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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#104bis-e, some progress was made on schemes for multi-slot scheduling and HARQ for PDSCH and PUSCH enhancement for 52-71GHz spectrum [1]:
· Maximum number of PDSCHs/PUSCHs scheduled by a single DCI is 8, further restriction for 120 kHz or 480 kHz is FFS; 
· DCI format for multi-PDSCH/PUSCH scheduling: MCS indicated in DCI are applied commonly for the 1st TB of each PDSCH; NDI and RV are indicated per PDSCH; HARQ process number indicated is only applied to the first PDSCH, with increment for subsequent PDSCHs;
· TDRA for multi-PDSCH/PUSCH scheduling: Alt 2 (support non-continuous resource mapping in time domain) is selected for multi-PDSCH/PUSCH scheduling, where separate SLIV and mapping type is indicated per PDSCH/PUSCH;
· HARQ: several options are listed for candidate PDSCH reception occasions determination of type-1 HARQ-ACK codebook, and some more details are listed for alternatives of C-DAI/T-DAI counting for type-2 HARQ-ACK codebook; 
In this paper, we continue to discuss some key aspects for enhancement of PDSCH/PUSCH scheduling and HARQ in the following section, which include maximum number of PDSCH/PUSCH for SCSs other than 960 kHz, fields of DCI format design, and issues related to HARQ-ACK codebook.
[bookmark: _Ref129681832]Enhancement on PDSCH and PUSCH
[bookmark: _Ref167612881]Multi-PDSCH/Multi-PUSCH scheduling
Maximum number of PDSCH scheduled by a single DCI
	Agreement:
· The maximum number of PDSCHs that can be scheduled with a single DCI in Rel-17 is 8 for SCS of 480 and 960 kHz.
· FFS: Further restrictions for 480 kHz to 4
· FFS: A UE capability to select between 4 and 8 for 480 kHz SCS
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.
· The maximum number of PUSCHs that can be scheduled with a single DCI in Rel-17 is 8.
· FFS: Further restrictions for 120 kHz and 480 kHz SCS
· FFS: A UE capability to select between different values for 120 kHz and 480 kHz SCS


It was agreed that a single MCS indicated in DCI is applied to the 1st TB of all PDSCHs scheduled by the single DCI. To make sure the single MCS of the 1st TB is a suitable choice for all the PDSCHs/PUSCHs in a multi-PDSCH/PUSCH scheduling, the absolute maximum time duration of the multi-PDSCH/PUSCH scheduling should be confined. In FR2, the maximum time unit PDSCH scheduling with different TBs is 1 slot for 120 kHz, which can be set as the maximum absolute time duration for multi-PDSCH scheduling in this new frequency range under any SCS value, given that channel conditions don’t depend on the SCS and 52.6-71 GHz may experience similar channel properties as in FR2. Therefore, the maximum number of PDSCHs/PUSCHs should be restricted with 4 for 480 kHz. In addition, to align the definition of PDCCH monitoring capability of different SCSs in a same time duration, the maximum number of slots for 480 kHz SCS should be 4.
[bookmark: _Ref70244691]Proposal 1: The maximum number of PDSCHs/PUSCHs scheduled by a single DCI is 4 for 480 kHz SCS.
Due to the short slot duration of new SCSs, single slot scheduling introduces too much complexity and too high power consumption of PDCCH monitoring per slot. This is why multi-slot PDSCH/PUSCH scheduling was proposed as a solution for the new SCSs. No such issue needs to be addressed for 120 kHz SCS. RAN1#104-bis-e agreed that for 120 kHz SCS, no multi-slot UE capability for PDCCH monitoring is needed. On the contrary, it is unclear whether the same MCS could be used for scheduling multiple TBs in different slots with 120 kHz SCS since the channel variation may be too large across the multiple slots scheduled by a single DCI. Therefore, there may be more drawbacks than benefits for multi-PDSCH/PUSCH scheduling with 120 kHz SCS for above 52.6 GHz.
[bookmark: _Ref70244720]Proposal 2: Multi-PDSCH scheduling by a single DCI is not supported for 120 kHz SCS.

