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1. Introduction
This contribution further discusses the remaining issues on MBS group scheduling mechanisms for RRC_CONNECTED UEs based on the agreements achieved in last e-meeting [1].
2. Discussion
2.1  Multicast reception on Scell
Regarding the MBS multicast reception on Scell, we had discussed the issue in last meeting, however, it didn’t achieve any conclusion in the end of meeting. As analysed in our companion contribution [2], supporting the Scell/CA for MBS reception is out of the scope of Rel-17. Instead, the Rel-17 MBS is targeting to design basic function and has a restriction that UE implementation should be limited to fast facilitate implementation commercial deployment. The detailed contents are copied as following [3]: 
	The set of objectives includes:
· 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].
Restrictions and assumptions:
[bookmark: _Hlk92619077]In order to facilitate implementation and deployment of the feature, the overall implementation impact should be limited, and the UE complexity should be minimized (e.g. device hardware impact should be avoided).



[bookmark: _Ref92550381]Observation 1: MBS multicast reception on Scell and non-serving cell is out of the scope of Rel-17 MBS objective.
[bookmark: _Ref92632607]Observation 2: Rel-17 MBS as a first release for supporting 5G NR multicast broadcast services only focus on the basic function to fast commercial deployment.
From our understanding, a UE support the unicast reception on Scell, it does not mean the UE can be natural to support the MBS multicast/broadcast reception on Scell. The reason is that the multicast services is for a group UEs and not target for dedicated UE, and the multicast session join process and session start is different from that of unicast from high layer perspective, which needs to be discussed by RAN2. 
[bookmark: _Ref92632609]Observation 3: RAN2 workload is needed to check the feasibility of multicast reception on SCell.
Besides, if Scell is supported for multicast reception, the Scell activation/deactivation and Scell addition/removal mechanisms are needed to further be discussed, e.g., how and when the UE to adjust its RF bandwidth to cover Pcell and Scell for MBS? And how to specify the RF glitch issues caused by Scell activation/indication or addition/removal? These questions need more RAN4 discussion and workload. 
[bookmark: _Ref92550383]Observation 4: The RF glitch issue about MBS broadcast reception on Scell and non-serving cell need RAN4 discussion and workload.
However, we don’t think it is a right time to send an LS to RAN4 since RNA1 has thought that “from RAN1 perspective, all NR SI/WIs (include Rel-17 NR_MBS) led by other WGs with RAN1 objectives have been completed”, which is copied from RAN1 chair’s status report [4].
[bookmark: _Ref92550385]Observation 5: From RAN1 perspective, Rel-17 NR MBS with RAN1 objectives have been completed.
Considering the above discussion issues and observations, especially for fast MBS commercial deployment, we don’ t support that MBS multicast broadcast reception on Scell in the first 5G NR MBS release. We are open to regarded it as a Rel-17 left-over issue and further evolution in Rel-18 MBS, which also align with the discussion of broadcast reception on Scell as described in [5].
[bookmark: _Ref92632509]Proposal 1: Multicast reception on Scell is not supported for Rel-17 MBS.

2.2  Common frequency resource (CFR) for NR MBS
Actually, we have agreed that defining/configuring a common frequency resource for multicast group-common PDSCH reception within the frequency resource of a dedicated unicast BWP. Regarding how to configure the common frequency resource for UE receiving multicast services, the following agreement was achieved in RAN1#106 e-meeting:
	Agreement:
Confirm the working assumption with the following update:
Option 2B for CFR associated with UE active BWP other than initial DL BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP
Note: The deleted FFSs can be discussed in another AI.


It had defined two delivery modes (e.g., DM1 and DM2) for MBS based on different quality of services (QoS) in RAN2#112-e meeting [6]:
	· For Rel-17, R2 specifies two delivery modes (DMs): 
· DM1: for high QoS (reliability, latency) requirement, to be available in CONNECTED (possibly the UE can switch to other states when there is no data reception TBD)
· DM2: for “low” QoS requirement, where the UE can also receive data in INACTIVE/IDLE (details TBD). (Note: RAN2#113-e agreed that DM2 can be used for CONNECTED UEs)
· R2 assumes (for R17) that DM1 is used only for multicast sessions. 
· R2 assumes that DM2 is used for broadcast sessions. 
· The applicability of delivery mode 2 to multicast sessions is FFS. 


