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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The new Rel-17 work item for broadcast/multicast [1] was approved with objectives as follows:
	· [bookmark: _GoBack]Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· Specify support for dynamic change of Broadcast/Multicast service delivery between multicast (PTM) and unicast (PTP) with service continuity for a given UE [RAN2, RAN3]
· Specify support for basic mobility with service continuity [RAN2, RAN3]
· Assuming that the necessary coordination function (like functions hosted by MCE, if any) resides in the gNB-CU, specify required changes on the RAN architecture and interfaces, considering the results of the SA2 SI on Broadcast/Multicast (SP-190625) [RAN3]
· Specify required changes to improve reliability of Broadcast/Multicast service, e.g. by UL feedback. The level of reliability should be based on the requirements of the application/service provided.[RAN1, RAN2]
· Study the support for dynamic control of the Broadcast/Multicast transmission area within one gNB-DU and specify what is needed to enable it, if anything [RAN2, RAN3]
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states [RAN2, RAN1]:
· Specify required changes to enable the reception of Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, with the aim of keeping maximum commonality between RRC_CONNECTED state and RRC_IDLE/RRC_INACTIVE state for the configuration of PTM reception. [RAN2, RAN1].
· Note: the possibility of receiving Point to Multipoint transmissions by UEs in RRC_IDLE/ RRC_INACTIVE states, without the need for those UEs to get the configuration of the PTM bearer carrying the Broadcast/Multicast service while in RRC CONNECTED state


This contribution mainly focuses on scheduling MBS for RRC_CONNECTED UEs based on following agreements achieved in last meeting [2], and the discussion for IDLE/INACTIVE UEs can refer to contribution [3]. HARQ feedback for NR multicast will be discussed in another contribution [4].
	Agreements:
For RRC_CONNECTED UEs, at least support group-common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH, where the scrambling of the group-common PDSCH is based on the same common RNTI.
· FFS: whether to support UE-specific PDCCH to schedule a PDSCH for MBS.
Agreements:
For RRC_CONNECTED UEs, define/configure common frequency resource for group-common PDSCH.
· FFS: whether to reuse the BWP framework or not 
· FFS: the relation between the common frequency resource and UE dedicated BWP, e.g., the common frequency resource is a MBS specific BWP, or the common frequency resource is confined within UE’s dedicated BWP, etc. 
· FFS: whether more than one common frequency resource can be configured per UE
Agreements:
For RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
· FFS: TDM or SDM in a slot.



PDCCH scheduling scheme for MBS
For enabling group scheduling for MBS, two straightforward mechanisms are group-common PDCCH based and UE-specific PDCCH based. The former uses a group common PDCCH and the latter uses UE-specific PDCCH to schedule a group common PDSCH. 
Comparing to UE-specific PDCCH based scheduling, group-common PDCCH scheduling is beneficial in terms of efficiency or low PDCCH overhead because high PDCCH overhead would lead to high PDCCH blocking that degrades system performance usually.
In addition, for supporting scheduling MBS for UEs in RRC_IDLE/RRC_INACTIVE states and keeping commonality between RRC_CONNECTED UEs, group-common PDCCH based scheduling seems more appropriate. 
Considering the above benefits of group-common PDCCH scheduling, at least group-common PDCCH scheduling was agreed to be supported in last meeting [2]. On top of this, supporting UE-specific PDCCH to schedule a group-common PDSCH does not seem necessary. 
Proposal 1：UE-specific PDCCH scheduling group-common PDSCH for MBS is not necessary. 
As for retransmission, when data of most UEs within the group are NACK-ed, using group-common PDCCH to schedule retransmission would be more beneficial in terms of efficiency or low PDCCH overhead. When only one or very few UE’s data is NACK-ed, it makes more sense the NACK-ed data can be retransmitted by DCI scrambled by C-RNTI without needing to hold the HARQ process number of the multicast for retransmission, since holding the HARQ process number of multicast would significantly reduce the multicast efficiency especially when the number of UEs (may including RRC IDLE/ INACTIVE UEs) receiving the MBS is large but the number of UEs with data NACK-ed is small. Therefore, using UE-specific PDCCH to schedule would be more suitable in such a case. Therefore, as for the initial multicast transmission, both group-common PDCCH scheduling group-common PDSCH and UE-specific PDCCH scheduling UE-specific PDSCH for retransmission could be supported.
Proposal 2: Group-common PDCCH and UE-specific PDCCH can both be supported for scheduling retransmission of MBS. 
Scheduling MBS for RRC_CONNECTED UEs
To enable the reception of MBS by UEs in RRC_CONNECTED states, necessary configurations shall be transmitted to UE, e.g., the service(s) that UE is interested in. As we discussed in [3], for UEs in RRC_IDLE/ RRC_INACTIVE states, two applicable approaches for the network to transmit configurations to the UEs are by: 1) ‘broadcasting’ message, i.e. SI or/and MCCH message; 2) dedicated RRC message. 
If option 1 is used for RRC_IDLE/ RRC_INACTIVE UEs, these configurations could be used also for RRC_CONNECTED UEs, but some additional parameters are needed for RRC_CONNECTED UE, such as the HARQ-ACK feedback related configurations. In addition, when transitioning from RRC_IDLE/ RRC_INACTIVE state to RRC_CONNECTED state, UE may switch from initial BWP to dedicated BWP for unicast. Accordingly, the frequency resources configured for receiving MBS may also be different for UEs in RRC_IDLE/ RRC_INACTIVE and RRC_CONNECTED states. 
How configurations are configured to RRC_IDLE/ RRC_INACTIVE UEs needs RAN2 discussion or determination. This paper focuses on resource configuration for RRC_CONNECTED UEs. 
1.1 Frequency resource configuration for NR multicast
UEs in RRC_CONNECTED can be configured up to four dedicated BWPs for unicast and the BWPs can be different for different UEs. Then how the frequency resource is configured for MBS among a group of UEs is a question. There are some options that can be considered:
1) Additional BWP separately configured for MBS
From network perspective, a common BWP can be separately configured which is also an active BWP if only one common BWP is configured to a group of UEs for transmitting MBS independent of the dedicated BWPs configured for unicast. 
For this option, the BWP for MBS may be or may not be overlapped with the dedicated BWP for unicast. Therefore, for UEs with dedicated BWP non-overlapped with MBS BWP, UE will be required to support two active BWPs for simultaneous operation with unicast reception. If UE does not support two active BWPs, UE has to switch BWPs back and forth for receiving MBS or unicast, which is usually not desirable due to unnecessary latency caused by BWP switching as demonstrated in [5].
2) Frequency resource for MBS confined within dedicated unicast BWP
In order to avoid BWP switching, the frequency resource for MBS to be confined within dedicated BWP can be implemented in two manners. The most restrictive way is up to network to configure the identical dedicated unicast BWPs for all UEs in the group which is also the BWP for scheduling MBS as illustrated in Fig. 1.
[image: C:\Users\x00468029\AppData\Roaming\eSpace_Desktop\UserData\x00468029\imagefiles\04002015-2D57-436A-B550-6C5BA0B149D5.png]
[bookmark: _Ref47622897]Fig. 1: Identical dedicated unicast BWP for scheduling MBS

