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Introduction
In RAN1#104bis-e NR Multicast and Broadcast Services was discussed with following agreements[1]:
Agreement:
For group-common PDCCH of Rel-17 MBS, support at least two DCI formats.
· DCI format 1_0 is used as the baseline for the first DCI format with CRC scrambled with G-RNTI.
· DCI format 1_1 or 1_2 is used as the baseline for the second DCI format with CRC scrambled with G-RNTI
· FFS: Which of DCI format 1_1 or 1_2 is used as the baseline
· FFS: Details of the reuse (or not) of DCI format 1_0, 1_1 or 1_2 fields 

[bookmark: _Hlk69402851]Agreement:
The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.

Agreement:
At least support the following cases for PDSCH reception for MBS in a slot based on UE capability for RRC_CONNECTED UEs
· Case 1: support TDM between M (M>1) TDMed unicast PDSCHs and one group-common PDSCH in a slot per CC
· FFS: the value(s) of M 
· Case 2: support TDM among N (N>1) group-common PDSCHs in a slot per CC
· FFS: the value(s) of N
· Case 3: support TDM between K (K>1) TDMed unicast PDSCHs and L (L>1) TDMed group-common PDSCHs in a slot per CC
· FFS: the value(s) of K and L

Agreement:
If a CFR is configured for multicast in RRC-CONNECTED state and confined within a dedicated unicast BWP, further study the following options.
· Option 1: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
· Option 2: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, and the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 3: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP can be used for multicast transmission if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR cannot be used for unicast transmission.
· Option 4: the CORESET configured in PDCCH-config for unicast in the dedicated unicast BWP cannot be used for multicast transmission even if the CORESET is fully contained in the CFR in frequency domain, but the CORESET configured in PDCCH-config for MBS in the CFR can be used for unicast transmission.
 
Agreement:
One CFR is supported per dedicated unicast BWP for multicast of RRC-CONNECTED UEs.
· FFS: Whether more than one CFR is supported per dedicated unicast BWP
· FFS: Whether multicast can be supported or not in a dedicated unicast BWP when no CFR is configured for that BWP

Agreement:
The retransmission scheme for a given SPS group-common PDSCH can be either PTM scheme 1 or PTP.
· FFS: Whether PTM scheme 1 retransmission and PTP retransmission can be used simultaneously for different UEs in the same MBS group

Agreement:
Define G-CS-RNTI at least for SPS group-common PDSCH and activation/deactivation of SPS group-common PDSCH, different from CS-RNTI for unicast SPS PDSCH.
· G-CS-RNTI is used for PTM scheme 1 based dynamic retransmission of SPS group-common PDSCH 
· FFS: Whether CS-RNTI can be used for PTP retransmission of SPS group-common PDSCH.
· FFS: Number of G-CS-RNTI.

Conclusion:
The maximum number of HARQ processes per cell, currently supported for unicast, is kept unchanged for UE to support multicast reception.
· How to allocate HARQ processes between unicast and multicast is up to gNB.

Agreement:
Send an LS to RAN2 regarding at least the following questions:
· Whether RAN1 should take into account the case of UE supporting multiple G-RNTIs?

Agreement:
Include the following in the LS to RAN2:
· Whether RAN1 should consider the case of UE supporting multiple G-CS-RNTIs?
· The agreements related to SPS will also be included in the LS for information 

R1-2104045	LS on G-RNTI and G-CS-RNTI for MBS

Agreement:
For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, down-select from the following alternatives (to be decided in RAN1#105):
· Alt 1: support Type-3 CSS
· The monitoring priority of Type-3 CSS for group-common PDCCH is the same as existing Rel-15/16 CSS, regardless of which DCI format of group-common PDCCH is configured in Type-3 CSS
· Alt 2: support a new Type-x CSS
· The monitoring priority of new Type-x CSS is determined based on the search space set indexes of the new Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the new Type-x CSS.
· Alt 3: support both Alt 1 and Alt 2

Agreement:
The down-selection of Option 2A and Option 2B for CFR for multicast of RRC-CONNECTED UEs will be made before the end of RAN1#105-e.

