3GPP TSG RAN WG1 #109-e			R1-2203776
e-Meeting, May 9th – 20th, 2022


Source: 	     Xiaomi
[bookmark: Title]Title:		     Other remaining issues for multicast and broadcast

Agenda item:    8.12.2
[bookmark: DocumentFor]Document for:  Discussion 

Introduction
In RAN1#108 e-meeting, very good progress on group scheduling for RRC_CONNECTED UEs and basic functions for broadcast/multicast for RRC_IDLE/RRC_INACTIVE UEs was achieved. Plenty of agreements were approved in the previous meeting. [1]  In this contribution, we provide our views on the remaining issues.
Discussion
Remaining issues for group scheduling
During last two meetings, collision of multicast PDSCH and unicast PDSCH was discussed. In order to facilitate the discussion, following two cases were identified in RAN1#108 e-meeting:
· Case 1: UE only supports FDM between multicast PDSCH and unicast PDSCH in a slot, but does not support TDM between multicast PDSCH and unicast/multicast PDSCH in a slot.
· Case 2: UE supports both FDM between multicast PDSCH and unicast PDSCH and TDM between multicast/unicast PDSCHs in a slot.
Currently, we already defined the following use cases for unicast PDSCH and multicast PDSCH multiplexing:
· One unicast PDSCH and one group-common PDSCH are FDMed.
· Unicast PDSCH(s) and group-common PDSCH(s) are TDMed.
Which scheme is supported can be reported by UE, i.e. via FG 33-3-2 and FG 33-3-3. Besides, we never discuss the scenario wherein UE needs to support both FDM between multicast PDSCH and unicast PDSCH and TDM between multicast/unicast PDSCHs in a slot. The motivation of case 2 is unclear. On the other hand, the penalty of supporting case 2 is obvious, including more standard impacts and additional complexity at UE side. Considering we are at the maintenance phase, we don’t think there is a need to support case 2.
Proposal 1: FDM between multicast PDSCH and unicast PDSCH and TDM between multicast/unicast PDSCHs cannot be supported simultaneously in a slot.

For case 1, the following proposal was raised during previous meeting without consensus:
	Updated proposal 5-2a (v1):
If a UE supports FDM reception between unicast SPS PDSCH and multicast SPS PDSCH in a slot, and if more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· [bookmark: _Hlk39314234]If the PDSCHs include both unicast SPS PDSCH(s) and multicast SPS PDSCH(s),
· Alt1:
· the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in both time and frequency, the UE receives the one with lower configured sps-ConfigIndex; else, the UE receives both PDSCHs.
· Alt2 (reuse the current procedure in TS38.214h00 as much as possible):
· Step 0: set j=0, where j is the number of selected PDSCH(s) for decoding. Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot
· Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q, set j=j+1. Designate the received PDSCH as survivor PDSCH.
· Step 2: The survivor PDSCH in step 1 and any other PDSCH(s) overlapping in both time and frequency with the survivor PDSCH in step 1 are excluded from Q. 
· Step 3: Repeat step 1 and 2 until Q is empty or j is equal to 2
· Alt3 (based on vivo’s suggestion in the 1st round):
· Step 0: Q is the set of activated PDSCHs without corresponding PDCCH transmissions within the slot.
· Step 1: A UE receives one PDSCH with the lowest configured sps-ConfigIndex within Q. Designate the received PDSCH as survivor PDSCH.
· Step 2: If the survivor PDSCH in step 1 is unicast PDSCH, a UE receives one multicast PDSCH with the lowest configured sps-ConfigIndex within Q (if any), where the multicast PDSCH and the survivor PDSCH in step 1 are FDMed in frequency. If the survivor PDSCH in step 1 is multicast PDSCH, a UE receives one unicast PDSCH with the lowest configured sps-ConfigIndex within Q (if any), where the unicast PDSCH and the survivor PDSCH in step 1 are FDMed in frequency.
· If the PDSCHs only include unicast SPS PDSCH(s) or only include multicast SPS PDSCH(s), the legacy procedure is applied.
· FFS: whether a separate UE capability is needed for FDM reception between unicast SPS PDSCH and multicast SPS PDSCH in a slot.
· FFS for DG unicast PDSCHs and/or DG multicast PDSCHs



