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During RAN#88e 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#103-e meeting, some main issues about group scheduling mechanism for MBS transmission were further discussed, and some agreements and working assumption were made [2] as listed in the Appendix. In this contribution, we focus on details of mechanism to allow UEs in RRC_CONNECTED to receive Broadcast/Multicast service. 
Common frequency resource
Common frequency resource configuration for MBS transmission was discussed during RAN1#103e meeting and the following working assumption and agreements were reached. 
	Working assumption: 
For multicast of RRC-CONNECTED UEs, a common frequency resource for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP to support simultaneous reception of unicast and multicast in the same slot
· Down select from the two options for the common frequency resource for group-common PDCCH/ PDSCH
· Option 2A: The common frequency resource is defined as an MBS specific BWP, which is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)
· FFS BWP switching is needed between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP
· [bookmark: OLE_LINK1]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

Agreements: For RRC_IDLE/RRC_INACTIVE UEs, define/configure common frequency resource(s) for group-common PDCCH/PDSCH.
· the UE may assume the initial BWP as the default common frequency resource for group-common PDCCH/PDSCH, if a specific common frequency resource is not configured.
· FFS: the relation of the common frequency resource(s) (if configured) and initial BWP.
· FFS: whether to configure one/more common frequency resources
FFS: configuration and definition details of the common frequency resource


