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1. Introduction
This contribution further discuss the MBS group scheduling mechanisms for RRC_CONNECTED UEs based on the agreements achieved in previous e-meeting [1] [2], e.g., the common frequency resource number, DCI format, SPS activation/deactivation, etc.
2. Discussion
2.1  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 was controversial in last several meeting. An agreement about down selection which option is used to configure the MBS common frequency resource (CFR) were reached in RAN1#104 e-meeting firstly as listed following [1]:
	Agreement: 
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
· FFS whether the use of a common frequency resource for multicast is optional or not
· FFS whether the common frequency resource is applicable for PTM scheme 2 (if supported) or not


However, the down lection of Option 2A and Option 2B is still controversial and no conclusion in last meeting. The main debate point is whether the Option 2A will incur BWP switching delay because UE supporting multicast services needs to receive the legacy unicast and multicast in the same slot simultaneously. From our understanding, whether Option 2A that define a new BWP for MBS requires BWP switching delay needs RAN4’s discussion and feedback. However, some companies don’t support to send an LS to RAN4 and think this issues can be resolved in RAN1. After a long discussion, an agreement about the down-selection deadline was reached as following:
	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.


From our understanding, even though the two different BWPs have the same numerology as restricted in Option 2A, MBS specific BWP, which has a different BWP ID with activated unicast BWP ID, still needs BWP switching when UE simultaneously receives unicast and multicast services. Thus, it is not desirable configuration for UE supporting multicast services needs to receive the legacy unicast and multicast in the same slot simultaneously.
[bookmark: _Ref68163224]Proposal 1: Option 2B mechanism is supported for CFR configuration for multicast of RRC-CONNECTED UEs.
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 RRC_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][bookmark: OLE_LINK1]Proposal 2: Network implementation guarantee the allocation of common frequency resource for UEs in connected mode to receive the PTM transmission.
About the number of CFR in the dedicated unicast BWP, an agreement supporting one CFR per dedicated unicast BWP was reached as following:
	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


About the FFS that whether more than one CFR is supported per dedicated unicast BWP, from our perspective, it is no clear motivation to support more than one common frequency resources per unicast BWP. What’s more, supporting more CFR per dedicated will make the unicast BWP fragmentation and incur that network scheduling is more complicated because it needs to ensure all the UE interested in multicast services share a common frequency resource. Some proponents of more than one CFR per dedicated unicast BWP argue that if there are multiple multicast services, and each service corresponds to a CFR due to different services requirement/quality. We propose that if there are multiple MBS services, a larger MBS CFR can be allocated for supporting multiple services and the CFR can be divided into different sub-CFR according to the different parameter, e.g., PDSCH TDRA, PDSCH repetitions, MCS table, etc. 
As discussed above, 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. Thus, from per UE perspective, one CFR is enough, and supporting more than one CFR is not necessary.
[bookmark: _Ref61195448]Proposal 3: Not support more than one common frequency resources for NR MBS.
In RAN1 #104-e meeting, we reached an agreement as following that the CFR configuration includes the starting PRB of the number of PRBs. Regarding how to indicate the reference point of starting PRB if Option 2B supported, two options were agreed as copied following and need to be down-selection.
	Agreement: 
From RAN1 perspective, the CFR (common frequency resource) for multicast of RRC-CONNECTED UEs, which is confined within the frequency resource of a dedicated unicast BWP and using the same numerology (SCS and CP), includes the following configurations:
· Starting PRB and the number of PRBs 
· ………………………….
Agreement: 
· If Option 2B is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the starting PRB and the length of PRBs of the MBS frequency region within a dedicated unicast BWP are configured via UE-specific RRC signaling.
· The starting PRB is referenced to one of the two options:
· Option 1: Point A
· Option 2: the starting PRB of the dedicated unicast BWP
· FFS the detailed signaling
· If Option 2A is supported for common frequency resource for multicast of RRC-CONNECTED UEs, the configurations of the starting PRB and the length of PRBs of the MBS frequency resource reuse the legacy BWP configuration.


