[bookmark: OLE_LINK2]3GPP TSG RAN WG1 #104-e	R1-2100741
e-Meeting, January 25th – February 5th, 2021

Agenda Item:	8.2.5
Source:		Fujitsu
[bookmark: _GoBack]Title:	Considerations on multi-PDSCH/PUSCH with a single DCI and HARQ for NR from 52.6 GHz to 71 GHz
Document for:	Discussion/Decision
1. Introduction
In RAN#90-e meeting, the WID[1] for extending current NR operation to 71 GHz was agreed. And regarding physical layer aspects, the objectives identified in the WID are as below. This contribution would like to discuss support of multi-PDSCH/PUSCH with a single DCI for extending NR operation to 71 GHz.
	· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
[bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· Time line related aspects adapted to 480kHz and 960kHz, e.g., BWP and beam switching timing, HARQ timing, UE processing, preparation and computation timelines for PDSCH, PUSCH/SRS and CSI, respectively. 
· Support of up to 64 SSB beams for licensed and unlicensed operation in this frequency range. 
· Supports 120kHz SCS for SSB and 120kHz SCS for initial access related signals/channels in an initial BWP.
· Study and specify, if needed, additional SCS (240kHz, 480kHz, 960kHz) for SSB, and additional SCS(480kHz, 960kHz) for initial access related signals/channels in initial BWP.
· Study and specify, if needed, additional SCS (480kHz, 960kHz) for SSB for cases other than initial access.
· Note: coverage enhancement for SSB is not pursued.
· Specify timing associated with beam-based operation to new SCS (i.e., 480kHz and/or 960kHz), study, and specify if needed, potential enhancement for shared spectrum operation
· Study which beam management will be used as a basis: R15/16 or R17 in RAN #91-e
· Support enhancement for PUCCH format 0/1/4 to increase the number of RBs under PSD limitation in shared spectrum operation.
· Support enhancements for multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI
Note: coverage enhancement for multi-PDSCH/PUSCH scheduling is not pursued
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
· [bookmark: _Hlk60758753][bookmark: _Hlk58594915]Specify support for PRACH sequence lengths (i.e. L=139, L=571 and L=1151) and study, if needed, specify support for RO configuration for non-consecutive RACH occasions (RO) in time domain for operation in shared spectrum
· Evaluate, and if needed, specify the PTRS enhancement for 120kHz SCS, 480kHz SCS and/or 960kHz SCS, as well as DMRS enhancement for 480kHz SCS and/or 960kHz SCS.


2. Discussion
As indicated in the WID, multi-PDSCH/PUSCH scheduling and HARQ support with a single DCI is agreed to be supported for extending NR operation to 71GHz. For this new frequency range (52.6~71GHz), one motivation to support such scheduling is to alleviate PDCCH monitoring burden and consequently reduce UE complexity for the case of large SCS (e.g. 960 kHz).
In Rel-16, multi-PUSCH scheduling via a single DCI is supported for NR-U. For less standardization effort, the design in Rel-16 should be reused as much as possible to support multi-PUSCH scheduling via a single DCI for the new frequency range. 
Proposal 1: To support multi-PUSCH scheduling for the new frequency range (52.6~71GHz), take the design of Rel-16 multi-PUSCH scheduling as the baseline.
In addition, the framework of multi-PUSCH scheduling is also applicable for multi-PDSCH scheduling.
According to the Rel-16 multi-PUSCH scheduling, a DCI with format 0_1 can schedule 2~8PUSCHs in consecutive slots, each PUSCH with a TB. More specifically, the following aspects are enhanced.
· RRC signaling (i.e. pusch-TimeDomainAllocationList in pusch-Config) for configuring time domain allocation list for PUSCH can contain a row indicating resource allocation for 2~8 PUSCHs in corresponding 2~8 consecutive slots, each PUSCH having a separate SLIV and mapping type. The K2 for the row indicates the slot where UE shall transmit the first PUSCH of the multiple PUSCHs. 
· When the TDRA field of a DCI with format 0_1 indicates a row indicating multiple PUSCHs, multiple PUSCHs are scheduled.
· HARQ process ID indicated by the DCI applies to the first PUSCH. HARQ process ID is then incremented by 1 for each subsequent PUSCH(s) in the scheduled order, with modulo 16 operation applied.
· [bookmark: _Hlk60853016]The bits of rv field and NDI field, respectively, in the DCI are one to one mapped to the scheduled PUSCH(s) with the corresponding transport block(s) in the scheduled order where the LSB bits of the rv field and NDI field, respectively, correspond to the last scheduled PUSCH.  
Therefore, following the framework of Rel-16 multi-PUSCH scheduling, to support multi-PDSCH scheduling, a DCI with format 1_1 can schedule 2~8 PDSCH in consecutive slots, each PDSCH with a TB. And accordingly, the following can be enhanced.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]RRC signaling (i.e. pdsch-TimeDomainAllocationList in pdsch-Config) for configuring time domain allocation list for PDSCH can contain a row indicating resource allocation for 2~8 PDSCHs in 2~8 consecutive slots, each PDSCH having a separate SLIV and mapping type. The K0 for the row indicates the slot where UE shall receive the first PDSCH of the multiple PDSCHs. 
· When the TDRA field of a DCI with format 1_1 indicates a row indicating multiple PDSCHs, multiple PDSCHs are scheduled.
· HARQ process ID signaled in the DCI applies to the first scheduled PDSCH. HARQ process ID is then incremented by 1 for subsequent PDSCHs in the scheduled order (with modulo operation as needed).
· The bits of rv field and NDI field, respectively, in the DCI are one to one mapped to the scheduled PDSCHs with the corresponding transport block(s) in the scheduled order where the LSB bits of the rv field and NDI field, respectively, correspond to the last scheduled PDSCH.


