1_0 does not include NFI. 
Proposal 5: Semi-static HARQ-ACK codebook is supported for NR-U. 
Proposal 6: Exclude those slots outside gNB-initiated COT from the downlink association set for reducing NR-U semi-static HARQ-ACK codebook. 
Proposal 7: Simultaneous configuration of enhanced dynamic codebook and one-shot feedback is not necessary. 
Proposal 8: One dedicated bit in non-fallback DCI is used to trigger the one-shot HARQ-ACK feedback if one-shot HARQ feedback is configured. 
Proposal 9: The triggering DCI can be DCI scheduling PUSCH or PDSCH. 
Proposal 10: Alt 1 is preferred for RRC configured TDRA patterns. 
Proposal 11: For multi-TTI scheduling, support the following:
· CBG-based re-transmission is supported only for the first transmitted PUSCH.
· Multiple contiguous mapping Type B PUSCHs are allowed to be scheduled within the first slot.
· The number of NDI fields and RV fields in the single UL grant are determined based on the maximum number of scheduled PUSCHs in the RRC configured TDRA patterns;
· BWP indicator, frequency domain resource assignment, MCS, TPC can be one value applicable to all of the scheduled PUSCHs.


	LGE
	Proposal #1: Support differentiated configuration on the following features according to relationship between COT structure and HARQ related transmission in NR-U.
· HARQ timing values
· UL LBT type
· Candidate TX resource(s) 
Proposal #2: For the time-domain RA and mapping type for multiple PUSCHs scheduled by multi-TTI grant DCI, Alt 2 is preferable with condition of supporting multiple short-duration PUSCHs in the first slot as the following.
· DCI indication
·  SLIV for the first short-duration PUSCH in the first slot
·  Number (N) of allocated PUSCH resources
·  Ending symbol index (E) of PUSCH resource in the last slot
· PUSCH allocation
·  Step 1: repeat (e.g. L-times) the SLIV continuously within the first slot.
·  Step 2: allocate individual PUSCH resource per each of repeated SLIVs in the first slot.
·  Step 3: allocate (N – L – 1) slot-duration PUSCHs continuously after the first slot.
·  Step 4: allocate one PUSCH in the last slot with {starting, ending} symbol index {0, E}.
Proposal #3: For the MCS indication and TBS determination for multiple PUSCHs scheduled by multi-TTI grant DCI, Alt 1 is preferred as the following.
· A single MCS index is signalled for all the PUSCHs scheduled by a single DCI (same behaviour for the PUSCHs scheduled for initial transmission or re-transmission as in Rel-15).
·  MCS row 0-27: UE determines the TBS based on the explicitly indicated MCS
·  MCS row 28-31: UE refers to the DCI scheduling initial PUSCH to determine the TBS
Proposal #4: Consider the following aspects for aperiodic CSI reporting on the PUSCH scheduled by multi-TTI grant DCI.
· Determination of a PUSCH resource used for the CSI reporting among multiple allocated PUSCH resources.
· Support of aperiodic CSI only PUSCH without UL-SCH by using UL-SCH indicator in the multi-TTI grant DCI.
Proposal #5: Consider aperiodic SRS transmission within the slots scheduled by multi-TTI grant DCI, by adjusting the preconfigured SRS slot offset.
Proposal #6: Support CBG based transmission by CBGTI signalling for the PUSCHs scheduled by multi-TTI grant DCI based on the followings.
· Assumptions:
·  N: configured maximum number of PUSCHs schedulable by DCI
·  K: actual number of scheduled PUSCHs by the DCI
·  M: configured maximum number of CBGs
·  O1: number of NDI bits
·  O2: number of RV bits
· The size of DCI payload for multi-TTI grant DCI is determined based on max {(M + O1 + O2), (N (O1 + O2))}.
· The CBGTI is signalled for some or all of the scheduled PUSCHs according to the amount of unused NDI/RV bits as {N (O1 + O2) – K (O1 + O2)}.
Proposal #7: The latest received NFI (for the PDSCH group #0) is reported on HARQ-ACK PUCCH for Type-2a codebook, with consideration of no NFI signalling by the DL fallback DCI.
