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[bookmark: _Ref4817]Introduction
During RAN#88-e meeting, the revised WI on NR MBS has been approved [1]. One of its objectives is to specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service for RRC_CONNECTED UEs.
In RAN1#105-e meeting, some main issues about group scheduling mechanism for MBS transmission were further discussed, and some agreements and working assumption were made [2]. In this contribution, we focus on details of mechanism to allow UEs in RRC_CONNECTED to receive Broadcast/Multicast service. 
Common frequency resource
During the discussion in previous RAN1 e-meetings [2][3][4], the following working assumption and agreements on CFR were made. Some remaining issues will be discussed below. 
	Working assumption: in RAN1#105-e
Option 2B for CFR associated with UE active BWP other than initial BWP is supported at least for multicast of RRC-CONNECTED UEs.
· FFS: CFR associated with initial BWP
· FFS: CFR larger than initial BWP
Agreement: in RAN1#104-e
· 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.
· [bookmark: OLE_LINK22]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.
Agreement: in RAN1#104b-e
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




CFR associated with initial BWP
As also discussed on CFR for broadcast transmission in RRC_IDLE/INACTIVE states, if broadcast transmission can only use the initial DL BWP defined by CORESET#0, it would be too restrictive. As we know, all the common signals/channels have to be squeezed into this initial DL BWP, which makes it difficult to accommodate common PDCCH/PDSCH for broadcast services. Thus, it is critical to configure a common frequency resource that is larger than CORESET#0 for broadcast services. 
For MBS transmission in RRC_CONNECTED state, the same problem on transmission capacity also exists if CORESET#0 defined initial BWP is activated as the active BWP for a UE. Therefore, it is reasonable to allow CFR for MBS to be larger than CORESET#0 defined initial BWP in such case. 
[bookmark: OLE_LINK10]Regarding the specific definition of CFR associated with initial BWP, the similar issue on CFR for broadcast transmission in RRC_IDLE/INACTIVE states has been discussed during the last several meetings. Considering the consistency of solution design, we suggest to postpone the discussion of CFR associated with initial BWP under RRC_CONNECTED state until the related issue is clearly concluded under RRC_IDLE/INACTIVE states. 
[bookmark: _Hlk68872299]Proposal 1: CFR can be configured larger than active downlink BWP, if the active downlink BWP is the initial BWP defined by CORESET#0. 
· [bookmark: OLE_LINK17]Prioritize the corresponding discussion in RRC IDLE/INACTIVE state to strive for a consistent solution for all RRC states

Details of CFR configuration
In some scenarios, some advantages can be obtained by configuring multiple CFRs in one dedicated unicast BWP. As shown in Figure-1, UE2 can be divided into multiple MBS groups to receive multiple MBS services, e.g., MBS service 1 and MBS service 2. Considering different MBS services received by different UE groups, different frequency range of CFRs are required. For example, CFR1 can be configured to receive MBS service 1 in the overlapping area between unicast BWP of UE1 and unicast BWP of UE2, and CFR2 can be configured to receive MBS service 2 in the overlapping area between unicast BWP of UE2 and unicast BWP of UE3. If only one CFR can be configured in each unicast BWP, UE2 may have to select only one of the MBS services for receiving. Therefore, more than one CFR should be supported per dedicated unicast BWP at least according to UE capability. 
[image: ]
Figure-1: More than one CFRs per dedicated unicast BWP
There are various parameters should be configured under the CFR for MBS transmission. Some of them may be the same for both unicast and MBS. It is reasonable to share the parameter configuration between unicast and MBS. That is, the parameters configured under the dedicated unicast BWP can be used for MBS transmission if these parameters are not configured under the CFR. For example, if the frequency range is not configured for the CFR, a UE can assume the MBS is transmitted within the frequency range of its dedicated unicast BWP. 
Another open issue is the frequency domain reference point for configuring the starting PRB of the CFR. Point A is more appropriate considering that it is consistent for each UE, and the gNB only needs to generate one configuration signaling for one CFR. Furthermore, this configuration signaling will not change even if the active BWP is reconfigured. 
Proposal 2: Regarding the CFR configuration, 
· More than one CFR can be supported per dedicated unicast BWP.
· The reference of starting PRB for CFR is Point A.
· The parameters configured under the dedicated unicast BWP can be used for MBS transmission if these parameters are not configured under the CFR.
Detailed design of GC-PDCCH
3.1	GC-PDCCH for PTM retransmission
As agreed in the previous RAN1 meeting, both PTM scheme 1 and PTP can be used for retransmission for multicast if ACK/NACK based HARQ-ACK feedback is configured. While for NACK-only feedback, only PTM scheme 1 can be used as gNB doesn’t know which UE failed to receive the GC-PDSCH and fed back NACK. 
	Agreement:
[bookmark: OLE_LINK23]For RRC_CONNECTED UEs, if ACK/NACK based HARQ-ACK feedback is supported for PTM scheme 1, and if initial transmission for multicast is based on PTM transmission scheme 1, support retransmission(s) using PTP transmission.
· The HARQ process ID and NDI indicated in DCI is used to associate the PTM scheme 1 and PTP transmitting the same TB.



