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Introduction
According to the WID, the objectives RAN1 is responsible for include:
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
Three sub-agendas corresponding to these RAN1 objectives consist of the group scheduling and reliability improvement for CONNECETED UEs as well as basic function for broadcast/multicast for IDLE/INACTIVE UEs. Some evaluations and other miscellaneous issues were submitted under another sub-agenda of “Others”. 
This summary summarized all the contributions submitted, but we only focus on the high level concepts and the evaluations related if needed for the first two sub-agendas since there was no plan to treat the basic function for IDLE/INACTIVEs. 
According to the issues discussed in the contributions, these issues are classified into two tiers. The first tier issues are the ones for the high level concept and will be discussed primarily for this meeting. The second tier issues are mainly the ones for details or further step issues set up on the conclusion of the first tier issues, which are targeted to be discussed in the following meeting but some of them can also be discussed in this meeting upon the first tier issues are concluded. 
[bookmark: _Ref473802466][bookmark: _Ref462669569]First tier issues to be discussed in this meeting
These issues are also organized under each sub-agenda, because on one hand different issues are cared about in different sub-agendas or can progress in one sub-agenda independent of the progress in another sub-agenda, and on the other hand, such organization can also facilitate per sub-agenda discussion for the following meetings
Group scheduling for RRC_CONNECTED UEs
The high level concept issues we face include how to enable group scheduling, the frequency resource or BWP for scheduling MBS and some clarifications on simultaneous operation with unicast reception. 
Group scheduling mechanisms
Based on companies’ contributions, two group scheduling mechanisms are proposed. The first is group-common PDCCH based group scheduling, which is similar to LTE SC-PTM transmission. In this mechanism, CRC of PDCCH is scrambled by a common RNTI (e.g., G-RNIT) and the PDSCH is also scrambled by the common RNTI. Nine companies proposed to consider this mechanism for MBS. 
The second is UE-specific PDCCH based group scheduling. In this mechanism, CRC of PDCCH is scrambled by C-RNTI, but different PDCCHs schedule a group common PDSCH for a group of UEs. From UE’s perspective, it is the same as unicast transmission. Three companies proposed to also consider this mechanism. 
One company proposed to also consider sub-G-RNTI PDCCH based group scheduling, in which sub-G-RNTI can be used to scramble a sub-group common PDCCH for a small group scheduling. This mechanism seems to fall into group-common PDCCH based group scheduling in high level, if any difference, the details can be considered in later stage.
	group scheduling mechanisms
	Companies

	Option 1: group-common PDCCH based group scheduling
	Huawei, Nokia, QC, Convida, ZTE, Intel, CATT, CMCC, LG

	Option 2: UE-specific PDCCH based group scheduling
	CMCC, vivo, CATT



Since the decision on the selection of two high level group scheduling mechanisms has great impact on the design of other aspects, e.g., CORESET/search space configuration, HARQ-ACK feedback, etc., it is proposed to first discuss whether down selection of the two mechanisms is needed or both of them can be considered for MBS for RRC_CONNECTED UEs.
Question 1. Regarding the two high level group scheduling mechanisms, i.e., group-common PDCCH based group scheduling and UE-specific PDCCH based group scheduling, whether down selection is needed or both of them can be considered for MBS for RRC_CONNECTED UEs?

Please share your views and comments in the table.
	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	




High level issue related to BWP
For RRC_CONNECTED UEs, different UEs may have different active BWPs for unicast transmission, while for MBS different UEs in the same MBS group need to receive the same group common PDSCH, so how to configure the frequency resources for MBS needs to be discussed. 
Two options are proposed by companies for frequency resource configuration for NR MBS for RRC_CONNECTED UEs. 
· Option 1: Introduce a MBS specific BWP. 
· Option 2: Define a common frequency resource for MBS confined within UE’s active BWP. The common frequency resource allocated to a group of UEs should be within the intersection of the active BWPs of all the UEs within the group.
The proponents for option 1 think it will be hard to find a common numerology and option 1 has better forward compatibility towards Objective B, while the opponents for option 1 think UE will be required to support two active BWPs for simultaneous operation with unicast reception, and if UE does not support two active BWPs, UE has to switch BWPs back and forth for receiving MBS or unicast, which is usually not desirable due to unnecessary latency caused by BWP switching. One company support option 1. Three or four companies support option 2. Another two companies [OPPO] [LG] also have some BWP related discussions and proposals.
	Options
	Companies

