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Background

With respect to each topic, the latest agreements achieved in recent RAN1 meetings [1] – [3] are summarized as the follows.

	[bookmark: _Hlk6227919]Agreement (Group based dynamic HARQ-ACK codebook):
When configured for operation with enhanced dynamic HARQ codebook (type-2 codebook), a UE shall support 2 PDSCH groups.
· The number of PDSCH groups that the UE shall support is not RRC configurable
· FFS: More groups, depending on the resolution of the FFS on up to 4 groups from a prior agreement

Agreement:
· For enhanced dynamic HARQ codebook, choose one of the alternatives below: 
· Alt-1: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group
· Alt-2: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups
· FFS: Extension to fallback DCI

Agreement:
For enhanced dynamic HARQ-ACK codebook when the feedback is triggered by a DL DCI scheduling a PDSCH, a UE is not expected to be requested in that DL DCI to provide feedback only for a PDSCH group not scheduled in that DL DCI
Agreement:
For enhanced dynamic codebook operation, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by the next DL DCI scheduling PDSCH with a numerical value for K1 triggering feedback for PDSCH group(s) including the PDSCH group of this PDSCH.
· FFS: additional methods including 
· based on an earlier DCI
· one-shot HARQ-ACK feedback
· FFS: dependency on NFI

Agreement (multi-TTI support):
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.



Group based HARQ-ACK dynamic codebook and non-numerical K1

The following agreements have been made in RAN1 #98 [3].

	Agreement:
When configured for operation with enhanced dynamic HARQ codebook (type-2 codebook), a UE shall support 2 PDSCH groups.
· The number of PDSCH groups that the UE shall support is not RRC configurable
· FFS: More groups, depending on the resolution of the FFS on up to 4 groups from a prior agreement
Agreement:
· For enhanced dynamic HARQ codebook, choose one of the alternatives below: 
· Alt-1: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH only for the scheduled group
· Alt-2: NFI and T-DAI are indicated in non-fallback DCI scheduling PDSCH for both groups
· FFS: Extension to fallback DCI

Agreement:
For enhanced dynamic HARQ-ACK codebook when the feedback is triggered by a DL DCI scheduling a PDSCH, a UE is not expected to be requested in that DL DCI to provide feedback only for a PDSCH group not scheduled in that DL DCI
Agreement:
For enhanced dynamic codebook operation, HARQ-ACK timing for a PDSCH scheduled with a non-numerical value for K1 is derived by the next DL DCI scheduling PDSCH with a numerical value for K1 triggering feedback for PDSCH group(s) including the PDSCH group of this PDSCH.
· FFS: additional methods including 
· based on an earlier DCI
· one-shot HARQ-ACK feedback
· FFS: dependency on NFI



In RAN1 #98 [3], it has been agreed that a UE shall support 2 PDSCH groups when configured for operation with enhanced dynamic HARQ codebook. Although some companies had concerns on possible scheduling flexibility limitation with 2 PDSCH groups, we do not see the necessity of introducing more than 2 PDSCH groups based on our analysis and detailed examples in our previous contribution [4].

Proposal 1:
· For the enhanced dynamic HARQ codebook operation, we do not support more than two PDSCH groups.

In RAN1 #98 [3], with respect to NFI and T-DAI indication when multiple PDSCH groups are used, two alternatives were summarized. We express our opinion of supporting Alt-1 by the following proposal.

Proposal 2:
· We support that NFI indication and T-DAI indication only for the scheduled group are included in the DCI format scheduling the PDSCH of the scheduled group.

Between the gNB and the UE, the understandings on whether the HARQ-ACK information is detected can be aligned by NFI toggling indication. For a PDSCH group, by the indication of toggled NFI bit, the UE acknowledges that the reported HARQ-ACK information has been detected by the gNB. With respect to the indication of not-toggled NFI bit, from the perspective of gNB view, it only means the gNB has not detect any HARQ-ACK information. But from the perspective of UE’s view, it might correspond to one of multiple possible cases including 1) the HARQ-ACK information is reported but not detected, 2) the HARQ-ACK information is not reported due to LBT failure, 3) the HARQ-ACK information is postponed for non-numerical K1.

[bookmark: _GoBack]In RAN1 #98 [3], it has been agreed that 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. Then, the remained issue is how this operation depend on NFI toggling status. Before discussing this issue, by the following Observation 1, we clarity that the gNB shall toggle the NFI when the gNB received all HARQ-ACK information for a given PDSCH group except for unreported HARQ-ACK due to non-numerical K1 value.

Observation 1:
· When the gNB successfully received all HARQ-ACK information for a given PDSCH group except for unreported HARQ-ACK due to non-numerical K1 value, the successfully received HARQ-ACK information will be reported again if the gNB sets NFI for the PDSCH group to be not toggled in the next DL DCI having numerical K1 value, which wastefully costs PUCCH resources.

Based on this observation, with respect to the NFI dependency issue, we provide the following Proposal 3 and Proposal 4, corresponding to the not toggled NFI case and the toggled NFI case, respectively.

Proposal 3:
· 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, which applies to not toggled NFI.
· The UE puts all the most recently expected HARQ-ACK information for the given PDSCH group as well as HARQ-ACK information of which HARQ timing is associated with the current PUCCH transmission (including HARQ-ACK for a PDSCH scheduled with a non-numerical value for K1) if the UE detects NFI not toggled for the given PDSCH group.
Proposal 4:
· 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, which applies to toggled NFI.
· The UE puts only the HARQ-ACK information of which HARQ timing is associated with the current PUCCH transmission (including HARQ-ACK for a PDSCH scheduled with a non-numerical value for K1) in a HARQ-ACK codebook if the UE detects NFI toggled for the given PDSCH group.