If PTM scheme 1 is used for multicast retransmission scheduling, it is necessary to determine whether the GC-PDCCH for PTM retransmission shares the same monitoring configurations (such as, search space, CORESET, etc.) as the GC-PDCCH for PTM initial transmission. Naturally, there are two options: 
· Option 1: The same monitoring configurations are shared by GC-PDCCH of PTM initial transmission and PTM retransmission;
· Option 2: Configuring separate monitoring configuration for GC-PDCCH of PTM retransmission independently.
For option 1, all the UEs in the multicast transmission group will be disturbed by this retransmission scheduling, including the UEs that have successfully received PTM initial transmission and fed back ACK since they have to decode the PDCCH and only to find out the PDCCH is scheduling retransmission. Some UE behaviors should be clarified. Such as, 
· whether to further decode this PTM retransmission or not?
· whether/how to feed back to this PTM retransmission?
Option 2 is a simple way for avoiding such issues. The UE won’t monitor GC-PDCCH in MO for PTM retransmission anymore if it has already successfully received PTM initial transmission. 
At this stage, from the perspective of accelerating the discussion process, option 2 is more appropriate, which can avoid some extra discussions.
Proposal 3: Monitoring configurations (e.g., CORESETs, Search Spaces, etc.) for GC-PDCCH of PTM retransmission can be configured separately from that for GC-PDCCH of PTM initial transmission. 
3.2	Dynamic UEs grouping
Compared with LTE SC-PTM, one of the most significant features of NR MBS is beam sweeping. As the carrier frequency of NR can be much higher than LTE, NR has to introduce the beam sweeping for broadcast type information (such as, SSB, SIB, paging, etc.) to guarantee the same level of coverage as LTE. During discussion of beam sweeping transmission for RRC_IDLE/RRC_INACTIVE UEs, the following agreement was reached in RAN1#104-e meeting. Then, the association rule between PDCCH MOs and SSBs can be further studied. 
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, the UE may assume that group-common PDCCH/PDSCH is QCL’d with SSB.
· It is up to UE implementation whether UE monitors monitoring occasions corresponding to all SSB indexes or monitoring occasions corresponding to a subset of all SSB indexes. 
· FFS: association rules between SSB indexes and UE monitoring occasions.
· FFS: group-common PDCCH/PDSCH is QCl’d with TRS if configured.



For NR multicast transmission, UEs in the same beam direction will be divided into the same ‘multicast transmission group’, that is, a same CORESET is shared by them for GC-PDCCH monitoring, and determine how to receive the GC-PDCCH according to the TCI state corresponding to the CORESET indicated by MAC-CE. A UE in the group should be configured with a new TCI state for GC-PDCCH monitoring when the beam direction of this UE changed. 
Currently, for a UE specific PDCCH, the network can simply update the TCI state of the CORESET through a MAC-CE, so that the UE can use the new TCI state as the reference for receiving PDCCH in the original CORESET. 
For multicast transmission scheduled by GC-PDCCH, the network cannot change the TCI state of this CORESET as other UEs in the same multicast transmission group still need to receive PDCCH according to the original TCI state of the original CORESET. Therefore, the only way is to configure a new CORESET for the GC-PDCCH monitoring of this UE. This requires an RRC-level reconfiguration, which will bring large delay and a great impact on the QoS of service reception. 
As an example shown in Figure-2, the UE originally served under the beam2 and received the GC-PDCCH within the MO2 determined by the CORESET and searchspace configurations. After the UE moves into the service area of beam1, the network needs to configure a new CORESET with new TCI state and searchspace for the UE, to further schedule the UE to continue receiving GC-PDCCH within the MO1. 


