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1 Introduction

In RAN1 #104b e-meeting [1], some agreements on PDSCH/PUSCH enhancements are made for NR 52.6-71GHz,
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

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.
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 RAN1 #105 e-meeting [2], some agreements on PDSCH/PUSCH enhancements are made for NR 52.6-71GHz,
Agreement:
· Do not use fallback DCI (i.e., DCI formats 0_0 and 1_0) for multi-PDSCH/PUSCH scheduling.
· Use DCI format 0_1 to schedule multiple PUSCHs with a single DCI.
· Use DCI format 1_1 to schedule multiple PDSCHs with a single DCI.
Conclusion:

For a DCI that can schedule multiple PUSCHs,

· CSI-request: When the DCI schedules M PUSCHs, the PUSCH that carries the aperiodic CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2.
Agreement:
· If a PDSCH among multiple PDSCHs that are scheduled by a single DCI is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE does not receive the PDSCH.
· FFS on how to handle HARQ-related issue for the PDSCH (e.g., HARQ process numbering)

· The UE does not expect to be scheduled with multiple PDSCHs by a single DCI, where every PDSCH is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.

· If a PUSCH among multiple PUSCHs that are scheduled by a single DCI is collided with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE does not transmit the PUSCH.

· FFS on how to handle HARQ-related issue for the PUSCH (e.g., HARQ process numbering)

· The UE does not expect to be scheduled with multiple PUSCHs by a single DCI, where every PUSCH is collided with downlink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated.

Agreement:
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),

· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots.

· FFS: The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs
· FFS: The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH or between the first scheduled PUSCH and the last scheduled PUSCH
· FFS: Details to introduce the gap between PDSCHs or between PUSCHs
Agreement:
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the set of candidate PDSCH reception occasions corresponding to a UL slot with HARQ-ACK transmission is determined based on a set of DL slots and a set of SLIVs corresponding to each DL slot belonging to the set of DL slots.

· The set of DL slots includes all the unique DL slots that can be scheduled by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.

· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) at least include all the SLIVs that can be scheduled within the DL slot by any row index r of TDRA table in DCI indicating the UL slot as HARQ-ACK feedback timing.

· FFS: details of further pruning of the set of SLIVs

· FFS: impact if receiving more than one PDSCH in a slot is allowed, e.g., handling of overlapped SLIVs from different rows in the same and different DL slot

· FFS impact of time domain bundling, if supported

Agreement:
· At least for 120 kHz SCS, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel-16.
· FFS:
· For 480/960 kHz SCS, whether to apply the same behavior with 120 kHz SCS or not to support CBGTI field configuration in the DCI that can schedule multiple PUSCHs

· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, whether/how to configure CBGTI/CBGFI fields
Agreement:
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
Agreement:
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 this contribution, we focus on scheduling enhancement for NR 52.6-71GHz.  
2 Scheduling enhancements
2.1 Type 2 HARQ-ACK codebook
For Type 2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, we support Alt.1, that is C-DAI/T-DAI is counted per DCI. Alt.1 has the benefit that C-DAI/T-DAI field can still keep the current bit width (2 bit), while for Alt. 2, since a DCI can schedule multiple for example typically 4 or 8 or even 16 PDSCHs, the 2 bit C-DAI/T-DAI field must be extended. For Alt.3, C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable, let’s say M=4. Then how to count C-DAI/T-DAI if the DCI only schedules 3 PDSCHs?
Proposal 1: Support Alt.1 for Type 2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs.
2.2 Separate HARQ-ACK PUCCH for multi-TTI scheduling PDSCHs
In RAN1#104 meeting [3], it is agreed that for a DCI scheduling multiple PDSCHs, HARQ-ACK information corresponding to PDSCHs scheduled by the DCI is multiplexed with a single PUCCH in a slot that is determined based on K1. And whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) can be further studied. From our view, HARQ-ACK feedback in one PUCCH is more resource efficient but may cause extra feedback delay especially for the PDSCH which is located in the earlier part among the multiple PDSCHs. This extra delay may not be acceptable when the PDSCH/HARQ-ACK corresponds to latency sensitive service, for example, URLLC. So for latency sensitive service, separate HARQ-ACK PUCCH resources for multiple PDSCHs scheduled by a single DCI can be considered.
Proposal 2: For latency sensitive service, separate HARQ-ACK PUCCH resources for multiple PDSCHs scheduled by single DCI can be considered.
2.3 HARQ buffer and HARQ-ACK payload

Since the increase in SCS to 480/960 kHz, HARQ process number may need to be extend from the current 16 to 64/128. With so many HARQ processes, Tx/Rx HARQ buffer capacity will need to be enhanced and HARQ-ACK payload optimization may also need to be considered to reduce HARQ-ACK feedback overhead. And from this consideration, CBG (re)transmission does not need to be supported when more than one PUSCHs are scheduled especially when the total HARQ processes is extended to 64/128, so that the HARQ-ACK payload can keep at an acceptable level.
Proposal 3: Tx/Rx HARQ buffer capacity will need to be enhanced if HARQ process number increases for SCS 480/960 kHz.

