[bookmark: OLE_LINK23][bookmark: _Ref494215420]3GPP TSG RAN WG1 #104b-e		R1-2102469
e-Meeting, April 12th – 20th, 2021
Agenda Item:     8.12.1
Source:	Spreadtrum Communications
Title:	             Discussion on MBS group scheduling for RRC_CONNECTED UEs
Document for:	Discussion and decision

Introduction

In this paper, we will present our opinions on MBS group scheduling for RRC_CONNECTED UEs.

Discussion
Frequency resource configuration for MBS
At the last RAN1 meeting, after great effort, the following agreement on frequency resource configuration of MBS was achieved [1]:
	
Agreement:
From RAN1 perspective, the CFR (common frequency resource) for multicast of RRC-CONNECTED UEs, which is confined within the frequency resource of a dedicated unicast BWP and using the same numerology (SCS and CP), includes the following configurations:
· Starting PRB and the number of PRBs 
· One PDSCH-config for MBS (i.e., separate from the PDSCH-Config of the dedicated unicast BWP)
· One PDCCH-config for MBS (i.e., separate from the PDCCH-Config of the dedicated unicast BWP)
· SPS-config(s) for MBS (i.e., separate from the SPS-Config of the dedicated unicast BWP)
· FFS: Other configurations and details including whether signaling of starting PRB and the length of PRBs is needed when CFR is equal to the unicast BWP
· FFS: Whether a unified CFR design is also used for broadcast reception for RRC_IDLE/INACTIVE and RRC_CONNECTED
· FFS: Whether Coreset(s) for CFR in addition to existing Coresets in UE dedicated BWP is needed
· Note: The terminology of CFR is only aiming for RAN1 discussion, and the detailed signaling design is up to RAN2
Note: This agreement does not negate any previous agreements made on CFR



Regarding whether UE can be configured with no unicast reception in the common frequency resource, in our understanding it is up to NW implementation, and it is not necessary to restrict unicast reception either or not in the common frequency resource. Otherwise, the network efficiency is very low especially when there is no MBS, also considering SDM still can be possibly used for multicast and unicast without any specification enhancement in Rel-17.
Proposal 1: UE can be configured with or without unicast reception in the common frequency resource.
Regarding whether to support more than one common frequency resources per UE / per dedicated unicast BWP, during the discussion in previous RAN1 meetings, some companies claim that if UE support multiple types of MBS, multiple common frequency resources can be configured per dedicated unicast BWP per UE to match with respective type of MBS. In our understanding one common frequency resources per UE / per dedicated unicast BWP is enough. For URLLC service in Rel-15/Rel-16, although the KPI requirements are different among URLLC services, the resources are shared among URLLC services, even for eMBB services. It is up to NW network scheduling. Likewise, one common frequency resource can be shared among multiple MBSs.
Proposal 2: Support only one common frequency resource per dedicated unicast BWP per UE.
Group scheduling mechanism
In RAN1#102e meeting [2], we have agreed to PTM1. PTP has been agreed in RAN2. Compared with PTM1, obviously PTM2 will bring in more PDCCH overhead and transmission delay. The benefit and use case for PTM2 are not clear to us, especially on top of PTM1.
Proposal 3: For RRC_CONNECTED UEs for NR MBS, not support PTM2 transmission scheme.
For PTM scheme 1, CORESET/Search space set related agreements have been achieved in RAN1#104e meeting [1].
	Agreement:
For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.

Agreement:
The maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
· FFS whether the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.

Working Assumption: 
Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
· FFS: Whether the G-RNTI is counted as “C-RNTI” or as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.
Agreement:
For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, at least support CSS
· FFS: reuse existing CSS type(s) in Rel-15/16 or define a new Type CSS
· FFS: Two options for monitoring priority:
· Option 1: the monitoring priority is the same as existing Rel-15/16 CSS
· Option 2: the monitoring priority is determined based on the search space set indexes of search space set(s) for multicast and USS sets.