Figure-2: Grouping management of UEs receiving multicast service
Another way for changing UE group dynamically is defining beam sweeping for multicast transmission. More specifically, 
· Configuring CORESET and search space for GC-PDCCH monitoring to a group of UEs receiving the multicast service
· Defining the association between GC-PDCCH MOs and SSBs/CSI-RSs, that is, GC-PDCCH MO1 association RS for beam1 and GC-PDCCH MO2 association RS for beam2, etc. 
· Dynamic switching MOs from MO2 to MO1 for GC-PDCCH monitoring when the UE moves between different beams.
According to the above way, dynamic grouping of UEs for multicast reception can be achieved. 
Proposal 4: For NR multicast, introduce beam sweeping via defining association between MOs of GC-PDCCH and SSBs or CSI-RSs.
3.3	DCI format
As agreed in RAN1#105-e meeting, at least two DCI formats are supported for GC-PDCCH of Rel-17 MBS. One is based on DCI format 1_0, another is based on DCI format 1_1. The remaining issue is detail fields design and DCI size alignment. 
	Agreement:
As a baseline, reuse existing fields in DCI format 1_0 with CRC scrambled by C-RNTI for the fields of first DCI format with CRC scrambled with G-RNTI.
· FFS: how to determine the bitlength of FDRA field.
· FFS: Whether ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’ are needed.
· FFS: How to perform DCI size alignment
· FFS: Whether to include new DCI fields
· Note: All of the fields may not be reused and the size of the fields may not be the same
Agreement:
As a baseline, reuse existing fields in DCI format 1_1 for the fields of the second DCI format with CRC scrambled with G-RNTI.
FFS: whether ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’, ‘Carrier indicator’ and ‘Bandwidth part indicator’ are needed.
FFS: How to perform DCI size alignment
FFS: Whether to include new DCI fields for the second DCI format
Note: All of the fields may not be reused and the size of the fields may not be the same




Bitlength of FDRA field in DCI format 1_0
[bookmark: OLE_LINK5]According to the current rule, the size of FDRA field of DCI format 1_0 in CSS is determined basing on the size of CORESET#0 if CORESET#0 is configured for the cell. Otherwise, the size is determined basing on the size of initial DL BWP. The same rule can also apply to size determination of FDRA field of DCI format 1_0 in Type-x CSS. 

Re-interpretation part fields of DCI format 1_0 and DCI format 1_1
For using DCI format 1_0 and DCI format 1_1 for MBS scheduling, at least the following fields listed in Table-1 are useless, 
Table-1: Useless information fields in DCI format 1_0/1_1 with CRC scrambled by G-RNTI
	DCI format
	Information fields
	Comments

	1_0/1_1
	Identifier for DCI formats – 1 bits
	Not needed as it is DL only.

	1_0/1_1
	TPC command for scheduled PUCCH – 2 bits as defined in Clause 7.2.1 of [5, TS 38.213]
	There are Different TPC adjustment requirements by different UEs.


Regarding ‘Carrier indicator’ in DCI format 1_1, it is beneficially for improving the capacity by supporting multicast transmission on the Scell. And cross-carrier scheduling can also be considered as one way of multicast transmission in Scell. So ‘carrier indicator’ field in DCI format 1_1 can be reused in the second DCI format with CRC scrambled with G-RNTI. 
[bookmark: OLE_LINK20]About ‘Bandwidth part indicator’ in DCI format 1_1, it is also meaningful to switch the active BWP of a group of UEs and transmit the MBS service within the CFR associated with the new active BWP. For example, switch the active BWP of a group of UEs back to the initial BWP and receive the MBS service within the CFR associated with the initial BWP. 
Meanwhile, some additional information may need to be indicated in the DCI for MBS scheduling, e.g., indication of enable/disable HARQ-ACK feedback, etc. Therefore, the saved bits can be re-interpreted to indicate the possible information above. The details can be further studied based on the progress of related topics, e.g., HARQ-ACK feedback, etc.

Further support DCI format 1_2 according to UE capability
DCI format 1_2 is more flexible in terms of DCI size with a higher reliability. The missing functions compared with DCI format 1_1 are dual TB scheduling and CBG transmission and feedback, which are not attractive to the MBS service. About DCI size alignment, the same rule for size alignment between unicast and multicast scheduled by DCI format 1_1 can also be reused for DCI format 1_2. So DCI format 1_2 can be further supported for MBS scheduling according to UE capability with minor spec impact.