Proposal #8: UL DAI applies to the latest transmitted PDSCH group scheduled with numerical K1 for Type-2a codebook, in case configured with only one UL DAI field in UL grant DCI.
Proposal #9: Support to configure the maximum number (Ng) of PDSCH groups (i.e., number of PDSCH group indexes) indicated by gNB for Type-2a codebook.
· The value of Ng can be configured as either 2 or 4.
· The maximum number (Nu) of PDSCH groups for which HARQ-ACK can be simultaneously transmitted on single PUCCH is fixed to 2 (not configurable).
Proposal #10: Decide the HARQ-ACK related information to be signalled in UL grant DCI for the Type-2a codebook based on the following.
· Baseline
·  Total-DAI for the first slot (PDSCH) group ID 
·  Total-DAI for the second slot (PDSCH) group ID 
·  NFI for the first group ID
·  NFI for the second group ID
· FFS
·  Group ID indicator for HARQ-ACK request
·  Switching with Type-3 codebook 
Proposal #11: The ordering of HARQ-ACK bits for Type-3 codebook is applied with “TB/CBG index first – HARQ index second – CC index third” manner.
Proposal #12: UL grant DCI format is used for triggering of the Type-3 codebook based HARQ-ACK feedback.
Proposal #13: The contents of HARQ-ACK feedback for Type-3 codebook is consistent with Rel-15 (neither NDI nor XOR report), with one or both of following two conditions for handling on potential HARQ-ACK misalignment between UE and gNB.
· Condition 1
·   After reporting ACK for a HARQ process ID, UE does not expect new data scheduling (with toggled NDI value) for the same HARQ process ID before the HARQ-ACK timing triggered for Type-3 codebook.
· Condition 2
·   In case when Type-3 codebook is configured, 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.
Proposal #14: HARQ-ACK state for the PDSCH initially scheduled with insufficient processing time is to be updated on Type-3 codebook based on actual PDSCH decoding result.
Proposal #15: DCI triggering Type-3 codebook indicates a set of CCs and/or HARQ processes corresponding to HARQ-ACK feedback, by using some unused fields such as counter-DAI and/or total-DAI according to other configured (e.g. Type-1/2) codebook type.
Proposal #16: Support one of following two options on HARQ-ACK feedback for the CC configured with CBG based transmission on Type-3 codebook.
· Opt 1: report TB-level HARQ-ACK for the CCs configured with CBG.
· Opt 2: allow to trigger Type-3 codebook for subset of HARQ process IDs and/or CCs.
Proposal #17: Support of HARQ-ACK feedback for the PDSCH previously scheduled with non-numerical K1 on Type-1/2 codebook can be considered with the following approach, if the HARQ-ACK feedback only on Type-3 codebook would be expected to cause significant UCI feedback/resource overhead. 
· HARQ-ACK payload size for PDSCH by non-numerical K1
·   Configure or pre-define the maximum number of PDSCHs scheduled with non-numerical K1 per CC
· HARQ-ACK ordering for PDSCH by non-numerical K1
·   Apply counter-DAI signalling only within the PDSCHs scheduled with non-numerical K1 per each CC
· HARQ-ACK feedback timing for PDSCH by non-numerical K1
·   DCI indicates whether to report the HARQ-ACK for non-numerical K1 by using numerical K1 indicated by the same DCI
Proposal #18: Consider to support multiple candidate PUCCH resources in time domain for a single HARQ-ACK transmission based on the following approach. 
· Multiple PUCCH resource sets each of which consists of one or multiple (TDMed) candidate PUCCH resources are preconfigured by RRC then one of the PUCCH resource sets is indicated by PRI (PUCCH Resource Indicator) field in DCI.
· Different number of candidate resources can be configured between PUCCH resource sets.
Proposal #19: Support following Type 1/2/3 of scheduling configuration in NR LAA case and Type 1/3 in U-cell only case.
· Type 1: self-CC (U-cell to U-cell) scheduling for both DL and UL
· Type 2: cross-CC (L-cell to U-cell) scheduling for both DL and UL
· Type 3: self-CC scheduling for DL and cross-CC scheduling for UL


