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Introduction
This document provides our view on the multi-PDSCH/PUSCH scheduling for extending NR up to 71 GHz. The working item description (WID) for extending NR up to 71 GHz was revised and approved in [1].
Discussion on multi-PDSCH/PUSCH scheduling
General aspects
In RAN1#104e, it was agreed that a single DCI can schedule either multiple PDSCHs or multiple PUSCHs for SCSs of 480 kHz and 960 kHz, where each PDSCH/PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot, as shown in the following agreement.
	Agreement:
· For a UE and for a serving cell, scheduling multiple PDSCHs by single DL DCI and scheduling multiple PUSCHs by single UL DCI are supported.
· Each PDSCH or PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot.
· FFS: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI
· FFS: Whether multiple PDSCH scheduling applies to 120 kHz in addition to 480 and 960 kHz
· At least for 120 kHz SCS, single-slot scheduling with slot-based monitoring will still be supported as specified in Rel-15/Rel-16
· The followings will not be considered in this WI.
· Single DCI to schedule both PDSCH(s) and PUSCH(s)
· Single DCI to schedule one or multiple TBs where any single TB can be mapped over multiple slots, where mapping is not by repetition
· Single DCI to schedule N TBs (N>1) where a TB can be repeated over multiple slots (or mini-slots)
· Note: This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell.



In the WID and RAN1#104e, it was also agreed to support SCSs of 120 kHz, 480 kHz, and 960 kHz for operation in this frequency range for control channels, data channels, and reference signals. In TR 38.830, it has been described that DCI processing capabilities per multiple slots for larger SCS (e.g. 480 or 960 kHz) can maintain scheduling framework same as for smaller SCS (e.g. 120 kHz) when the UE is configured to monitor the DCI every multiple slots. In our view, to maintain the same scheduling framework would mean the similar RTT. When the slot length is reduced but having the similar RTT means that the required number of HARQ processes needs to be increased to allow full scheduling. As 16 HARQ processes are supported for 120 kHz SCS (and lower SCS), for at least high capability UEs, we propose to support at least 32 HARQ processes. If the number of HARQ processes is kept as same as 16, there is no merit to increase the number of PDSCH/PUSCH by single DCI as one multi-PDSCH/PUSCH scheduling by a DCI can utilize all HARQ processes supported by a DCI and the network cannot schedule the other process over the period of the RTT. Therefore, we propose following.

Proposal 1: The number of HARQ processes for a UE is increased to at least 32 for 480 or 960 kHz in order to maintain the scheduling framework same as for 120 kHz SCS.

Proposal 2: The number of PDSCHs/PUSCHs scheduled by a DCI is increased to 16 only when a UE supports 32 HARQ processes in order to prevent all HARQ processes from being used by a single DCI.

The merit of multiple PDSCH/PUSCH scheduling by a DCI is a reduction of DCI overhead. In order to have the DCI overhead reduction gain, the resource allocation and MCS needs to be common among multiple PDSCHs/PUSCHs scheduled by a DCI. Therefore, the gain is obtained only when the resource allocation and MCS are common. Although how to count C-DAI/T-DAI is discussed later, to increase the number of PDSCHs/PUSCHs scheduling by a DCI potentially adds more complexity and the DCI overhead for C-DAI/T-DAI. When the greater number of PDSCHs/PUSCHs scheduling by a DCI is allowed, the more reliability of the DCI is required because a miss-detection/false-detection of the DCI has more impact on the throughput. Therefore, we currently don't see the merit to increase the number of PDSCHs/PUSCHs scheduled by a DCI. Therefore, we propose following.

Proposal 3: FFS on increasing the number of PDSCHs/PUSCHs scheduled by a DCI to 16.

Related to 120 kHz SCS, the argument to maintain scheduling framework is not applied anymore. On the other hand, NR-U supports at most 8 PUSCHs scheduled by a DCI in FR1. NR 52.6-71 GHz contains unlicensed operation, we propose to support at least 8 PDSCH/PUSCH scheduling by a DCI for 120 kHz SCS regardless of licensed band or unlicensed band for the commonality. 

Proposal 4: Support at least 8 PDSCHs/PUSCHs scheduled by a DCI to 120 kHz SCS regardless of licensed band or unlicensed band usage.