Option 2 may be the straightforward way to indicate the starting PRB and can reduce the signalling overhead due to the CFR is configured within dedicated unicast BWP. However, Option 2 need to reconfigure the CFR because of a dedicated unicast BWP reconfiguration. Besides, according to RAN2’s chair notes in RAN2#113bis-e meeting as copied following, RAN2 does not preclude the possibility that multicast service can be used for RRC_INACTIVE state. If UE receive multicast in RRC_IDLE state, the Option 2 mechanism cannot work. What’s more, for broadcast in RRC_IDLE/INACTIVE states, Point A is the straightforward way to indicate the starting PRB. Considering the above reasons and the commonality between multicast and broadcast services in RRC_IDLE/INACTIVE states, we suggest that Point A is referenced to the starting PRB of the dedicated unicast BWP.
	RAN2’s Chair notes in RAN2#113bis-e
Chair: RAN2 will prioritize Active Multicast support in RRC Connected mode in Rel-17. If time permits Multicast support for RRC Inactive can be considered later (once connected mode Multicast solution, and Broadcast solution has become more mature).



[bookmark: _Ref71381696]Proposal 4: Point A is referenced to the starting PRB of the dedicated unicast BWP.

2.2  CORESET and Search Space configuration
Regarding the maximum number of CORESET configuration for UE supporting MBS, two options were discussed and no conclusion in last meeting e-mail discussion. For convenience, the detailed discussion proposal was copied as following. 
	Updated Proposal 1-5: 
Regarding the CORESETs for support of MBS, take Option 1 as baseline, and Option 2 is optionally supported.
· Option 1: The maximum number of CORESETs per BWP is not increased for support of MBS. The CORESETs include the CORESETs configured in the dedicated unicast BWP and the CORESETs configured in the CFR which is confined within the dedicated unicast BWP.
· Option 2: The maximum number of CORESETs per serving cell is not increased for support of MBS, but the maximum number of CORESETs per BWP can be increased to up to N (N>3) based on UE capability for support of MBS. The CORESETs include the CORESETs configured in the dedicated unicast BWP and the CORESETs configured in the CFR which is confined within the dedicated unicast BWP.
· FFS: the value of N
· Note: this is applied to both Option 2A and Option 2B of CFR


It has been agreed that the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH. If the maximum number of CORESETs per BWP are increased based on UE capability for UE supporting multicast service than legacy unicast BWP as Option 2 suggested in the above updated proposal 1-5, it will increase the UE HW processing complexity and against the NR_MBS WID restriction as listed following [3].
	Restrictions and assumptions:
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).


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 5: The maximum number of CORESETs per BWP is not increased for UE supporting MBS.
Regarding the CORESET configured for multicast (unicast) whether can be used for unicast (multicast), an agreement including all the possibility was reached as following for the further study.
	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.


If the CORESET is configured for multicast services, the detailed parameters are configured for multicast services, e.g., the pdcch-DMRS-ScramblingID is common for all UE, and it may be not suitable for unicast services. Besides, an agreement about MBS CORESET was achieved that for PTM transmission scheme 1, the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH in RAN1#103-e meeting, which means that the CORESET used for MBS is dedicated configured. Therefore, there is no need to make an explicit restriction for CORESET configuration for UE supporting MBS and it can be up to network implementation.
[bookmark: _Ref71381699]Proposal 6: No need to define an extra explicit rule whether the CORESETs can be shared for unicast and multicast and it is up to network implementation.
The agreements about the search space in last e-meeting are copied as following:
	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


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) 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 1_1 or 1_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. 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.
[bookmark: _Ref61186944][bookmark: _Ref53170104][bookmark: _Ref68163228]Proposal 7: Define a new Type-x PDCCH CSS type (e.g., Type-4 PDCCH CSS) for UE supporting multicast service.
2.3  PDCCH configuration for MBS
Regarding the DCI size budget, a working assumption was reached as following in RAN1#104-e meeting:
	Working Assumption: 
Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
· FFS: 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.