[bookmark: OLE_LINK11]Proposal 5: For MBS GC-PDCCH, 
· The bit-length of FDRA field of DCI format 1_0 in Type-x CSS is determined according to the legacy mechanism (It is based on the size of CORESET#0 if CORESET#0 is configured for the cell. Otherwise, the size is determined basing on the size of initial DL BWP. )
· The fields of ‘Identifier for DCI formats’ and ‘TPC command for scheduled PUCCH’ in DCI format 1_0 and 1_1 can be reserved for other functionalities for MBS, e.g., HARQ-ACK feedback activation/deactivation.. 
· [bookmark: OLE_LINK19]The fields of ‘carrier indicator’ and ‘Bandwidth part indicator’ in DCI format 1_1 can be reused in the second DCI format with CRC scrambled with G-RNTI.
· [bookmark: OLE_LINK18]DCI format 1_2 can be further supported according to UE capability. 
3.4	DCI size alignment
As confirmed in RAN1#105-e meeting, at least two DCI formats will be defined for GC-PDCCH, which basing on DCI format 1_0 and DCI format 1_1, and the “3+1” DCI size budget defined in Rel-15 will be maintained for Rel-17 MBS. 
	Agreement:
Confirm the working assumption: 
[bookmark: OLE_LINK25]Keep the “3+1” DCI size budget defined in Rel-15 for Rel-17 MBS.
· [bookmark: OLE_LINK26]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.



As discussed above, the size of FDRA field in GC-PDCCH is determined according to the common frequency resource. Then, UEs in one group for GC-PDCCH reception can have a unified understanding on size of DCI for MBS scheduling. Furthermore, if a same DCI format is used for both unicast and MBS scheduling, it should be further studied for the rule of DCI size alignment when the size budget is exceeded. 
DCI format 1_0
For DCI format 1_0, the DCI size will be determined according to CORESET0 if CORESET0 is configured; otherwise, the DCI size will be determined according to initial DL BWP. 
[bookmark: OLE_LINK4]As UEs in one group for MBS reception belongs to a same serving cell, they will have a common understanding on CORESET0 and initial DL BWP. So the G-RNTI can be counted as “C-RNTI”, and the UEs will determine a same size for DCI format 1_0 reception. And another step(i.e., Step x: align size of DCI format 1_0 with CRC scrambled by G-RNTI with size of DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS) should be inserted into current procedure of DCI format alignment (See Appendix 9.1 of this contribution). 
The following two alternatives can be further considered. 
· Alt.1: step x is performed before step4A. 
· Alt.2: step x is performed between step 4A and step4B. 
More specifically, Alt.1 means aligning the size of DCI format 1_0 with CRC scrambled by G-RNTI with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS first, and then aligning the size of DCI format 1_0 with CRC scrambled by C-RNTI in USS with CSS. 
On the other hand, Alt.2 means aligning the size of DCI format 1_0 with CRC scrambled by C-RNTI in USS with CSS first, and then aligning the size of DCI format 1_0 with CRC scrambled by G-RNTI with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS. 

DCI format 1_1/1_2
For DCI format 1_1/1_2, it better to be counted as “other RNTI”. Then, it is mainly an implementation issue of gNB for keeping number of different DCI sizes within the size budget. Few standardization impacts can be expected.

Proposal 6: Regarding DCI size alignment for GC-PDCCH, 
· DCI format 1_0: it is counted as “C-RNTI”. The following two alternatives can be considered
· Alt.1: aligning the size of DCI format 1_0 with CRC scrambled by G-RNTI with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS first, and then aligning the size of DCI format 1_0 with CRC scrambled by C-RNTI in USS with CSS
· Alt.2: aligning the size of DCI format 1_0 with CRC scrambled by C-RNTI in USS with CSS first, and then aligning the size of DCI format 1_0 with CRC scrambled by G-RNTI with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS
· DCI format 1_1/1_2: they are counted as “other RNTI”, and gNB will ensure that the number of DCI sizes does not exceed budget.
3.5	Search space
During RAN1#105-e meeting, the following agreement on search space set type and monitoring priority for GC-PDCCH was achieved. 
	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
· [bookmark: OLE_LINK24]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