	Samsung
	For NR-U HARQ enhancement: 
Proposal 1: C-DAI is accumulated within the PDSCH group across PUCCH transmission occasions if the NFI is not toggled. 
Proposal 2: NFI is not included in fallback DCI. NFI is determined according to the next non-fallback DCI associated with the same PUCCH resource, otherwise, UE follows Rel-15 behaviour. 
Proposal 3: When concatenating two HARQ-ACK codebooks, the first HARQ-ACK codebook is generated based on a default T-DAI value=4, and the second HARQ-ACK codebook is generated according to its DAI. 
If only single UL DAI in a UL grant, UE does not expect to be triggered to report HARQ-ACK of both PDSCH groups in the PUSCH, the UL DAI indicates the HARQ-ACK payload of the PDSCH group to be transmitted in the PUSCH.
Proposal 5: Simultaneous configuration of enhanced dynamic and one-shot HARQ-ACK codebook can be supported. 
Proposal 6: For one-shot HARQ-ACK transmission, gNB can configure Alt 1 without NDI or Alt 2 with NDI transmitted along HARQ-ACK. 
Proposal 7: If enhanced dynamic and one-shot HARQ-ACK codebook is simultaneously configured, UE determines HARQ-ACK value for each HARQ process according to NFI per PDSCH group. 
Proposal 8: If one-shot HARQ-ACK retransmission is configured, it is triggered by DL assignment. 
Proposal 9: For Rel-15 HARQ-ACK codebook, the HARQ-ACK timing for a PDSCH scheduled with non-numerical value for K1 is derived by the next DCI scheduling PDSCH with a numerical K1 value
· For Rel-15 dynamic codebook, the associated DAI value is accumulated accordingly based on Rel-15 principle.
· For Rel-15 semi-static codebook, one reserved bit for each DL CC is appended to legacy semi-static codebook. 
· Valid HARQ-ACK for PDSCH with non-numerical value K1 is transmitted within legacy semi-static codebook if the PDSCH is within candidate PDSCH occasions, or,
· Valid HARQ-ACK for this PDSCH is transmitted by the reserved bit after semi-static codebook if the PDSCH is earlier than candidate PDSCH occasions. UE does not expect to receive more than one such PDSCH per CC. 
Proposal 10: Multiple transmission opportunity in frequency domain by indicating multiple PUCCH/PUSCH carrying HARQ-ACK for multiple sub-bands/CCs should be supported. 
Proposal 11: Support HARQ-ACK piggybacked in the last PUSCH overlapped with PUCCH resource. 
For NR-U scheduling enhancement :  
Proposal 12: Adopt alternative 2 for TDRA indication.
Proposal 13: Support CBG-based retransmission for multi-PUSCH scheduling by reinterpreting unused bit field of unscheduled PUSCH as CBGTI for scheduled PUSCHs.
Proposal 14: If CBG-based transmission is configured, Alt 3 using CBGTI as the explicit indication for TBS determination is supported, otherwise, Alt 1 is supported. 
Proposal 15: A-CSI is reported in penult slot or last slot as in eLAA. The timing relation between A-CSI-RS and UL grant is same as Rel-15 NR. 
Proposal 16: For Cat-1, Cat-2 25us LBT and Cat-4 LBT, the indicated LBT type is common to all PUSCHs. For Cat-2 16us LBT, it only applies to the first scheduled PUSCH and Cat-2 25us LBT applies to other PUSCHs if UE fails to access the channel for the first scheduled PUSCH. 
Proposal 17: Support multiple transmission opportunities for Msg3. 