[bookmark: OLE_LINK7][bookmark: OLE_LINK8]In previous CFR discussion, it only considers multicast reception for RRC connected UEs. However, as mentioned above, for delivery mode 2, UE also can receive broadcast services packet in RRC CONNECTED state with low QoS requirement. Meanwhile, considering the same broadcast service smoothly reception for RRC IDLE/INACTIVE and RRC CONNECTED state UEs, the unified CFR configuration for broadcast services is more reasonable, and it will not incur services interruption when UEs enter RRC CONNECTED state from RRC IDLE/INACTIVE. Therefore, the unified CFR is preferred for broadcast reception no matter which RRC state the UE is in.
[bookmark: _Ref78375480]Proposal 2: For broadcast reception, the unified CFR is supported for RRC_CONNECTED and RRC_IDLE/INACTIVE UEs.
Regarding whether multicast can be supported or not in a dedicated unicast BWP when no CFR is configured for that BWP. Moderator raised a question as described following in the email discussion.
	[High] Question 1-3: If the new IE CFR-Config is not present in the active BWP, whether or not UE perform multicast reception in the active BWP?
· Taking into account how to configure G-RNTI(s)/G-CS-RNTI(s) for multicast.
· Note: For RAN1 discussion, assume the new IE CFR-Config may include the configurations of the starting PRB, the number of PRBs, PDCCH-config, PDSCH-config and SPS-config(s) for MBS.  The details of signalling design are up to RAN2. 


From our understanding, CFR is needed for MBS reception since some new MBS dedicated parameter (e.g., CSS) will be introduced. If no CFR configuration, UE will not obtain these parameters and not receive multicast services. Since it has defined a CFR, it is nature to utilize it for multicast reception. Even though the possibility of CFR’s range is equal to unicast dedicated BWP frequency range, it also needs to configure the specific physical layer parameter for MBS within the MBS CFR, e.g., a new PDCCH CSS type, SPS-configuration for multicast reception.
[bookmark: _Ref78375484]Proposal 3: CFR should be configured for UE receiving MBS multicast broadcast services.

2.3  Search Space set
Regarding the discussion of search space configuration for MBS, CSS type was agreed as the baseline. Whether reusing the existing CSS type (e.g., Type-3 PDCCH CSS) or defining a new Type-x PDCCH CSS is still controversial, the following agreement with FFS was reached in RAN1#105-e meeting:
	Agreement: For CSS of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, Alt 2 is supported:
· Alt 2: support a Type-x CSS
· The monitoring priority of Type-x CSS is determined based on the search space set indexes of the Type-x CSS set and USS sets, regardless of which DCI format of group-common PDCCH is configured in the Type-x CSS.
· FFS: Whether the Type-x CSS is a Type-3 CSS


In the previous meeting, the following conclusion was achieved for further studying the potential spec impact if new Type-x CSS is defined for GC-PDCCH.
	Conclusion: The specification impact of having a new Type-x CSS for GC-PDCCH in RRC_CONNECTED state can be studied and discussed further.