If the type-x CSS is defined as a type-3 CSS, some confusions may be caused by different monitoring priority rules of type-x CSS and current type-3 CSS. More specifically, when type3-CSS further serves as multicast scheduling search space, a same search space of type3-CSS can be configured for DCI format 1_0 with CRC scrambled by C-RNTI and G-RNTI at the same time. For DCI format 1_0 with CRC scrambled by C-RNTI, it will always be monitored. While for DCI format 1_0 with CRC scrambled by G-RNTI, it may be dropped as its monitoring priority depends on the order of search space index comparing with other USSs. That is to say, for the same search space of type3-CSS, there are two judgment results that are conflicting with each other, and this will complicate the monitoring behavior of the UE. 
[bookmark: OLE_LINK21]Then, a possible UE behavior needs to be defined. For example, for DCI format 1_0 with CRC scrambled by C-RNTI and G-RNTI within type-3 CSS, it should always be monitored by the UE. For DCI format 1_1 with CRC scrambled by G-RNTI within type-3 CSS, the UE determines monitoring priority according to search space index and further decides whether to monitor.
Proposal 7: If the type-x CSS is defined as a type-3 CSS, the following UE behavior on Type-3 CSS monitoring should be defined, 
· For DCI format 1_0 with CRC scrambled by C-RNTI and G-RNTI within type-3 CSS, it should always be monitored by the UE. 
· For DCI format 1_1 (and 1_2) with CRC scrambled by G-RNTI within type-3 CSS, the UE determines monitoring priority according to search space index and further decides whether to monitor
Detailed design of GC-PDSCH
4.1	HARQ process management
During RAN1#104b-e meeting, the following agreement on association between initial transmission or re-transmission for multicast based on PTM transmission scheme 1 and PTP re-transmission were achieved. And in RAN1#105-e meeting, the issue on NDI collision issue was further proposed and the following agreement was made for further study whether/how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast. 
	[bookmark: OLE_LINK15][bookmark: OLE_LINK12]Agreement: in RAN1#104b-e
[bookmark: OLE_LINK27]The same HARQ process ID and NDI are used for PTM scheme 1 (re)transmissions and PTP retransmissions of the same TB.
Agreement: in RAN1#105-e
For HARQ process management, further study whether/how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast.



The HPID is shared among unicast and multicast transmission. When a HPID is used for multicast scheduled by PTM PDCCH, it is difficult to guarantee that the NDI in PTM PDCCH is toggled relative to that in each UE’s latest PTP PDCCH for unicast. 
[bookmark: OLE_LINK3]If a UE misses the PTM PDCCH, a PTP PDCCH for scheduling the retransmission of this multicast TB may be detected by the UE. According to the current agreement above, the value of NDI in the PTP PDCCH is same as that in the PTM PDCCH. And it can be the same as the NDI in the UE’s latest PTP PDCCH corresponding with the same HPID. Then, the UE will erroneously soft-combine the received TB(a retransmission of multicast TB) scheduled by PTP PDCCH with the HARQ buffer if it was NACK’ed for the latest unicast transmission. 
Two potential ways can be considered to avoid the above errors, 
· Alt.1: Introducing an indicator in the PTP PDCCH to distinguish the PDSCH scheduled by the PTP PDCCH is a multicast TB or a unicast TB; 
· [bookmark: OLE_LINK16]Alt.2: Seting the value of the NDI in the PTP PDCCH for scheduling the retransmission of multicast TB to be toggled relative to the NDI in the UE’s latest PTP PDCCH for scheduling a unicast TB with the same HPID. 
Alt.1 is a straightway way. The disadvantage is that the DCI size of PTP PDCCH will be increased and the reliability of all unicast PDCCHs will be reduced.
Table-2 gives an example of Alt.2, as the value of NDI in PTP PDCCH for scheduling the retransmission of multicast is always toggled comparing with that in the latest PTP PDCCH for unicast scheduling, there will be no erroneously soft-combination anymore even if the PTM PDCCH is missed. On the other hand, if the PTM PDCCH is received, the NDIs of PTM and PTP retransmission will not be always same. Then, the UE can assume that a new TB is scheduled by the PTP PDCCH, through which erroneous soft-combination can be avoided. 
[bookmark: OLE_LINK8]Table-2: NDI values in different PDCCHs with same HPID
	UE
	Latest PTP PDCCH for unicast scheduling
	PTM PDCCH for multicast scheduling
	PTP PDCCH for scheduling the retransmission of multicast