	OPPO
	Proposal 1: For enhanced dynamic HARQ codebook, the indication of triggered groups in DCI can be RRC configured.
Proposal 2: One-shot feedback can be configured together with enhanced dynamic HARQ codebook.
Proposal 3: If NFI and T-DAI for the non-scheduled group is not configured and HARQ-ACK feedback for two PDSCH groups is triggered by one DCI, one-shot feedback is used. 
Proposal 4: NFI is not traduced in fallback DCI.
Proposal 5: For the fallback DCI, NFI is not toggled unless a given HARQ process ID scheduled in group #0 is rescheduled with DAI=1.
Proposal 6: If UL DAI for an additional PDSCH group is not configured,
· If T-DAI for non-scheduled group are not configured, UL DAI is used to indicate the total number of PDSCHs in the group not scheduled by the triggering DL grant; 
· Otherwise, UL DAI is used to indicate the total number of PDSCHs in the group scheduled by the triggering DL grant.
Proposal 7: A UE does not expect to receive a toggled NFI for a group before the transmission of previously triggered HARQ-ACK feedback.
Proposal 8: An explicit bit in DCI scheduling PDSCH or PUSCH is used to trigger one-shot feedback. 
Proposal 9: A fallback DCI not scheduling PDSCH nor PUSCH can trigger one-shot feedback by setting certain field to all ‘0’s or ‘1’s.
Proposal 10: A UE is not expected the case where all configured HARQ processes are assigned with non-numerical K1 at least when one-shot HARQ-ACK feedback is not configured.
Proposal 11: The UE is not expected to receive a DCI scheduling a given PDSCH group with a non-numerical K1 and a DCI scheduling the same group with a numerical K1 in one PDCCH monitoring occasion.
Proposal 12: How to transmit HARQ-ACK bit corresponding to SPS PDSCH in enhanced type-2 HARQ-ACK codebook should be discussed.

	NEC
	Proposal 1: When 2 PDSCH groups are in the same PUCCH, encoding order of PDSCH groups should consider to avoid the shifted HARQ-ACK bits issues.
Proposal 2: For one-shot HARQ codebook NDI, Alt. C, i.e. UE reports XOR of latest NDI value and HARQ-ACK for the corresponding PDSCH, is proposed.

	InterDigital
	Proposal 1:    UL-DAI in a non-fallback DCI applies to the last scheduled PDSCH group, if UL-DAI is configured for a single group.
Proposal 2:    NFI is not included in the fallback DCI.
Proposal 3:   The UE always assumes that NFI is not toggled for PDSCH group #0 when receiving a scheduling with fallback DCI.
Proposal 4:  DCI format 1_1 can trigger the one-shot HARQ feedback on PUCCH resource using explicit bitfield.
Proposal 5:   One-shot HARQ feedback can be triggered using a DCI not scheduling a PDSCH transmission.
Proposal 6: 	DCI format 0_1 can trigger the one-shot HARQ feedback on PUSCH resource with or without UL-SCH.