[bookmark: OLE_LINK8]It was agreed that the initial DL BWP can be served as the default common frequency resource for group-common PDCCH/PDSCH, if a specific common frequency resource is not configured for RRC_IDLE/INACTIVE UEs. For UEs in RRC_CONNECTED states, two options of common frequency resource definition are on the table. One is defining an ‘MBS specific BWP’, and another is using an ‘MBS frequency region’ within the dedicated unicast BWP. 
In the following parts, our analysis and suggestions on common frequency resource are provided.
Configuration of common frequency resource 
Literally, common frequency resource gives a frequency-domain range for MBS traffic transmission. More importantly, the transmission parameters to be used for MBS operating on this frequency-domain range should also be considered. For unicast transmission, the parameters configuration related with PDCCH monitoring, PDSCH reception and measurement can be provided under the framework of BWP. For MBS transmission, a UE with the lowest capability in one MBS group should be taken into account during determination of MBS transmission parameters. Then, some features, e.g., MIMO related function may be limited. If the same transmission parameters are shared by unicast and MBS, i.e., the restriction for MBS transmission is also applied to unicast transmission of each UE in the group, the efficiency of unicast transmission will degraded unnecessarily. 
So it is helpful to configure different parameters for MBS and unicast transmission. 
It is also important for UEs in different RRC states to have a unified understanding of common frequency resource. For example, a UE camps on a cell and starts to receive broadcast service in RRC_IDLE state. When a unicast service arrives, the UE enters RRC_CONNECTED states and receives the unicast service by using the dedicated unicast BWP. And it is reasonable that the broadcast service reception should not be affected by the above RRC states changes. That is to say, common frequency resource configured for MBS services for a UE in RRC_IDLE state should be still valid after the UE enters RRC_CONNECTED state. 
Furthermore, to minimize the standardization complexity, it is also better to adopt a unified method to provide configuration for broadcast and multicast.
[bookmark: OLE_LINK2]As preliminary simulation results shown in [3], the MBS transmission using SFN mode from multiple TRPs has obvious performance gains comparing with no SFN mode. Therefore, SFN mode may serve as a typical mode for network deployment and is potentially standardized in future releases. For that, a different numerology, e.g., a larger CP, will be involved for MBS transmission for fighting against more abundant multi-paths. Then, forward compatibility should be considered during the determination of parameter configuration method for MBS transmission. 
[bookmark: OLE_LINK3]Proposal 1: Both frequency domain range and the corresponding MBS transmission parameters are configured for common frequency resource. 
· RAN1 strives for a unified method to provide configuration for common frequency resource for UEs in different RRC states and for both multicast and broadcast.
· RAN1 strives for a method with forward compatibility, e.g., configuring different numerologies for unicast and MBS in the future release.
Comparison of different options
The concept of BWP has been introduced since NR R15. It is not only used to describe a frequency range, but also for providing BWP-specific parameter configuration for the traffic reception within the frequency range. So option 2A can straightforwardly support to configure parameters different from unicast parameters for multicast transmission. For example, using PDCCH-config and PDSCH-config under MBS BWP for MBS transmission parameters configuration, which is independent of unicast transmission. 
While for option 2B, it seems only related to how to configure the frequency range for multicast transmission. However, the determination of other transmission parameters still needs further discussion. And there are two possibilities: 
· Reusing the transmission parameters configured for dedicated unicast BWP: as discussed in section 2.1, this restricts the configuration of unicast transmission parameters, which results in a lower efficiency for unicast transmission. 
· Defining a new signaling framework for MBS transmission parameters configuration: we have to discuss the set of configuration parameters essential for MBS transmission, and further define the signaling structure in RAN2. Additional standardization efforts are inevitable.
It has agreed in RAN1#103-e meeting that the initial DL BWP can be served as the default common frequency resource for group-common PDCCH/PDSCH, if a specific common frequency resource is not configured for RRC_IDLE/INACTIVE UEs. As discussed and proposed in our contribution[4], considering the resource congestion issue caused by the restriction of multicast transmission within the initial DL BWP, an MBS BWP larger than the initial DL BWP is expected to be configured. 
Then, the BWP configurations (initial DL BWP or configured MBS BWP) for MBS transmission in RRC_IDLE/INACTIVE should be inherited after the UE enters RRC_CONNECTED states as shown in Figure-1. Then, a unified understanding on frequency range and parameters for MBS transmission can be kept for UEs in different RRC states by defining the common frequency resource as an MBS BWP.
[image: ]
Figure-1: MBS BWP in different RRC states
[bookmark: OLE_LINK9]Another flexibility for reusing BWP framework is that some basic parameters, e.g., numerology, can be configured differently comparing with that of dedicated unicast BWP. This provides the possibility for forward compatibility towards the case that different numerologies for MBS and unicast in different BWPs. For option 2B, the numerology of unicast and MBS within a same dedicated unicast BWP shall be the same as it is configured under the same BWP. 
For receiving unicast and MBS simultaneously, the MBS BWP and unicast BWP can be activated at the same time, which is similar as simultaneous reception in CORESET0 and dedicated unicast BWP if including CORESET0. Following the same restriction of CORESET0 and dedicated unicast BWP, i.e., same numerology and CORESET0 is included within the dedicated unicast BWP, we believe that simultaneous reception is possible, and no BWP switch is needed. More specifically, there is no change of center frequency, RF bandwidth, FFT size and sampling frequency, etc. for receiving MBS in MBS BWP and unicast in unicast BWP. 
Therefore, we have the following observation on the definition of common frequency resource and we prefer to reuse the BWP framework. 
Observation 1: Compared with ‘MBS frequency region’, MBS BWP is a more appropriate solution to configure common frequency resource considering the comparison shown in Table-1.
Table-1: comparison of different options for common frequency resource configuration
	