Technically speaking, the listed three alternatives above are all workable. Alternative#1 has been discussed for several rounds with the merit of simplicity and stability, which is our preference. The announced advantage of alternative#3 beyond alternative#1 is it can avoid the case wherein the resulting MBS SPS is dropped because of it has a larger SPS configuration index than that of a conflicting unicast SPS. However, it is a configuration issue and can be handled by gNB implementation.
Currently, FG 33-3-2 has been defined, which is abstracted as below. The unicast PDSCH and group-common PDSCH included in FG 33-3-2 already covers unicast SPS PDSCH and multicast SPS PDSCH respectively. We don’t see the necessity to further define a separate UE capability for FDM reception between unicast SPS PDSCH and multicast SPS PDSCH in a slot.
	33-3-2
	FDM-ed unicast PDSCH and group-common PDSCH
	1. Support FDM between one unicast PDSCH and one group-common PDSCH in a slot.




Regarding DG unicast PDSCHs and/or DG multicast PDSCHs, the collision issue can be handled by gNB implementation, i.e. gNB should guarantee there is no overlapping between DG unicast PDSCH and DG multicast PDSCH.
Proposal 2: If a UE supports FDM reception between unicast SPS PDSCH and multicast SPS PDSCH in a slot, and if more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· If the PDSCHs include both unicast SPS PDSCH(s) and multicast SPS PDSCH(s),
· the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in both time and frequency, the UE receives the one with lower configured sps-ConfigIndex; else, the UE receives both PDSCHs.

Remaining issues on basic functions for broadcast/multicast
For RRC_CONENCTED UE, it is already agreed to support SPS group-common PDSCH for MBS.[3] It is well-known that SPS transmission has the following advantage:
· It is friendly to the traffic types with periodic manner.
· It can significantly reduce the PDCCH transmission, which is beneficial for power saving and spectrum efficiency.
Considering the commonality in terms of traffic type, it is well-known that continuity of traffic between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state should be pursuit. The use case perceived for RRC_CONNECTED UEs should also be typical for RRC_IDLE/RRC_INACTIVE UEs. 

Proposal 3: For broadcast reception with UEs in RRC_IDLE/INACTIVE states, support SPS GC-PDSCH carrying MTCH.

In Rel-15/16, only DCI format 1_0 can be transmitted in a CSS for scheduling PDSCH. As it is used for scheduling a group of UEs while the active DL BWP across UEs may be diverse, the reference starting point of the scheduled PDSCH should be the lowest RB contained by CORESET.  For MBS UE, it will be configured with a CFR which is common to the UEs belonging to the same group. Therefore, RB numbering for a MBS PDSCH should start from the lowest RB of the CFR. Accordingly, the following agreement was achieved for group scheduling in RRC_CONNECTED state in RAN1#106bis e-meeting.
	Agreement: 
For GC-PDSCH scheduled with the first DCI format for multicast, RB numbering starts from the lowest RB of the CFR.


[bookmark: _GoBack]However, it is still unclear how to determine the starting RB when gNB schedules a broadcast PDSCH. It is natural to apply the same mechanism to RRC_IDLE/INACTIVE UE.

Proposal 4: For MCCH and MTCH scheduled with the DCI format 4_0, RB numbering starts from the lowest RB of the CFR.
Conclusion 
In this contribution, we discuss the remaining issues related to group scheduling for RRC_CONNECTED UEs and basic functions for broadcast/multicast for RRC_IDLE/RRC_INACTIVE UEs. Based on the analyses provided in section 2, we have the following proposals:

Proposal1: FDM between multicast PDSCH and unicast PDSCH and TDM between multicast/unicast PDSCHs cannot be supported simultaneously in a slot.
Proposal 2: If a UE supports FDM reception between unicast SPS PDSCH and multicast SPS PDSCH in a slot, and if more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· If the PDSCHs include both unicast SPS PDSCH(s) and multicast SPS PDSCH(s),
· the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in both time and frequency, the UE receives the one with lower configured sps-ConfigIndex; else, the UE receives both PDSCHs.
Proposal 3: For broadcast reception with UEs in RRC_IDLE/INACTIVE states, support SPS GC-PDSCH carrying MTCH.
Proposal 4: For MCCH and MTCH scheduled with the DCI format 4_0, RB numbering starts from the lowest RB of the CFR.
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