	Option 1: Introduce a MBS specific BWP
	ZTE

	Option 2: Define a MBS common frequency resource confined within UE’s active BWP
	CMCC, Huawei, Samsung, [vivo]



Since the decision on this issue has great impact on the design of other aspects, e.g., CORESET/search space configuration, etc., it is proposed to discuss which alternative is preferred for MBS for RRC_CONNECTED UEs.
Question 2: Please share your views on the following two alternatives for frequency resource configuration for MBS for RRC_CONNECTED UEs.
· Alternative 1: Introduce a MBS specific BWP
· Alternative 2: Define a MBS common frequency resource confined within UE’s active BWP.

Please share your views and comments in the table.
	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Clarification on simultaneous operation with unicast reception in the WID
The WID of NR MBS mentioned to specify necessary enhancements that are required to enable simultaneous operation with unicast reception. One company [vivo] proposed to clarify whether the simultaneous operation with unicast reception means a UE is required to receive multicast PDSCH and unicast PDSCH simultaneously in one slot. Three companies [CMCC] [vivo] [Intel] proposed to discuss whether TDM/FDM/SDM can be supported for simultaneous reception of unicast PDSCH and multicast PDSCH in one slot. 
Since the clarification and discussion on this issue has great impact on the detailed design for simultaneous operation with unicast reception, it is proposed to discuss this issue in this meeting.
Question 3. Whether the simultaneous operation with unicast reception in the WID means a UE is required to receive multicast PDSCH and unicast PDSCH simultaneously in one slot? If the answer is YES, which multiplexing type(s) of simultaneous reception of unicast PDSCH and multicast PDSCH in a slot can be supported in NR MBS? e.g., TDM, FDM, SDM.

Please share your views and comments in the table.
	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Reliability improvement for RRC_CONNECTED UEs
The high level concept issues we face include the candidates of reliability improvement mechanisms, whether to support HARQ-ACK feedback and the necessity and purpose of evaluation. 
Reliability improvement mechanisms
Based on companies’ contributions, three reliability improvement mechanisms have more supporters than others as illustrated in the following table, including HARQ-ACK feedback, CSI feedback and PDSCH repetition.
Regarding CSI-feedback, six companies [CMCC][VIVO][CATT][ZTE][QC][E///] proposed that CSI feedback can be supported to improve reliability. Four of them think the existing CSI-RS configuration and CSI feedback mechanism for unicast can be directly used for MBS without additional spec impact. Two of them think some modifications may be needed, e.g. the configuration of the DL TRS/CSI-RS for TCI states for multicast PDCCH/PDSCH may need to be separate from unicast one, PTM specific CSI-RS with different scrambling ID compared to PTP CSI-RS is needed so that UE can measure and report PTM specific channel related information, etc.
Regarding PDSCH repetition, some of the proponents think the existing PDSCH repetition mechanism for unicast can be reused for MBS.
Another reliability improvement mechanism, multi-beam/beam sweeping operation, has two proponents [Sony, CATT]. Beam sweeping will also be discussed for RRC_IDLE/INACTIVE UEs and two other companies [ZTE, LG] also raised similar issue for group scheduling, it can be discussed later in which sub-agenda it should be discussed. 
Each of other potential mechanisms only have one supporter, including conservative scheduling based on network implementation, multi-DCI based M-TRP transmission and HARQ-based time-interleaving.
	Reliability improvement mechanisms
	Companies