	Option 2A: MBS BWP
	Option 2B: MBS frequency region

	Standardization effort on parameter configuration
	low
	high

	Unified Configurations for UEs in Different RRC states
	yes
	no

	Forward compatibility
	yes
	no

	Switching delay
	no
	no


Proposal 2: MBS BWP is defined as common frequency resource for MBS transmission.
· In Rel-17 NR MBS, the MBS BWP is confined within UE’s unicast BWP, and the numerology is the same as unicast BWP.
Details of MBS BWP
For flexibility, the combinations of BWPs that can be activated at the same time can be configured through RRC signaling. And each BWP within the combination can be activated together or independently. Naturally, the MBS BWP can be activated or deactivated dynamically according to the MBS traffic status in the network or changes of UE's interest in multicast service reception. For that, a BWP ID should be configured for the MBS BWP. 
On the other hand, the unicast BWP can also be deactivated if there is no unicast traffic for a certain period. For example, a UE enters RRC_CONNECTED state only for receiving multicast services with a higher QoS. Then, the MBS BWP is activated independently.
Proposal 3: A BWP ID is configured for the MBS BWP for activating/deactivating it dynamically and independently. 
Regarding unicast reception in the MBS BWP, we think it is mainly an implementation issue for gNB. The gNB can decide whether to schedule unicast PDSCH in the range of MBS BWP, and no need to restrict it in the specification. 
Another open issue is “FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities”. It seems there is no obvious motivation to configure multiple MBS BWPs for one UE. In Rel-17, RAN1 can focus on one common frequency resource per UE instead of more than one.
Proposal 4: In Rel-17, RAN1 focuses on one common frequency resource (i.e., MBS BWP) per UE instead of more than one.
Detailed design of group-common PDCCH
Search space set and CORESET for group-common PDCCH
During RAN1#103e meeting, the following agreements were achieved.
	Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options.
· Option 1: Define a new search space type specific for multicast 
· Option 2: Reuse the existing CSS type(s) in Rel-15/16
· FFS: whether modifications are needed for multicast 
· Option 3: Reuse the existing USS in Rel-15/16 with necessary modifications for MBS
· FFS: detailed modifications 


A new type of common search space set (e.g., Type x-PDCCH CSS set) can be defined for the group-common PDCCH. The CORESET for group-common PDCCH is configured within the MBS BWP. Naturally, the number of CORESETs complies with the restriction to that in the traditional unicast BWP, i.e., 3.
Furthermore, 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 NR MBS to guarantee the same level of coverage as LTE. Then, the association relationship between PDCCH MOs and SSBs/CSI-RSs can be defined through RRC signaling. 
Proposal 5: Regarding Rel-17 NR MBS
· Define a new Type x-PDCCH CSS set for the group common PDCCH. 
· At most 3 CORESETs can be configured within the MBS BWP. 
· Define association between PDCCH MOs and SSBs or CSI-RSs for group-common PDCCH transmission.

And there may be two options for transmission of group-common PDCCH and corresponding PDSCH: 
Option1: gNB is aware of the beam information of each UE, and a partial beam sweep is enough. 
Option2: gNB is not aware of the beam information of each UE, full beam sweep is required, similar as Paging.
For broadcast, it is fine to perform full beam sweep (i.e., option 2) as UEs in all beam directions are potential users of broadcast transmission.
However, for multicast, the network is aware of which UEs are in the group, network can transmit the multicast PDCCH/PDSCH in the expected beam direction (partial beam sweeping), instead of in all the beam directions. Thus, in order to reduce the resource overhead and power consumption, network can use Option 1. One issue to be considered is to manage beam information for MBS transmission to a UE dynamically as shown in Figure-2. 
[image: ]
Figure-2: Beam management for MBS transmission
Proposal 6: Beam sweeping transmission should be supported in Rel-17 NR MBS
· Considering full beam sweep for broadcast transmission.
· Considering partial beam sweep for multicast transmission.
DCI format
[bookmark: OLE_LINK10]MBS service specific G-RNTI can be configured to UE, and DCI format 1_0 scrambled with the G-RNTI can be defined as a baseline format for MBS group scheduling. For capacity improvement, e.g., by enabling MIMO feature, another DCI format can be further supported optionally. The optional DCI format can base on either DCI format 1_1 or DCI format 1_2. 
In this sense, most of the Rel-15/Rel-16 unicast functionalities can be reused for Rel-17 NR MBS. 
Proposal 7: For MBS group PDCCH, 
· DCI format 1_0 can be defined as a baseline DCI format. 
· An optional DCI format based on either DCI format 1_1 or DCI format 1_2 can be further supported for capacity improvement. 
BDs/CCEs
Regarding BDs/CCEs limit for Rel-17 MBS, two options are raised during RAN1#103e meeting for down selection. 
	Agreements: Down select from the two options for BDs/CCEs limit for Rel-17 MBS
· Option 1: the maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.