Conclusion: 
It is based on gNB implementation to schedule unicast on the frequency resources covered by CFR configured for multicast.

Agreement: 
For RRC_CONNECTED UE supporting MBS, support up to 8 configured SPS configurations in a BWP of a serving cell for unicast and MBS in total. 
· It is up to gNB implementation to configure the SPS configuration indexes for unicast and MBS, respectively.

Agreement:
Confirm the 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

In this paper we discuss remaining open issues on group scheduling mechanism for NR multicast and broadcast services (MBS).
Discussion
1.1 Common frequency resource for group-common PDSCH

2 options for the configuration of common frequency resources (CFR) for group-common PDCCH/PDSCH was agreed in RAN1#104-e meeting for further down selection[2]. Both options are aiming to avoid BWP switching for support of MBS, but are different on how to define the CFR. In option 2A, the CFR is defined as an MBS specific BWP, companies have different understanding on whether this definition would introduce BWP switching or not, and the benefit of the option is that the signaling framework for configuration of PDCCH/PDSCH in unicast can be reused. It is common understanding that there is no BWP switching in option 2B, but this option may introduce significant specification impact on RRC signaling design.  Basically, CFR is used to indicate the frequency region and related radio parameters for group common PDCCH/PDSCH reception, even the CFR is configured as MBS specific BWP, it is not necessarily to activate the BWP for MBS reception as the CFR is restricted within UE dedicated unicast BWP. 

Observation 1: Even though CFR is configured as MBS specific BWP, it is not necessarily to activate the BWP for MBS reception.

Given the observation above, Option 2A is beneficial for CFR configuration. As MBS specific BWP introduced by Option 2A is only for frequency region and radio parameters indication, rather than configuring a normal UE dedicated unicast BWP, hence the MBS specific BWP should not occupy BWP ID 0~4 that are used for UE dedicated BWP, and the MBS specific BWP is not expected to be activated either.

Proposal 1: Option 2A should be agreed for CFR configuration, where MBS specific BWP should not occupy BWP ID 0~4 and should not be activated.

Furthermore, as UE may have multiple MBS services and belong to different MBS group, it is necessary to configure multiple common frequency resources to accommodate different MSB groups.

Proposal 2: Support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities.

If there is no CFR configuration in a dedicated BWP multicast can be supported if all PDCCH configuration parameters, PDSCH configuration parameters, and SPS configuration parameters for multicast are identical as that for unicast. However, the overhead for gNB to explicitly configure CFR for a UE is trivial, there is no need to optimize on this point even though all configurations for MBS and unicast are same.

Proposal 3: Multicast is not supported in a dedicated unicast BWP when no CFR is configured for that BWP.

1.2 Transmission Schemes for re-transmission
[bookmark: OLE_LINK1]The benefit of using PTM scheme 2 for re-transmission seems marginal, as only reliability of PDCCH can be improved with UE-specific transmission scheme, while the reliability of scheduled PDSCH cannot be improved. Furthermore, if gNB cannot transmit PDCCH scrambled by G-RNTI to multiple receiving UEs with PTM scheme 1 in shared PDCCH resource, it can simply configure orthogonal search space sets for PDCCH scrambled by G-RNTI for each UE, while transmit the scheduled group common PDSCH on shared resource, which means that the functionality of PTM scheme 2 can also be achieved by PTM scheme 1 thorough proper gNB configuration.

Proposal 4: PTM transmission scheme 2 is not supported.

For re-transmission of PTM scheme 1and SPS group-common PDSCH, either PTM scheme 1 or PTP can be used. However, the 2 re-transmission schemes should not be used simultaneously for different UEs receiving the same MBS PDSCH, otherwise a UE may receive both group-common PDCCH and UE-specific PDCCH, whereas the 2 PDCCH schedule the same TB.

Proposal 5: For re-transmission of PTM scheme 1 and SPS group-common PDSCH, PTM scheme 1 and PTP should NOT be used simultaneously for different UEs in the same MBS group.