	Ericsson
	Proposal 1	DCIs for scheduling PDSCH should support larger DAI field as compared to Rel-15 NR DCI.
Proposal 2	For dynamic codebook, 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.
Proposal 3	The C/T-DAI value for the first PDSCH with a valid PDSCH-to-HARQ-timing-indicator counts also the previous PDSCH(s) with non-numerical PDSCH-to-HARQ-timing-indicator since the last PDSCH with valid PDSCH-to-HARQ-timing-indicator.
Proposal 4	For enhanced dynamic HARQ-ACK codebook, when more than one PDSCH group exists in a HARQ-ACK feedback report, the placement of HARQ-ACK feedback for the two groups is ordered based on increasing group index.
Proposal 5	NFI is not introduced in DCI 1_0.
Proposal 6	The gNB can not indicate retransmission of feedback using DCI 1_0.
a. If the UE detects a DCI that indicates an NFI corresponding to group 0 since the last scheduled PUCCH that includes feedback for group 0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the fallback DCI, the UE follows the indicated NFI to determine the codebook.
b. If the UE does not detect a DCI that indicates an NFI corresponding to group 0 since the last scheduled PUCCH that includes feedback for group 0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the fallback DCI, the UE assumes that the NFI is toggled.
Proposal 7	If enhanced dynamic codebook is configured and the presence of UL DAI for an additional PDSCH group is not configured, the existing DAI, should reflect status of each latest DL total DAI of the latest transmitted group that is included in the HARQ-ACK report.
Proposal 8	No semi-static codebook specific enhancements are considered for NR-U
Proposal 9	non-numerical K1 is not beneficial for the semi-static codebook.
Proposal 10 One-shot group HARQ ACK feedback request can be carried in:
a. UE-specific DCI carrying a grant for PUSCH with/without UL-SCH
b. UE-specific DCI carrying a PDSCH assignment
Proposal 11 In response to the trigger reception, for every HARQ process to be reported, the UE reports the corresponding latest NDI value for a latest received PDSCH for that HARQ process along with the corresponding HARQ-ACK for the received PDSCH.
Proposal 12 After correctly receiving the feedback in response of one-shot trigger,
a. gNB toggles the NFI for all groups
b. The DAI value for PDSCH groups with a received report for their corresponding HARQ process IDs, are reset to the corresponding initial value in addition to counting the PDSCH of that group that were not reported due to feedback timing that does not meet the required processing time.
Proposal 13 Support transmission of HARQ feedback in PUSCH without UL-SCH even if aperiodic CSI is not requested for this PUSCH transmission
Proposal 14 A new dimension reflecting LBT bandwidth is added to the semi-static codebook
Proposal 15 For wideband semi-static codebook with time overlapping PDSCHs, consider the following alternatives for generation of HAR-ACK bits
a. The UE generates the HARQ-ACK bit corresponding to a PDSCH, in the acknowledgment timing corresponding to the PDSCH reception, and in the reserved bit for the corresponding LBT bandwidth where the PDSCH is partially of fully transmitted.
b. The UE generates the HARQ-ACK bit corresponding to a PDSCH, in the acknowledgment timing corresponding to the PDSCH reception, and in the reserved bit for the corresponding LBT bandwidth where the scheduling PDCCH is transmitted.
Proposal 16 Support UL/DL Scheduling combination:
a. Self-scheduling for DL
b. Self- and/or cross-carrier scheduling for UL
Proposal 17 For signaling the number of scheduled PUSCHs and TDRA in one DCI scheduling multiple PUSCHs,
a. Each PUSCH has a separate SLIV, mapping type and K2 value.
b. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
Proposal 18 If both Codebook group feedback and multi-PUSCH scheduling are configured simultaneously,
a. if one PUSCH is scheduled,
i. RV, NDI is indicated for one slot (i.e. RV is two bits, NDI is one bit)
ii. DCI indicates CBGTI information corresponding to the scheduled PUSCH
b. Else if more than one PUSCH is scheduled,
i. CBGTI is not supported in case the DCI is scheduling multiple PUSCH. The field is not included in DCI.
ii. Each of the RV and NDI bit width is equal to the maximum number of scheduled slots in RRC configuration
c. Zero padding might be needed to align the DCI length for the two cases.
Proposal 19 A single MCS index is signalled for all the PUSCHs scheduled by a single DCI
a. UE applies the same behaviour for the PUSCHs scheduled for initial transmission or re-transmission (Rel-15 behaviour):
i. If MCS row 0-27 is indicated: the UE determines the TB size based on the explicitly indicated MCS
ii. If MCS row 28-31 is indicated: the UE refers to the DCI scheduling the initial PUSCH to determine the TB size

	Sharp
	Proposal 1:
· We prefer not to add new field(s) to DCI 1_0 for enhanced dynamic codebook operation. If enhanced dynamic codebook is configured, NFI can be implicitly indicated by DCI 1_0 without adding an NFI field.

Proposal 2:
· If there is UL DAI configured to be present in the non-fallback DCI for only one group, the UL DAI can be applied to both PDSCH groups (i.e. total value for both PDSCH groups).

Proposal 3:
· C-DAI and T-DAI are accumulated within a PDSCH group until NFI for the PDSCH group is toggled. The C-DAI and T-DAI are reset after the NFI is toggled. C-DAI and T-DAI are not reset by PUCCH transmission occasion i(g).

Proposal 4:
· When generating a HARQ-ACK codebook corresponding to a PDSCH with non-numerical K1 value indicated by a given DCI, the UE determines to use the actually detected C-DAI value(s) indicated by the given DCI or to ignore the detected C-DAI value(s), depending on NFI toggling status.
· If the UE detects that the NFI is toggled, the UE ignores the detected C-DAI value(s) and increment the C-DAI value from 1 for the PDCCH monitoring occasion of the given DCI. Specially, for the single-cell configuration, the UE sets the C-DAI value to 1.
· If the UE detects that the NFI is not toggled, the UE uses the actually detected C-DAI value(s).

Proposal 5:
· We support simultaneous configuration of enhanced dynamic codebook and one-shot feedback. 