From our point of view, option 2 is preferred. First of all, a similar mechanism has been supported for multi-DCI based multi-TRP in Rel-16, which can be seen as an existing feature for CA UE. 
And it is also helpful to apply this feature to group-common PDCCH monitoring. As discussed in previous section, a new type of CSS can be used for the group-common PDCCH. Then, according to the current rule of PDCCH mapping priority, i.e., CSS is higher than USS, people may concern about the reasonability on MBS scheduling PDCCH does always have an higher priority than that of unicast scheduling PDCCH in USS, and the potential impact on unicast PDCCH transmission, i.e., a higher probability to be dropped. The above problems will be greatly alleviated by reusing the budget of BDs/CCEs of an unused CC for group-common PDCCH. 
Proposal 8: For MBS group PDCCH, 
· The monitoring priority of search space set for MBS is the same as existing Rel-15/16 CSS. 
· The budget of BDs/CCEs of an unused CC for group-common PDCCH can be used for UEs supporting CA capability in Rel-17 MBS. 
DCI size alignment
As agreed in RAN1#103e, the FDRA field of group-common PDCCH is interpreted based on the common frequency resource. 
	Agreements: For PTM transmission scheme 1, if Option 2A or Option 2B for common frequency resource for group-common PDCCH/PDSCH is agreed, the FDRA field of group-common PDCCH is interpreted based on the common frequency resource.


Correspondingly, the DCI size of group-common PDCCH is also determined according to the common frequency resource. Then, UEs in one group for group-common 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 they will determine a same size for DCI format 1_0 reception. Thus, the same mechanism can be reused for determination the size of DCI for group scheduling. 
DCI format 1_x
If DCI format 1_x is further supported for group-common PDCCH, it better to be counted as other RNTI. Then, it is mainly an implementation issue of gNB for keeping number of different DCI size within the size budget. Few standardization impacts can be expected.
Proposal 9: Regarding DCI size alignment used for group-common PDCCH, 
· DCI format 1_0: Current mechanism can be reused for aligning the size of DCI format 1_0 for group-common PDCCH and unicast PDCCH. 
· DCI format 1_x: it is counted as other RNTI (i.e., “1” in the “3+1” budget), and gNB will ensure that the number of DCI sizes does not exceed budget.
Detailed design of group-common PDSCH
HARQ process management
For HARQ process management between unicast and MBS, there are three options as follows, 
· Option 1: HPNs are shared between MBS and unicast transmission, and a same HARQ entity is used by them;
· Option 2: as shown in Figure-3, HPNs are separated between MBS and unicast, and different HARQ entities are used for MBS and unicast, respectively;
· Option 3: as shown in Figure-4, HPNs are separated for unicast and each MBS service, and an MBS service specific HPN entities will be required.
[image: ]
Figure-3: Separated HPNs between MBS and unicast
[image: ]
Figure-4: Per MBS service HPN management 
For option 1, the manner of HPNs split between unicast and multicast should be considered. Semi-static split is a simplest way. However, this manner is not flexible and the HPNs may not be fully used. For dynamic splitting, the HPNs can be used for MBS will be impacted by HPNs used for unicast by all UEs in one group, which will cause a restriction. For example, a HPN can be used for MBS only if it is not used for unicast by any UEs. 
Option 2 can relieve the above problems by decoupling unicast and MBS, i.e., using different HARQ entities. However, the same problem still exists among different MBS services. For example, a HPN can be used for an MBS service only if it is not used for any other MBS service. 
The above problem seems to be solved by option 3 completely. From this perspective, we slightly prefer option 3. 
Proposal 10: Regarding HARQ process management, the following three options can be considered for further down selection, 
· Option 1: HPNs are shared between MBS and unicast transmission, and a same HARQ entity is used by them;
· Option 2: HPNs are separated between MBS and unicast, and different HARQ entities are used for MBS and unicast, respectively;
· [bookmark: _GoBack]Option 3: HPNs are separated for unicast and each MBS service, and an MBS service specific HPN entity is required for each MBS service.
Scheduling mechanism for re-transmission
Both PTP transmission and PTM transmission scheme 1 can be used for retransmission of an MBS TB. The system efficiency will be improved through dynamic selection of two retransmission schemes. For example, if most of UEs within the group fail to receive an MBS TB and feedback NACK to the network, PTM transmission scheme 1 can be selected for retransmission. While for the case that only a few UEs fail to receive the MBS TB, then, PTP transmission is more suitable for retransmission, in which case a higher MCS and more suitable PMI/RI can be used. Furthermore, using PTP for retransmission can release the HARQ process for MBS. 
Proposal 11: Rel-17 MBS supports both PTP transmission and PTM transmission scheme 1 for retransmission.
One issue of using PTP for MBS transmission is how to indicate the association between an MBS TB initially transmitted via PTM scheme 1 and the one transmitted through PTP retransmission. In this case, the MBS TB should be indicated in PTP retransmission scheduling DCI. 
The issue is related with the management manner of the HARQ process number between unicast and MBS as discussed in section 4.1. The corresponding indication methods under each HARQ process management options are listed in Table-2. 
Table-2: MBS TB indication in PTP retransmission scheduling DCI
	HPN management
	Indication method

