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Introduction
In RAN #90e, a Rel-17 work item for NR operation in a frequency regime between 52.6GHz and 71GHz has been approved [1]. As a part of the work item, the study on the PDSCH/PUSCH potential enhancements with new agreed numerologies, i.e., 120kHz, 480kHz, and 960kHz. In RAN1#104-bis-e, [2], it was agreed to support the enhancements needed for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI. 
In this contribution, we continue to discuss some key aspects of waveform design and present our views on some potential issues for the high frequency regime and provide proposals for the different aspects of scheduling multi-PDSCH/PUSCH via single DCI.
Discussion
Maximum Number of PDSCHs/PUSCHs per 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



The multi-PUSCH scheduling is supported as one of the features for Rel. 16 in NR-U WI, where the SCS is 120 kHz or lower, and it was agreed to maximize the similarities between multi-PDSCH and multi-PUSCH designs, therefore, we believe that SCS 120kHz should be considered as well as SCS 480 and 960kHz for multi-PDSCH/PUSCH grants with as a single DCI. In addition, multi-PDSCH grants should help in reducing the UE processing time as it will reduce the frequent re-tuning of the UE hardware, e.g., RF module. We had more discussion on the per-slot and multi-slot PDCCH monitoring in [3]. Also, supporting a multi-PDSCH grant, may require the UE to buffer a significant amount of time domain samples especially with smaller SCS, e.g., 120kHz and 480kHz, thus the maximum number of PDSCHs/PUSCHs to be scheduled by the same DCI for these SCSs should be based on the UE capabilities.

[bookmark: p1_2]Proposal 1: Multi-PDSCH or multi-PUSCH scheduling with the same DCI should be applicable to 120kHz as well as 480 and 960kHz, though we don’t need to introduce multi-slot monitoring capability for 120KHz. 

Proposal 2: A UE capability to be defined per SCS, to indicate the maximum number of supported PDSCHs/PUSCHs per single DCI for SCS 120kHz and 480kHz.
HARQ-ACK enhancements
In the current NR specs, there are up to 16 HARQ processes, except for the NTN use case, there are up to 32 HARQ processes. 
With larger SCS, such as 480 and 960KHz, given 5ms maximum COT, each COT can cover 160 slots of SCS 480kHz or 320 slots of SCS 960kHz.With 16 HARQ processes, it might be needed to insert PUCCH every 5 slots, which will lead to 32/64 UL/DL switching within the 5ms, i.e., large overhead.  To allow transmission for a larger number of slots without feedback, one proposed solution is to increase the number of HARQ processes to 32. However, this may require the UE to maintain a larger soft buffer which may be problematic based on the UE capabilities. Therefore, a higher number of HARQ processes (X) can be supported based on the UE capability, and also a subset of supported HARQ processes can be supported with soft combining (Y), where Y ≤ X. For the subset of HARQ processes without soft combining, gNB can always transmit a self-decodable redundancy version of the code, e.g., one with RVID 0 or 3. 

[bookmark: p3]Proposal 3: In the case of increasing the HARQ processes to 32 for SCSs 480kHz and 960kHz, a UE capability should be defined such that X HARQ processes can be supported, and Y of them can do soft combining where X and Y ≥ 16. 
In order to simplify the UE processing, we do not support allowing HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI to be carried by different PUCCHs. In addition, we do not believe there will be a significant reduction in the latency by allowing some of the PDSCHs to be feedbacked before the remaining PDSCHs scheduled by the same DCI, as the timeline N1 is expected to cover multiple slots for SCS 480kHz and 960kHz. For example, with 960kHz, N1 will be around 11 slots, using SCS 120kHz absolute timeline as a baseline. With 8 PDSCHs at maximum scheduled by the same DCI, the offset between any PDSCH reception and its feedback has to be larger than N1, i.e., 11 slots, i.e., counting this offset from a slot of PDCSH at the middle of the allocation or the slot of the last PDSCH will not lead to a significant reduction in the latency of the feedback. For example, if we allow the first 4 PDSCHs to be feedback separately before the last 4 PDSCHs, the first feedback will be transmitted at most 4 slots before the second feedback, this will count for ~56us latency enhancement for SCS 960kHz which is not significant. Therefore, we do not see a substantial gain from allowing the HARQ-ACK information corresponding to different PDSCHs scheduled by the same DCI to be carried by more than one PUCCH, especially when additional control overhead (more fields in DCI, and more PUCCH transmission) is needed to support the feature.