	UE1
	NDI = 0
	NDI = 1
	NDI = 1

	UE2
	NDI = 1
	NDI = 1
	NDI = 0



According to the above analysis, Alt.2 can avoid erroneous combination without adding DCI size, which is preferred. 
Proposal 8: Regarding how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast, 
· The value of the NDI in the PTP PDCCH for scheduling the retransmission of multicast TB can is toggled relative to the NDI in the UE’s latest PTP PDCCH for scheduling a unicast TB with the same HPID.
4.2	SPS-based MBS transmission
The following agreements on SPS-based MBS transmission were achieved during previous RAN1 e-meetings. Some remaining issues will be discussed below.
	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
[bookmark: _GoBack]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
· [bookmark: OLE_LINK14]FFS: Whether UE-specific PDCCH is supported for activation/deactivation
Agreement:
[bookmark: OLE_LINK31]For reliability of the group-common PDCCH activation of SPS group-common PDSCH, support at least one of the following alternatives.
· [bookmark: OLE_LINK29]Alt 1: retransmit the activation command via group-common PDCCH.
· Alt 2: retransmit the activation command via UE-specific PDCCH.
· Alt 3: retransmit the activation command via MAC-CE.
· FFS other details.
· Note: Down-selection can take into account the HARQ-ACK feedback scheme for SPS activation




UE-specific activation PDCCH
There may be two potential methods for SPS GC-PDSCH activation or deactivation, i.e. GC-PDCCH and UE-specific PDCCH. The activation and deactivation via GC-PDCCH has already been supported. The following analyzes the necessity of further supporting the activation and deactivation using UE-specific PDCCH.
Undoubtedly, activation or deactivation of a SPS transmission by a GC-PDCCH is applicable to indicate or change the scheduling parameters or stop the transmission for a group of UEs. 
The question is that if a new UE joins in the MBS service group after the activation, whether a GC-activation PDCCH can also be used for the new joined UE. Some companies concerned that the GC-activation PDCCH without any parameter update will disturb irrelevant UEs. In practice, however, the UE anyway needs to monitor the GC-activation PDCCH according to the configuration of search space set and CORESET. This does not cause extra blind detection overhead for these UEs. So it does not seem to be a problem for using GC-PDCCH to reactivate the SPS transmission for the new joined UE.
For deactivation PDCCH, if a UE does not want to receive the SPS transmission for a MBS service, the UE will unsubscribe this MBS service. This is a question about whether a deactivation PDCCH is still required to be transmitted after the UE has already stopped to receive this SPS transmission.
Therefore, it is unnecessary to further support UE-specific PDCCH as activation/de-activation PDCCH under the prerequisite that GC-PDCCH has already be supported for activating/deactivating an SPS transmission. 
Proposal 9: UE-specific PDCCH is not needed for activation/deactivation of an SPS GC-PDSCH given that group-common PDSCH has already been supported. 

Retransmission scheme of the activation command
[bookmark: OLE_LINK28]GC-PDCCH has supported for the initial transmission of the activation command. If NACK-only is supported and configured for SPS-based MBS transmission, only GC-PDCCH can be used for retransmitting the activation command. So it naturally takes the GC-PDCCH as a baseline mechanism for retransmitting the activation commands. 
Some companies believe that higher reliability can be obtained by supporting UE-specific PDCCH for retransmission of the activation command. From our point of view, the GC-PDCCH can also achieve the same reliability as the UE-specific PDCCH by setting the transmission parameters (such as, beam, AL, etc.) of the GC-PDCCH according to the UE missed to detect the activation command. Then, the motivation is not so clear for further supporting UE-specific PDCCH for the initial transmission of the activation command. 
Regarding retransmitting the activation command via MAC-CE, it will obviously bring about a larger indication delay in both information generation and processing. In addition, if the PDSCH carrying the MAC-CE is not decoded correctly by the UE and needs to be retransmitted, the time domain location of the retransmission PDSCH will be limited to avoid PDSCH re-coding. 
As an example shown in Figure-3, PDSCH 2 carrying activation command is not decoded by the UE. According to the description of MAC-CE scheme[5], the slot that are aligned with those in the original group-based SPS activation PDCCH should be indicated in the MAC-CE. There may be two pontential ways for slot indication, one is indicating the absolute time of the original activation PDCCH, another is relative time (i.e., a slot offset) between PDSCH carrying MAC-CE and the original activation PDCCH or SPS PDSCH. The former mode introduces a large signaling overhead, which does not seem appropriate. If the latter mode is adopted, the retransmission PDSCH (i.e., PDSCH4) should be scheduled by considering the location of the original activation PDCCH or SPS PDSCH. That is, the same slot offset between the PDSCH carrying the activation command and the the original activation PDCCH or SPS PDSCH should be maintained. In the example case of Figure-3, only slot 7 can be used for scheduling PDSCH4. This greatly affects scheduling flexibility. 
[bookmark: OLE_LINK30]Observation 1: Compared with retransmission of activation command via DCI, MAC-CE scheme introduces a larger indication delay and additional scheduling restriction.
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Figure-3: Example case of retransmit the activation command via MAC-CE
Proposal 10: NR MBS supports to retransmit the activation command via GC-PDCCH. 
Enhancement of Broadcast for RRC_CONNECTED UEs
In RAN1#103-e meeting, it is agreed that the same GC-PDCCH and the corresponding scheduled GC-PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs for broadcast reception. In this sub-clause, we present our discussion of potential enhancement of broadcast mechanism for UEs under RRC_CONNECTED state. 
	Agreements: From physical layer perspective, for broadcast reception, the same group-common PDCCH and the corresponding scheduled group-common PDSCH can be received by both RRC_IDLE/RRC_INACTIVE UEs and RRC_CONNECTED UEs.
· FFS details.