According to our analysis based on detailed scheduling examples in our previous contribution, we found that special handling on C-DAI for non-numerical K1 PDSCH is required in order to generate correct HARQ-ACK codebook at the UE. The following proposal is provided as a solution.

Proposal 5:
· 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).

In addition to the solutions handling the non-numerical K1 issue in the enhanced dynamic HARQ-ACK codebook, the non-numerical K1 mechanism shall also be applicable to semi-static HARQ-ACK codebook, where enhancements such as the following proposal can be made to provide more HARQ-ACK feedback opportunities.

Proposal 6:
· If the UE is configured for operation with type-1 semi-static codebook, for reporting HARQ-ACK feedback including the feedback that was postponed by non-numerical K1 at the time of scheduling the PDSCH, and if the semi-static HARQ-ACK codebook includes a bit corresponding to the PDSCH of which HARQ-ACK information is stored, the bit carries the actual HARQ-ACK information for the PDSCH instead of filling with “NACK”.

DCI support for multi-TTI

The following agreements have been made in RAN1 #96 [1], RAN1 #97 [2], and RAN1 #98 [3].

	Agreement (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
· …
· 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
· [bookmark: _Hlk15372349]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
…

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



With respect to the FFS “whether existing DCI formats can be extended or new formats are necessary and associated details for supporting scheduling multiple PUSCHs” made in RAN1 #97 [2], we propose the following option. 

Proposal 7:
· With respect to DCI format design for multi-TTI, we prefer the option of one DCI format 0_1A (or reusing DCI format 0_1 of Rel-15) for both single-TTI and multi-TTI, switching by a flag indicated by the DCI format 0_1A. This switching flag can be implicitly indicated by the DCI field indicating the number of TTIs.

In RAN1 #96 [1], it has been agreed that at least continuous time domain resource assignment is supported. In RAN1 #98 [3], it has been concluded that 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. Based on the achieved agreements and conclusion, there are three varieties of slots (TTIs) and the characteristics of each variety are summarized as the follows.
· The first slot: due to the uncertain starting time of PUSCH transmission, mapping Type B with flexible starting symbol is proper for the first slot. Only the start symbol S needs to be indicated since the allocation length L can be implicitly computed such as .
· The middle slot(s): all the symbols are scheduled for PUSCH transmission. Since it seems that PUSCH mapping types do not make much difference except for the different DMRS positions, the mapping type for the middle slot(s) can either be fixed to a predefined type or be configured/indicated. Hence, it is not required to indicate S, L, or mapping type for the middle slot(s).
· The last slot:  and indication of L is required. The different between using mapping Type A and mapping Type B is that, for mapping Type A, it is not possible to schedule PUSCH with three or less symbols, which slightly limits the scheduling flexibility.
Base on the above observations, we propose the following methods.

Proposal 8: 
· Focusing on the continuous time domain resource assignment for multi-TTI, a simple allocation scheme with concise indication could be:
· Mapping Type A or B for a single SLIV.
· The single SLIV indicates
· S of the first slot and
· L of the last slot
· For the first slot, L is always equal to .
· For the middle slot(s), S and L are always equal to 0 and 14, respectively.
· For the last slot, S is always equal to.
Proposals
In this contribution, we provide the following observations and proposals:

Proposal 1:
· For the enhanced dynamic HARQ codebook operation, we do not support more than two PDSCH groups.

Proposal 2:
· We support that NFI indication and T-DAI indication only for the scheduled group are included in the DCI format scheduling the PDSCH of the scheduled group.

Observation 1:
· When the gNB successfully received all HARQ-ACK information for a given PDSCH group except for unreported HARQ-ACK due to non-numerical K1 value, the successfully received HARQ-ACK information will be reported again if the gNB sets NFI for the PDSCH group to be not toggled in the next DL DCI having numerical K1 value, which wastefully costs PUCCH resources.

Proposal 3:
· 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, which applies to not toggled NFI.
· The UE puts all the most recently expected HARQ-ACK information for the given PDSCH group as well as HARQ-ACK information of which HARQ timing is associated with the current PUCCH transmission (including HARQ-ACK for a PDSCH scheduled with a non-numerical value for K1) if the UE detects NFI not toggled for the given PDSCH group.

Proposal 4:
· 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, which applies to toggled NFI.
· The UE puts only the HARQ-ACK information of which HARQ timing is associated with the current PUCCH transmission (including HARQ-ACK for a PDSCH scheduled with a non-numerical value for K1) in a HARQ-ACK codebook if the UE detects NFI toggled for the given PDSCH group.

Proposal 5:
· 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 6:
· If the UE is configured for operation with type-1 semi-static codebook, for reporting HARQ-ACK feedback including the feedback that was postponed by PDSCH-to-HARQ-timing-indicator at the time of scheduling the PDSCH, and if the semi-static HARQ codebook includes a bit corresponding to the PDSCH of which HARQ-ACK information is stored, the bit carries the actual HARQ-ACK information for the PDSCH instead of filling with “NACK”.

Proposal 7:
· With respect to DCI format design for multi-TTI, we prefer the option of one DCI format 0_1A (or reusing DCI format 0_1 of Rel-15) for both single-TTI and multi-TTI, switching by a flag indicated by the DCI format 0_1A. This switching flag can be implicitly indicated by the DCI field indicating the number of TTIs.

Proposal 8: 
· Focusing on the continuous time domain resource assignment for multi-TTI, a simple allocation scheme with concise indication could be:
· Mapping Type A or B for a single SLIV.
· The single SLIV indicates
· S of the first slot and
· L of the last slot
· For the first slot, L is always equal to .
· For the middle slot(s), S and L are always equal to 0 and 14, respectively.
· For the last slot, S is always equal to.
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