[bookmark: p4]Proposal 4: All HARQ-ACK information corresponding to different PDSCHs scheduled by the same DCI to be carried by the same PUCCH.
Type-1 HARQ-ACK codebook enhancements 
In RAN1 #104-bis-e, the following agreement was made for type-1 HARQ-ACK codebook for multi-PDSCH grant via a single DCI. 
	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



Under Option 1, if we assume the gNB will not schedule a multi-PDSCH grant if any of the PDSCHs is overlapping (at least on one symbol) with semi-static UL symbols. In addition, it is assumed that all the PDSCHs scheduled by the same DCI will be feedbacked by one PUCCH/PRI. As agreed in RAN1 #104-e, K1 counting down start from the slot of the last PDSCH scheduled by the multi-PDSCH grant via a single DCI. The pseudo-code to calculate the type-1 HARQ-ACK codebook can be as follows: 
· Step 0: Initiate a set of slots to generate A/N for as an empty set
· Step 1: Starting from the PUCCH occasion, enumerate the list of K1 from RRC configured dl-DataToUL-ACK, to identify possible last PDSCH of multi-PDSCH grant (or the single PDSCH from single PDSCH grant)
· Step 2: For an ending slot identified in step 1, further check if the SLIV of any single PDSCH grant or the SLIVs of any of the PDSCHs from a multi-PDSCH grant overlaps partially with UL symbols	
· If No, add the slot(s) that carries the PDSCH(s) in the set of slots
· Step 3: Generate A/N bits for each slot in the final set of slots

With Option 2, the size of the codebook can be very large, due to the redundancy of overlapped potential grants. For example, if K1 has values 1/2/3 and we have only 8 SLIVs in each row in the TDRA table. If 8 A/N bits will be generated for each PDSCH occasion, then with option 2, we will have 24 bits codebook, while option 1 will generate a codebook of 10 bit. Therefore, unless time domain bundling is applied, Option 2 will be inefficient. On the other hand, time domain bundling can be discussed for Option 1 to further reduce the codebook size. In addition, we believe that Option 2 can be problematic in the case of non-contiguous slot allocation of PDSCHs, i.e., when there are slot level gaps between PDSCHs scheduled by the same DCI. 

Based on the PDSCH processing timeline for the new SCS, i.e., 480kHz and 960kHz, it will be needed to extend the range of values of K1 for both the default and RRC configured values. For example, if the absolute timeline for 120kHz is applied to 480kHz and 960kHz, where N1 is 20 symbols for frontloaded DMRS, then N1 for 480kHz and 960kHz can cover around 80 and 160 symbols, respectively. Before RRC configuration, the K1 values for fallback DCI are {1,2,3,4,5,6,7,8}, the maximum value 8 can be shorter than the N1 timeline for the new SCS. In addition, for RRC configuration, K1 ranges up to 15 slots, but most of the values within the range will be less than the N1 values for 480kHz and 960kHz. Therefore, the values of K1 should be revisited based on the PDSCH timeline. One simple solution could be shifting the values of K1 based on the N1 value, e.g., shift range by floor(N1/14).  

[bookmark: p5_6]Proposal 5: Support Option 1, i.e., the set of the candidate PDSCH reception occasions can be determined based on each SLIV of each row in the TDRA table, extension of K1 can be discussed separately to avoid confusion.  

Proposal 6: Revisit K1 values for SCS 480kHz and 960kHz after the discussions on the PDSCH processing timeline. 