DCI format design
In RAN1#104b-e, the following 2 agreements were reached on the DCI format design
	Agreement:
For a DCI that can schedule multiple PDSCHs,
· MCS for the 1st TB: This appears only once in the DCI and applies commonly to the first TB of each PDSCH
· NDI for the 1st TB: This is signaled per PDSCH and applies to the first TB of each PDSCH
· RV for the 1st TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the first TB of each PDSCH
· HARQ process number: This applies to the first scheduled PDSCH and is incremented by 1 for subsequent PDSCHs (with modulo operation, if needed)
· FFS:
· MCS/NDI/RV for the 2nd TB for each PDSCH, including whether scheduling of the 2nd TB for each PDSCH can be supported or not
· Details of resource allocation related fields such as VRB-to-PRB mapping, PRB bundling size indicator, rate matching indicator, and ZP CSI-RS trigger
· Whether/how to signal CBGFI/CBGTI if CBGFI/CBGTI is supported for multi-PDSCH scheduling
· Details of fields that are common with multi-PUSCH scheduling, e.g., TDRA, FDRA, priority indicator, including potential enhancements
· 
Agreement:
· For a DCI that can schedule multiple PUSCHs,
· TDRA: Alt 2 (TDRA table is extended such that each row indicates up to 8 multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.), as per agreement made in RAN1#104-e
· FFS: signaling details
· Note: Alt 2 does not preclude continuous resource allocation in time-domain.
· For a DCI that can schedule multiple PDSCHs,
· TDRA: TDRA table is extended such that each row indicates up to 8 multiple PDSCHs (that can be non-continuous in time-domain). Each PDSCH has a separate SLIV and mapping type. The number of scheduled PDSCHs is implicitly indicated by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· FFS: signaling details
· Note: This does not preclude continuous resource allocation in time-domain.
· Note: Multi-PDSCH scheduling for the case of 120 kHz SCS is still FFS as per prior agreement. This case can be addressed after this FFS has been decided.


In e-meeting of RAN1#104, some other fields of DCI format are listed as follow:
	· CBGTI: Whether or not CBG (re)transmission is supported when more than one PUSCHs are scheduled (Already supported when only one PUSCH is scheduled).
· CSI-request: Whether to apply same or different rule compared to Rel-16 (e.g., the PUSCH that carries the AP-CSI feedback is the first PUSCH that satisfies the multiplexing timeline).
· URLLC related fields such as priority indicator and open-loop power control parameter set indication: Whether/how to apply URLLC related fields for scheduled PUSCHs


Common fields
In Rel-16, DCI format 0-1 already supports scheduling multi-PUSCHs. The lengths of NDI field and RV fields are determined by the maximum number of schedulable PUSCHs among all entries in the higher layer parameter pusch-TimeDomainAllocationListForMultiPUSCH. Considering the flexible NDI and RV fields, multi-PUSCH is not supported for DCI format 0-0 because the DCI payload size is usually fixed and it is targeting at basic functionalities. The same logic applies for the DL with DCI format 1-0.
[bookmark: _Ref70347204]Proposal 3: Support at least DCI format 1-1/0-1 for multi-slot PDSCH/PUSCH scheduling with a single DCI. No support of DCI format 0-0 and 1-0 for multi-slot PDSCH/PUSCH scheduling. 
Two codewords or two TBs are introduced when the number of layer is larger than 4 for one UE in Rel-15. If the number of transmission layers is not larger than 4, then only one TB is mapped on all the layers based on an interleaved method. The demodulation performance of the only TB is averaged among layers.
In the frequency range above 52.6GHz to 71GHz, the beam width could be narrower with increasing number of transmit antennas. The number of co-scheduled UEs in the same beam could be fewer. The difference of channel quality among different layers for the same UE will be larger. On one hand, fewer co-scheduled UEs creates an opportunity of transmission with more layers (more than 4) per UE. On the other hand, indicating a unified MCS for layers with different channel quality is not efficient. Therefore, a 2nd TB with a separate MCS can be introduced for multi-slot PDSCH/PUSCH scheduling. Similar as the indication of MCS, NDI, RV of the 1st TB, the MCS for the 2nd TB can be applied commonly to all the scheduled PDSCHs, while NDI and RV are indicated individually for each scheduled PDSCH/PUSCH.
