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1 Introduction
There were many discussions from RAN1#104-e to RAN1#105-e meeting [1]-[3] regarding PDSCH/PUSCH enhancements beyond 52.6GHz in several aspects such as multi-PDSCH/PUSCH scheduling, Type-1 HARQ-ACK codebook generation, Type-2 HARQ-ACK codebook generation and HARQ timing. In this contribution, we provide our view on Type-2 HARQ-ACK codebook generation as enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Discussion on multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
[bookmark: OLE_LINK69]Issue 1: Type-2 HARQ-ACK codebook for multi-PDSCH scheduling with a single DCI
	Agreement at RAN1 #104-e: [1]
For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following alternatives can be considered to DAI counting and will be down-selected in RAN1#104bis-e.
· [bookmark: _Hlk68523465]Alt 1: C-DAI/T-DAI is counted per DCI.
· Alt 2: C-DAI/T-DAI is counted per PDSCH.
· [bookmark: _Hlk68517834]Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable (e.g., 1, 2, 4, …).
· FFS: Codebook generation details
· FFS: How to signal DAI values (e.g., increase of DAI bits for Alt 2 and Alt 3)
· FFS: Whether to apply time domain bundling of HARQ-ACK feedback


 Since a single DCI schedules more than one PDSCHs with different TBs, it is not clear how to interpretate C-DAI and T-DAI in the DCI. In the RAN1#104-e meeting, three alternatives were identified [1]. The three alternatives are illustrated in Figure 1. 
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Figure 1. DAI counting rules. (a) Alt 1, (b) Alt 2, and (c) Alt 3. oi represents HARQ-ACK information of TBi. 

In the RAN1#104b-e meeting, RAN1 reached conclusions for each alternative. Based on these conclusions, we compare three alternatives below. 
· Alt 1: C-DAI/T-DAI is counted per DCI.
	Conclusion: (RAN1#104b-e [2])
The following is observed for alternative 1 from prior agreement.
· For Alt 1 (C-DAI/T-DAI is counted per DCI) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· C-DAI/T-DAI in DL DCI: Same DAI overhead with Rel-16 single-PDSCH DCI
· T-DAI in UL DCI: 
· In case of single codebook handling feedback for both single and multi-PDSCH scheduling, same DAI overhead with Rel-16 UL DCI
· In case of separate sub-codebooks, need additional DAI field (with same bit-width of DAI with Rel-16 UL DCI), in UL DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· Note that DAI field increment for this case is similar for the case in Rel-15 where CBG is configured
· HARQ-ACK codebook generation:
· A separate sub-codebook can be generated when multi-PDSCH DCI is configured for a serving cell, similar to the way as 2nd sub-codebook is defined to handle CBG-based scheduling
· FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
· FFS: how many sub-codebooks are generated when multi-PDSCH DCI is configured for a serving cell and CBG is configured for the serving cell and/or the other serving cell(s)
· HARQ-ACK payload size is increased compared to single PDSCH scheduling only, since the number of HARQ-ACK bits corresponding to each DAI of the (sub-)codebook for multi-PDSCH DCI in case of separate sub-codebooks (or for all DL DCIs in case of single codebook) depends on the maximum configured number of PDSCHs for multi-PDSCH DCI across serving cells belonging to the same PUCCH cell group.
· The number of HARQ-ACK bits for multi-PDSCH DCI in case of separate sub-codebooks, or for all DL DCIs in case of single codebook, does not depend on the number of actually scheduled PDSCHs, rather, it is fixed as the maximum configured number of PDSCHs.
· [bookmark: _Hlk71635949]FFS: time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104-e
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH
Agreement at RAN1 #105-e [3]
If Alt 1 (C-DAI/T-DAI is counted per DCI) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
· At least two sub-codebooks are generated for a PUCCH cell group where 
· The first sub-codebook is for the following cases: 
· Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing rows each with a single SLIV
· Any DCI that is not configured with CBG-based scheduling and is configured with TDRA table containing at least one row with multiple SLIVs and schedules only a single PDSCH
· The second sub-codebook is for the following case: 
· Any DCI that is configured with TDRA table containing at least one row with multiple SLIVs and schedules multiple PDSCHs 
· FFS: Methods (if needed) to align the size of HARQ-ACK feedback corresponding to different DCIs
· FFS: Whether HARQ-ACK bits for 2 PDSCHs scheduled by this DCI can be included in the first sub-codebook in some cases
· FFS: SPS PDSCH release, SCell dormancy indication without scheduled PDSCH
· FFS: 2 or 3 sub-codebooks if CBG is configured for a serving cell in the PUCCH cell group
· FFS: impact of time domain bundling, if supported, e.g., the number of sub-codebooks including single codebook if all A/N bits are bundled into a single bit per DCI