2.4 Resource allocation

For FDRA, whether/how to enhance FDRA e.g., by increasing RBG size or changing allocation granularity is FFS. From our understanding, a coarser granularity such as multiple PRBs can reduce the bit size of scheduling DCI, and is reasonable since there would be less opportunity for FDM between UEs due to narrower beam width. To allow multi-PRB granularity, the current DCI 0-2/1-2 can be reused. DCI 0-2/1-2 is motivated by URLLC traffic to provide compact DCI format, and can allocate frequency domain resource by multi-PRB granularity.
Observation 1: The current DCI 0-2/1-2 can be reused to allow frequency domain resource by multi-PRB granularity.

For time domain scheduling enhancement, multi-TTI scheduling is supported as a solution to reduce DCI blind decoding. One issue needs to be studied is how to determine the number of scheduled TTIs, and two typical alternatives can be semi-static configuration by RRC information or dynamic indication by DCI. Since the motivation of multi-TTI scheduling is to reduce DCI blind decoding complexity, which is related to UE capability, it seems semi-static configuration by RRC information is suitable.
However, dynamic indication can offer more flexibility and show benefits especially in the following cases,

1, The Tx does not have that much data in buffer to fill in multiple TTIs. For example, the number of scheduled TTIs is semi-statically configured as 4, but Tx has only buffered a few bits and 1 TTI is already enough.
2. When Tx needs to retransmit certain number (not the number of scheduled TTIs semi-statically configured) of TBs.

In the above cases, dynamic indication by DCI can flexibly indicate the number of scheduled TTIs rather than always scheduling fixed number of TTIs thus avoiding unnecessary resource overhead. 
Proposal 4: Support dynamic indication by DCI to determine the number of scheduled PDSCHs (or PUSCHs).
In addition, in order to support TDRA table to indicate PDSCHs (or PUSCHs) that are in non-consecutive slots, details to inform the slot gap was discussed. The straightforward method is to configure K0/K2 per SLIV, which will introduce some more signalling overhead. In order to reduce the signalling overhead, the distance between PxSCHs can be indicated instead. Since LBT is needed after each interruption, it is better to define a maximum number of gaps among PxSCHs scheduled by one DCI.
Proposal 5: Suggest to define a maximum number of gaps among PDSCHs (or PUSCHs) scheduled by one DCI considering of the LBT.
Proposal 6: To select one for slot gap indication between K0/K2 per SLIV and a single value of K0/K2 per row with distance between PDSCHs (or PUSCHs) per SLIV.
With multiple TTI being scheduled in single DCI, very possibly only one frequency resource allocation is indicated in the DCI to keep a compact DCI size. However with PDSCH/PUSCH scheduled in the same frequency resource location over multiple TTIs, frequency domain diversity is not well tapped. Potential solution can be intra-TTI frequency hopping, so hopping pattern and enabling mechanism can be studied. 
Meanwhile, is the system is on unlicensed band, for wideband operation, similar concept as “available RB sets” can be adopted. So multi-TTI frequency hopping should be restricted on available RB sets. 
Proposal 7: Support to study intra-TTI frequency hopping and its enabling mechanism for multi-TTI scheduling.
2.5 Channel access type indication in single DCI
It was agreed in RAN1-104b e-meeting that a DCI can schedule multiple PUSCH and the multiple PUSCHs can be non-continuous in time-domain. It means that there is interruption between two PUSCHs. With unlicensed spectrum, channel access is necessary before each interruption time. While in Rel-16 only one channel access type is indicated in DCI since multiple PUSCHs must be continuous. For the case of non-continuous multiple PUSCHs scheduled by a single DCI, it is straight forward to indicate more than one channel access mechanisms for each continuous time units.  
Proposal 8: Support to indicate more than one channel access types in a single DCI.
3 Conclusions

In this contribution, we focus on PDSCH/PUSCH scheduling enhancement for NR 52.6-71GHz.   
Proposal 1: Support Alt.1 for Type 2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs.
Proposal 2: For latency sensitive service, separate HARQ-ACK PUCCH resources for multiple PDSCHs scheduled by single DCI can be considered.
Proposal 3: Tx/Rx HARQ buffer capacity will need to be enhanced if HARQ process number increases for SCS 480/960 kHz.

Proposal 4: Support dynamic indication by DCI to determine the number of scheduled PDSCHs (or PUSCHs).
Proposal 5: Suggest to define a maximum number of gaps among PDSCHs (or PUSCHs) scheduled by one DCI considering of the LBT.
Proposal 6: To select one for slot gap indication between K0/K2 per SLIV and a single value of K0/K2 per row with distance between PDSCHs (or PUSCHs) per SLIV.
Proposal 7: Support to study intra-TTI frequency hopping and its enabling mechanism for multi-TTI scheduling.
Proposal 8: Support to indicate more than one channel access types in a single DCI.
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