[bookmark: _Ref70347210]Proposal 4: Support scheduling 2nd TB for multi-slot PDSCH/PUSCH scheduling, and MCS for the 2nd TB is applied commonly to all the scheduled PDSCHs/PUSCHs, while NDI and RV are indicated individually for each scheduled PDSCH/PUSCH.
For frequency domain resource allocation, increasing the RBG size has been proposed to decrease the FDRA size in DCI, because fewer UEs will be FDMed on the whole bandwidth part due to narrower beam width in the new frequency range. However, larger RBG size will restrict the resource allocation flexibility in frequency domain, especially for 480 kHz and 960 kHz. Moreover, the overhead of FDRA indication does not increase because the maximum number of PRBs is equal to or less than the value defined in FR2 for 120 kHz due to same assumption of FFT size per carrier. Therefore, it is not essential to further reduce FDRA indication. 
[bookmark: _Ref71535431]Observation 1: Further enhancements of FDRA are not essential for both multi-slot PDSCH scheduling and multi-slot PUSCH scheduling.
CBG (re)transmission is introduced in Rel-15 to avoid whole TB transmission if UE fails to decode only part of a TB interfered by a bursty interference. Considering the short slot duration in FR2 and even higher SCS introduced in the frequency range above 52.6GHz, the probability for partial TB transmission failure decreases. Moreover, the DCI overhead would increase dramatically if CBGTI is configured in multi PUSCH scheduling. This is one of the reason that CBGTI is not supported DCI 0-1 for multi PUSCH scheduling in Rel-16 NRU. 
[bookmark: _Ref71535475]Proposal 5: CBG (re)transmission is not supported for multi-slot PDSCH/PUSCH scheduling.
In the last meeting, non-continuous resource allocation in time domain is agreed for multi-PDSCH/PUSCH scheduling. With the details of agreed TDRA, only the number of PDSCH/PUSCH scheduled is clear. More details should be considered to determine the location of each PDSCH/PUSCH to support non-continuous resource allocation in time domain. 
The simplest way is to introduce multiple values of k0 (k2) in each row, for example, separate k0 (k2) for each PDSCH (PUSCH) in RRC configuration. In order to maintain the efficiency of the single MCS applied to all the PDSCHs/PUSCHs, the maximum time duration between the first PDSCH/PUSCH and the last PDSCH/PUSCH should be defined. Then a limitation should be set to the difference of multiple k0 (k2). Another way to realize non-continuous resource mapping in time domain is based on rate matching pattern or invalid symbol pattern configured by DCI with higher layer parameters. The number of SLIVs indicates the number of the continuous PDSCHs/PUSCHs. The resources during the continuous slots that shouldn’t be used can be indicated by rate matching pattern. Then, it needs no additional specific effort.
[bookmark: _Ref71535438]Observation 2: Configure rate matching pattern to support non-continuous resource mapping in time domain needs no additional specification effort. Non-continuous PDSCHs (resp. PUSCHs) allocation can be signaled by a k0 (resp. k2) value for each SLIV in each row of the RRC-configured TDRA table.
[bookmark: _GoBack]Fields related to multi-slot PDSCH scheduling
An example of interleaved VRB-to-PRB mapping defined in Rel-15/16 is shown in Figure 1, where Li is the bundle size provided by higher layer parameter vrb-ToPRB-Interleaver, can be configured as 2 PRBs or 4 PRBs, N is the bundle number (an even number is assumed). As the maximum number of usable PRBs is not increased compared with that of 120 kHz SCS, the same set of bundle size can be reused for 480 kHz and 960 kHz SCS without increasing the complexity of interleaved VRB-to-PRB mapping.
[image: ]
Figure 1. Interleaved VRB-to-PRB mapping
[bookmark: _Ref70347177]Observation 3: The interleaved VRB-to-PRB mapping for 120 kHz SCS can be reused for 480 kHz and 960 kHz SCS.
PRB bundling procedure is defined with a PRG size for precoding granularity determination, where PRG size can be configured with one value in {2, 4, wideband}. Within the PRG, the same precoding is applied to consecutive PRBs. In Rel-15, PRG size is not only decided by explicit signaling, but also associated with number of the scheduled PRBs, VRB-to-PRB mapping configuration, to make sure the same precoding is applied to contiguous PRB. As analyzed in previous section, legacy FDRA scheme and interleaved VRB-to-PRB mapping mechanism with existed RBG size can be reused.  Therefore, the PRB bundling procedure defined in Rel-15 including RRC configuration and DCI indication can be a baseline with the same maximum number of PRBs. 