In Rel.15, for slot aggregation where the same TB transmitted over multiple slots in a repetition fashion, a repetition is cancelled, if there is a confliction with the semi-static configured UL/DL direction. For a multi-PDSCH grant via a single DCI, we need to introduce new rules to handle the conflict with the semi-static TDD configuration. In case of conflict between PDSCH and semi-static UL symbols, the overlapped PDSCH can be cancelled. Since a single HARQ ID will be carried by the DCI and an increment process will be used to define the HARQ IDs of all PDSCHs granted by the same DCI. The HARQ ID corresponding to the cancelled PDSCH will be cancelled as well and the construction of type-1 codebook will ignore the cancelled PDSCH. For example, if a DCI of multi-PDSCH grant scheduled 4 PDSCHs carried HARQ ID = Z, and the third PDSCH was cancelled due to an overlap with TDD UL symbol, then the first PDSCH will have HARQ ID = Z , the second PDSCH will have HARQ ID = Z+1, and the fourth granted PDSCH will have HARQ ID= Z+3, i.e., HARQ ID=Z+2 corresponding to the skipped PDSCH will be cancelled. Following this approach, the above algorithm is still valid and there is no need to take TDD confliction into account, even if the last PDSCH was cancelled, the same rules could be applied as long as the interpretation of K1 follows the same rule, i.e., K1 counting down start from the slot of the last PDSCH scheduled by the multi-PDSCH grant via single DCI.

[bookmark: p7]Proposal 7: When some PDSCHs/PUSCHs are skipped due to conflict between multi-PDSCH/PUSCH grant and UL/DL TDD configurations, the HARQ increment process will be applied over all PDSCHs/PUSCHs carried by the same DCI, then the corresponding HARQ IDs corresponding to the skipped PDCSHs/PUSCHs should be cancelled and ignored when constructing the type-1 codebook.  
Type-2 HARQ-ACK codebook enhancements 
For the HARQ-ACK timing information and type-2 HARQ-ACK codebook enhancements for multi-PDSCH scheduling, we reached the following conclusion in RAN1 #104-bis-e about Alt 2 (counting DCI per PDSCH). 
	Conclusion: 
 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


We support Alt 2, i.e., the DAI to be counted per PDSCH, as illustrated in Fig. 5. Assume a single carrier operation, and suppose gNB sent two multi-PDSCH grants, the first one grants 3 PDSCHs and the second one grants 2 PDSCHs. With the legacy NR rule of updating the DAI, suppose the first grant has cDAI=0 and tDAI=0, then the second grant will have cDAI=1 and tDAI=1. If the UE missed the first grant and correctly detects the second one, it will send only one NACK corresponding to the multi-PDSCH grant that carried 3 PDSCHs. This will lead to different codebook sizes at gNB and UE. To avoid this issue, the DAI calculations must take into account the number of granted PDSCHs by the multi-PDSCH grants. This can be done by introducing virtual DCIs corresponding to each of the multi-PDSCH grants. Back to the previous example, if the UE successfully detects for the first grant, it will assume that there are two additional virtual DCIs, with cDAI=1, tDAI=1 and cDAI=2, tDAI=2, respectively. Similarly, gNB will update the DAI counter assuming the existence of the two virtual DCIs and will transmit the second grant with cDAI=3, tDAI=3. Now, if the UE misses the first grant and correctly detects the second one, it will send 3 NACKs corresponding to the first grant, and the codebook sizes at gNB and UE will be the same. 
With Alt 1, we need to ensure that a fixed number of A/N bits is transmitted for the different grants corresponding to the same A/N occasion. That is, for fallback DCI or SPS PDSCH, the same number of A/N bits need to be added to the codebook similar to a multi-PDSCH grant to avoid the misalignment between the codebooks at gNB and UE. With a multi-PDSCH grant with a single DCI, the DAI field size needs to be increased. 