Another less restrictive approach is configuring a common sub-band for scheduling MBS within dedicated unicast BWP as shown in Fig. 2. 
[image: ]
[bookmark: _Ref47623117]Fig. 2: A common sub-band for MBS within dedicated unicast BWP
Comparing the approaches discussed above, a common sub-band within dedicated unicast BWP is a good trade-off option with less restriction and without BWP switching for receiving both unicast and MBS. In addition, since UE can be configured up to four dedicated BWPs, if the frequency resource for MBS is configured to be one common sub-band within each dedicated unicast BWP, more than one common sub-bands could be accordingly configured per UE for MBS as well.
Proposal 3: A common sub-band for MBS configured within dedicated unicast BWPs of UEs of the group is more proper in terms of less restriction and without BWP switching for receiving both unicast and MBS. 
Proposal 4: More than one common frequency resources can be configured per UE with each confined within dedicated unicast BWP. 

1.2 CORESET and search space configuration
When a common sub-band for MBS is configured within dedicated unicast BWPs of UEs of the group and a group common PDCCH is used for scheduling a common PDSCH, the CORESET and search space for UEs’ monitoring will be accordingly configured within the sub-band as well. CORESET and search space configuration framework in NR Rel-15 and Rel-16 could be re-used for multicast scheduling. Whether the number of CORESETs that can be configured per UE per BWP is extended or kept the same as Rel-16 for UEs supporting MBS could be discussed. 
Regarding the search space for scheduling MBS, it is more like a CSS because a group of UEs will determine the same DCI scheduling the PDSCH, and the configuration of the search space is the same for the group of UEs. 
Proposal 5: For a common sub-band for MBS configured within dedicated unicast BWP and a group-common PDCCH based scheduling:
· The CORESET and search space is configured within the common sub-band;
· The configurations for the CORESET and search space are kept the same for all UEs of the group. 

1.3 Scheduling DCI format(s) for MBS
In NR Rel-15 and Rel-16, three DCI formats including DCI formats 1_0, 1_1 and 1_2 have been defined for scheduling unicast PDSCH. Scheduling MBS PDSCH is similar to scheduling unicast MBS in a large extent, hence defining a new DCI format does not seem necessary. 
One difference for scheduling a MBS PDSCH from unicast PDSCH is the FDRA field in the DCI. The FDRA is dimensioned per initial BWP or dedicated unicast BWP when scheduling unicast but should be per sub-band when scheduling MBS. 
Proposal 6: DCI formats 1_0, 1_1 and 1_2 can be used for scheduling MBS with necessary modifications, and new DCI format is not needed:
· For a common sub-band for MBS configured within dedicated unicast BWP and a group-common PDCCH based scheduling, the FDRA field in DCI is dimensioned per the common sub-band. 