	Option 1
	HPN used for initial transmission

	Option 2
	HPN used for initial transmission
Distinguishing indication between MBS and Unicast, e.g., 1 bit indication field in DCI

	Option 3
	HPN used for initial transmission
[bookmark: OLE_LINK12]Distinguishing indication among unicast and different MBS services


Proposal 12: Corresponding with different HPN management options, different indication methods of MBS TB in PTP retransmission can be considered to associate with PTM initial transmission, 
· Option 1: HPN used for initial transmission;
· Option 2: HPN used for initial transmission and distinguishing indication between MBS and Unicast;
· Option 3: HPN used for initial transmission and distinguishing indication among unicast and different MBS services.
Detailed design of SPS-based MBS transmission
It was agreed that SPS group-common PDSCH for MBS for RRC_CONNECTED UE is supported. 
	Agreements: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs
· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation
· FFS: whether to support more than one SPS group-common PDSCH configuration per UE
· FFS: whether and how uplink feedback could be configured
· FFS: retransmission of SPS group-common PDSCH


There may be two potential methods for SPS group-common PDSCH activation or deactivation, i.e. group-common PDCCH and UE-specific PDCCH.
Group-common PDCCH
Similar as PTM scheme 1, the activation or deactivation PDCCH is received by a group of UEs and the CRC is scrambled by a group-common RNTI. After receiving the activation or deactivation PDCCH, the SPS PDSCH is activated or deactivated simultaneously for the group of UEs. After a SPS-based MBS transmission is activated, if a new UE is interested in the MBS carried by the SPS PDSCH, the activation PDCCH should be sent again for the group of UEs. In this case, the activation PDCCH should be transmitted more than one time even though the scheduling parameters are not changed. Alternatively, a UE-specific PDCCH can be sent to activate SPS PDSCH only for this UE. If a UE does not want to receive this SPS PDSCH, a UE-specific deactivation PDCCH should be sent for this UE. However, the group-common PDCCH cannot be used since it will deactivate the SPS PDSCH for all the UEs in the group. Therefore, group-common deactivation PDCCH can be used only when the network changes the scheduling parameters. It can be seen that at least UE-specific deactivation is still needed.
UE-specific PDCCH
Similarly as PTM scheme 2, the activation or deactivation PDCCH is received by only one UE. The activation PDCCH is transmitted to a UE when it requests to receive an MBS. If a UE no longer wants to receive an MBS, the deactivation PDCCH can be transmitted to the UE without impact on other UEs. This avoids repeated reception of activation/deactivation signaling by other UEs. Compared with PTM scheme 2, the benefit of the PDCCH overhead reduction is more prominent since less PDCCH is transmitted. In addition, the current mechanism for the HARQ-ACK feedback can be reused without any modification. The existing DCI format for unicast PDSCH scheduling, i.e., DCI format 1_0/1_1/1_2, can be reused for SPS activating/deactivating.
According to the discussion above, UE-specific activation/deactivation should be supported first.
In Rel-16, more than one SPS configurations were introduced. For multicast scheduling, one multicast service can correspond to one SPS configuration. This is beneficial for the network scheduling because generally different multicast services with different requirements may need different scheduling configuration. This is also beneficial for the UE reception because the UE just needs to receive the corresponding SPS if it is interested in a multicast service.
In NR, some multicast services require high QoS. The reliability improvement on the multicast for RRC_CONNECTED UE is also an important feature. Therefore, uplink feedback for SPS should also be supported. When more than one SPS configurations were introduced in Rel-16, the HARQ-ACK feedback is also enhanced. For the UE-specific activation or deactivation, the current mechanism can be reused. If the group-common activation or deactivation is introduced, the current mechanism can be used with some modifications based on the enhancements of uplink feedback for PTM scheme 1. 
In NR, only dynamic scheduling is supported for retransmission. The same retransmission mechanism is shared by the grant-based and SPS transmission and the only difference is the scrambling RNTI. Therefore, for the retransmission of SPS-common PDSCH, the design for the retransmission for PTM transmission scheme 1 can be reused.
Proposal 13: For SPS-based MBS transmission, the following features are supported, 
· UE-specific activation/deactivation
· More than one SPS group-common PDSCH configuration for MBS transmissions
· Uplink feedback for SPS group-common PDSCH
· Retransmission of SPS group-common PDSCH, the design for the retransmission for PTM transmission scheme 1 can be reused for it 
Enhancement of Broadcast for RRC_CONNECTED UEs
In RAN1#103e meeting, it is agreed that 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 for broadcast reception. In this sub-clause, we present our discussion of potential enhancement of broadcast mechanism for UEs under RRC_CONNECTED. 
	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.