	HARQ-ACK feedback
	CMCC, Huawei, OPPO, vivo, CATT, Convida, QC, E///, Samsung 

	CSI feedback
	CMCC, E///, CATT, vivo, QC, ZTE

	PDSCH repetition
	CMCC, ZTE, Intel, vivo, LG

	Multi-beam/beam sweeping operation 
	CATT, Sony 

	Conservative scheduling (network implementation)
	ZTE

	Multi-DCI based M-TRP transmission
	LG

	HARQ-based time-interleaving
	BBC



Considering majority view is to support HARQ-ACK feedback for at least multicast for RRC_CONNECTED state and some company has submitted some simulation results for justifying the benefits of HARQ-ACK feedback, one company proposed to study the potential gain and standardization impact for HARQ-ACK feedback and one company [Nokia] proposed to evaluate various reliability improvement mechanisms, one issue can be discussed is that whether HARQ-ACK feedback can be supported for multicast without additional evaluation for it.
Proposal 1: For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast without additional evaluation for it.

Please share your views and comments in the table.
	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Proposal 2: For RRC_CONNECTED UEs, whether the following reliability improvement mechanisms can be considered for MBS.
· CSI feedback, FFS whether modification is needed on top of existing CSI feedback mechanism for unicast
· PDSCH repetition, FFS whether spec impact is implied

Please share your views and comments in the table.
	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	




Evaluation
Regarding evaluation, four companies have contributions on evaluation in the “Others” sub-agenda. One company [ZTE] provided the evaluation results to support CSI feedback, one company [Huawei] provided the evaluation results to support HARQ-ACK feedback, one company [Nokia] proposed the methodology and assumptions for evaluation of different UL feedback schemes, and one company [E///] proposed the methodology and assumptions for evaluation of different PTM features.
Before we discuss a common evaluation methodology and assumptions, we need to first determine the purpose of the evaluation campaign. 
Question 4: Whether a common evaluation methodology and assumptions are necessary for NR MBS? If the answer is YES, what’s the purpose of the evaluation? 

Please share your views and comments in the table.
	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	




[bookmark: _Toc47778578]Basic functions for broadcast/multicast for RRC_IDLE/RRC_INACTIVE UEs
Regarding the objective of specifying basic function for broadcast/multicast for UEs in IDLE/INACTIVE state, how UEs get the configuration of PTM reception is subject to RAN2 discussion first. For example, whether UEs receive the configurations for PTM reception via SIB/MCCH in IDLE/INACTIVE state or UEs enter CONNECTED state for the configuration and come back to IDLE/INACTIVE state for PTM reception. Once RAN2 decides the solution, RAN1 can proceed to discuss the related RAN1 impact. This summary does not include the issues/observations outside RAN1 scope. 
Though there may not be plan to treat this agenda for this meeting, this section summarized issues that do NOT need RAN2 guidance and can be considered for this meeting if plan to. UE is expected to decode PDCCH scrambled by e.g., G-RNTI scheduling PTM transmission in IDLE/INACTIVE state. The first tier of issues that can be discussed include the relation between initial BWP and the frequency resources for PTM transmission/reception, and multi-beam operation for PTM. 
According to the contributions submitted into this agenda, the proposals can be discussed if plan to can focus on the following for this meeting:
Proposal 3: For UE in IDLE/INACTIVE state, the frequency resource for PTM transmission is
· Alt 1: Initial BWP
· Alt 2: Configured with larger size to cover initial BWP
· Alt 3: Configured to be within initial BWP

Please share your views and comments in the table.
	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Proposal 4: Multi-beam/beam-sweeping operation is supported for PTM in IDLE/INACTIVE state.