1.3 SPS for group-common PDSCH

As agreed in the last meeting G-C-RNTI is defined for SPS group-common PDSCH and activation/deactivation of SPS group-common PDSCH, the same G-CS-RNTI is also used for PTM scheme 1 it the scheme is used for re-transmission. The same G-CS-RNTI should also be used for PTP is the PTP scheme is used for the re-transmission, such as to associated the initial transmission and re-transmission.

Proposal 6: The same G-CS-RNTI used for a SPS group-common PDSCH is used for its PTP re-transmission.

In unicast, HARQ feedback is not triggered for the DCI activating a SPS configuration, as gNB can make sure whether the SPS configuration is successfully activated or not according to the HARQ feedback of the up coming PDSCH supposed to be transmitted by the activated SPS. If ACK/NACK based HARQ feedback is used for MBS reception, HARQ feedback for group common DCI activating MBS SPS configuration is not necessary either. However, if NACK-only based HARQ feedback is used for MBS reception HARQ feedback for the DCI activating the MBS SPS configuration is needed. As discussed in [3], which HARQ feedback mode is used for MBS should be indicated by DCI, a uniform solution can be used for the DCI activating/deactivating MBS SPS also. Given that there is no need to activate/deactivate SPS configuration for MBS using unicast DCI.

Proposal 7: SPS configuration for MBS is only activated/deactivated by group common DCI, HARQ feedback mode for the group common DCI is indicated by the DCI.
1.4 Group common DCI
In Rel-15 2 DL DCI formats are defined, i.e., DCI format 1-0 and DCI format 1-1, where the size of DCI format 1-0 is fixed and the size of DCI format 1-1 can be configurable. A UE can be configured with less than 10 search space sets, a search space set is either CSS or USS. DCI format 1-0 can be transmitted in CSS set or USS set, while DCI format 1-1 can only be transmitted in USS set.

It has been agreed that group common DCI is transmitted in the CORESET configured within the CFR, the FDRA field is interpreted based on the CFR. As usually the size of the CFR is smaller than the UE dedicated unicast BWP, the size of group-common DCI cannot be same as DCI 1-1. Furthermore, if multiple TBs transmission is supported for the group-common PDSCH, the size of group-common DCI could be further impacted by the number of TBs transmitted in one PDSCH. Therefor the size of group-common DCI may not be aligned with DCI format 1-0 either. 

Proposal 8: A new DL DCI format should be defined for the scheduling of group-common PDSCH.
According to the working assumption made in RAN1#104-e meeting, “3+1” DCI size budget is kept for MBS, 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 is for further study. As discussed above, the size of the group common DCI is related to size of CFR rather than UE dedicated unicast BWP, it is difficult to align it to C-RNTI scrambled DCI, if G-RNTI is counted as C-RNTI, the number of monitored DCI size for unicast scheduling is decrease at least by 1. However, according to the DCI size alignment procedure specified in Rel-16 [3], which is also illustrated in Figure 1 below, UE may need to monitor 3 different DCI size scramble by C-RNTI, i.e., DCI format 0_0/1_0, 0_1/1_1, 0_2/1_2, if monitored DCI size scrambled by C-RNTI is reduced unicast reception would be impacted, which is not desirable. 
Proposal 9: The G-RNTI is counted as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.

As there is only 1 DCI size budget for other RNTI, the size of the group common DCI should be able to align with the size of DCI scrambled by “other RNTI”. To the end, the size of the group common DCI should be configurable up to 126 bits, as DCI format 2_1 and 2_4.
Proposal 10: The size of the group common DCI is configurable up to 126 bits.



Figure 1 DCI size alignment procedure specified in Rel-16
In case of group-common PDSCH is transmitted with PTM scheme 1, as there is no UE specific PDCCH, gNB cannot adjust the PUCCH transmission power per UE, this may impact the reception of HARQ feedback for the group-common PDSCH at gNB. To avoid the problem, a TPC-PUCCH-RNTI different from that for unicast should be configured for a UE within the group such that gNB can adjust the PUCCH transmission power of the UE. Considering that the TRP for MBS and that for unicast may be different, and even though the TPR for unicast and MBS are same, gNB may expect different transmission power for PUCCH carrying NACK-only HARQ-ACK bits (if configured), hence it is preferable that a separate TPC-PUCCH-RNTI is configured for MBS.