For the retransmission scheme for PTM1, it has been agreed to support PTM1 and PTP. However, it is not preferable to support PTP and PTM1 simultaneously. We have not seen the necessity. Either PTM1 or PTP is enough.
[bookmark: _GoBack]Proposal 4: If initial transmission for multicast is based on PTM transmission scheme 1, not simultaneously support PTM1 and PTP together as the retransmission scheme.
In Rel-15/Rel-16, CSS is used for fallback DCI scheduling common PDSCH, unicast PDCCH scheduling unicast PDSCH, and group common PDCCH without PDSCH, and USS is only for unicast PDCCH. On the other hand, in RAN1#103e, we have agreed that the CCE indexes are common for different UEs in the same MBS group. In addition, last meeting, CSS has been supported for idle state. Thus, in our opinion, it is reasonable to use CSS for Rel-17 PTM1 for connected state. 
In current specification, CSS set includes five types: Type0-PDCCH CSS set, Type0A-PDCCH CSS set, Type1-PDCCH CSS set, Type2-PDCCH CSS set, and Type3-PDCCH CSS set, where Type0/Type0A/Type 2 are only applicable for primary cell of the MCG, and Type1/Type3 when applied for scheduling are only applicable for primary cell.  For some MBS, e.g., video streaming, for the sake of load balance, they could be carried on Scell. Thus, in our opinion, one new CSS type, e.g., Type4 could be defined for Rel-17 MBS, which could be used for both Pcell and Scell.
Proposal 5: For search space type for Rel-17 MBS, support to define a new search space type for multicast.
In Rel-15, for PDCCH overbooking case, network would ensure CSS related PDCCH not to be dropped, while USS related PDCCH could be dropped based on USS ID.  Given that the priority of MBS service could be lower, equal, or higher than unicast, it is reasonable that the PDCCH corresponding to CSS type for MBS should be in the same level with USS related PDCCH, i.e., monitoring priority should be depending on search space index.
Proposal 6: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS.
For DCI format for group-common PDCCH, considering that UEs in idle state should also support to receive MBS services, it is natural to consider DCI format 1_0 as the candidate format. Given that DCI 1_0 is one fallback DCI, and it is not efficiency as DCI 1_1/1_2 at least for connected UEs, we suggest DCI format 1_1/1_2 also could be taken as the starting point.
Proposal 7: For group-common DCI for MBS, both DCI 1_0, and DCI1_1/1_2 could be considered as the starting point.
In RAN1#104e meeting, some agreements about SPS group-common PDSCH has been achieved for MBS for RRC_CONNECTED UEs [1].
	Agreement: 
For RRC_CONNECTED UEs, more than one SPS group-common PDSCH configuration for MBS can be configured per UE subject to UE capability
· The total number of SPS configurations supported by a UE currently defined for unicast is not increased due to additionally supporting MBS.
· FFS: How to allocate the total SPS configurations between MBS and unicast.

Agreement: 
For RRC_CONNECTED UEs, support HARQ-ACK feedback for SPS group-common PDSCH for MBS
· FFS: The retransmission scheme(s)
· FFS: The HARQ-ACK details for SPS PDSCH and activation/deactivation, which can be discussed in AI 8.12.2

[bookmark: _Hlk63418960]Working assumption:
For activation/deactivation of SPS group-common PDSCH for MBS in RRC_CONNECTED state,
· At least group-common PDCCH is supported
· FFS: Whether and how to address the missed activation and deactivation
· FFS: Whether UE-specific PDCCH is supported for activation/deactivation




As aforementioned, for dynamic group-common PDSCH, PTM1 could be supported. Likewise, group-common PDCCH could also be considered to be supported for SPS group-common PDSCH activation/deactivation to reduce overhead and improve network efficiency. 
Proposal 8: Confirm the working assumption, i.e., Support group-common PDCCH for SPS group-common PDSCH activation/deactivation.
Regarding the retransmission scheme for SPS PDSCH, in general, it is up to gNB’s implementation. It could be unicast scheduling or group scheduling for retransmission. For example, if only a few of member UEs are not successful, unicast dynamic scheduling for retransmission could be adopted; if the majority are not successful, group scheduling could be considered. However, similar to PTM1 retransmission scheme proposed in proposal 4 above, simultaneously scheduling unicast and group-common retransmission shall be avoided.
Proposal 9: It is up to gNB’s implementation for SPS group-common PDSCH retransmission, e.g.,  either by unicast dynamic scheduling or group-common scheduling can be considered. However, simultaneously scheduling unicast and group-common retransmission shall be avoided.