Please share your views and comments in the table.
	Company
	Comment

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Second tier issues to be discussed later
The three tables below summarized the second tier issues that they can be discussed once the first tier issues are concluded or can be discussed in the next meeting. Some detailed summaries can be found in each subsection.
Table 1: Summary of second tier issues of group scheduling for RRC_CONNECTED UEs
	Second tier issues
	Possible questions or proposals

	3.1.1 Configuration of group scheduling for multicast/broadcast
	Question: Whether broadcast and multicast need to be differentiated for RRC_CONNECTED UEs? If the answer is YES, whether the same configuration mechanism of group scheduling for Broadcast is applied for both RRC_CONNECTED UEs and RRC_IDLE/INACTIVE UEs?

	
	Proposal: For RRC_CONNECTED UEs, at least part of the parameters for multicast configuration is received by dedicated RRC signaling.

	3.1.2.1	CORESET configuration for MBS
	Proposal: For group common PDCCH based group scheduling and a MBS common frequency resource configured with in UE’s active DL BWP, the CORESET is configured within the MBS common frequency resource.

	
	Proposal: For group common PDCCH based group scheduling and a MBS common frequency resource configured with in UE’s active DL BWP, the CORESET for MBS is configured per BWP.

	3.1.2.2	Search space configuration for MBS
	Proposal: Consider the following options for search space configuration for MBS for RRC_CONNECTED UEs:
•	Option 1: CSS (existing CSS type or new defined CSS type)
•	Option 2: USS

	3.1.2.3	DCI format for MBS
	Proposal: Consider the following options for DCI format for MBS for RRC_CONNECTED UEs:
•	Option 1: DCI format 1_0
•	Option 2: DCI format 1_1
•	Option 3: DCI format 2_x
•	Option 4: New DCI format

	3.1.2.4	Blind decoding related issues
	Proposal: The maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot are not increased for MBS.

	
	Proposal:  Keep the “3+1” DCI size budget for MBS with group common PDCCH based group scheduling.

	3.1.2.5	Multi-beam/beam sweeping operation
	Proposal: Support multi-beam/beam sweeping operation for MBS PDCCH/PDSCH for RRC_CONNECTED UEs.

	3.1.3	Simultaneous operation with unicast reception
	Proposal: The UE is expected to process maximum two transport blocks for simultaneous reception of unicast PDSCH and multicast PDSCH.

	3.1.4	Other issues
	Proposal:  Support DL SPS for MBS for RRC_CONNECTED UEs.

	
	Proposal: Support multi-layer MIMO for MBS PDSCH for RRC_CONNECTED UEs.

	
	Question: Whether modifications are needed for QCL framework in order to support MBS transmission?

	
	Proposal: Introduce a new reception type of PDCCH and PDSCH for MBS for RRC_CONNECTED UEs, if group common PDCCH based group scheduling is supported.

	
	Question: Whether to support receiving MBS service on a Scell?

	
	Question: Whether to support SFBC for MBS?



Table 2: Summary of second tier issues of reliability improvement for RRC_CONNECTED UEs
	Second tier issues
	Possible questions or proposals

	3.2.1	HARQ-ACK feedback
	Proposal: Consider the following two alternatives for HARQ-ACK feedback for RRC_CONNECTED UEs:
· Alternative 1: ACK/NACK based HARQ-ACK feedback
· Alternative 2: NACK-only based HARQ-ACK feedback

	
	Proposal: HARQ-ACK feedback for NR MBS should be RRC configurable if it is supported for RRC_CONNECTED UEs.

	
	Proposal: Both PTM-based and PTP-based retransmissions can be supported for NR MBS for RRC_CONNECTED UEs.

	
	Question: Whether multiplexing of HARQ-ACK of unicast and multicast transmission should be supported for UEs receiving both unicast and multicast service.

	
	Question: Whether prioritization of HARQ-ACK of unicast and multicast transmission should be supported for UEs receiving both unicast and multicast service.