[bookmark: _Ref71391663]Observation 4: PRB bundling mechanism defined in Rel-15 can be reused as a baseline for multi-PDSCH scheduling in this new frequency range.
Rate matching indicator in DCI is used to determine the unavailable resource for PDSCH in Rel-15/16, in units of RB in frequency domain, symbol in time domain. For PDSCH, at most two rate matching patterns can be configured by higher layer parameters RateMatchPattern. Each RRC configuration includes symbol level bitmap with 14 or 28 symbols, periodicity based on a time unit level bitmap, and a subcarrier spacing. The configured rate matching pattern is based on the configured SCS. Then, by adding two more SCSs choice in the configuration, rate match pattern can achieve sufficient flexibility without any enhancement on DCI field.
[bookmark: _Ref70347187]Observation 5: The existing configuration and indication related to RateMatchPattern can be reused.
ZP CSI-RS resource set is used to measure interference, or decrease the interference for other UE’s measurement. A UE can be configured with one or more ZP CSI-RS resource set configurations for different time domain behaviors by higher layer parameters.  For aperiodic ZP CSI-RS, which is triggered by DCI, it can be applied to all the PDSCHs scheduled by a single DCI. Meanwhile, for semi-persistent and periodic ZP CSI-RS, the maximum periodicity that can be configured is 640 slots based on the existing configuration settings, which corresponds to 80 ms with 120 kHz SCS. This would reduce to 20ms for 480 kHz, and 10ms for 960 kHz SCS, which doesn’t leave much flexibility for the network to adapt the overhead in case of slow channel variations. Therefore, some new periodicities can be considered to increase the configuration flexibility for 480 kHz and 960 kHz SCS, e.g. at least ensuring that a maximum periodicity of 80 ms is configurable. 
[bookmark: _Ref70347191]Observation 6: Triggering scheme defined in Rel-15/16 can be reused directly for aperiodic ZP CSI-RS. 
[bookmark: _Ref71391954]Proposal 6: Support periodic/semi-persistent ZP CSI-RS for 480 and 960 kHz SCS with periodicity up to 80 ms.
When multi-PDSCH(s) are scheduled by single DCI, specific row of TDRA is selected by gNB to make sure that none of PDSCH(s) are overlapped with UL symbols configured by TDD DL/UL configuration, which would result in a large TDRA table to support various of TDD DL/UL configurations. In order to reduce the TDRA table and support flexibility of multi-PDSCH(s) scheduling, gNB could be  allowed to mute PDSCH transmissions if one or more SLIV(s) within one row of the TDRA table are overlapped with UL symbols configured by TDD  DL/UL configuration, then the remained PDSCH(s) could be still transmitted after the pruning.
[bookmark: _Ref71391967]Proposal 7: Support gNB to mute PDSCH transmissions belonging to the indicated row of TDRA table if symbols of the corresponding PDSCH(s) are overlapped with the UL symbols configured by TDD DL/UL configuration when multi-slot PDSCH(s) is scheduled by single DCI.
Fields related to multi-slot PUSCH scheduling
Considering the absolute time durations of a slot for 480 kHz and 960 kHz are 1/4 and 1/8 to that of 120 kHz respectively, intra-slot frequency hopping for multi-slot PUSCH scheduling causes too high complexity of UE. On the other hand, intra-slot frequency hopping can’t help to increase the decoding performance by providing frequency diversity, because different TBs are transmitted on different PUSCHs, and decoded separately. Additional, the payload of the related field in DCI format is up to 1 bit, which can be ignored when compared with the whole size of DCI format. Then it can be reserved for something else, to keep the same complexity of PDCCH blind detection. 
[bookmark: _Ref71535444]Observation 7: Further enhancements of frequency hopping for multi-slot PUSCH scheduling are not essential.  