In Rel-15/Rel-16, NR has specified some UE capabilities regarding the maximum number of unicast PDSCHs UE can receive per slot. It is likely that Rel-17 will determine similar UE capabilities for broadcast/multicast. For multicast, network is possible to guarantee that the maximum number of PDSCHs per slot is not larger than the corresponding UE capability. However, for broadcast, network may not know which UEs are receiving which broadcast service. In this case, it is likely that the maximum number of PDSCHs per slot that the UE is interested in may exceed the UE’s capability. One way to address this issue is to let UE to report its interested broadcast service if UE is under RRC_CONNECTED state. Then network can try its best to avoid such kind of undesired scheduling for this UE.
[bookmark: OLE_LINK7]Proposal 14: NR MBS UEs support reporting its interested broadcast service under RRC_CONNECTED state. 
For UEs under RRC_IDLE/RRC_INACTIVE, 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 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.
Proposal 15: RAN1 further studies whether to support HARQ-ACK 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
Observation 1: Compared with ‘MBS frequency region’, MBS BWP is a more appropriate solution to configure common frequency resource considering the comparison shown in Table-1.
Table-1: comparison of different options for common frequency resource configuration
	
	Option 2A: MBS BWP
	Option 2B: MBS frequency region

	Standardization effort on parameter configuration
	low
	high

	Unified Configurations for UEs in Different RRC states
	yes
	no

	Forward compatibility
	yes
	no

	Switching delay
	no
	no



Proposal 1: Both frequency domain range and the corresponding MBS transmission parameters are configured for common frequency resource. 
· RAN1 strives for a unified method to provide configuration for common frequency resource for UEs in different RRC states and for both multicast and broadcast.
· RAN1 strives for a method with forward compatibility, e.g., configuring different numerologies for unicast and MBS in the future release.
Proposal 2: MBS BWP is defined as common frequency resource for MBS transmission.
· In Rel-17 NR MBS, the MBS BWP is confined within UE’s unicast BWP, and the numerology is the same as unicast BWP.
Proposal 3: A BWP ID is configured for the MBS BWP for activating/deactivating it dynamically and independently. 
Proposal 4: In Rel-17, RAN1 focuses on one common frequency resource (i.e., MBS BWP) per UE instead of more than one.

Detailed design of group-common PDCCH
Proposal 5: Regarding Rel-17 NR MBS
· Define a new Type x-PDCCH CSS set for the group common PDCCH. 
· At most 3 CORESETs can be configured within the MBS BWP. 
· Define association between PDCCH MOs and SSBs or CSI-RSs for group-common PDCCH transmission.
Proposal 6: Beam sweeping transmission should be supported in Rel-17 NR MBS
· Considering full beam sweep for broadcast transmission.
· Considering partial beam sweep for multicast transmission.
Proposal 7: For MBS group PDCCH, 
· DCI format 1_0 can be defined as a baseline DCI format. 
· An optional DCI format based on either DCI format 1_1 or DCI format 1_2 can be further supported for capacity improvement. 
Proposal 8: For MBS group PDCCH, 
· The monitoring priority of search space set for MBS is the same as existing Rel-15/16 CSS. 
· The budget of BDs/CCEs of an unused CC for group-common PDCCH can be used for UEs supporting CA capability in Rel-17 MBS. 
Proposal 9: Regarding DCI size alignment used for group-common PDCCH, 
· DCI format 1_0: Current mechanism can be reused for aligning the size of DCI format 1_0 for group-common PDCCH and unicast PDCCH. 
· DCI format 1_x: it is counted as other RNTI (i.e., “1” in the “3+1” budget), and gNB will ensure that the number of DCI sizes does not exceed budget.