	3.2.2	CSI feedback
	Proposal: Consider to support following schemes for NR MBS:
· Option 1: Single port transmission
· Option 2: Open-loop spatial multiplexing
· Option 3: Closed-loop spatial multiplexing

	3.2.3	Other issues
	Question: Whether it is needed to discuss the reliability requirements for NR MBS from RAN1 perspective?  If the answer is YES, then whether the reliability requirements are RRC state dependent and whether the reliability requirements for multicast and broadcast traffic are the same or not?

	
	Question: If it is decided to discuss the reliability requirements for NR MBS in RAN1, then how to define the reliability requirements?



Table 3: Summary of second tier issues of MBS for RRC_IDLE/RRC_INACTIVE UEs
	Second tier issues
	Possible proposals

	CORESET for PTM
	For UE in IDLE/INACTIVE state, the CORESET for PTM is 
· Alt 1: CORESET0
· Alt 2: Configurable

	Search space for PTM
	For UE in IDLE/INACTIVE state, the search space for PTM is 
· Alt 1: One(s) of existing common search space
· Alt 2: A new type of CSS set

	Multi-beam operation
	Monitoring occasions for PTM is associated with SSB.

	HARQ-ACK
	Whether HARQ-ACK feedback is supported for PTM for UE in IDLE/INACTIVE state:
Alt 1: Supported but NACK only
Alt 2: Not supported

	Search spaces for SIBx/MCCH if defined
	Search spaces for SIBx/MCCH needs to be discussed. 

	MCS table and number of layers
	MCS table to be used and how many layers are used should be configured



Group scheduling for RRC_CONNECTED UEs
Configuration of group scheduling for multicast/broadcast
In LTE, the group scheduling mechanism for SC-PTM has been defined for supporting UEs in all RRC states and it is configured by the means of broadcast signaling of the SIB information and SC-MCCH. This mechanism can be considered as a Broadcast configuration mechanism for both RRC_IDLE/INACTIVE UEs and RRC_CONNECTED UEs. For NR, the WID also considers Multicast for RRC_CONNECTED UEs for which the group scheduling configuration could be provided over a dedicated RRC signaling. 
Regarding this, one company [Nokia] proposed to discuss the whether a single multicast / broadcast traffic transmission is scheduled for all UEs regardless RRC state, or differently, and two companies [ZTE][LG] proposed both RRC_CONNECTED UEs and RRC_IDLE/INACTIVE UEs can receive the same broadcast service. Some other companies [QC, HW, E///] also mentioned that there could be different methods for the network to transmit configuration of Broadcast Services to RRC_IDLE/INACTIVE UEs, e.g. ‘broadcasting’ signaling (i.e. SIB/MCCH-like signaling), dedicated RRC signaling, etc. 
Therefore, one issue needs to be discussed is whether broadcast and multicast need to be differentiated for RRC_CONNECTED UEs. If it is needed, then we need to discuss whether the same configuration mechanism of group scheduling for Broadcast is applied for both RRC_CONNECTED UEs and RRC_IDLE/INACTIVE UEs, e.g., if SIB/MCCH-like signaling is used for RRC_IDLE/INACTIVE UEs, whether the signaling is also applied for RRC_CONNECTED UEs.  Since these issues are related to RAN2’s decision on the configuration mechanism of group scheduling for Broadcast for RRC_IDLE/INACTIVE UEs, they can be discussed later based on RAN2 progress.
[Low priority] Question: Whether broadcast and multicast need to be differentiated for RRC_CONNECTED UEs? If the answer is YES, whether the same configuration mechanism of group scheduling for Broadcast is applied for both RRC_CONNECTED UEs and RRC_IDLE/INACTIVE UEs?

For RRC_CONNECTED UEs, one company [QC] proposed to consider the following alternatives for group scheduling of multicast/broadcast and it is proposed that at least part of the parameters for multicast configuration is received by unicast RRC. 
· Alt1: All the configuration is received through unicast RRC signalling.
· Alt2: Part of the configuration is received through broadcast SIB/MCCH-like signalling.
· For UEs in RRC_CONNECTED, at least part of the multicast configuration, e.g., some HARQ-ACK related parameters, is received through unicast RRC signalling.