[bookmark: OLE_LINK7]
For UEs under RRC_IDLE/RRC_INACTIVE states, it is hard or impossible to guarantee the QoS of broadcast service. However, for UEs under RRC_CONNECTED state, it is possible to have some means to further guarantee the QoS of broadcast service. For example, HARQ-ACK feedback may be theoretically beneficial for RRC_CONNECTED UEs since unicast based retransmission can be used to improve reliability. However, it may need further discussion on whether to support better broadcast QoS for RRC_CONNECTED UEs than RRC_IDLE/RRC_INACTIVE UEs.
[bookmark: OLE_LINK6]Proposal 11: RAN1 further studies whether to support HARQ-ACK feedback for broadcast service for UEs under RRC_CONNECTED state.
Conclusion
In this contribution, the discussion and analysis on mechanisms for group scheduling for RRC_CONNECTED UEs are presented with the following observation and proposals.
Common frequency resource
Proposal 1: CFR can be configured larger than active downlink BWP, if the active downlink BWP is the initial BWP defined by CORESET#0. 
· Prioritize the corresponding discussion in RRC IDLE/INACTIVE state to strive for a consistent solution for all RRC states
Proposal 2: Regarding the CFR configuration, 
· More than one CFR can be supported per dedicated unicast BWP.
· The reference of starting PRB for CFR is Point A.
· The parameters configured under the dedicated unicast BWP can be used for MBS transmission if these parameters are not configured under the CFR.

Detailed design of GC-PDCCH
Proposal 3: Monitoring configurations (e.g., CORESETs, Search Spaces, etc.) for GC-PDCCH of PTM retransmission can be configured separately from that for GC-PDCCH of PTM initial transmission. 
Proposal 4: For NR multicast, introduce beam sweeping via defining association between MOs of GC-PDCCH and SSBs or CSI-RSs.
Proposal 5: For MBS GC-PDCCH, 
· The bit-length of FDRA field of DCI format 1_0 in Type-x CSS is determined according to the legacy mechanism (It is based on the size of CORESET#0 if CORESET#0 is configured for the cell. Otherwise, the size is determined basing on the size of initial DL BWP. )
· The fields of ‘Identifier for DCI formats’ and ‘TPC command for scheduled PUCCH’ in DCI format 1_0 and 1_1 can be reserved for other functionalities for MBS, e.g., HARQ-ACK feedback activation/deactivation.. 
· The fields of ‘carrier indicator’ and ‘Bandwidth part indicator’ in DCI format 1_1 can be reused in the second DCI format with CRC scrambled with G-RNTI.
· DCI format 1_2 can be further supported according to UE capability. 
Proposal 6: Regarding DCI size alignment for GC-PDCCH, 
· DCI format 1_0: it is counted as “C-RNTI”. The following two alternatives can be considered
· Alt.1: aligning the size of DCI format 1_0 with CRC scrambled by G-RNTI with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS first, and then aligning the size of DCI format 1_0 with CRC scrambled by C-RNTI in USS with CSS
· Alt.2: aligning the size of DCI format 1_0 with CRC scrambled by C-RNTI in USS with CSS first, and then aligning the size of DCI format 1_0 with CRC scrambled by G-RNTI with DCI format 1_0 with CRC scrambled by C-RNTI monitored in CSS
· DCI format 1_1/1_2: they are counted as “other RNTI”, and gNB will ensure that the number of DCI sizes does not exceed budget.
Proposal 7: If the type-x CSS is defined as a type-3 CSS, the following UE behavior on Type-3 CSS monitoring should be defined, 
· For DCI format 1_0 with CRC scrambled by C-RNTI and G-RNTI within type-3 CSS, it should always be monitored by the UE. 
· For DCI format 1_1 (and 1_2) with CRC scrambled by G-RNTI within type-3 CSS, the UE determines monitoring priority according to search space index and further decides whether to monitor