Details on multi-PDSCH/PUSCH scheduling 
For details on multi-PDSCH/PUSCH scheduling by a DCI, the following agreement was made in RAN1#104e. In the following subsubsections, we will discuss CBGTI, CSI-request, TDRA, FDRA, and beam information for multi-PDSCH/PUSCH scheduling, respectively.
	Agreement:
· For the multi-PUSCH scheduling in Rel-17, study the enhancement of the following in addition to Rel-16 multi-PUSCH scheduling.
· 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).
· TDRA: Down-select among
· Alt 1: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· Alt 2: TDRA table is extended such that each row indicates up to [X, FFS for X] 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 signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.
· Alt 3: TDRA table is extended such that each row indicates up to 8 multiple PUSCH groups (that can be non-continuous between PUSCH groups). Each PUSCH group has a separate SLIV, mapping type and number of slots/PUSCHs N. Within each PUSCH group, N PUSCHs occupy the same OFDM symbols indicated by the SLIV and mapping type. The number of scheduled PUSCHs is the sum of number of PUSCHs in all PUSCH groups in the row of the TDRA table signalled in DCI.
· FDRA: Whether/how to enhance FDRA e.g., by increasing RBG size or changing allocation granularity
· Frequency hopping: Whether/how to support frequency hopping for scheduled PUSCHs, e.g., inter-PUSCH/intra-PUSCH hopping
· 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
· Applicability to multi-PDSCH scheduling in Rel-17. 
· Note: Other enhancements are not precluded.



CBGTI
CBG-based (re)transmission in multiple PDSCH/PUSCH scheduling makes a design more complex and requires increasing a size of DCI. The CBG-based (re)transmission has the merit only to re-schedule the part of TB due to the improvement of the radio efficiency for the retransmission. However, we think the merit obtained by the CBG-based (re)transmission is limited because the requirement of resource utilization efficiency is relatively lower than the requirement of power efficiency operating in 52.6-71 GHz. Therefore, we propose following.

Proposal 5: Not support CBG-based (re)transmission for multi-PDSCH/PUSCH scheduling by a DCI.

CSI-Request 
In Rel-15, in case of PUSCH repetition, A-CSI is multiplexed in the 1st PUSCH transmission. In Rel-16 URLLC, A-CSI is multiplexed in 1st nominal repetition of PUSCH as agreed in RAN1#101e. In Rel. 16 NR-U, when a DCI schedules M PUSCHs, the PUSCH that carries the AP-CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2. In our understanding, reusing the existing rules/mechanisms is sufficient. 

Proposal 6: Support to reuse the existing rule for CSI-request specified in Rel. 16 for multi-PDSCH/PUSCH scheduling by a DCI.

TDRA 
Among 3 alternatives, Alt. 1 does not support PDSCHs/PUSCHs transmissions in non-consecutive slots. Alt. 2 supports PDSCHs/PUSCHs transmissions in consecutive and/or non-consecutive slots. Alt. 3 also support PDSCHs/PUSCHs transmissions in consecutive and/or non-consecutive slots. It indicates the resource by the combinations of groups. 

For unlicenced band usage perspective, we think Alt.1 is sufficient in order to keep continuous transmissions within a COT. On the other hand, supporting non-continuous transmissions allow to have short PUCCH or SRS sent by the other UEs for uplink and PDCCH for other UEs in non-continuous period. If such non-continuous operation is supported, how to fill the resource for keeping a COT is up to gNB operation. We think Alt.3 is too complex mechanism. Therefore, we propose following. 

Proposal 7: Support to select Alt. 2 for enhancing TDRA table.

FDRA 
For NR 52.6-71 GHz, the requirement for RF components is increased and our view is the main usage of FDRA assignment is continuous resource allocation, i.e., frequency resource allocation type 1. For frequency resource allocation type 1, to reduce the DCI overhead, a possible way is to change the minimum number of allocated RBs, but the DCI overhead reduction gain is limited. We don't think it is necessary to optimize frequency allocation type 0 because it would be less frequently used, and it would require more DCI overhead in general. 

Proposal 8: No need to have the optimization of FDRA size except the consideration to change the minimum resource granularity for frequency resource allocation type 1.