In legacy unicast, two search space types are defined for PDCCH monitoring, e.g., common search space (CSS) and UE-specific search space (USS). As earlier agreed, the CCE indexes are common for different UEs in the same MBS group. So, reusing Type-3 PDCCH CSS with little modification (e.g., add the DCI format with CRC scrambled by G-RNTI) as the current draft specification described is straightforward way for supporting MBS group common PDCCH monitoring.  
However, the DCI format needs to be configured in each search space configuration. In the current spec, the non-fallback DCI (e.g., DCI format 1_1 and DCI format 1_2) only can be monitored in UE-specific search space and fallback DCI (e.g., DCI format 1_0) can be monitored in USS and CSS. In last RAN1 meeting, we also have agreed that non-fallback DCI (DCI format 4_2) is supported for group common PDCCH of NR MBS. If reusing the existing Type-3 PDCCH CSS, the non-fallback DCI cannot be configured. Besides, we have agreed that DCI format 2_x cannot be configured in the same CSS configuration with multicast DCI formats. Considering the above reason, it may better to define a new Type-x PDCCH CSS for supporting MBS. Regarding the PDCCH priority, it can be determined based on the search space indexes. Besides, from our perspective, there is no larger spec impact if defining a new Type-x CSS for GC-PDCCH. 
[bookmark: _Ref61186944][bookmark: _Ref53170104][bookmark: _Ref68163228]Proposal 4: Define a new Type-x PDCCH CSS type (e.g., Type-4 PDCCH CSS not Type-3 PDCCH CSS) for UE supporting multicast service.
In the last meeting, it discussed whether the unicast DCI and multicast DCI can be configured in the same Type-x CSS and the following agreement was achieved:
	Agreement: For multicast of RRC_CONNECTED UEs in Rel-17, 
· DCI format 2_x cannot be configured in the same CSS configuration with multicast DCI formats.


It can be seen that DCI format 2_x has been precluded in the Type-X CSS with multicast DCI format. Actually, no matter whether Type-x CSS is a new CSS or the legacy Type-3 CSS, the CSS configured with multicast DCI format should be specially used for multicast services. Otherwise, the monitoring priority rule will be more complexity due to consider the unicast and multicast. Other than the 2_x, only the DCI 1_0/0_0 can be configured in the Type-3 CSS. So, we suggest that:
[bookmark: _Ref92632518]Proposal 5: DCI format 1_0/0_0 cannot be configured in the same CSS configuration with multicast DCI formats if Type-3 CSS is used.
[bookmark: _Ref92632520]Proposal 6: Unicast DCI format cannot be configured in the same CSS configuration with multicast DCI formats if Type-X CSS is a new CSS.

2.4  DCI discussion for MBS
Regarding the DCI format used for MBS multicast, supporting at least two DCI formats was agreed in RAN1#104bis-e meeting. In the latest draft spec, the two DCI format for multicast were named DCI format 4_1 (a.k.a, the first DCI format for multicast) and DCI format 4_2 (a.k.a, the second DCI format for multicast). Regarding the DCI format 4_1 field for multicast, the following agreements were reached in last RAN1 meeting:
	Agreement: The following information is transmitted by means of the DCI format 1_0 with CRC scrambled by G-RNTI for multicast:
· Frequency domain resource assignment
· Time domain resource assignment – 4 bits as defined in Clause 5.1.2.1 of TS38.214
· VRB-to-PRB mapping – 1 bit according to Table 7.3.1.2.2-5 in TS38.212
· Modulation and coding scheme – 5 bits as defined in Clause 5.1.3 of TS38.214
· New data indicator – 1 bit
· Redundancy version – 2 bits as defined in Table 7.3.1.1.1-2 in TS38.212
· HARQ process number – [4 or 5] bits
· Downlink assignment index – 2 bits as defined in Clause 9.1.3 of TS 38.213, as counter DAI
· PUCCH resource indicator – 3 bits as defined in Clause 9.2.3 of TS38.213
· PDSCH-to-HARQ_feedback timing indicator – 3 bits as defined in Clause 9.2.3 of TS38.213
· Reserved bits –3 bits
· FFS: Some of the fields may be not useful and can be reserved in some conditions, and FFS the details of the conditions
· FFS: other fields, e.g. for HARQ enabling/disabling
Note: Whether new fields are defined for multicast DCI format 1_0 can be discussed separately. The reserved bits can be used for new fields if needed.


