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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 two meetings, however, it didn’t achieve any conclusion in the end of meeting. From our understanding, supporting the Scell/CA for MBS reception is out of the scope of Rel-17 WID objective and the Rel-17 MBS still can be workable even if Scell is not supported. 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 [2]: 
	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 observation, although some objectives are within Rel-17 MBS WID scope (e.g., multicast reception in RRC IDLE/INACTIVE state), they have been deprioritized due to limited meeting time unit and will be discussed in future release, why does the issue out of Rel-17 MBS scope will be discussed in the remaining phase? 
[bookmark: _Ref95323715]Observation 3: Although some objectives are within the Rel-17 MBS scope, they have been deprioritized in Rel-17 due to limited time unit, e.g., multicast reception in RRC IDLE/INACTIVE state.

[bookmark: _Ref95323764]Observation 4: Considering multicast reception on Scell is out of Rel-17 MBS scope and some objectives within the Rel-17 MBS scope have been deprioritized, the reason and motivation for supporting multicast reception on Scell in the Rel-17 is not clear.

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 5: RAN2 workload is needed to check the feasibility of multicast reception on SCell.
In other aspect, the UE’s RF retuning behaviour and whether the current RF requirement can be satisfied for UE receiving broadcast service is not clear. The reason is that the multicast services are different from unicast services behaviour. In legacy unicast behaviour, the NW need to transmit the service packet after the Scell is activated as illustrated in Figure 1.
[image: ]
[bookmark: _Ref95314356]Figure 1 legacy unicast reception behaviour on Scell
However, the multicast services are always transmitted no matter whether the current UE’s Scell exist or not, then how to specify the UE’s RF behaviour is not discussed for now. As illustrated in Figure 2, which time unit (e.g., t1, t2, or t3) does the UE need to retune its RF? T3 time unit is the legacy NR unicast behaviour, however, it may be not suitable for MBS UE because the MBS services are transmitted all the time as we discussed above. Besides, in the LTE eMBMS, the UE will adjust the RF when it sends the corresponding MBS interested indication (e.g., MII) information to NW, and it means UE does not need to adjust its RF for MBS reception after Scell activation, which may more satisfy the MBS UE’s behaviour. Whether the R17 MBS UE can follow the similar behaviour if Scell is supported is need more WG’s discussion, e.g., RAN2/RAN4.
[image: ]
[bookmark: _Ref95314820][bookmark: OLE_LINK6]Figure 2 MBS reception behaviour on Scell
[bookmark: _Ref95323710]Observation 6: The procedure of UE retunes its RF for multicast reception on Scell needs other WG’s discussion, e.g., RAN2/RAN4.
Whether the current RF requirement also can be applied to broadcast reception is also not clear, e.g., RF glitch caused by RF retuning is not clear, which need RAN4’s work to study and confirm. If we still want to support the broadcast reception on Scell, we suggest sending an LS to RAN4.
[bookmark: _Ref95323711]Observation 7: The RF glitch caused by RF returning and corresponding RF requirement issues need RAN4’s discussion and workload.
However, we don’t think it is a right time to send an LS to RAN2/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 [3].
[bookmark: _Ref92550385]Observation 8: 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 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 [4].
[bookmark: _Ref92632509]Proposal 1: Multicast reception on Scell is not supported for Rel-17 MBS.

2.2  Search Space set
Regarding the discussion of search space configuration for MBS, Type-x CSS type was agreed for multicast reception. In the current draft spec, the Type-x CSS is legacy Type-3 CSS with some modification for multicast. In the previous 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. What’s worse, it will make the UE preform unnecessary blinding decoding processing. In the current spec, it introduces a new c_init (i.e., pdcch-DMRS-ScramblingID) value for PDCCH scrambling for MBS, and the c_init value for unicast and multicast has been listed as in Table 1. 
[bookmark: _Ref95667787]Table 1 the PDCCH scrambling c_init value for unicast and multicast
	
	condition
	
	
	


	unicast 
	USS w/ pdcch-DMRS-ScramblingID 
	pdcch-DMRS-ScramblingID (if configured)
	C-RNTI (if configured)
	C-RNTI<<16 + pdcch-DMRS-ScramblingID

