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Introduction
In RAN 1 meeting #104bis-e, the following agreements for supporting NR from 52.6 GHz to 71 GHz were made [1]: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




Conclusion:
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.
· 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
    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







Conclusion:
     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 this contribution, we discuss several aspects of the PDSCH enhancement for supporting NR on frequencies from 52.6 GHz to 71 GHz.

Supporting NR Operation from 52.6 GHz to 71 GHz 
Frequency bands above 52.6 GHz have several advantages such as limited interference, wider bandwidth, high-gain beamforming, multi-beam systems, etc. Therefore, use cases like eMBB with high data rate, short range D2D communications with high data rate, wireless display transfer for AR/VR, etc. can be enabled.
To support NR from 52.6 GHz to 71 GHz, operation on both licensed and unlicensed spectrum with a range of ultra-wide-bandwidth frequency bands needs to be considered. For example, the entire 57 GHz – 71 GHz frequency range is available in USA, providing 14 GHz of contiguous bandwidth. In addition, the 66 GHz to 71 GHz band was recently opened for licensed use in international telecommunications union (ITU) Regions 1 and 3.  
In RAN1 #103e meeting, subcarrier spacings (SCS) of 120 KHz, 240 KHz, 480 KHz and 960 KHz (i.e.,  3, 4, 5 and 6 respectively) for NR operation for both licensed and unlicensed bands from 52.6 GHz to 71 GHz have been agreed. When the larger SCSs/numerologies are introduced, the duration of slot in a subframe will be decreased accordingly. Due to the limited PDCCH processing capability, the number of monitored PDCCH candidates and the number of non-overlapped CCE per slot are expected to be decreased for the higher SCSs/numerologies (e.g., SCS = 480 KHz, 960 KHz, etc.) scenarios in frequency range greater than 52.6 GHz. In addition, the decreased number of PDCCH candidates and CCEs per slot may limit the scheduling flexibility. Besides, monitoring every slot for PDCCH becomes too frequent and may consume too much UE power in higher frequency range. Therefore, a single DCI scheduling multiple PDSCH/PUSCH could benefit the scheduling efficiency when the limited number of PDCCH/DCI can be scheduled within a monitoring occasion.    
In the following sections, we discuss the PDSCH enhancement for NR operation from 52.6 GHz to 71 GHz. 
1.1 [bookmark: _Ref61638545]TDRA bit field for single DCI schedules multiple PDSCH/PUSCHs 
Single DCI can schedule multiple PDSCH/PUSCHs for NR from 52.6 GHz and above. In this way, the PDCCH monitoring frequency could be reduced, thus it can reduce PDCCH decoding efforts for a UE. There are several design factors to be considered for single DCI scheduling multi-PDSCH. First, the number of scheduled PDSCH may vary case by case. To support flexible scheduling and reduce BD efforts, the single DCI format could schedule both a single PDSCH and multiple PDSCHs. In RAN 1 meeting #104bis-e [1], it has agreed that TDRA bit field in single DCI scheduling multi-PDSCH can be used for the indication of the number of scheduled PDSCH(s). In addition, each PDSCH has a separate SLIV and mapping type such that continuous or non-contiguous (time-domain) transmission of PDSCH can be supported. Especially, the number of scheduled PDSCH(s) is one of the key factors for the determination of the type-1 HARQ-ACK codebook generation. 
In Rel-15/16, the candidate slot for PDSCH reception is determined by UL slot N (where HARQ-ACK codebook is transmitted) and K1 set. If Rel-15/16 rule is applied for single DCI scheduling multi-PDSCH, then K1 set may require some modification for handling the multi-PDSCH HARQ-ACK timing. Therefore, Option 1 can be treated as an extension from Rel-15/16 for the determination of PDSCH reception occasion.  As shown in Figure 1, a single DCI schedule M (e.g., M=4) PDSCHs and the scheduled PDSCH reception occasion can be determined by the HARQ-ACK window and number of scheduled PDSCH (i.e., M). To unify the framework between Rel-16 and Rel-17, Option 1 can be support for type-1 HARQ codebook generation. In addition, how to determine the K1 set can be further studied. For example, K1 set can be derived based on the number of scheduled PDSCH(s) (i.e., the valid SLIVs indicated by TDRA), and the value of PDSCH-to-HARQ-timing-indicator in single DCI scheduling multi-PDSCH format (e.g., DCI format 1_1).


[bookmark: _Ref33360524]Figure 1: PDSCH reception occasions based on Option 1.

[bookmark: _Hlk68538346]Proposal 1. For type-1 codebook HARQ-ACK generation, Option 1 can be supported for single DCI scheduling multi-PDSCH for reducing specification impact and how to determine (expansion) K1 set can be further studied.  

1.2 C-DAI/T-DAI bit field for single DCI schedules multiple PDSCH/PUSCHs 
For type-2 HARQ-ACK codebook generation, Alt-3 (i.e., C-DAI/T-DAI is counted per M scheduled PDSCH(s), where M is configurable) seems a flexible option to cover Alt-1 and Alt-2. Alt-3 can be further studied to support the time-domain bundling for HARQ-ACK. Also, as suggested by Alt-2, whether the bit-width for DL C-DAI/T-DAI will be increased or not, it needs to consider both multi-PDSCH DCI and single-PDSCH DCI for all serving cells including a serving cell not configured with multi-PDSCH DCI. 
Proposal 2. For type-2 codebook HARQ-ACK generation, Alt-3 seems a flexible option for consideration and the details of Alt-3 can be further studied. 

Conclusions
In this contribution, we discussed the fundamental aspects of PDCCH monitoring for supporting NR from 52.6 to 71 GHz. The following proposals were made:
Proposal 1. For type-1 codebook HARQ-ACK generation, Option 1 can be supported for single DCI scheduling multi-PDSCH for reducing specification impact and how to determine (expansion) K1 set can be further studied.    
Proposal 2. For type-2 codebook HARQ-ACK generation, Alt-3 seems a flexible option for consideration and the details of Alt-3 can be further studied. 
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