Proposal 6:
· One-shot feedback can be triggered by all the follows:
· DCI format 1_1 scheduling DL-SCH
· DCI format 1_1 not scheduling DL-SCH (dedicated trigger)
· DCI format 0_1 scheduling UL-SCH
· DCI format 0_1 not scheduling UL-SCH (dedicated trigger, PUSCH carrying only HARQ-ACK bits)

Proposal 7:
· In the HARQ-ACK information for one-shot feedback, latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH.
Proposal 8:
· The UE assumes the latest NDI value for SPS PDSCH for one-shot feedback is zero.
Proposal 9:
· The UE assumes the latest NDI value for SPS PDSCH release and retransmission of SPS PDSCH for one-shot feedback is zero.
Proposal 10:
· If the semi-static HARQ-ACK codebook includes bit(s) corresponding to a PDSCH scheduled with non-numerical K1, the UE reports the actual HARQ-ACK value using this/those bit(s). Note that this method can create additional feedback opportunities, without additional UL resource or additional RRC impact.
Proposal 11:
· pusch-TimeDomainAllocationList-r16 is introduced as a new TDRA table.
Proposal 12:
· TDRA field in the DCI format 0_1 indicates an item in pusch-TimeDomainAllocationList-r16 instead of pusch-TimeDomainAllocationList.
Proposal 13:
· The number of NDI bits and RV bits in the DCI format 0_1 is determined by maximum number of PUSCHs in pusch-TimeDomainAllocationList-r16 if configured.
Proposal 14:
· 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.

	Panasonic
	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.

	Apple
	Proposal 1:  Consider support time domain resource allocation for multi-TTI scheduling with each TDRA IE in scheduling DCI to indicate a set of concatenated Rel-15 TDRA values (Alt.1). 

Proposal 2: Adopt Alt.2 for TBS determination as follows: 
· 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 

Proposal 3: Support 1-bit RV field per PUSCH transmission for multi-TTI scheduling. 

Proposal 4:
Support CBG-based HARQ retransmission for NR
The maximum number of HARQ processes with CBG-based retransmission is configured by RRC signaling. 
HARQ-ACK processes associated with CBG-based transmission in a multi-TTI transmission is explicitly indicated by separate field in scheduling DCI format. 


	ITRI
	For non-numerical value for PDSCH-to-HARQ-timing-indicator (K1)
Observation 1:
· Since HARQ-ACK feedback for all PDSCH with the same group index is agreed to be carried in the same PUCCH, the HARQ-ACK timing of any two PDSCHs with the same group index should be the same.
Observation 2:
· 3-bit PDSCH-to-HARQ_feedback timing indicator in DCI may not be sufficient to indicate up to more than 8 DL slots.
· In order to improving the scheduling flexibility, the configured K1 value should be considered for all possibilities.
Observation 3:
· For reducing the HARQ feedback latency, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 deriving by the earlier DL DCI scheduling PDSCH with a numerical value if the PDSCH group index is the same can be considered.

Proposal 1:
· For enhanced dynamic codebook operation, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by either the next or the earlier DL DCI scheduling PDSCH with a numerical value for K1 triggering feedback for PDSCH group(s) including the PDSCH group of this PDSCH.

For one-shot HARQ-ACK feedback
Proposal 2:
· For solving the misunderstanding between gNB and UE, latest NDI value reporting along with HARQ-ACK for the corresponding PDSCH can be considered (Alt. B).
Proposal 3:
· For error case handling, the HARQ A/N result of the previous PDSCH with that HARQ ID is reported, even if it had already been reported (Alt. 1)