In Rel-16 NR-U, when a DCI format 0_1 schedules two PUSCH allocations, the aperiodic CSI report is carried on the second scheduled PUSCH. When a DCI format 0_1 schedules more than two PUSCH allocations, the aperiodic CSI report is carried on the penultimate scheduled PUSCH. Such design is trying to alleviate CSI feedback failure due to potential LBT failure at beginning of UE initiated COT. Similar design should be adopted at least for shared spectrum operation in the frequency range above 52.6GHz to 71GHz because LBT is still necessary in some countries and regions. 
[bookmark: _Ref71535495]Proposal 8: Same multiplexing rule for aperiodic CSI report in multi PUSCH scheduling in Rel-16 should be applied at least in shared spectrum operation.
HARQ
Type-1 HARQ-ACK codebook
In the last meeting, three alternatives were discussed on how to determine the candidate PDSCH reception occasions according to the TDRA table and K1 set for type-1 HARQ-ACK codebook, and the following agreement was made:
	Agreement:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the following options can be considered,
· Option 1: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table and based on extension of K1 set
· Option 1a: The set of candidate PDSCH reception occasions is determined according to each SLIV of each row in the TDRA table
· Option 2: The set of candidate PDSCH reception occasions is determined according to the last SLIV of each row in the TDRA table
· FFS: Codebook generation details, including how to handle the collision with TDD DL/UL configuration and whether/how to extend K1 set based on K1 and slot offset between last PDSCH and other PDSCHs in a row in the TDRA table


In Rel-15/16, only one-TB DL scheduling is supported, type-1 HARQ-ACK codebook is derived from the candidate PDSCH reception occasions according to configured set of K1 values and the RRC configured TDRA table, the TDRA table consists of several rows, each has one k0 value and corresponding SLIV. In Rel-17, to support multi-TB and non-continuous PDSCH(s) scheduling, separated K0 values for each SLIV within each row of TDRA table could be configured by RRC signaling. 
Among the above three options, option 1a is preferred because according to each SLIV of each row in the TDRA table, the candidate PDSCH reception occasions could be correctly determined by UE with minimum impact on the specification.
First, the procedure to determine HARQ-ACK window associated with the HARQ-ACK PUCCH determined on K1 set in Rel-16 can be reused without extension of K1 set.  The HARQ-ACK window corresponding to each K1 value is derived from the SLIV and k0 values that can be signaled for each PDSCH by each row of the TDRA table.
Second, the pruning is made for the candidate PDSCH reception occasions of each row of TDRA table, if some PDSCH(s) are overlapped with TDD DL/UL configuration, those PDSCH(s) occasions are pruned.
Third, we assume UE is capable of receiving only one PDSCH per slot for 60GHz band, the number of candidate PDSCH(s) reception occasions is considered as only one within each slot of the HARQ-ACK window regardless of the number of non-overlapped SLIV(s). 
For option 1, extension of K1 set is redundant when slot offset between each PDSCH(s) for each row of TDRA can be calculated by K0(s) values. The difference between option 1a and 2 is how to map the HARQ-ACK information to each PDSCH candidate occasion. In our consideration, option 2 has more impact on the specification when more than one PDSCH(s) reception occasions which are from different rows of TDRA table are overlapped with each other within the same slot, while each rows has different number of SLIV(s). In that case, gNB has no idea how to determine which PDSCH reception occasion to be pruned among those reception occasions.
[bookmark: _Ref70425321]Observation 8: Extension of K1 set is redundant when slot offset between each PDSCH(s) for each row of TDRA can be calculated by each K0(s) values in TDRA table.
[bookmark: _Ref71391737]Observation 9: Option 2 has more impact on the specification when different PDSCH(s) occasions within one slot are from different rows of TDRA table
[bookmark: _Ref70425362]Proposal 9: Support option 1a to determine the candidate PDSCH reception occasions for multi-PDSCH scheduling by single DCI. 
Type-2 HARQ-ACK codebook
In the RAN1#104e meeting, three alternatives were discussed on how C-DAI/T-DAI is counted for the multi-PDSCH scheduling, and the following agreement was made:
	Agreement:
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.
· Alt 1: C-DAI/T-DAI is counted per DCI.
· Alt 2: C-DAI/T-DAI is counted per PDSCH.
· 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


In the last meeting, each alternative is further clarified and captured in the observations separately. 
For Alt1, it is observed that 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. This alternative is not preferred especially when there is no time domain bundling of HARQ-ACK feedback. 