Detailed design of group-common PDSCH
Proposal 10: Regarding HARQ process management, the following three options can be considered for further down selection, 
· Option 1: HPNs are shared between MBS and unicast transmission, and a same HARQ entity is used by them;
· Option 2: HPNs are separated between MBS and unicast, and different HARQ entities are used for MBS and unicast, respectively;
· Option 3: HPNs are separated for unicast and each MBS service, and an MBS service specific HPN entity is required for each MBS service.
Proposal 11: Rel-17 MBS supports both PTP transmission and PTM transmission scheme 1 for retransmission.
Proposal 12: Corresponding with different HPN management options, different indication methods of MBS TB in PTP retransmission can be considered to associate with PTM initial transmission, 
· Option 1: HPN used for initial transmission;
· Option 2: HPN used for initial transmission and distinguishing indication between MBS and Unicast;
· Option 3: HPN used for initial transmission and distinguishing indication among unicast and different MBS services.

Detailed designs of SPS-based MBS transmission
Proposal 13: For SPS-based MBS transmission, the following features are supported, 
· UE-specific activation/deactivation
· More than one SPS group-common PDSCH configuration for MBS transmissions
· Uplink feedback for SPS group-common PDSCH
· Retransmission of SPS group-common PDSCH, the design for the retransmission for PTM transmission scheme 1 can be reused for it 

Enhancement of Broadcast for RRC_CONNECTED UEs
Proposal 14: NR MBS UEs support reporting its interested broadcast service under RRC_CONNECTED state. 
Proposal 15: RAN1 further studies whether to support HARQ-ACK for broadcast service for UEs under RRC_CONNECTED state.

Reference
RP-201038, WID revision: NR Multicast and Broadcast Services, RAN#88e.
3GPP RAN1#103-e, Chairman’s notes.
R1-2100109, Consideration on performance enhancement for RRC_IDLE or INACTIVE UEs, RAN1#104e.
R1-2100107, Discussion on mechanisms to Improve Reliability for RRC_CONNECTED UEs, RAN1#104e.

Appendix
	Agreements: For convenience of discussion, consider the following clarification as RAN1 common understanding. 
· PTP transmission: For RRC_CONNECTED UEs, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule UE-specific PDSCH which is scrambled with the same UE-specific RNTI. 
· PTM transmission scheme 1: For RRC_CONNECTED UEs in the same MBS group, use group-common PDCCH with CRC scrambled by group-common RNTI to schedule group-common PDSCH which is scrambled with the same group-common RNTI. This scheme can also be called group-common PDCCH based group scheduling scheme.
· PTM transmission scheme 2: For RRC_CONNECTED UEs in the same MBS group, use UE-specific PDCCH with CRC scrambled by UE-specific RNTI (e.g., C-RNTI) to schedule group-common PDSCH which is scrambled with group-common RNTI. This scheme can also be called UE-specific PDCCH based group scheduling scheme.    
· Note: The ‘UE-specific PDCCH / PDSCH’ here means the PDCCH / PDSCH can only be identified by the target UE but cannot be identified by the other UEs in the same MBS group with the target UE.
· Note: The ‘group-common PDCCH / PDSCH’ here means the PDCCH / PDSCH are transmitted in the same time/frequency resources and can be identified by all the UEs in the same MBS group.
· FFS whether or not to have additional definition of transmission scheme(s)

Agreements: For RRC_CONNECTED UEs, if initial transmission for multicast is based on PTM transmission scheme 1, at least support retransmission(s) can use PTM transmission scheme 1.
· FFS: whether to support PTP transmission for retransmission(s).
· FFS: whether to support PTM transmission scheme 2 for retransmission(s).
· FFS: How to indicate the association between PTM scheme 1 and PTP transmitting the same TB.
· FFS: If multiple retransmission schemes are supported, then can different retransmission schemes be supported simultaneously for different UEs in the same group?

