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1. Introduction
Some high priority issues about NR MBS scheduling for RRC_CONNECTED UEs were discussed in RAN1 #103 e-meeting, and the following agreements were reached [1]:
	Agreements: For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.
· FFS: whether to support PTP transmission for retransmission(s).
· FFS: whether to support PTM transmission scheme 2 for retransmission(s).
· FFS: How to indicate the association between PTM scheme 1 and PTP transmitting the same TB.
· FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?
Agreements: Support TDM between one unicast PDSCH and one group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
Agreements: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs
· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation
· FFS: whether to support more than one SPS group-common PDSCH configuration per UE
· FFS: whether and how uplink feedback could be configured
· FFS: retransmission of SPS group-common PDSCH
Agreements: For PTM transmission scheme 1, the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH.
· FFS: number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH
Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, the CCE indexes are common for different UEs in the same MBS group.
Agreements: Down select from the two options for BDs/CCEs limit for Rel-17 MBS
· Option 1: 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.
· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.
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: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options.
· Option 1: Define a new search space type specific for multicast 
· Option 2: Reuse the existing CSS type(s) in Rel-15/16
· FFS: whether modifications are needed for multicast 
· Option 3: Reuse the existing USS in Rel-15/16 with necessary modifications for MBS
· FFS: detailed modifications 
Agreements: No specification enhancement in Rel-17 to support SDM between unicast PDSCH and group-common PDSCH in a slot for RRC_CONNECTED UEs.
Agreements: For PTM transmission scheme 1, if Option 2A or Option 2B for common frequency resource for group-common PDCCH/PDSCH is agreed, the FDRA field of group-common PDCCH is interpreted based on the common frequency resource.


However, there are some open issues that need to be further discussed, e.g., whether to support unicast retransmission and how to configure/define the MBS common frequency resource, etc. In this contribution, we will further discuss the detailed design about the NR MBS group scheduling for RRC_CONNECTED UEs.
2. Discussion
2.1  Group scheduling mechanism
As discussed in previous meeting, we had made some progress about how to design group scheduling mechanism for MBS service. However, there are still some open issues that need to be further discussed, e.g., the group scheduling mechanism should consider the difference between initial transmission and retransmission mechanism and the combination with HARQ operation, etc. The detailed HARQ operation mechanism with group scheduling can be found in our companion contribution [2].
We agreed that at least support MBS service retransmission can use PTM scheme 1. The concept of PTM scheme 1 also was agreed in last meeting. However, if we only use PTM scheme 1 for retransmission, it will cause the low efficiency, transmission power wasting and overreaction for some ACKed UE when there are only a little NACKed UE in one MBS group. E,g., the cell edge UE may feedback NACK all the time to the gNB due to bad channel condition, if the retransmission mechanism adopts PTM scheme 1, it will retransmit the same data packet to the ACKed UE simultaneously, and the transmission power also shared with ACKed UE, which is not desirable for retransmission. In this situation, the unicast or PTP mechanism can be the better choice for MBS service retransmission, which is the same with legacy unicast transmission, gNB can allocate more transmission power for cell edge UE via PTP/unicast mechanism and ensure that NACked UE can receive successfully as soon as possible.
[bookmark: _Ref61195425]Proposal 1: The PTP mechanism can be supported for multicast service retransmission.

2.2  Frequency resource allocation for NR MBS
In last meeting’s discussion, we have precluded that defining a MBS specific BWP for MBS reception because BWP switching delay is not desirable for receiving unicast and multicast simultaneously and agreed that common frequency resource allocation within unicast BWP can be supported for multicast service. For convenience, the last meeting’s working assumption about common frequency resource was listed as follows:
	Working assumption: 
For multicast of RRC-CONNECTED UEs, a common frequency resource for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP to support simultaneous reception of unicast and multicast in the same slot
· Down select from the two options for the common frequency resource for group-common PDCCH/ PDSCH
· Option 2A: The common frequency resource is defined as an MBS specific BWP, which is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)
· FFS BWP switching is needed between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP
· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.
· FFS: How to indicate the starting PRB and the length of PRBs of the MBS frequency region
· FFS whether UE can be configured with no unicast reception in the common frequency resource
· FFS on details of the group-common PDCCH / PDSCH configuration
· FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities


However, the Option 2A is still to define an MBS specific BWP as a common frequency resource within unicast BWP and using the same numerology (SCS and CP). From our understanding, even though the two different BWPs have the same numerology, it still needs BWP switching. Thus, it is not desirable configuration for NR MBS.
In order to ensure all of the UEs to participate the PTM transmission, all of the UEs in RRC CONNECTED state need to be configured the same common frequency resource used for PTM transmission for a particular MBS service, even though different UEs may be configured with a different active BWP. In addition, if the UE in CONNECTED mode is scheduled on a dedicated BWP that does not overlap with the initial BWP where the PTM transmission (over the common frequency resource) is configured, the UE may be not able to receive the PTM transmission. We expect this issue can be resolved by network implementation.
[bookmark: _Ref61195445]Proposal 2: Network implementation guarantee the allocation of common frequency resource for UEs in connected mode to receive the PTM transmission.
In last RAN1 e-meeting, some companies triggered the discussion about whether to support more than one common frequency resources per UE or per dedicated unicast BWP subjected to UE capabilities. However, from our perspective, it is no clear motivation to support more than one common frequency resources. If there are multiple MBS services, the network can merger the multiple services in one common frequency resource, which is transparent from RAN1’s perspective. Besides, we have agreed that the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH.
[bookmark: _Ref61195448]Proposal 3: Not support more than one common frequency resources for NR MBS.