For Alt 2, the following observation is made from the last meeting: 
Observation of Alt 2:
· 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
when C-DAI/T-DAI is counted per PDSCH, then the missing DCI issue can be avoided because UE knows exactly how many PDSCHs are missing, except when the last DCI is missing. The only downside of Alt 2 is the increased number of DAI bits, including C-DAI, T-DAI and UL DAI. The Bit-width of DAI for multi-PDSCH DCI could be configured by RRC signaling or according to the maximum size of SLIVs of each rows within configured TDRA table. If the maximum number of PDSCHs scheduled by a single DCI is N, to align with current capability of up to 3 consecutive DCI mis-detections (except the last DCI before the PUCCH), (2+log2 (N)) bitwidth is needed. If UE is configured to monitor different DCI formats (e.g. DCI format 1_0 and DCI format 1_1), and assuming DCI format 1_1 supporting one or more TB scheduling and DCI format 1_0 can only schedule a single TB, we think the DAI bitwidth extension could be implemented in DCI format 1_1 only. The ambiguity issue could be detected by UE from the DAI value in DCI format 1_1 with extended DAI field. When some DCI format 1_0(s) are transmitted among the DCI format 1_1, if overflow of C-DAI/T-DAI happened, UE may get the real value of C-DAI/T-DAI from the DAI information in DCI format 1_1. The ambiguity could also be resolved by other mechanism like Type-3 HARQ ACK codebook.
[bookmark: _Ref71391977]Proposal 10: Support Alt 2a (C-DAI/T-DAI is counted per PDSCH with a single codebook) for type-2 HARQ-ACK codebook with extension of DAI field in non-fallback DCI.
Assuming that Alt 2a is adopted, the details of codebook generation can be designed as below.
For C-DAI, PDSCHs can be counted according to the ascending order of DCIs. The DCIs can be ordered in a frequency first, time second manner like the legacy case. Then, for each DCI, PDSCH counter is accumulated in time. Then, modulo M can be applied to the counter of the first PDSCH scheduled by each of the DCI to generate the C-DAI of that DCI. Value M can be determined by the maximum number of PDSCHs scheduled by the DCI, which may be configured by RRC signaling. For T-DAI counted per PDSCH, it can be the total number of the scheduled PDSCHs by the DCIs up to the current PDCCH monitoring occasion, across all carriers. Figure 2 shows an example of how the C-DAI and T-DAI work in the multi-PDSCH scheduling in CA. When DCI x is missing, UE can still obtain the correct codebook size. There is limited benefit to define Alt2 with 2 sub-codebook including one sub-codebook for DCI format 1_0 since most scheduling occasions would likely use multi-slot scheduling with multiple PDSCH.
[image: ]
Figure 2. C-DAI/T-DAI counting example based on Alt 2
[bookmark: _Ref71391983]Proposal 11: For type-2 HARQ-ACK codebook generation, ordering of the PDSCHs for DAI counting is counted per PDSCH in time domain first and then frequency domain.
For Alt 3, counting C-DAI/T-DAI per configurable M scheduled PDSCH(s) seem to be a balance between Alt 1 and Alt 2. However, when the number of scheduled PDSCHs by one DCI is smaller than M, same issue as Alt 1 would happen. For example, when M = 4, and DCI1 schedules 2 PDSCHs, and DCI2 schedules 2 PDSCHs, and the C-DAI for both DCI1 and DCI2 are the same (e.g., 0). If DCI1 is missing, and with DCI2 alone, UE cannot know the correct size of HARQ-ACK codebook. This issue is illustrated in Figure 3.
[image: ]
[bookmark: _Ref68085368]Figure 3. C-DAI is counted per M scheduled PDSCH, M = 4
[bookmark: _Ref71391759]Observation 10: Alt 3 is problematic when the number of scheduled PDSCHs is smaller than configured M value.
For time domain bundling of HARQ-ACK feedback with Alt 2a,  if the bundling of HARQ-ACK feedback is per DCI, and some DCI is missed, the UE cannot obtain the correct codebook size because UE has no idea how many DCIs are missing. If C-DAI/T-DAI is counted per DCI with time domain bundling of HARQ-ACK feedback, there is no ambiguity about the codebook size. There is no benefic to count C-DAI/T-DAI per PDSCH when bundling of HARQ-ACK feedback is configured.