Working assumption: 
For multicast of RRC-CONNECTED UEs, a common frequency resource for group-common PDCCH / PDSCH is confined within the frequency resource of a dedicated unicast BWP to support simultaneous reception of unicast and multicast in the same slot
· Down select from the two options for the common frequency resource for group-common PDCCH/ PDSCH
· Option 2A: The common frequency resource is defined as an MBS specific BWP, which is associated with the dedicated unicast BWP and using the same numerology (SCS and CP)
· FFS BWP switching is needed between the multicast reception in the MBS specific BWP and unicast reception in its associated dedicated BWP
· Option 2B: The common frequency resource is defined as an ‘MBS frequency region’ with a number of contiguous PRBs, which is configured within the dedicated unicast BWP.
· FFS: How to indicate the starting PRB and the length of PRBs of the MBS frequency region
· FFS whether UE can be configured with no unicast reception in the common frequency resource
· FFS on details of the group-common PDCCH / PDSCH configuration
· FFS whether to support more than one common frequency resources per UE / per dedicated unicast BWP subjected to UE capabilities

Agreements: Support TDM between one unicast PDSCH and one group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs. 

Agreements: Support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs
· FFS: use group-common PDCCH or UE-specific PDCCH for SPS group-common PDSCH activation/deactivation
· FFS: whether to support more than one SPS group-common PDSCH configuration per UE
· FFS: whether and how uplink feedback could be configured
· FFS: retransmission of SPS group-common PDSCH

Agreements: For PTM transmission scheme 1, the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH.
· FFS: number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH

Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, the CCE indexes are common for different UEs in the same MBS group.

Agreements: Down select from the two options for BDs/CCEs limit for Rel-17 MBS
· Option 1: the maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
· Option 2: For UEs supporting CA capability, the budget of BDs/CCEs of an unused CC can be used for group-common PDCCH to count the number of BDs/CCEs, which is similar to the method used for multi-DCI based multi-TRP in Rel-16.

Agreements:For RRC_CONNECTED UEs, support inter-slot TDM between unicast PDSCH and group-common PDSCH in different slots (mandatory for the UE supporting MBS).

Agreements:Further study the following cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot based on UE capability for RRC_CONNECTED UEs.
· Case 1: support TDM between multiple TDMed unicast PDSCHs and one group-common PDSCH in a slot
· Case 2: support TDM among multiple group-common PDSCHs in a slot
· Case 3: support TDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 4: support FDM between multiple TDMed unicast PDSCHs and multiple TDMed group-common PDSCHs in a slot
· Case 5: support FDM among multiple group-common PDSCHs in a slot
· FFS: maximum number of PDSCHs in a slot simultaneous received per UE

Agreements:For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options.
· Option 1: Define a new search space type specific for multicast 
· Option 2: Reuse the existing CSS type(s) in Rel-15/16
· FFS: whether modifications are needed for multicast 
· Option 3: Reuse the existing USS in Rel-15/16 with necessary modifications for MBS
· FFS: detailed modifications 

Agreements:No specification enhancement in Rel-17 to support SDM between unicast PDSCH and group-common PDSCH in a slot for RRC_CONNECTED UEs.

Agreements: For PTM transmission scheme 1, if Option 2A or Option 2B for common frequency resource for group-common PDCCH/PDSCH is agreed, the FDRA field of group-common PDCCH is interpreted based on the common frequency resource.

Agreements: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, further study the following options for the monitoring priority of search space set
· Option 1: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 CSS
· Option 2: The monitoring priority of search space set for multicast is the same as existing Rel-15/16 USS
· Other options are not precluded 
· The monitoring priority is used at least for PDCCH overbooking case
· FFS for other cases (e.g., to prune PDCCH in terms of whether it’s unicast or multicast, etc.)
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