Detailed design of GC-PDSCH
Proposal 8: Regarding how to differentiate the HARQ process ID used for PTP (re)transmission for unicast and PTP retransmission for multicast, 
· The value of the NDI in the PTP PDCCH for scheduling the retransmission of multicast TB can is toggled relative to the NDI in the UE’s latest PTP PDCCH for scheduling a unicast TB with the same HPID.
Proposal 9: UE-specific PDCCH is not needed for activation/deactivation of an SPS GC-PDSCH given that group-common PDSCH has already been supported. 
Observation 1: Compared with retransmission of activation command via DCI, MAC-CE scheme introduces a larger indication delay and additional scheduling restriction.
Proposal 10: NR MBS supports to retransmit the activation command via GC-PDCCH. 

Enhancement of Broadcast for RRC_CONNECTED UEs
Proposal 11: RAN1 further studies whether to support HARQ-ACK feedback for broadcast service for UEs under RRC_CONNECTED state.
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Appendix
[bookmark: _Toc26467244][bookmark: _Toc36046205][bookmark: _Toc51852441][bookmark: _Toc19798773][bookmark: _Toc36045945][bookmark: _Toc29327755][bookmark: _Toc45209268][bookmark: _Toc29326605][bookmark: _Toc74668500][bookmark: _Toc36046351]9.1	DCI size alignment
If necessary, padding or truncation shall be applied to the DCI formats according to the following steps executed in the order below:
...
Step 3:
-	If both of the following conditions are fulfilled the size alignment procedure is complete
-	the total number of different DCI sizes configured to monitor is no more than 4 for the cell 
-	the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell
Step 4:
-	Otherwise 
Step 4A:
-	Remove the padding bit (if any) introduced in step 2 above.

-	Determine DCI format 1_0 monitored in a UE-specific search space according to clause 7.3.1.2.1 where  is given by
-	the size of CORESET 0 if CORESET 0 is configured for the cell; and
-	the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.

-	Determine DCI format 0_0 monitored in a UE-specific search space according to clause 7.3.1.1.1 where  is the size of the initial UL bandwidth part. 
-	If the number of information bits in the DCI format 0_0 monitored in a UE-specific search space prior to padding is less than the payload size of the DCI format 1_0 monitored in UE-specific search space for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_0 monitored in a UE-specific search space until the payload size equals that of the DCI format 1_0 monitored in a UE-specific search space.
-	If the number of information bits in the DCI format 0_0 monitored in a UE-specific search space prior to truncation is larger than the payload size of the DCI format 1_0 monitored in UE-specific search space for scheduling the same serving cell, the bitwidth of the frequency domain resource assignment field in the DCI format 0_0 is reduced by truncating the first few most significant bits such that the size of DCI format 0_0 monitored in a UE-specific search space equals the size of the DCI format 1_0 monitored in a UE-specific search space. 
Step 4B:
-	If the total number of different DCI sizes configured to monitor is more than 4 for the cell after applying the above steps, or if the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell after applying the above steps 
-	If the number of information bits in the DCI format 0_2 prior to padding is less than the payload size of the DCI format 1_2 for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_2 until the payload size equals that of the DCI format 1_2.
-	If the number of information bits in the DCI format 1_2 prior to padding is less than the payload size of the DCI format 0_2 for scheduling the same serving cell, zeros shall be appended to the DCI format 1_2 until the payload size equals that of the DCI format 0_2.
Step 4C:
-	If the total number of different DCI sizes configured to monitor is more than 4 for the cell after applying the above steps, or if the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell after applying the above steps 
-	If the number of information bits in the DCI format 0_1 prior to padding is less than the payload size of the DCI format 1_1 for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_1 until the payload size equals that of the DCI format 1_1.
-	If the number of information bits in the DCI format 1_1 prior to padding is less than the payload size of the DCI format 0_1 for scheduling the same serving cell, zeros shall be appended to the DCI format 1_1 until the payload size equals that of the DCI format 0_1.
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