In Alt 1, C-DAI and T-DAI are counted per DCI and each increment represents the maximum number of PDSCHs scheduled by a single DCI. In Figure 1-(a), the maximum number of PDSCHs is assumed to 4. The merit of the Alt 1 is that the definition of C-DAI and T-DAI in Rel-15/16 is not changed and the number of bits for C-DAI and T-DAI can be kept as 2 bits. However, it may result in increased overhead. For example, even if the DCI in CC#0 with (C-DAI, T-DAI) = (2, 3) schedules 3 PDSCHs and the DCI in CC#2 with (C-DAI, T-DAI) = (4,4) schedules 2 PDSCHs, but a UE assumes that each of these DCIs schedules 4 PDSCHs to avoid Type-2 CB size ambiguity between UE and gNB. Therefore, some filler bits, ‘x’ would be inserted to the Type-2 CB. As a result, 13 TBs are scheduled, but the Type-2 CB includes 16 bits (with 3 filler bits). 
At the previous RAN1#105-e meeting, it was agreed that at least two sub-codebooks are generated for a PUCCH cell group regarding an issue whether a single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell. For the FFS on impact of time domain bundling, if time domain bundling of HARQ-ACK feedback is configured, then the second type of transmission can be regarded as the first type of transmission, i.e., the second sub-codebook is dropped and the first sub-codebook can be constructed based on the first type of transmissions.

· Alt 2: C-DAI/T-DAI is counted per PDSCH.
	[bookmark: _Hlk69808417]Conclusion: (RAN1#104b-e [3])
The following is observed for alternative 2 from prior agreement.
· For Alt 2a (C-DAI/T-DAI is counted per PDSCH with a single codebook) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· C-DAI/T-DAI in DL DCI: Bit-width can be increased (FFS: by how much), in DL DCI not only for multi-PDSCH DCI but also for single-PDSCH DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· T-DAI in UL DCI: Bit-width can be increased (FFS: by how much), in UL DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI
· C-DAI/T-DAI in DL DCI and T-DAI in UL DCI shall be designed such that at most 3 consecutive DCI missing can be resolved, same as in Rel-15/16 NR. 
· FFS: details on increment of DAI field size
· FFS: whether/how to handle the case where different DCI formats (e.g., DCI format 1_0 and DCI format 1_1) have different field sizes for C-DAI/T-DAI
· HARQ-ACK codebook generation:
· The number of HARQ-ACK bits depends on the number of scheduled PDSCHs.
· FFS: ordering of the PDSCHs for DAI counting
· FFS: time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104-e
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH

Agreement at RAN1 #105-e [3]
If Alt 2 (C-DAI/T-DAI is counted per PDSCH) is adopted for generating type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs, 
· PDSCH(s) scheduled by a single DCI is counted firstly, serving cell(s) in the same PUCCH cell group and same PDCCH monitoring occasion is counted secondly, and PDCCH monitoring occasion(s) is counted thirdly.
· The bit width of counter DAI field in fallback DCI (i.e., DCI formats 0_0 and 1_0) remains the same as in Rel-15 NR.
· Note: The DAI bit width and number of sub-codebooks shall ensure that at most 3 consecutive missed DCIs can be resolved, same as in Rel-15/16 NR 
· This shall not impose additional gNB’s scheduling restriction.
· In case where CBG retransmission is not configured for any serving cell in a same PUCCH cell group, the number of bits for each of counter DAI and total DAI in non-fallback DCI is extended (if needed) at least based on 
· The number of SLIVs associated with the row indexes in TDRA table 
· FFS: details
· FFS: the case with configuration of CBG retransmission
· FFS: the number of sub-codebooks
· FFS: for the UE indicating by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion


 In Alt 2, C-DAI and T-DAI are counted per PDSCH and each increment represents the single PDSCH. Contrary to Alt 1, Alt 2 has no overhead in Type-2 CB. That is, if 13 TBs are scheduled, then the Type-2 CB includes 13 bits without any filler bits. Therefore, in terms of Type-2 CB size, Alt 2 would be the best among the three alternatives. However, it requires a greater number of bits for C-DAI and T-DAI than the number of bits as in Rel-15 to keep the same DTX capability as in Rel-15/16. Note that in Rel-15/16 up to 3 consecutive DTXs can be detected by 2-bit C-DAI and 2-bit T-DAI. For example, if 3-bit C-DAI and 3-bit T-DAI are used, then (C-DAI, T-DAI) = (4, 4) in the DCI of CC#1, (C-DAI, T-DAI) = (7, 3) in the DCI of CC#0, (C-DAI, T-DAI) = (3, 3) in the DCI of CC#3, and (C-DAI, T-DAI) = (5, 5) in the DCI of CC#2. If the DCIs of CC#0/1/3 are missed (consecutive 3 DTXs), then the UE generates 5-bit Type-2 CB since (C-DAI, T-DAI) = (5, 5) in the DCI of CC#2 is detected. Note that 4-bit C-DAI and 4-bit T-DAI can address this issue. 
As the details on increment of DAI field size, in Figure 1, to detect up to 3 consecutive DTXs, 4-bit C-DAI and 4-bit T-DAI are used. In general, the number of additional bits for C-DAI and T-DAI, respectively, are ceil(log2(the maximum number of SLIVs in a row in TDRA)) to detect up to 3 consecutive DTXs. However, the small number of additional bits may be also acceptable in some cases, where the maximum number of SLIVs in a row in TDRA is much larger than other rows. So, rather than fixing the number of additional bits or deriving from the maximum number of SLIVs in a row in TDRA, it would be better to configure the number of additional bits by a gNB for more flexibility. 
Whether/how to handle the case where different DCI formats (e.g., DCI format 1_0 and DCI format 1_1) have different field sizes for C-DAI/T-DAI should be discussed to support Alt-2. For example, DCI format 1_0 has 2-bit C-DAI, of which range is 1, 2, 3, or 4, but DCI format 1_1 may have N-bit C-DAI, of which range is 1, 2, …, or 2N. Since it was agreed at the RAN1#105-e meeting that the bit width of counter DAI field in fallback DCI (i.e., DCI formats 0_0 and 1_0) remains the same as in Rel-15 NR, the range of 2-bit C-DAI in the DCI format 1_0 should be extended/interpreted to N-bit C-DAI in the DCI format 1_1. The details should be further discussed.
Regarding ordering of the PDSCHs for DAI counting, it was agreed at the RAN1#105-e meeting that PDSCH(s) scheduled by a single DCI is counted firstly, serving cell(s) in the same PUCCH cell group and same PDCCH monitoring occasion is counted secondly, and PDCCH monitoring occasion(s) is counted thirdly. 
Regarding time domain bundling of HARQ-ACK feedback, as per agreement in RAN1#104b-e, if the time domain bundling of HARQ-ACK feedback is configured, the Alt 2 is same as the Alt 1 (time domain bundling), i.e., C-DAI/T-DAI is counted per DCI.

· Alt 3: C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable (e.g., 1, 2, 4, …).
	Conclusion: (RAN1#104b-e [3])
The following is observed for alternative 3 from prior agreement.
· For Alt 3 (C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable) of generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs,
· If M equals to the maximum configured number of PDSCHs, Alt 3 is the same with Alt 1, if the same number of codebooks is assumed.
· Else if M equals to 1, Alt 3 is the same with Alt 2.
· Otherwise (i.e., 1<M<the maximum configured number of PDSCHs), Alt 3 is similar to Alt 2, except that
· The number of HARQ-ACK bits corresponding to each DAI increases by M times.
· NACK bits may be padded if the number of scheduled PDSCHs is not an integer multiple of M.
· FFS: details on DAI field size
· FFS: whether single codebook or separate sub-codebooks is(are) generated when multi-PDSCH DCI is configured for a serving cell
· In addition, new RRC parameter to configure M needs to be introduced.
· Note that multi-PDSCH DCI refers to a DL DCI where at least one entry of the TDRA table allows scheduling more than one PDSCH


 In Alt 3, C-DAI and T-DAI are counted per M scheduled PDSCH(s), where M is configurable. The Alt 3 is a generalization of Alt 1 and Alt 2 by introducing a configurable parameter M. That is, if M=1 is configured, then the Alt 3 is same as the Alt 1, and if M is configured to the maximum number of PDSCHs scheduled by a single DCI, then the Alt 3 is same as the Alt 2. Figure 1-(c) illustrates M=2 case, where each increment represents 2 PDSCH(s). Even if the DCI in CC#0 schedules 3 PDSCHs, then 4 bits (including 1 filler bit) are inserted in Type-2 CB. Therefore, the Type-2 CB size is 14 bits, which is middle of Alt 1 and Alt 3.

In fact, similar issues were discussed in case of CBG-based transmission in Rel-15, where the number of scheduled CBGs can be varied across different DCIs so that the number of HARQ-ACK bits for the scheduled CBGs can be also varied. Also, the number of CBGs can be configured as 2/4/8 per PDSCH for each serving cell and it can be different in different CCs. The pros and cons for each of alternatives were intensively discussed in Rel-15. Finally, in RAN1, it was agreed to support Alt 1-like approach for CBG-based transmission, i.e., C-DAI and T-DAI are counted per DCI and each increment corresponds to the maximum number of CBGs. For this issue on Type-2 HARQ-ACK codebook for multi-PDSCH scheduling with a single DCI, it seems beneficial that the same approach as in Rel-15 can be reused for generating Type-2 HARQ-ACK CB for multi-PDSCH scheduling with a single DCI.
· Proposal 1: We propose to support Alt 1, which is C-DAI/T-DAI is counted per DCI for generating Type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs.

3 Conclusion
In this contribution, we discussed about Type-2 HARQ-ACK codebook generation as enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI. The following is proposed: 
· Proposal 1: We propose to support Alt 1, which is C-DAI/T-DAI is counted per DCI for generating Type-2 HARQ-ACK codebook corresponding to a DCI that can schedule multiple PDSCHs.
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