[Low priority]  Proposal: For RRC_CONNECTED UEs, at least part of the parameters for multicast configuration is received by dedicated RRC signaling.

Issues related to group-common PDCCH based group scheduling
CORESET configuration for MBS
For group common PDCCH based group scheduling and a MBS common frequency resource configured with in UE’s active DL BWP, two companies [CMCC, Huawei] proposed that the CORESET is configured within the MBS common frequency resource, one company [Samsung] proposed that the CORESET for multicast is configured per BWP. 
[Low priority] Proposal: For group common PDCCH based group scheduling and a MBS common frequency resource configured with in UE’s active DL BWP, the CORESET is configured within the MBS common frequency resource.

[Low priority] Proposal: For group common PDCCH based group scheduling and a MBS common frequency resource configured with in UE’s active DL BWP, the CORESET for MBS is configured per BWP.

Search space configuration for MBS
For search space configuration for MBS with group common PDCCH based group scheduling, two companies [ZTE] proposed to use CSS, one company [CMCC] proposed to use USS, one company thinks three options (i.e., Type 3 CSS, new defined Type 4 CSS and USS) can be considered. Companies’ views seems diverge, more discussions are needed.
One company [LG] proposed to support configuration of multiple CORESETs in search space set for group common PDCCH based group scheduling. 
	Options for search space type for MBS
	Companies

	CSS (existing CSS type or new defined CSS type)
	ZTE, Intel, OPPO

	USS
	CMCC, Intel



[Low priority] Proposal: Consider the following options for search space configuration for MBS for RRC_CONNECTED UEs:
· Option 1: CSS (existing CSS type or new defined CSS type)
· Option 2: USS

DCI format for MBS
Regarding DCI format for MBS with group common PDCCH based group scheduling, six companies think DCI format 1_1 can be considered, four companies think fallback DCI format 1_0 can also be considered, one company thinks DCI 2_x series can be considered, two companies think new DCI format can be considered. Companies’ views diverge a lot, more discussions are needed.
	Options for DCI format for MBS
	Companies

	DCI format 1_1
	E///, Huawei, vivo, ZTE, Intel, CMCC

	DCI format 1_0
	E///, CMCC, ZTE, Intel

	DCI format 2_x
	vivo

	New DCI format
	OPPO, Intel



[Low priority] Proposal: Consider the following options for DCI format for MBS for RRC_CONNECTED UEs:
· Option 1: DCI format 1_0
· Option 2: DCI format 1_1
· Option 3: DCI format 2_x
· Option 4: New DCI format

Blind decoding related issues
For MBS with group common PDCCH based group scheduling, two companies [CMCC, CATT] proposed that the maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot are not increased when PDCCH candidates for MBS are considered in the monitoring. It seems no company proposed to increase the maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot for MBS.
[Low priority] Proposal: The maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot are not increased for MBS.
One company [Huawei] proposed that DCI size alignment for monitoring DCI for MBS scheduling needs to be determined including whether the DCI size budget is kept or can be extended. One company [CMCC] proposed to decide whether the DCI size associated with G-RNTI should be counted in the DCI size budget associated with C-RNTI or counted in the DCI size budget associated with all RNTIs.
[Low priority] Proposal:  Keep the “3+1” DCI size budget for MBS with group common PDCCH based group scheduling. 

Multi-beam/beam sweeping operation
Three companies [ZTE][Sony][LG] proposed to support multi-beam/beam sweeping for MBS PDCCH/PDSCH for RRC_CONNECTED UEs. Considering this issue is also discussed in the sub-agenda for reliability improvement as a candidate mechanism, companies are also encouraged to express their views about in which sub-agenda they prefer to discuss this issue. 
[Low priority] Proposal: Support multi-beam/beam sweeping operation for MBS PDCCH/PDSCH for RRC_CONNECTED UEs. 