Figure 1: Example of multi-PDSCH scheduling with a single DCI
Proposal 2: To support multi-PDSCH scheduling for the new frequency range (52.6~71GHz), reuse the framework of Rel-16 multi-PUSCH scheduling. A DCI with format 1_1 can schedule 2~8 PDSCH in consecutive slots, each PDSCH with a TB.
· RRC signaling (i.e. pdsch-TimeDomainAllocationList in pdsch-Config) for configuring time domain allocation list for PDSCH can contain a row indicating resource allocation for 2~8 PDSCHs in 2~8 consecutive slots, each PDSCH having a separate SLIV and mapping type. The K0 for the row indicates the slot where UE shall receive the first PDSCH of the multiple PDSCHs. 
· HARQ process ID signaled in the DCI applies to the first scheduled PDSCH. HARQ process ID is then incremented by 1 for subsequent PDSCHs in the scheduled order (with modulo operation as needed).
· The bits of rv field and NDI field, respectively, in the DCI are one to one mapped to the scheduled PDSCHs with the corresponding transport block(s) in the scheduled order where the LSB bits of the rv field and NDI field, respectively, correspond to the last scheduled PDSCH.
3. Conclusion
According to the discussions above, we have the following proposals.
Proposal 1: To support multi-PUSCH scheduling for the new frequency range (52.6~71GHz), take the design of Rel-16 multi-PUSCH scheduling as the baseline.
Proposal 2: To support multi-PDSCH scheduling for the new frequency range (52.6~71GHz), reuse the framework of Rel-16 multi-PUSCH scheduling. A DCI with format 1_1 can schedule 2~8 PDSCH in consecutive slots, each PDSCH with a TB.
· RRC signaling (i.e. pdsch-TimeDomainAllocationList in pdsch-Config) for configuring time domain allocation list for PDSCH can contain a row indicating resource allocation for 2~8 PDSCHs in 2~8 consecutive slots, each PDSCH having a separate SLIV and mapping type. The K0 for the row indicates the slot where UE shall receive the first PDSCH of the multiple PDSCHs. 
· HARQ process ID signaled in the DCI applies to the first scheduled PDSCH. HARQ process ID is then incremented by 1 for subsequent PDSCHs in the scheduled order (with modulo operation as needed).
· The bits of rv field and NDI field, respectively, in the DCI are one to one mapped to the scheduled PDSCHs with the corresponding transport block(s) in the scheduled order where the LSB bits of the rv field and NDI field, respectively, correspond to the last scheduled PDSCH.
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