Regarding the “HARQ process number” field, we don’t see any need/motivation to change the field bits to 5bits. Instead, if 5 bits are introduced for “HARQ process number” field, it will have larger hardware impact to the UE, which against the Rel-17 WID restriction that “device hardware impact should be avoided”. Thus, the“HARQ process number” field bits should be kept as the legacy value and no need to do any enhancement. 
[bookmark: _Ref92632522]Proposal 7: The size of HARQ process number field for DCI 4_1 should be kept as 4 bits.
Regarding the HARQ enabling/disabling, the following agreements were achieved in last meeting:
	Agreement: For the DCI format including the field of “enabling/disabling HARQ-ACK feedback indication” for multicast scheduling, the field is a new field with 1 bit. 
Agreement: For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, the “enabling/disabling HARQ-ACK feedback indication” is included in DCI format 1_1 scrambled by G-RNTI
· For DCI format 1_1 scrambled by G-CS-RNTI, it is discussed separately. 


It can be seen that a new field of “enabling/disabling HARQ-ACK feedback indication” has been defined for DCI format 4_2. From our view, the similar mechanism also can be used for DCI 4_1 since we have agreed that “If RRC signaling configures the function of group-common DCI based indication, group-common DCI indicates (explicitly or implicitly) whether ACK/NACK based HARQ-ACK feedback is enabled/disabled”. 
[bookmark: _Ref92632523]Proposal 8: A new field of “enabling/disabling HARQ-ACK feedback indication” should be defined for DCI format 4_1.
Regarding the DCI format 4_2 field for multicast, the following agreements were made in last RAN1 meeting:
	Agreement: Multicast DCI format 1_1 includes all configurable fields of unicast DCI format 1_1 except
· Identifier for DCI formats, TPC command for scheduled PUCCH, SRS request
· FFS: Scell dormancy indication
· One-shot HARQ-ACK request, PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), ChannelAccess-Cpext
· CBGTI, CBGFI
· Minimum applicable scheduling offset indicator
· FFS: Carrier indicator, BWP indicator, ZP CSI-RS trigger
· FFS: MCS/NDI/RV for TB2


The DCI format 4_2 is used for a group UEs and not for specific UE. However, the “carrier indicator” and “BWP indicator” is UE specific and the value is configured per UE. Thus, we suggest these two fields are not included in the field of DCI format 4_2.
[bookmark: _Ref92632525]Proposal 9: Not defined “carrier indicator” and “BWP indicator” fields for multicast DCI format 4_2.
Regarding the MCS/NDI/RV for TB2, we think that MBS multicast transmission with more than 4 layers is not a typical use case for Rel-17 MBS. Considering DCI format 4_2 is a new DCI format, there is no need to reserve some unused bits anymore. So, we suggest the MCS/NDI/RV for TB2 is not included in the DCI format 4_2 for Rel-17 MBS.
[bookmark: _Ref92632526]Proposal 10: Not defined MCS/NDI/RV for TB2 for Rel-17 multicast DCI format 4_2.
It has agreed that keeping the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS in RAN1#105-e meeting. Whether the G-RNTI is counted as a “C-RNTI”, the following agreement was achieved of the first DCI format (DCI format 4_1) for GC-PDCCH in previous meeting.
	Agreement: For multicast of RRC-CONNECTED UEs, align the size of the first DCI format for GC-PDCCH with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS.


However, for the second DCI format (DCI format 4_2) for GC-PDCCH, it didn’t reach any conclusion in last several meetings due to divergent views. The corresponding proposals were discussed in the previous meeting as copied in the following.
	Initial Proposal 2-8: For DCI size alignment for the second DCI format, G-RNTI is counted as “C-RNTI” or “other RNTI” depending on RRC configurations.
· The size of the second DCI format can be configured by gNB
· Based on RRC configurations, if both DCI format 1_1 and DCI format 2_x have smaller DCI size than the second DCI format for multicast, the DCI format 1_1 or 2_x with larger DCI size is aligned to the size of the second DCI format for multicast.
· Based on RRC configurations, between DCI format 1_1 and DCI format 2_x, if one of them has smaller DCI size than the second DCI format for multicast and the other one has larger DCI size than the second DCI format for multicast, the DCI format 1_1 or 2_x with smaller DCI size is aligned to the size of the second DCI format for multicast.
Updated Proposal 2-8: The size of the second DCI format for multicast can be configured by RRC signalling for RRC_CONNECTED UEs (similar as the configuration for the size alignment among DCI format 2_0/2_1/2_4/2_5/2_6).
· It is up to network implementation to ensure different UEs in the same MBS group have the same understanding on the configurable DCI fields of the second DCI format for multicast.
[bookmark: _Hlk87890051]Initial proposal 2-5a: For DCI size alignment of the second DCI format for multicast, the size of the second DCI format for multicast can be configured by RRC signaling for RRC_CONNECTED Ues (similar as the configuration for the size alignment among DCI format 2_0/2_1/2_4/2_5/2_6).