Simultaneous operation with unicast reception
One company [Sony] proposed to identify CP/subcarrier spacing for NR MBS before discussing the simultaneous operation with unicast reception, i.e., whether NR MBS has same CP/subcarrier spacing with unicast. 
One company [E///] mentioned that in current NR the UE is expected to process one or two transport blocks during the PTP data reception depending on the number of scheduled codewords. Therefore, it proposed that the number of transport blocks and the size of transport blocks associated with PDSCH scheduled with G-RNTI follow the same rules as that of the PDSCH with C-RNTI. If the UE is expected to receive PDSCH with C-RNTI and with G-RNTI, then each PDSCH is assigned one transport block to be received by the UE.  
[Low priority]  Proposal: The UE is expected to process maximum two transport blocks for simultaneous reception of unicast PDSCH and multicast PDSCH.

Other issues
Two companies [Samsung][VIVO] propose to support DL SPS for MBS to reduce PDCCH overhead. 
[Low priority]  Proposal:  Support DL SPS for MBS for RRC_CONNECTED UEs.

In LTE, TM1 and TM2 are used as SC-PTM transmission scheme. In NR, the PDSCH transmission scheme is more flexible. Two companies [BBC][Intel] propose that multiple MIMO layers can be supported for MBS PDSCH.
[Low priority]  Proposal: Support multi-layer MIMO for MBS PDSCH for RRC_CONNECTED UEs.

One company [QC] thinks existing QCL framework can be adapted to support the following use cases:
· Support of small-area SFN from a different set of TRPs than C-RNTI.
· Support of reception of G-RNTI scrambled physical channels with a different beam than C-RNTI.
Therefore, the company proposed to discuss how to adapt the QCL framework to multicast transmission, separate from unicast transmission. This issue can be discussed later based on more progress on the CORESET/Search space related decisions. 
[Low priority]  Question: Whether modifications are needed for QCL framework in order to support MBS transmission?

One company [E///] mentioned, to support different applications such as mobile broadband, URLLC and V2X, 5G NR specification provide different downlink/uplink reception types, each associated with a specific physical channel, RNTI, transport channel (if any).  Therefore, the company proposed to introduce a new reception type for PTM of PDCCH and PDSCH, whose physical channels are monitored via a new G-RNTI. 
[Low priority]  Proposal: Introduce a new reception type of PDCCH and PDSCH for MBS for RRC_CONNECTED UEs, if group common PDCCH based group scheduling is supported.
One company [LG] mentioned that LTE MBMS UE is allowed to receive MBMS transmissions in a Secondary Cell and it seems reasonable to consider the scenario that gNB configures one or more inter-frequency cells (i.e. MBMS SCell) on which all MBS TBs are transmitted to all UEs. Therefore, it is proposed to support group scheduling of a MBS TB in a cell other than UE’s serving cell. One company [CMCC] also proposed to consider the CA case in which one carrier is Pcell for some UEs and is Scell for some other UEs. Considering few companies expressed their views on this issue, more discussions are needed.  
[Low priority]  Question: Whether to support receiving MBS service on a Scell?
One company [BBC] proposed to support multi-antenna transmit diversity (SFBC) to increase reliability for MBS. 
[Low priority]  Question: Whether to support SFBC for MBS.