[bookmark: _Ref71391988]Proposal 12: When time domain bundling of HARQ-ACK feedback per DCI is configured with Alt2a, C-DAI/T-DAI could be configured to be counted per DCI.
Conclusions
We discussed the required changes of physical layer design using exiting NR waveform for both licensed and unlicensed band with the following observations and proposals.
Observation 1: Further enhancements of FDRA are not essential for both multi-slot PDSCH scheduling and multi-slot PUSCH scheduling.
Observation 2: Configure rate matching pattern to support non-continuous resource mapping in time domain needs no additional specification effort. Non-continuous PDSCHs (resp. PUSCHs) allocation can be signaled by a k0 (resp. k2) value for each SLIV in each row of the RRC-configured TDRA table. 
Observation 3: The interleaved VRB-to-PRB mapping for 120 kHz SCS can be reused for 480 kHz and 960 kHz SCS.
Observation 4: PRB bundling mechanism defined in Rel-15 can be reused as a baseline for multi-PDSCH scheduling in this new frequency range. 
Observation 5: The existing configuration and indication related to RateMatchPattern can be reused.
Observation 6: Triggering scheme defined in Rel-15/16 can be reused directly for aperiodic ZP CSI-RS. 
 Observation 7: Further enhancements of frequency hopping for multi-slot PUSCH scheduling are not essential.
Observation 8: Extension of K1 set is redundant when slot offset between each PDSCH(s) for each row of TDRA can be calculated by each K0(s) values in TDRA table.
Observation 9: Option 2 has more impact on the specification when different PDSCH(s) occasions within one slot are from different rows of TDRA table.
Observation 10: Alt 3 is problematic when the number of scheduled PDSCHs is smaller than configured M value.

Proposal 1: The maximum number of PDSCHs/PUSCHs scheduled by a single DCI is 4 for 480 kHz SCS.
Proposal 2: Multi-PDSCH scheduling by a single DCI is not supported for 120 kHz SCS.
Proposal 3: Support at least DCI format 1-1/0-1 for multi-slot PDSCH/PUSCH scheduling with a single DCI. No support of DCI format 0-0 and 1-0 for multi-slot PDSCH/PUSCH scheduling.
Proposal 4: Support scheduling 2nd TB for multi-slot PDSCH/PUSCH scheduling, and MCS for the 2nd TB is applied commonly to all the scheduled PDSCHs/PUSCHs, while NDI and RV are indicated individually for each scheduled PDSCH/PUSCH.
Proposal 5: CBG (re)transmission is not supported for multi-slot PDSCH/PUSCH scheduling.
Proposal 6: Support periodic/semi-persistent ZP CSI-RS for 480 and 960 kHz SCS with periodicity up to 80 ms.
Proposal 7: Support gNB to mute PDSCH transmissions belonging to the indicated row of TDRA table if symbols of the corresponding PDSCH(s) are overlapped with the UL symbols configured by TDD DL/UL configuration when multi-slot PDSCH(s) is scheduled by single DCI.
Proposal 8: Same multiplexing rule for aperiodic CSI report in multi PUSCH scheduling in Rel-16 should be applied at least in shared spectrum operation.
Proposal 9: Support option 1a to determine the candidate PDSCH reception occasions for multi-PDSCH scheduling by single DCI.
Proposal 10: Support Alt 2a (C-DAI/T-DAI is counted per PDSCH with a single codebook) for type-2 HARQ-ACK codebook with extension of DAI field in non-fallback DCI.
Proposal 11: For type-2 HARQ-ACK codebook generation, ordering of the PDSCHs for DAI counting is counted per PDSCH in time domain first and then frequency domain.
Proposal 12: When time domain bundling of HARQ-ACK feedback per DCI is configured with Alt2a, C-DAI/T-DAI could be configured to be counted per DCI.

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
[bookmark: _Ref167612875][bookmark: _Ref167612671]R1-2104042, “Summary #3 of PDSCH/PUSCH enhancements (Scheduling/HARQ) [104b-e-NR-52-71GHz-06]”, Moderator (LG Electronics), e-meeting, April 12th –April 20th, 2021.
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