For the DCI format 1_1 with C-RNTI, different UEs may have different DCI sizes. If the second DCI format align with one of the DCI format 1_1 with C-RNTI, it may potentially affect the size of other UE’s DCI 1_1 with C-RNTI. From this perspective, it is not desirable to count “G-RNTI” as “C-RNTI” for second DCI format. Therefore, we suggest counting “G-RNTI” is as “other RNTI” for second DCI format.
[bookmark: _Ref61195453]Proposal 11: “G-RNTI” is counted as “other RNTI” for multicast DCI format 4_2.
Since the DCI format 4_2 with G-RNTI is counted as other RNTI, which is similar with the behaviour of DCI format 2_0/2_1/2_4/2_5/2_6, the size of DCI format 4_2 also need to be informed by RRC signalling ahead of RRC PDCCH detection. Therefore, we have the following proposal:
[bookmark: _Ref92632529]Proposal 12: The size of the multicast DCI format 4_2 should be configured by RRC signaling for RRC_CONNECTED Ues.

3. Conclusion 
In this contribution, we further discuss the remaining issues about NR MBS group scheduling for RRC_CONNECTED UEs, and the following observations and proposals are suggested: 
Observations:
Observation 1: MBS broadcast reception on Scell and non-serving cell is out of the scope of Rel-17 MBS objective.
Observation 2: Rel-17 MBS as a first release for supporting 5G NR multicast broadcast services only focus on the basic function to fast commercial deployment.
Observation 3: RAN2 workload is needed to check the feasibility of multicast reception on SCell.
Observation 4: The RF glitch issue about MBS broadcast reception on Scell and non-serving cell need RAN4 discussion and workload.
Observation 5: From RAN1 perspective, Rel-17 NR MBS with RAN1 objectives have been completed.
Proposals:
Proposal 1: Multicast reception on Scell is not supported for Rel-17 MBS.
Proposal 2: For broadcast reception, the unified CFR is supported for RRC_CONNECTED and RRC_IDLE/INACTIVE UEs.
Proposal 3: CFR should be configured for UE receiving MBS multicast broadcast services.
Proposal 4: Define a new Type-x PDCCH CSS type (e.g., Type-4 PDCCH CSS not Type-3 PDCCH CSS) for UE supporting multicast service.
Proposal 5: DCI format 1_0/0_0 cannot be configured in the same CSS configuration with multicast DCI formats if Type-3 CSS is used.
Proposal 6: Unicast DCI format cannot be configured in the same CSS configuration with multicast DCI formats if Type-X CSS is a new CSS.
Proposal 7: The size of HARQ process number field for DCI 4_1 should be kept as 4 bits.
Proposal 8: A new field of “enabling/disabling HARQ-ACK feedback indication” should be defined for DCI format 4_1.
Proposal 9: Not defined “carrier indicator” and “BWP indicator” fields for multicast DCI format 4_2.
Proposal 10: Not defined MCS/NDI/RV for TB2 for Rel-17 multicast DCI format 4_2.
Proposal 11: “G-RNTI” is counted as “other RNTI” for multicast DCI format 4_2.
Proposal 12: The size of the multicast DCI format 4_2 should be configured by RRC signaling for RRC_CONNECTED Ues.
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