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. 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 processing complexity and cost also will increase, which also against the WID restriction as we commented in Clause 2.2. Thus, we suggest that keeping the “3+1” DCI size defined in Rel-15 is unchanged when supporting multicast services. Considering the “other RNTI” based DCI is used for notification information, it is not suitable to count “G-RNTI” as “other RNTI”, we suggest the G-RNTI is counted as “C-RNTI” when considering the “3+1” DCI size budget rule.
[bookmark: _Ref61195453]Proposal 8: Keep the “3+1” DCI size defined in Rel-15 for Rel-17 MBS and “G-RNTI” is counted as “C-RNTI”.
Regarding the DCI used for MBS, supporting at least two DCI formats was agreed as following in last meeting.
	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 


Since non-fallback DCI was agreed that for supporting MBS, it is no need to preclude one of DCI format 1_1 or 1_2 for supporting PDCCH scheduling. Both of them can be as a baseline and used for MBS because different multicast/broadcast services have different requirement.
[bookmark: _Ref71381703]Proposal 9: Both of DCI format 1_1 and 1_2 can be separate as a baseline for UE supporting MBS.

2.4  SPS configuration for MBS
[bookmark: _GoBack]Considering the multicast period services and the PDCCH signalling overhead, SPS is supported for multicast service. In last meeting, some agreements of SPS for MBS was reached as following:
	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:
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: 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

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.


Regarding the activation/deactivation of SPS group-common PDSCH for MBS, the working assumption proposed in RAN1#104-e meeting has been confirmed that at least group common PDCCH is supported. Whether the UE-specific PDCCH is supported for activation/deactivation is still FFS. Some companies argue that without UE-specific activation/deactivation, network has to resend the group-common activation/deactivation if there is new UEs coming into this group or leaving this group. From our understanding, the resending activation information will not affect the SPS ongoing UE because the resources for SPS are same with initial transmission, the newest UE will receive SPS resource. For operating flexible, the UE specific PDCCH with G-CS-RNTI can be optional used for MBS SPS activation. The UE leaving MBS group is different from the MBS deactivation, it no need to send SPS deactivation information when UE leaves MBS group.
[bookmark: _Ref68163237]Proposal 10 UE-specific PDCCH with G-CS-RNTI is optional supported for activation of MBS group common PDSCH.
Whether and how to address the missed activation/deactivation is critical issue especially when common NACK only feedback mode is used for SPS transmission. E.g., the gNB cannot be able to distinguish between UE receiving the first PDSCH successfully and failing to decode the activation PDCCH. In order to solve the issue, a ACK/NACK based HARQ ACK feedback mode can be used for SPS activation/deactivation and the normal SPS data (e.g., PDSCH without PDCCH scheduling) can support ACK/NACK or common NACK only feedback mode as indicated by corresponding group common DCI indicator field.
[bookmark: _Ref71381709]Proposal 11: MBS SPS activation/deactivation’s feedback mechanism only support ACK/NACK based HARQ feedback mode.
[bookmark: _Ref71381710]Proposal 12: MBS SPS PDSCH without PDCCH scheduling can support ACK/NACK or common NACK only feedback mode.

3. Conclusion 
In this contribution, it further discusses the NR MBS group scheduling issues for RRC_CONNECTED UEs with following proposals:
Proposal 1: Option 2B mechanism is supported for CFR configuration for multicast of RRC-CONNECTED UEs.
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: Point A is referenced to the starting PRB of the dedicated unicast BWP.
Proposal 5: The maximum number of CORESETs per BWP is not increased for UE supporting MBS.
Proposal 6: No need to define an extra explicit rule whether the CORESETs can be shared for unicast and multicast and it is up to network implementation.
Proposal 7: Define a new Type-x PDCCH CSS type (e.g., Type-4 PDCCH CSS) for UE supporting multicast service.
Proposal 8: Keep the “3+1” DCI size defined in Rel-15 for Rel-17 MBS and “G-RNTI” is counted as “C-RNTI”.
Proposal 9: Both of DCI format 1_1 and 1_2 can be separate as a baseline for UE supporting MBS.
Proposal 10 UE-specific PDCCH with G-CS-RNTI is optional supported for activation of MBS group common PDSCH.
Proposal 11: MBS SPS activation/deactivation’s feedback mechanism only support ACK/NACK based HARQ feedback mode.
Proposal 12: MBS SPS PDSCH without PDCCH scheduling can support ACK/NACK or common NACK only feedback mode.
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