  
Fig. 1: Virtual DCIs for multi-PDSCH grant
We want to stress the point that with a careful configuration of the TDRA table, the current DAI filed size can be sufficient. For example, if the configured TDRA contains both single PDSCHs and 7 PDSCHs per a single DCI, then missing a grant of size 7 can be detected by the total DAI. On the other hand, the DAI field needs to be increased if gNB wants to configure TDRA table with 4 or 8 PDSCHs allocations per a single DCI as with 2-bit DAI (i.e., we apply mod 4), the total DAI increase will be 0 and the missed DCI will not be detected. This problem will be there, similar to legacy if multiple DCIs are missed. Therefore, the DAI filed size of DCIs for multi-PDSCH grants can be variable and it should be up to gNB to configure this field size via RRC.
In addition, the resolution of the DAI counter can be adjusted based on the greatest common divisor of the number of SLIVs in each row of the TDRA table. For example, consider a TDRA table that only contains rows with 4 or 8 SLIVs, then every four PDSCHs can increment the DAI counter by 1, i.e., a grant of 4 PDSCHs will increment the DAI once, and a grant of 8 PDSCHs will increment the DAI twice. By doing this, there is no need to increase the number of DAI bits in the DCI based on the maximum number of the SLIVs in the TDRA table, which can save some DCI overhead while maintaining the same level of reliability of the missed grants. If a single PDSCH is scheduled using DCI format 1_0, the DAI can be incremented, then UE can pad some NAKs to ensure the correct codebook size. In the previous example, if the resolution is 4, then the UE will pad 3 NAKs for each of the fallback DCI grants. By changing the resolution of the DAI increments, gNB can determine the DAI field size based on the greatest common divisor of the number of the SLIVs not the maximum number of the SLIVs among the different rows in the TDRA table which can lead to a significant DCI overhead saving while maintaining the same level of reliability. 
The remaining question is how to place the virtual DCIs, consider the virtual DCIs will be jointly considered with the actual DCIs to determine the counter/total DAI. When a virtual DCI and an actual DCI are starting at the same symbol, the total DAI will be jointly counted, and counter DAI will be sequential, similar to the case where two actual DCIs are transmitted at the same time. In other words, the virtual DCI and actual DCIs are considered to be from the same monitoring occasion. Therefore, a new rule is needed to place the virtual DCIs given the location of the actual DCI. For example, we can define the symbol level offsets that the virtual DCI is introduced for each additional PDSCH in the multi-PDSCH grant or the virtual DCI is introduced at the start symbol of each PDSCH allocation. After introducing the virtual DCIs, the DAI counting can follow the legacy approach, DCIs can be ordered in a frequency first, then in a time.
[bookmark: p8]Proposal 8: 
· Regarding the DAI counting, we support Alt 2, i.e., C-DAI/T-DAI is counted per PDSCH 
· Support increasing the field size of the DAI based on RRC configuration to increase the reliability against the missed DCIs. However, the field size increase should be subject to gNB configuration.
· Allow adjusting the resolution of the DAI counter based on the greatest common divisor of the number of the SLIVs, among the rows of the TDRA, i.e., each increment of the DAI indicates that a number of PDSCHs equal to  the greatest common divisor has been sent.
· Introduce new rule on how to place the virtual DCIs:	
· Option 1: According to a defined symbol level offset for each additional PDSCH
· Option 2: At the start symbol of each PDSCH allocation 
· DAI counting follows the legacy approach after introducing the virtual DCIs.
DCI contents for multi-PDSCH 
For the DCI contents for multi-PDSCH grant, the following agreement was made in RAN1 #104-bis-e.
	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



Similar to the 1st TB related fields, the 2nd TB can be configured, i.e., MCS appears once and applies to the second TB of each PDSCH, NDI is signaled per PDSCH and applied to the second TB of each PDSCH, RV 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 second TB of each PDSCH.
The CBG retransmission is not supported for the Rel-16 multi-PUSCH grant, for more than one PUSCH scheduled by the same DCI, CBG retransmission should not be supported for the 60GHz band for both multi-PDSCH and multi-PUSCH grants. Otherwise, we can end up with up to four sub-codebooks based on the discussions on dynamic codebook enhancements which is too complicated and is not justified. 
Regarding URLLC related fields, we support applying them for all PUSCHs/ or PUCCHs corresponding to the PDSCHs scheduled by the same DCI, otherwise, this will require defining multiple PUCCHs for the same multi-PDSCH grant which will complicate the UE processing and we do not support. 
The current range of values for RBG sizes (up to 16) for FDRA, seems to be sufficient for the higher band as the FDRA field will be shared by all the PUSCHs/PDSCHs scheduled by the same DCI and we still maintain 275RBs as the maximum allowed BWP. The discussion on the FDRA optimization can be deprioritized. 
Regarding the frequency hopping, with a single PUSCH grant both inter and intra-slot hopping should be supported similar to the legacy, while for more than one PUSCH, Rel. 16 does not support frequency hopping. Given the time frame for discussions, intra-slot hopping can be discussed for a multi-PUSCH grant with two or more PUSCHs where the hopping pattern can be repeated for all the granted slots. 
The VRB-to-PRB mapping and PRB bundling size indicator should be singled once per DCI and be applied for all granted data allocations by the same DCI. Similarly, the ZP CSI trigger to be applied for all the slots of the granted PDSCHs. 