	NTT DoCoMo
	Proposal 1: For group based HARQ ACK retransmission for dynamic HARQ codebook, NFI is not included in DCI 1_0.
· When a PDSCH is scheduled by DCI 1_0, UE assumes that the NFI for group#0 is not toggled by the DCI.
Proposal 2: For group based HARQ ACK retransmission for dynamic HARQ codebook, when UL DAI is configured for only one group, the UL DAI reflects the latest T-DAI value of the latest transmitted group included in the HARQ-ACK feedback.
Proposal 3: For semi-static HARQ codebook, one of following enhancements is supported.
· Latest NDI value is reported along with HARQ-ACK for the corresponding PDSCH.
· Feedback reception acknowledgement in DCI requesting/triggering HARQ ACK feedback indicates whether previous HARQ ACK feedback was successfully received by gNB or not.
Proposal 4: For multi-TTI UL grant, maximum number of scheduled PUSCHs by the DCI is configurable by higher layer and is up to 16.
Proposal 5: In the extended TDRA table for multi-TTI UL grant, each PUSCH, which is to be followed by a number of contiguous PUSCHs with the same length, has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid PUSCHs in the row of the TDRA table signalled in DCI.
· The number of following contiguous PUSCHs with the same length is included in the new TDRA table
· If non-contiguous PUSCH or PUSCH with different length is scheduled, another SLIV is given for the PUSCH
Proposal 6: For multiple HARQ-ACK opportunities in frequency domain, at least following mechanism should be supported.
· For the case of HARQ-ACK on PUSCH, UCI including HARQ-ACK is piggybacked on every PUSCH in different CC in case of CA operation.
Proposal 7: In case of CA between licensed NR PCell and unlicensed NR SCell, UCI regarding licensed NR carrier(s) is always sent on licensed NR carrier.
· For PUSCH transmission on unlicensed NR SCell in the scenario, simultaneous transmission with PUCCH on licensed NR PCell is necessary.

	Qualcomm
	Proposal 1: DAI for a PDSCH group is accumulated across the PUCCH transmission occasions if NFI is not toggled.

Proposal 2: DAI for a PDSCH group should not be reset within a given PUCCH transmission occasion. Whether the DAI is reset or not compared to the previous PUCCH transmission occasion is determined by the value of the NFI for the PDSCH group in the latest DCI corresponding to the current PUCCH transmission occasion.
Proposal 3: Whether the feedback for the other group is included or not is determined by the value of the request field in the latest DCI corresponding to the current PUCCH transmission occasion.
Proposal 4: When feedback for more than one PDSCH group exists for a PUCCH transmission occasion, the feedback for PDSCH group #1 is appended to the feedback for PDSCH group #0.
Proposal 5: For NFI value of PDSCH group #0 scheduled by DCI format 1_0, the following are assumed:
· If UE detects at least one non-fallback DCI corresponding to a given PUCCH transmission occasion that indicates the NFI value of PDSCH group #0, the NFI value for all the fallback DCIs corresponding to the same PUCCH transmission occasion are assumed to have the same NFI value as the non-fallback DCI.
· Otherwise, the NFI is assumed to be toggled.
Proposal 6: If UL DAI is configured to be present in the UL DCI for only one PDSCH group:
· If UE would report HARQ-Ack feedback on PUCCH for only one PDSCH group, then the UL DAI field is applied to that PDSCH group.
· If UE would report HARQ-Ack feedback on PUCCH for both PDSCH groups, then the UL DAI field is applied to PDSCH group #0.
Proposal 7: If enhanced dynamic HARQ-Ack codebook is configured, DCI format 0_1 should also indicate the value of NFI.
· It is configurable whether to include NFI for one PDSCH group or for both PDSCH groups (using the same RRC parameter as for the presence of additional UL DAI field).
Proposal 8: When UE is configured with enhanced dynamic codebook
· DCI format 1_1 scheduling PDSCH in a CC that is configured with PDSCH-CodeBlockGroupTransmission can only request HARQ-Ack feedback for CBG-based sub-codebook (for the scheduling group or the other group).
· DCI format 1_1 scheduling PDSCH in a CC that is not configured with PDSCH-CodeBlockGroupTransmission can only request HARQ-Ack feedback for TB-based sub-codebook (for the scheduling group or the other group).
Proposal 9: The DCI requesting a one-shot HARQ-Ack feedback is the DCI format 1_1 carrying a PDSCH assignment. A 1-bit field is added to the DCI if the UE is configured with one-shot feedback.
Proposal 10: Support Alt. B: Latest NDI value is reported along with HARQ-Ack in the one-shot HARQ-ACK feedback. UE assumes NDI=0 if there is no prior NDI value for the HARQ process.
Proposal 11: The timing for HARQ-Ack transmission of a PDSCH scheduled by a first DCI with non-numeric K1 value is determined based on the earliest detected DCI (after the first DCI) scheduling another PDSCH with a numeric K1 value if the PRI values of the two DCIs are the same.
· If the PRI values of the two DCIs are not the same, HARQ-Ack feedback for the PDSCH scheduled with non-numeric K1 is discarded.
· If the PRI values of the two DCIs are the same, UE assumes that the DAI has not been reset for regular dynamic HARQ-Ack codebook.
Proposal 12: When a PDSCH for a given HARQ process ID is scheduled with non-numeric K1 value, a second PDSCH with the same HARQ process ID can be received after the end of expected transmission of HARQ-Ack for that HARQ process or after UE discards the HARQ-Ack for that HARQ process. 
Proposal 13: The multi-TTI grants should include support for transmitting mini-slots in the initial portion of the transmission which can be followed by switching to full slot at slot boundaries.
Proposal 14: For TDRA table of multi-TTI grant, support Alt. 1. 
· The maximum number of PUSCHs scheduled by a DCI, N, is determined by the configured TDRA table, and should be restricted to N=1, 2, 3, …, 8. 
· NDI field has size equal to N. 
Proposal 15: Support Alt. 3 for TBS determination based on MCS (bitmap). Modulation order is determined based on the indicated MCS independent of the bitmap.
Proposal 16: The multi-TTI grants should also support CBG based retransmissions.
Proposal 17: Introduce the following scheme to reduce the DCI size of multi-TTI grant
· Limit the maximum number of retransmissions in a multi-TTI grant through an RRC parameter, which can be smaller than N (maximum number of PUSCHs).
· CBGTI and RV fields include the information only for HARQ process IDs corresponding to a retransmission as indicated by the bitmap. The length of the CBGTI and RV fields in the DCI is a function of the maximum number of retransmissions. 