	
	USS w/o pdcch-DMRS-ScramblingID 
	
	0
	

	
	Unicast CSS
	
	0
	

	MBS
	MBS CSS w/o pdcch-DMRS-ScramblingID
	
	0
	

	
	MBS CSS w/ pdcch-DMRS-ScramblingID
	pdcch-DMRS-ScramblingID if configured in CFR
	0
	pdcch-DMRS-ScramblingID


We can see that if no MBS is introduced, there is only two c-init values, however, MBS introduce a new c_initi value(pdcch-DMRS-ScramblingID). When UE counts the PDCCH candidates, it needs to use the three values to blind decoding if the Type-x CSS for multicast contain the unicast DCI format. For example, assuming the count number of PDCCH blind decoding is 20 based on AL/CCE configuration, if there are two c_initi values, the UE needs to do 2*20=40<44 blind decoding. If there are three c_init values, the UE will have 2*30=60 PDCCH candidate number, however, it exceeds the UE’s maximum decoding capability (e.g., 44), UE will drop (60-44) PDCCH candidate. However, the issue can be avoided if the type-x CSS only have group common DCI format. Although the maximum values of PDCCH blind decoding is not larger UE’s capability when three c_init values is used, the unnecessary decoding number is not desirable and also can be avoided. Thus, we suggest to preclude the DCI 1_0/0_0 from the Type-X CSS.
[bookmark: _Ref92632520]Proposal 2: Unicast DCI format (e.g., DCI 1_0/0_0) cannot be configured in the same CSS configuration with multicast DCI formats.

2.3  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 HARQ enabling/disabling, the following agreements were achieved in previous 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 3: A new field of “enabling/disabling HARQ-ACK feedback indication” should be defined for DCI format 4_1.
Regarding the size alignment of multicast DCI format 4_2, the following agreements were made in last RAN1 meeting:
	Agreement
For DCI size alignment of DCI format 4_2, the size of DCI format 4_2 is 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). 


It has agreed that keeping the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS in RAN1#105-e meeting. However, whether the G-RNTI for multicast DCI 4_2 is counted as a “C-RNTI” or “other RNTI” has still not been concluded for now. For the DCI format 1_1 with C-RNTI, it is obvious that 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 4: “G-RNTI” is counted as “other RNTI” for multicast DCI format 4_2.

2.4  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:
	· 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. As mentioned above, for delivery mode 2, UE also can receive broadcast services packet in RRC CONNECTED state with low QoS requirement. It is not clear that whether the CFR design for broadcast reception in RRC CONNECTED state is the same one that for broadcast reception in RRC IDLE/INACTVIE state. 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 5: For broadcast reception, the unified CFR is supported for RRC_CONNECTED and RRC_IDLE/INACTIVE 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 multicast 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: Although some objectives are within the Rel-17 MBS scope, they have been deprioritized in Rel-17 due to limited time unit, e.g., multicast reception in RRC IDLE/INACTIVE state.
Observation 4: Considering multicast reception on Scell is out of Rel-17 MBS scope and some objectives within the Rel-17 MBS scope have been deprioritized, the reason and motivation for supporting multicast reception on Scell in the Rel-17 is not clear.
Observation 5: RAN2 workload is needed to check the feasibility of multicast reception on SCell.
Observation 6: The procedure of UE retunes its RF for multicast reception on Scell needs other WG’s discussion, e.g., RAN2/RAN4.
Observation 7: The RF glitch caused by RF returning and corresponding RF requirement issues need RAN4’s discussion and workload. 
Observation 8: 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: Unicast DCI format (e.g., DCI 1_0/0_0) cannot be configured in the same CSS configuration with multicast DCI formats.
Proposal 3: A new field of “enabling/disabling HARQ-ACK feedback indication” should be defined for DCI format 4_1.
Proposal 4: “G-RNTI” is counted as “other RNTI” for multicast DCI format 4_2.
Proposal 5: For broadcast reception, the unified CFR is supported for RRC_CONNECTED and RRC_IDLE/INACTIVE UEs.
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