[bookmark: p9]Proposal 9: For multi-PDSCH/PUSCH DCI fields enhancements:
· Second TB can be supported for each PDSCH 
· MCS for the 2nd TB: This appears only once in the DCI and applies commonly to the second TB of each PDSCH
· NDI for the 2nd TB: This is signaled per PDSCH and applies to the second TB of each PDSCH
· RV for the 2nd 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 second TB of each PDSCH
· CBGTI: Not to be supported for more than one PDSCH/PUSCH
· Frequency hopping for multi-PUSCH: supported for single PUSCH grant, and FFS: support intra-slot hopping for two or more PUSCHs 
· FDRA optimization can be deprioritized 
· VRB-to-PRB mapping and PRB bundling size indicator: to be applied for all granted data allocations by the same DCI 
· ZP CSI trigger: to be applied to all the slots granted by the same DCI. 

TDRA for multi-PDSCH/PUSCH grants 
For the multi-PUSCH, we agreed to use Rel-16 multi-PUSCH scheduling as a baseline, in addition to some enhancements for the DCI fields. In RAN1 #104-bis-e, the following agreement was made. 

	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 signaled 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 signaled 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.



Each row in the TDRA table can be extended to include multiple SLIVs, and the SLIVs can be discontinuous in the time domain and keep a single value for k0/k2. For example, a multi-PDSCH grant can indicate a row in the TDRA table that includes k0=0, and two SLIVs SLIV1: (S,L)=(2,5) and SLIV2: (S,L)=(9,5), then with this allocation we can have symbols 7 and 8 as a time gap. Such a gap is too short to handle DL/UL and UL/DL switching especially with large SCS, e.g., 960kHz, therefore a longer gap will be beneficial to allow PUCCH transmission, PDCCH monitoring, or UL data transmission. gNB can carefully design the SLIVs to have gaps up to 13 symbols. For example, a row in the TDRA table can include k0=0, and two SLIVs SLIV1: (S, L)=(1,4) and SLIV2: (S, L)=(4,5). Now, the second SLIV starts at symbol 4 which is covered by the first SLIV, therefore the UE can interpret by assuming the second SLIV to be granted in the slot k0+1. As illustrated in Fig. 2. 


Fig. 2: Multi-PDSCH/PUSCH grant with overlapped SLIVs
With the aforementioned rule, we can have at most 13-symbol gap between two adjacent PDSCH/PUSCH allocations. To allow gaps longer than one slot, a new rule is needed. For example, we can allow SLIV value to be “0” and use it as an indication that the next SLIV will be shifted by one slot. Consider the case where a row in the TDRA table includes k0=0, and three SLIVs: and SLIV1: (S,L)=(1,4), SLIV2: 0, and SLIV3: (S,L)=(9,5). The UE can interpret this, by shifting the third SLIV to the next available slot as illustrated in Fig. 3. 


Fig. 3: Multi-PDSCH/PUSCH grant with slot-level gap
[bookmark: p10]Proposal 10: For TDRA filed of multi-PDSCH/PUSCH grants with single DCI, each row contains a single value of k0/k1 and multiple SLIVs, and new rules are needed to be defined 	
· For overlapping SLIVs: the second SLIV to be allocated in the next slot.
· Allow SLIV ‘0’ to indicate slot level gaps between the adjacent allocations. 

Before the RRC configuration, the TDRA is defined based on the default tables of PDSCH and PUSCH. The default tables of PDSCH have k0 with values 0 and 1, i.e., gNB can only schedule the UE within the same PDCCH slot or the next slot. For PUSCH default tables, the k2 values are limited based on the minimum PUSCH slot offset and it can take values j,j+1,j+2,j+3, where j depends on the SCS, i.e., gNB can only schedule the UE with PUSCH within 4 slots ahead from the minimum PUSCH scheduling offset. With multi-slot PDCCH monitoring, gNB should be able to schedule all the resources between any two adjacent PDCCH monitoring occasions. To do so, the ranges of the values of the slot offsets in the default TDRA tables need to be extended to the periodicity of the PDCCH monitoring. For example, if the UE will monitor the PDCCH every M slots, then the default TDRA tables should support slot offsets up to M-1. Therefore, the default TDRA tables need to be defined per each SCS for the new band. In addition, for the slots without PDCCH monitoring, the SLIV can be allowed to cover the whole slot, i.e., L=14.
[bookmark: p11]Proposal 11: Introduce new default TDRA PDSCH and PUSCH tables depending on the used SCS, e.g., 960kHz and 480kHz SCS, to be able to schedule all the resources between any two adjacent PDCCH monitoring occasions. The slot offsets in these tables should cover up to the PDCCH monitoring periodicity. For the slots without PDCCH monitoring, L=14 can be considered.  
Conclusion
Proposal 1: Multi-PDSCH or multi-PUSCH scheduling with the same DCI should be applicable to 120kHz as well as 480 and 960kHz, though we don’t need to introduce multi-slot monitoring capability for 120KHz. 