	CAICT
	Proposal 1：NFI could be included in DCI 1_0 for the purpose of enhanced dynamic HARQ codebook operation.
Proposal 2: one-shot feedback could be used to trigger all HARQ process feedback when all HARQ process miss the feedback point configured by enhanced dynamic HARQ codebook feedback.
Proposal 3: A bitmap could be used to indicate one HARQ-ACK feedback in multi carrier/sub-band.
Proposal 4: Access priorities should be allocated to different PUCCH resources carrying the same HARQ-ACK.
Proposal 5: For SLIV indication of Multi-TTI grant, Alt.1(Each PUSCH has a separate SLIV and mapping type.) is proposed.
Proposal 6: Alt.2 is proposed to indicate the MCS index for PUSCHs scheduled by a single DCI.
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Appendix – Error cases for Enhanced Dynamic Codebook in case of scheduling with DL fallback DCI

The figures below illustrate a possible behaviour for the UE assumption on the C-DAI value expected to be received in a fallback DCI in case only fallback DCI is used for scheduling PDSCHs between two PUCCH occasions.

Case 1
[image: ]

Case 2
[image: ]

Case 3
[image: ]



Proposed offline agreement from FL:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· If the UE does not detect a DCI that indicates an NFI corresponding to group #0 since the last scheduled PUCCH that includes feedback for group #0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the DCI 1_0
· UE assumes that the NFI is toggled compared to the last value of NFI for group #0 that was received in a DCI 1_1 before the last scheduled PUCCH that includes feedback for group #0
· UE only reports HARQ-ACK feedback for the PDSCHs scheduled by DCI 1_0
· UE expects that C-DAI=1 in the first DCI format 1_0 received after the latest PUCCH occasion if the UE didn’t detect a DCI format 1_1 since the latest PUCCH occasion.

[image: ]



Modified proposals:
If enhanced dynamic codebook is configured, for a PDSCH scheduled by DL DCI 1_0:
· If the UE does not detect a DCI that indicates an NFI corresponding to group #0 since the last scheduled PUCCH that includes feedback for group #0 and before the PUCCH occasion that includes feedback corresponding to PDSCH scheduled with the DCI 1_0
· UE assumes that PDSCH scheduled with the DCI 1_0 doesn't belong to any group
· UE only reports HARQ-ACK feedback for the PDSCHs scheduled by DCI 1_0s received after the last scheduled PUCCH as in NR Rel-15 dynamic codebook.
· UE expects that C-DAI=1 in the first DCI format 1_0 received after the last scheduled PUCCH. Otherwise, UE discards HARQ-ACK feedback for the PDSCHs scheduled by DCI 1_0s.


[image: ]
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