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In RAN1#104-e meeting, the method of single DCI scheduling multi-PDSCH/PUSCH was discussed and the following alternatives were agreed: [1]
	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.

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)

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
Agreement:
The multi-PUSCH scheduling defined in Rel-16 NR-U is the baseline for multi-PUSCH scheduling in Rel-17.
· FFS: Applicability to multi-PDSCH scheduling. 

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.




In this contribution, we focus on the method of single DCI scheduling multi-PDSCH/PUSCH in the 60GHz unlicensed band. 

Discussion
Single DCI scheduling Multi-PDSCH/PUSCH 
In order to fully use the resources, UE may expect to perform PDCCH monitoring in each slot. When larger SCS (e.g. 480KHz SCS and 960KHz SCS) is introduced, the slot duration is significantly reduced which may result in redundant UE power consumption in blind detections. A method of single DCI scheduling multi-PDSCH/PUSCH was discussed and captured in TR38.808. And the motivation of this method is mainly to alleviate the blind detection burden and power consumption on the UE side when larger SCS is introduced. Currently, a method of single DCI scheduling multi-slot PUSCH has been introduced in Rel-16 NR-U, where a single DCI can schedule multiple TBs across multiple slots. In order to reduce the standardization effort, it may be beneficial to extend the method of multi-slot PUSCH scheduling to that of multi-slot PDSCH scheduling. That means the following characteristics should be specified:
· Each PDSCH/PUSCH has a separate SLIV and mapping type. All these valid SLIVs and mapping types are contained in the row of the TDRA table. A single K0 is indicated as the slot offset between the first scheduled PDSCH and its corresponding DCI.
· HARQ process ID indicated in the DCI applies to the first scheduled PDSCH/PUSCH. HARQ process ID is then incremented by 1 for subsequent PDSCHs in the scheduled order.
· Separate NDIs and RVs are provided for each of the scheduled PDSCHs/PUSCHs.
· A single MCS field is signaled for each of the scheduled PDSCHs/PUSCHs.
In addition to Rel-16 multi-PUSCH scheduling, the CBGTI, CSI-request, TDRA, FDRA, frequency hopping, URLLC related field and applicability to multi-PDSCH scheduling are recommended to further study. 
Regarding whether the scheduled PUSCHs can be continuous or non-continuous in time domain, we think non-continuous is more preferable. In the case where multi-beam operation is supported for multi-PUSCH/PDSCH scheduled by single DCI, transmission beam may be switched between adjacent PUSCH/PDSCH. However, for 960 kHz SCS, the CP length is too short to cover the beam switch time. Therefore, a gap in time domain is required between adjacent different beams. In order to allow multi-beam operation for multi-PUSCH/PDSCH scheduled by single DCI when the SCS is 960 kHz, non- continuous PUSCH assignment method in the time domain should be supported.
Regarding the maximum number of scheduled PDSCHs/PUSCHs, we prefer 8 as defined in Rel-16 NR-U.
Proposal 1: Regarding TDRA mechanism, non- continuous PUSCH assignment method (Alt 2) with X=8 should be supported.

In Rel-16 NR-U, an interlaced resource assignment mechanism is introduced to fulfill OCB requirement and compete PSD limitation. Interlace is evenly distributed over the entire bandwidth, so there is no need to perform frequency hopping to obtain frequency selective gain. If interlaced resource assignment mechanism is not supported for 60GHz band operation, frequency hopping is needed to improve the performance of PUSCH transmission. To simplify the design of frequency hopping, the Rel-15 design principle should be reused, e.g. intra-PUSCH hopping should be supported.
Proposal 2: Frequency hopping should be supported for scheduled PUSCH.

Regarding CBGTI, CSI-request and FDRA, in order to simplify the design and reduce the standardization work, the Rel-16 multi-PUSCH scheduling mechanism should be reused.
Proposal 3: 
· CBG (re)transmission should not be supported when more than one PUSCHs are scheduled.
· apply same rule compared to Rel-16 NR-U for CSI request.
· apply same method rule compared to Rel-16 NR-U for FDRA.

However, different from the method of the multi-PUSCH scheduling, some issues related HARQ-ACK feedback should be further studied and specified. For example, how to interpret the value of C-DAI/T-DAI and consequently how to determine the HARQ codebook size. In RAN1#104-e meeting, three alternatives were discussed.  For Alt 1, the C-DAI/T-DAI is counted per DCI, if a PDCCH is missed, UE cannot know the exact number of scheduled PDSCHs. Furthermore, the codebook size is misaligned at gNB and UE side. For Alt 2, even if a PDCCH is missed, the codebook size can be aligned at both gNB and UE side by receiving the C-DAI/T-DAI of the next PDCCH. However, the DAI bits should be increased for alt 2. For alt 3, we don’t see the benefits.
Proposal 4: Regarding the generation of type 2 codebook, C-DAI/T-DAI should be counted per PDSCH.

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK39][bookmark: OLE_LINK40]In this contribution, we have discussed PDSCH/PUSCH enhancements in the 60GHz unlicensed band. Based on the discussion in section 2, we provide the following proposals.
Proposal 1: Regarding TDRA mechanism, non- continuous PUSCH assignment method (Alt 2) with X=8 should be supported.
Proposal 2: Frequency hopping should be supported for scheduled PUSCH.
Proposal 3: 
· CBG (re)transmission should not be supported when more than one PUSCHs are scheduled.
· Apply same rule compared to Rel-16 NR-U for CSI request.
· Apply same method rule compared to Rel-16 NR-U for FDRA.
Proposal 4: Regarding the generation of type 2 codebook, C-DAI/T-DAI should be counted per PDSCH.
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