1.4 DCI size budget
In order to keep blind decoding to a reasonable level for a UE, the DCI formats that a UE monitors per slot/span should be subject to size alignment within a budget. The current DCI size budget is that the total number of different DCI sizes configured to monitor is no more than 4 for the cell and the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell. 
Whether such budget is kept or extended should be discussed, as well as the DCI size alignment for DCI formats scheduling MBS and unicast transmissions. 
Proposal 7: DCI size alignment for monitoring DCI for MBS scheduling needs to be determined including whether the DCI size budget is kept or can be extended. 
1.5 HARQ process number management
Currently, up to 16 HARQ process numbers (HPN) can be configured per UE. For Rel-17 UEs supporting both MBS and unicast services, how HPNs are allocated between unicast and MBS is a question that needs discussion.
Two possible options could be considered. One is as shown in Fig. 3 as an example where the total number of HPNs are split between unicast and MBS. For this option, how to split the HPNs may not need to be specified and could be up to the network scheduling, to ensure the HPNs will not be conflicted between initial transmissions for unicast and MBS. As for the retransmission of the MBS, the HPN should be kept the same as for the corresponding initial transmission. For example, when MBS retransmission is scheduled by UE-specific PDCCH, the HPN included in the DCI scrambled by C-RNTI for MBS retransmission still should follow the same HPN used for scheduling the MBS for the corresponding initial transmission. 
 [image: ]
[bookmark: _Ref53665571]Fig. 3: Split HPNs between MBS and unicast
Another option is that both MBS and unicast can utilize all the configured HPNs as illustrated in Fig. 4. This option can benefit the network for ease of scheduling, that is, when scheduling a MBS data using a group-common PDCCH, gNB does not need to care whether the HPN for the MBS has been used for unicast scheduling of other UEs. From the UE perspective, it may happen that the same HPN is simultaneously used for both the unicast and MBS transmissions so that the scheduled numbers of HARQ processes may exceed the UE capability to handle and it seems more complicated for UE handling such case when the MBS transmission can be scheduled by DCI scrambled by C-RNTI. 
 [image: ]
[bookmark: _Ref53732492]Fig. 4: Both MBS and unicast can use all the configured HPNs
Comparing these two options, the first one seems simpler in terms of less specification impact and ease of UE implementation, so it is preferable. 
Proposal 8: The configurable number of maximum HARQ process number is kept unchanged for UE supporting MBS reception, and 
· the total number of HARQ processes for initial transmissions are shared and split between unicast and MBS; 
· the HARQ process number for retransmission is kept the same as for initial transmission. 

Multiplexing between unicast and MBS
It has been agreed that for RRC_CONNECTED UEs, at least support FDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability and whether TDM or SDM is supported in a slot is FFS.
MBS PDSCH and unicast PDSCH TDM-ed within a slot with PDSCH mapping type B could be supported as current specification has supported PDSCH multiplexing within a slot for UE with capability of receiving more than one PDSCH per slot. 
As for SDM, considering it has been supported in Rel-16 M-TRP feature, so the framework could be reused for unicast PDSCH and group-common PDSCH SDM in a slot.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Proposal 9: For RRC_CONNECTED UEs, support TDM and SDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.

Conclusions
This paper focuses on discussion on MBS scheduling for RRC_CONNECTED UEs, which leads to the proposals as follows:
Proposal 1：UE-specific PDCCH scheduling group-common PDSCH for MBS is not necessary. 
Proposal 2: Group-common PDCCH and UE-specific PDCCH can both be supported for scheduling retransmission of MBS. 
Proposal 3: A common sub-band for MBS configured within dedicated unicast BWPs of UEs of the group is more proper in terms of less restriction and without BWP switching for receiving both unicast and MBS. 
Proposal 4: More than one common frequency resources can be configured per UE with each confined within dedicated unicast BWP. 
Proposal 5: For a common sub-band for MBS configured within dedicated unicast BWP and a group-common PDCCH based scheduling:
· The CORESET and search space is configured within the common sub-band;
· The configurations for the CORESET and search space are kept the same for all UEs of the group. 

Proposal 6: DCI formats 1_0, 1_1 and 1_2 can be used for scheduling MBS with necessary modifications, and new DCI format is not needed:
· For a common sub-band for MBS configured within dedicated unicast BWP and a group-common PDCCH based scheduling, the FDRA field in DCI is dimensioned per the common sub-band. 

Proposal 7: DCI size alignment for monitoring DCI for MBS scheduling needs to be determined including whether the DCI size budget is kept or can be extended. 
Proposal 8: The configurable number of maximum HARQ process number is kept unchanged for UE supporting MBS reception, and 
· the total number of HARQ processes for initial transmissions are shared and split between unicast and MBS; 
· the HARQ process number for retransmission is kept the same as for initial transmission. 

Proposal 9: For RRC_CONNECTED UEs, support TDM and SDM between unicast PDSCH and group-common PDSCH in a slot based on UE capability.
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