Proposal 11: For a UE receiving group-common PDSCH transmitted with PTM scheme 1, a TPC-PUCCH-RNTI different from that for unicast should be configured.
1.5 CORESET number and BD/CCE limit
For transmission of group common PDCCH at least one CORESET needs to be configured in CFR, it is up to gNB to configure more than on CORESET, the number of monitored PDCCH candidates and non-overlapped CCEs may increase for the detection of the group common PDCCH. But as agreed in RAN1#104-e meeting the maximum number of non-overlapped CCEs within one serving cell defined in R-15 is kept. To mitigate the impact on PDCCH monitoring for unicast and MBS reception, the budget of BDs/CCEs of an unused CC should be used for group-common PDCCH to count the number of BDs/CCEs for UEs supporting CA capability based on configuration.

Proposal 12: 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.
1.6 Search Space set for group common PDCCH

As group common PDCCH is transmitted to multiple UEs, it is agreed in RAN1#104-e meeting that the group common PDCCH is at least transmitted in common search space set. In the last meeting, 2 alternatives on CSS of group-common PDCCH are agreed for down selection. In our view, a new CSS type should be defined (i.e., Alt 2 as agreed in the last meeting), a search space set index should be associated with the new CSS, and the index is used to determine the priority of the CSS in case of over-booking.

Proposal 13: A new CSS type is defined for group-common PDCCH transmission, the monitoring priority of the new CSS is determined based on the index associated with the CSS.

1.7 PDSCH TCI indication

In unicast up to 128 TCI stages could be configured by RRC for PDSCH, MAC CE would then activate up to 8 TCI states, and the TCI state used for PDSCH transmission is indicated by 3 bits “Transmission configuration indication” field in associated DCI. The same TCI indication mechanism should be reused for MBS. However, as the group common PDSCH is transmitted to multiple UEs, the TCI states activated by MAC CE for unicast may not be suitable for group common PDSCH, it is preferable that a separate TCI stage space is activated by MAC CE for group common PDSCH.

Proposal 14: A separate TCI states space is activated by MAC CE for group common PDSCH.


Conclusion
In this contribution, we discussed open issues that need to be considered to support group scheduling, we have following observation and proposals:
Observation 1: Even though CFR is configured as MBS specific BWP, it is not necessarily to activate the BWP for MBS reception.
Proposal 1: Option 2A should be agreed for CFR configuration, where MBS specific BWP should not occupy BWP ID 0~4 and should not be activated.
Proposal 2: Support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities.
Proposal 3: Multicast is not supported in a dedicated unicast BWP when no CFR is configured for that BWP.
Proposal 4: PTM transmission scheme 2 is not supported.
Proposal 5: For re-transmission of PTM scheme 1 and SPS group-common PDSCH, PTM scheme 1 and PTP should NOT be used simultaneously for different UEs in the same MBS group.
Proposal 6: The same G-CS-RNTI used for a SPS group-common PDSCH is used for its PTP re-transmission.
Proposal 7: SPS configuration for MBS is only activated/deactivated by group common DCI, HARQ feedback mode for the group common DCI is indicated by the DCI.
Proposal 8: A new DL DCI format should be defined for the scheduling of group-common PDSCH.
Proposal 9: The G-RNTI is counted as “other RNTI” when considering the “3+1” DCI size budget rule for group-common PDCCH.
Proposal 10: The size of the group common DCI is configurable up to 126 bits.
Proposal 11: For a UE receiving group-common PDSCH transmitted with PTM scheme 1, a TPC-PUCCH-RNTI different from that for unicast should be configured.
Proposal 12: 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.
Proposal 13: A new CSS type is defined for group-common PDCCH transmission, the monitoring priority of the new CSS is determined based on the index associated with the CSS.
Proposal 14: A separate TCI states space is activated by MAC CE for group common PDSCH.
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