2.3  CORESET and Search Space configuration
It has been agreed that the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH. In legacy unicast, UE can be configured with up to 3 CORESETs and 10 search space per BWP, and up to 12 CORESTs and 40 search space per UE considering the up to 4 BWP per UE. Since the MBS common frequency resource is configured within dedicated unicast BWP, the legacy unicast CORESET and search space configuration can be reused for MBS scheduling. The total number of CORESET and search space may not need to be increased, which can share with unicast.
[bookmark: _Ref61195449]Proposal 4: Not increase the total existing number of CORESET and search space for NR MBS scheduling.
In legacy unicast, two search space types are defined for PDCCH monitoring, e.g., common search space (CSS) and UE-specific search space (USS). The CCE indexes are the same for different UEs within CSS, and the CCE indexes are the different for different UEs within USS. In last RAN1#103 e-meeting, it was agreed that the CCE indexes are common for different UEs in one MBS group. Thus, the CSS is more suitable for the search space configuration for MBS PDCCH monitoring, and the configuration of the MBS search space is the same for different UEs in the same MBS group. There are six search space types in Rel-15/Rel-16 NR PDCCH scheduling, each search space type has its own characteristic. E.g., Type 0-PDCCH CSS is used for RMSI PDCCH monitoring for a DCI format with CRC scrambled by SI-RNTI and Type 1-PDCCH CSS is used for random access for a DCI format with CRC scrambled by a RA-RNTI, a MsgB-RNTI, or a TC-RNTI, etc. The Type 3-PDCCH CSS configured for DCI format with CRC scrambled by C-RNTI can monitor PDCCH in a common manner. Thus, Type 3-PDCCH CSS with some little modification (e.g., add the DCI format with CRC scrambled by G-RNTI) may be desirable for MBS common search space configuration and no obvious benefit or need to introduce a new type search space for MBS group common PDCCH monitoring.
[bookmark: _Ref61186944][bookmark: _Ref53170104]Proposal 5: Type 3-PDCCH CSS with little modification (e.g., support G-RNTI) can be reused for multicast group common PDCCH monitoring.
2.4  DCI and blind decoding
Monitoring a larger number of PDCCH candidates and CCEs in one slot can increase the UE complexity. Thus, legacy unicast restrict the maximum number of PDCCH candidates (e.g., 44,36,22,20) that required blind decoding and maximum number of non-overlapped CCEs (e.g., 56,56,48,32) that required channel estimation in one slot corresponding to 30/60/120/240kHz SCS respectively. To support MBS services, Rel-17 UE need to blind decode PDCCH scrambled by G-RNTI. The number of PDCCH candidates may need to increase in one slot, which needs to higher UE capability for PDCCH blind decoding. Considering the UE processing complexity, we suggest that keep the legacy unicast BDs/CCs limits for Rel-17 MBS.
[bookmark: _Ref53170106]Proposal 6: Keep the BDs/CCEs limits per slot per serving cell defined in Rel-15 for Rel-17 MBS.
Different DCI format may have different DCI size. Considering the decoding complexity, Rel-15/Rel-16 UE have a DCI format size restriction that it is capable of monitoring up to 3 DCI size whose CRC scrambled by C-RNTI. Additionally, it is capable of monitoring up to 1 DCI size whose CRC scrambled by “other RNTI” (e.g., INI-RNTI, SFI-INTI, etc). For Rel-17 NR MBS, it is reasonable to introduce a “G-RNTI” for receiving MBS services in specific group. The G-RNTI can be monitored in Type3-PDCCH CSS as pointed in Proposal 5. There is a pending issue whether to keep “3+1”DCI size budget defined in Rel-15 when supporting MBS with new RNTI (e.g., G-RNTI) in last meeting. If it increases the DCI size budget like “4+1” or other ways, the UE’s cost also will increase. Thus, we suggest that keep the “3+1” DCI size defined in Rel-15 when supporting multicast services. 
[bookmark: _Ref61195453]Proposal 7: Keep the “3+1” DCI size defined in Rel-15 for Rel-17 MBS.
There is a potential issue need to be discussed regarding the DCI format used to MBS group common PDCCH monitoring. Whether a new DCI format shall be defined or reuse the existing DCI format. In NR Rel-15 and Rel-16, three DL DCI format including DCI format 1_0, DCI format 1_1 and DCI format 1_2 have been defined for scheduling unicast PDSCH. At current stage, we think there is no obvious benefit (also no necessary) to introduce a new DCI format for MBS PDSCH scheduling, the DL DCI format 1_X in unicast can be as a baseline for MBS service with some new filed reinterpretation (e.g., the FDRA field) and adding some new fields .
[bookmark: _Ref61195457]Proposal 8: DCI format 1_X can be as a baseline for multicast group-common PDSCH scheduling.
3. Conclusion 
In this contribution, it further discusses the NR MBS group scheduling issues for RRC_CONNECTED UEs with following proposals:
Proposal 1: The PTP mechanism can be supported for multicast service retransmission.
Proposal 2: Network implementation guarantee the allocation of common frequency resource for UEs in connected mode to receive the PTM transmission.
Proposal 3: Not support more than one common frequency resources for NR MBS.
Proposal 4: Not increase the total existing number of CORESET and search space for NR MBS scheduling.
Proposal 5: Type 3-PDCCH CSS with little modification (e.g., support G-RNTI) can be reused for multicast group common PDCCH monitoring.
Proposal 6: Keep the BDs/CCEs limits per slot per serving cell defined in Rel-15 for Rel-17 MBS.
[bookmark: _GoBack]Proposal 7: Keep the “3+1” DCI size defined in Rel-15 for Rel-17 MBS.
Proposal 8: DCI format 1_X can be as a baseline for multicast group-common PDSCH scheduling.
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