Reliability improvement for RRC_CONNECTED UEs
HARQ-ACK feedback
Most companies supporting HARQ-ACK feedback consider two alternatives, i.e., ACK/NACK based HARQ-ACK feedback and NACK-only based HARQ-ACK feedback. 
One company [vivo] propose to further consider aggregated HARQ-ACK feedback, i.e., 1-bit HARQ-ACK for multiple PDSCHs. One company [OPPO] propose to further consider Zone and communication range based HARQ-ACK feedback. 
[Low priority] Proposal: Consider the following two alternatives for HARQ-ACK feedback for RRC_CONNECTED UEs:
· Alternative 1: ACK/NACK based HARQ-ACK feedback
· Alternative 2: NACK-only based HARQ-ACK feedback

Four companies [vivo, CMCC, Intel, Convida] proposed that HARQ-ACK feedback for NR MBS should be RRC configurable if it is supported.
[Low priority] Proposal: HARQ-ACK feedback for NR MBS should be RRC configurable if it is supported for RRC_CONNECTED UEs.

Three companies [QC] [ZTE][CMCC] propose both PTM-based and PTP-based retransmissions can be considered for NR MBS. 
[Low priority] Proposal: Both PTM-based and PTP-based retransmissions can be supported for NR MBS for RRC_CONNECTED UEs.
Two companies [vivo] [ZTE] proposed to discuss whether and how to support multiplexing of HARQ-ACK for multicast PDSCH and unicast PDSCH in one HARQ-ACK codebook for UEs receiving both unicast and multicast service. One company [Samsung] proposed to support both multiplexing and prioritization of HARQ-ACK of unicast and multicast transmission. One company [E///] prefer to avoid joint HARQ feedback codebook for PTM and PTP transmission. One company [Huawei] proposed that priority indication and/or configuration schemes should be introduced for NR MBS, the prioritization and multiplexing rules defined in URLLC can be the starting point for NR MBS. 
[Low priority] Question: Whether multiplexing of HARQ-ACK of unicast and multicast transmission should be supported for UEs receiving both unicast and multicast service.
[Low priority] Question: Whether prioritization of HARQ-ACK of unicast and multicast transmission should be supported for UEs receiving both unicast and multicast service.

Two companies proposed to consider aspects related to HARQ process management between unicast and multicast [QC][vivo]. 

CSI feedback
One company [ZTE] proposed to consider the following mechanisms for NR multicast, i.e., single port transmission, open-loop spatial multiplexing, and closed-loop spatial multiplexing.
[Low priority] Proposal: Consider to support following schemes for NR MBS:
· Option 1: Single port transmission
· Option 2: Open-loop spatial multiplexing
· Option 3: Closed-loop spatial multiplexing

Other issues
One company [Nokia] proposed to discuss the reliability requirements from RAN1 perspective for 5G NR to support broadcast/multicast services. It also proposed to discuss whether the reliability requirements are RRC state dependent and whether the reliability requirements are applicable for both multicast and broadcast traffic.
[Low priority] Question: Whether it is needed to discuss the reliability requirements for NR MBS from RAN1 perspective?  If the answer is YES, then whether the reliability requirements are RRC state dependent and whether the reliability requirements for multicast and broadcast traffic are the same or not?
[Low priority] Question: If it is decided to discuss the reliability requirements for NR MBS in RAN1, then how to define the reliability requirements?

Broadcast/multicast for RRC_IDLE/RRC_INACTIVE UEs
The second tier issues for MBS for RRC_IDLE/RRC_INACTIVE UEs are summarized in the following table:
	Second tier issues
	Possible proposals

	CORESET for PTM
	For UE in IDLE/INACTIVE state, the CORESET for PTM is 
· Alt 1: CORESET0
· Alt 2: Configurable

	Search space for PTM
	For UE in IDLE/INACTIVE state, the search space for PTM is 
· Alt 1: One(s) of existing common search space
· Alt 2: A new type of CSS set

	Multi-beam operation
	Monitoring occasions for PTM is associated with SSB.

	HARQ-ACK
	Whether HARQ-ACK feedback is supported for PTM for UE in IDLE/INACTIVE state:
Alt 1: Supported but NACK only
Alt 2: Not supported

	Search spaces for SIBx/MCCH if defined
	Search spaces for SIBx/MCCH needs to be discussed. 

	MCS table and number of layers
	MCS table to be used and how many layers are used should be configured
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