Simultaneous reception of unicast and multicast
In RAN1#102e meeting [2], we have agreed to support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
	Agreements:
· For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
· FFS: TDM or SDM in a slot.


In RAN1#103e meeting [3], great progress has been achieved about multiplexing among unicast PDSCH and/or group-common PDSCH as shown below.
	Agreements: Support TDM between one unicast PDSCH and one group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs. 
Agreements:For RRC_CONNECTED UEs, support inter-slot TDM between unicast PDSCH and group-common PDSCH in different slots (mandatory for the UE supporting MBS).
Agreements:Further study the following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
· Case 1: support TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot
· Case 2: support TDM among multiple group-common PDSCHs in a slot
· Case 3: support TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 4: support FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 5: support FDM among multiple group-common PDSCHs in a slot
· FFS: maximum number of PDSCHs in a slot simultaneous received per UE
Agreements:No specification enhancement in Rel-17 to support SDM between unicast PDSCH and group-common PDSCH in a slot for RRC_CONNECTED UEs.


Firstly, regarding the question that whether multiple group-common PDSCHs in a slot are required, in our understanding, the use case for multiple group-common PDSCHs in a slot exists. When UE supports multiple MBS services, e.g., public safety, video streaming, and so on, it is possible that multiple group-common PDSCHs corresponding to different MBSs need to be simultaneously received in a slot.
Secondly, regarding the specific multiplexing schemes listed as Case 1~5, Case 1~3 are about TDMed multiplexing. In Rel-15, up to 2, 4, 7 unicast PDSCHs per slot per CC only in TDM for different TBs could be supported based on UE capability FG5-11/5-11a/5-11b. From UE processing capability, in some degree group-common PDSCH could be taken as unicast PDSCH. Thus, we are fine to support Case 1, Case 2, and Case 3 based on UE capability. However, the number of TDMed PDSCHs including group-common PDSCH and/or unicast PDSSCH should not excess R15 UE capability. 
Although we have agreed to support FDM between unicast PDSCH and group-common PDSCH in a slot, considering UE pipeline processing mechanism, only FDM between one group-common PDSCH and one unicast PDSCH in a slot could be considered.
Proposal 10: For simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs,
· The capability signaling is optional;
· Support TDM between M TDMed unicast PDSCHs and one group-common PDSCH in a slot
· FFS: the value of M
· FFS: per CC, or across CC
· Support TDM among K group-common PDSCHs in a slot
· FFS: the value of K
· FFS: per CC, or across CC
· Support TDM between L TDMed unicast PDSCHs and T TDMed group-common PDSCHs in a slot
· FFS: the value of L, T
· FFS: per CC, or across CC

Conclusion 
In this contribution, we provide our opinions on MBS group scheduling for RRC_CONNECTED UEs:
Proposal 1: UE can be configured with or without unicast reception in the common frequency resource.
Proposal 2: Support only one common frequency resource per dedicated unicast BWP per UE.
Proposal 3: For RRC_CONNECTED UEs for NR MBS, not support PTM2 transmission scheme.
Proposal 4: If initial transmission for multicast is based on PTM transmission scheme 1, not simultaneously support PTM1 and PTP together as the retransmission scheme.
Proposal 5: For search space type for Rel-17 MBS, support to define a new search space type for multicast.
Proposal 6: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS.
Proposal 7: For group-common DCI for MBS, both DCI 1_0, and DCI1_1/1_2 could be considered as the starting point.
Proposal 8: Confirm the working assumption, i.e., Support group-common PDCCH for SPS group-common PDSCH activation/deactivation.
Proposal 9: It is up to gNB’s implementation for SPS group-common PDSCH retransmission, e.g.,  either by unicast dynamic scheduling or group-common scheduling can be considered. However, simultaneously scheduling unicast and group-common retransmission shall be avoided
Proposal 10: For simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs,
· The capability signaling is optional;
· Support TDM between M TDMed unicast PDSCHs and one group-common PDSCH in a slot
· FFS: the value of M
· FFS: per CC, or across CC
· Support TDM among K group-common PDSCHs in a slot
· FFS: the value of K
· FFS: per CC, or across CC
· Support TDM between L TDMed unicast PDSCHs and T TDMed group-common PDSCHs in a slot
· FFS: the value of L, T
· FFS: per CC, or across CC
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