Beam information
One of major technical challenges employing NR 52.6-71 GHz is the serious human/building blockage, which causes the shadow fading and penetration loss, e.g., human blockage can cause attenuation of propagation channel as large as 30-40 dB. A DCI schedules multiple PDSCHs/PUSCHs over multiple slots, however, a same beam might not remain applicable across multiple slots depending on potentially narrower beamwidth, human/building blockage, and a number of slots that are scheduled. Therefore, beam related information for multi-PDSCH/PUSCH scheduling needs to be considered. One possible design is to utilize the two beams (TCI states with QCL type-D) specified in Rel-16 for PDSCH repetitions from two TRPs. In this manner, it needs to indicate an association of each of multiple PDSCHs/PUSCHs and one of the two beams in the scheduling DCI. Since this agenda item (AI) discusses details on multi-PDSCH/PUSCH scheduling by a DCI, we should generally agree to support multi-beam operation for multi-PDSCH/PUSCH scheduling. Following that, a specific enhancement for beam association with multi-PDSCH/PUSCH scheduling can be further discussed in AI 8.2.4 - Beam management for new SCSs. Therefore, we propose the following.

Proposal 9: Support multi-beam indications for multi-PDSCH/PUSCH scheduling by a DCI and discuss it in AI 8.2.4.

HARQ
 Different PUCCHs for different PDSCHs scheduled by a DCI in multi-TRP/panel operation
For timing related to multi-PDSCH/PUSCH scheduling by a DCI, the following agreement was made in RAN1#104e.
	Agreement:
· 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,
· where K1 (indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI) indicates the slot offset between the slot of the last PDSCH scheduled by the DCI and the slot carrying the HARQ-ACK information corresponding to the scheduled PDSCHs.
· It is noted that granularity of K1 can be separately discussed.
· FFS: If needed, further discuss whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s)



As mentioned earlier, at high frequency range, it is possible that the single PUCCH, which carries HARQ-ACK information to different PDSCHs, can be blocked by human/building. In this case, multiple beam operation is useful. Therefore, different PUCCHs in multi-TRP/panel transmissions can be used.

Proposal 10: Support HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s).

HARQ-ACK multiplexing
For HARQ-ACK multiplexing related to multi-PDSCH/PUSCH scheduling by a DCI, the following agreement was made in RAN1#104e.
	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



Alt 1 has the restriction on the number of PDSCHs scheduled by a DCI as C-DAI/T-DAI is counted per DCI. In order to have the flexibility on the number of PDSCHs scheduled by a DCI, it was proposed to use two separate codebooks for single PDSCH scheduling and multi-PDSCH scheduling by a DCI, respectively. Then it allows the mixed operation between single PDSCH scheduling and multi-PDSCH scheduling by a DCI, but it still has the limitation such that the number of PDSCHs in multi-PDSCH scheduling needs to be common. Our view is that the number of PDSCHs in a multi-PDSCH scheduling in a DCI needs to be flexible as the number of PDSCHs can vary depending on the channel conditions and/or the available length of a COT. 

Proposal 11: For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, C-DAI/T-DAI is counted per PDSCH.


Conclusions
In this contribution, we provide our view on joint channel estimation for PUSCH. We made the following proposals.
Proposal 1: The number of HARQ processes for a UE is increased to at least 32 for 480 or 960 kHz in order to maintain the scheduling framework same as for 120 kHz SCS.

Proposal 2: The number of PDSCHs/PUSCHs scheduled by a DCI is increased to 16 only when a UE supports 32 HARQ processes in order to prevent all HARQ processes from being used by a single DCI.

Proposal 3: FFS on increasing the number of PDSCHs/PUSCHs scheduled by a DCI to 16.

Proposal 4: Support at least 8 PDSCHs/PUSCHs scheduled by a DCI to 120 kHz SCS regardless of licensed band or unlicensed band usage.

Proposal 5: Not support CBG-based (re)transmission for multi-PDSCH/PUSCH scheduling by a DCI.

Proposal 6: Support to reuse the existing rule for CSI-request specified in Rel. 16 for multi-PDSCH/PUSCH scheduling by a DCI.

Proposal 7: Support to select Alt. 2 for enhancing TDRA table.

Proposal 8: No need to have the optimization of FDRA size except the consideration to change the minimum resource granularity for frequency resource allocation type 1.

Proposal 9: Support multi-beam indications for multi-PDSCH/PUSCH scheduling by a DCI and discuss it in AI 8.2.4.

Proposal 10: Support HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s).

Proposal 11: For generating type-2 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, C-DAI/T-DAI is counted per PDSCH.
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