Proposal 2: A UE capability to be defined per SCS, to indicate the maximum number of supported PDSCHs/PUSCHs per single DCI for SCS 120kHz and 480kHz.
Proposal 3: In the case of increasing the HARQ processes to 32 for SCSs 480kHz and 960kHz, a UE capability should be defined such that X HARQ processes can be supported, and Y of them can do soft combining where X and Y ≥ 16. 
Proposal 4: All HARQ-ACK information corresponding to different PDSCHs scheduled by the same DCI to be carried by the same PUCCH.
Proposal 5: Support Option 1, i.e., the set of the candidate PDSCH reception occasions can be determined based on each SLIV of each row in the TDRA table, extension of K1 can be discussed separately to avoid confusion.  

Proposal 6: Revisit K1 values for SCS 480kHz and 960kHz after the discussions on the PDSCH processing timeline. 
Proposal 7: When some PDSCHs/PUSCHs are skipped due to conflict between multi-PDSCH/PUSCH grant and UL/DL TDD configurations, the HARQ increment process will be applied over all PDSCHs/PUSCHs carried by the same DCI, then the corresponding HARQ IDs corresponding to the skipped PDCSHs/PUSCHs should be cancelled and ignored when constructing the type-1 codebook.  
Proposal 8: 
· Regarding the DAI counting, we support Alt 2, i.e., C-DAI/T-DAI is counted per PDSCH 
· Support increasing the field size of the DAI based on RRC configuration to increase the reliability against the missed DCIs. However, the field size increase should be subject to gNB configuration.
· Allow adjusting the resolution of the DAI counter based on the greatest common divisor of the number of the SLIVs, among the rows of the TDRA, i.e., each increment of the DAI indicates that a number of PDSCHs equal to  the greatest common divisor has been sent.
· Introduce new rule on how to place the virtual DCIs:	
· Option 1: According to a defined symbol level offset for each additional PDSCH
· Option 2: At the start symbol of each PDSCH allocation 
· DAI counting follows the legacy approach after introducing the virtual DCIs.
Proposal 9: For multi-PDSCH/PUSCH DCI fields enhancements:
· Second TB can be supported for each PDSCH 
· MCS for the 2nd TB: This appears only once in the DCI and applies commonly to the second TB of each PDSCH
· NDI for the 2nd TB: This is signaled per PDSCH and applies to the second TB of each PDSCH
· RV for the 2nd 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 second TB of each PDSCH
· CBGTI: Not to be supported for more than one PDSCH/PUSCH
· Frequency hopping for multi-PUSCH: supported for single PUSCH grant, and FFS: support intra-slot hopping for two or more PUSCHs 
· FDRA optimization can be deprioritized 
· VRB-to-PRB mapping and PRB bundling size indicator: to be applied for all granted data allocations by the same DCI 
· ZP CSI trigger: to be applied to all the slots granted by the same DCI. 
Proposal 10: For TDRA filed of multi-PDSCH/PUSCH grants with single DCI, each row contains a single value of k0/k1 and multiple SLIVs, and new rules are needed to be defined 	
· For overlapping SLIVs: the second SLIV to be allocated in the next slot.
· Allow SLIV ‘0’ to indicate slot level gaps between the adjacent allocations. 
Proposal 11: Introduce new default TDRA PDSCH and PUSCH tables depending on the used SCS, e.g., 960kHz and 480kHz SCS, to be able to schedule all the resources between any two adjacent PDCCH monitoring occasions. The slot offsets in these tables should cover up to the PDCCH monitoring periodicity. For the slots without PDCCH monitoring, L=14 can be considered.  
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