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1. Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e. During the past RAN1 meeting, some agreements and some working assumptions were made on the mechanisms to support group scheduling for RRC_CONNECTED UEs with some open questions left for solving. The further discussion on group scheduling for RRC_CONNECTED UEs is made and the related proposals are suggested in the contribution.

2. [bookmark: _Ref40865202]Group scheduling for PTM bearer
In this section, the following content is discussed.
(1) BWP configuration for MBS
(2) CORESET and Search Space (SS) for MBS
(3) Group scheduling for PTM bearer

2.1 BWP configuration for MBS
On the configuration of the common frequency resource for group-common PDCCH/PDSCH within a unicast BWP, the following open questions need to be solved based on the following working assumption.
	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
· [bookmark: OLE_LINK22][bookmark: OLE_LINK23]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




[bookmark: OLE_LINK20][bookmark: OLE_LINK18][bookmark: OLE_LINK19][bookmark: OLE_LINK21]According to the above working assumption, the common frequency resource for group-common PDCCH/PDSCH is part of the unicast BWP. In order to avoid the signalling effort for configuring it, it’s better to reuse the BWP configuration signalling to configure it. Under such configuration, the common frequency resource for group-common PDCHC/PDSCH can be denoted by MBS BWP. But an MBS BWP as a part of the unicast BWP is not a real BWP, which means UE can receive the data on the unicast BWP and the data on the MBS BWP simultaneously with no BWP switch. The following proposal is suggested to support such configuration of the common frequency resource for group common PDCCH/PDSCH within the unicast BWP.
Proposal 1: Use MBS BWP to indicate the common frequency resource for group-common PDCCH/PDSCH within a unicast BWP. Reuse the BWP configuration signalling to configure an MBS BWP. UE can receive the data on the active DL BWP and the data on the MBS BWP within the active DL BWP simultaneously with no BWP switch.
In the intra-frequency network where the same carrier is applied in the each NR cell in an area, in order to simplify the MBS BWP configuration in each cell and benefits the MBS service continuity during the UE mobility, a unicast BWP can be area specific and an MBS BWP can be area specific. The radio resource of an MBS BWP on the active DL BWP of UE is used for MBS. The unicast service of UE can be configured outside the MBS BWP. But the idle radio resource of the MBS BWP can be used for the unicast service of UE. On a unicast BWP, more than one MBS BWPs can be configured to transmit an MBS more flexibly. For UE, more than one MBS BWPs can be configured if needed on each DL BWPs of UE.
Based on the above discussion, the following proposals are suggested.
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]Proposal 2: A unicast BWP can be area specific.
Proposal 3: An MBS BWP can be area specific.
Proposal 4: An MBS BWP can be used to transmit the unicast service of UE. UE can have a unicast service outside of the MBS BWP on the active DL BWP.
Proposal 5: More than one MBS BWPs can be configured per unicast BWP.
Proposal 6: More than one MBS BWPs can be configured per DL BWP per UE.

2.2 CORESET and Search Space for MBS
On the CORESET and search space for MBS, the following agreements were made with the following open questions left for solving.
	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 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: 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.)




Based on the above agreements, the CORESETs and search spaces can be configured on each MBS BWP for the group common PDCCH. In order to simplify the CORESET and search space configuration per MBS BWP per cell in the intra-frequency network and improve the service continuity during the UE mobility, the CORESETs and search spaces on an area specific MBS BWP for the group common PDCCH can be area specific. Therefore, the following proposal is suggested.
Proposal 7: The CORESETs and search spaces on an area specific MBS BWP can be area specific.

On the CORESTs and search spaces for MBS, the following proposals are suggested.
Proposal 8: On a unicast BWP with at least one MBS BWP, there’s no requirement for increasing the number of the CORESETs per unicast BWP from the MBS BWP(s).
Propoal 9: The maximum number of the monitored PDCCH candidates and the non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
Proposal 10: Reuse the existing CSS types for MBS.
Proposal 11: The monitoring priority of each search space for MBS is the same as the existing Rel-15/16 CSS.

2.3 Group scheduling for PTM bearer
On the group scheduling for PTM bearer, the following agreements were made with the following open questions left for solving.
	[bookmark: OLE_LINK1][bookmark: OLE_LINK5]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?
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 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: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.




For the b-th beam used for transmitting the SS/PBCH block, the coverage area of the b-th beam is denoted by beam coverage area “b”, where b=1,….,B and B is the number of the beams used for the SS/PBCH block. If only one UE is located in beam coverage area “b”, the UE specific beam can be used directly for the PTM transmission/retransmission in beam coverage area “b”. 
The group common PDCCH and the group common PDSCH should have the same coverage area. It’s not reasonable only to increase the coverage area of the group common PDCCH with the UE specific PDCCH. 
When the radio channel of UE becomes worse, the PTP bearer can be activated to transmit the MBS. In order to simplify the PTM/PTP transmission/retransmission, it’s better not to use the PTP bearer for the retransmission of the TB on the PTM bearer.
Based on the above discussion, the following proposals are suggested.
Proposal 12: Not to support PTM transmission scheme 2 for the retransmission of the PTM bearer.
Proposal 13: It’s better not to support the PTP bearer for the retransmission of the PTM bearer.
For the SPS group common PDSCH for MBS for RRC_CONNECTED UEs, use the group common PDCCH for the SPS group common PDSCH activation/deactivation. In order to schedule the SPS group common PDSCH more flexibly, more than one SPS group common PDSCH can be configured per MBS. The shared PUCCH resource can be configured for the HARQ-ACK feedback of the SPS group common PDSCH [3]. It’s better to use PTM scheme 1 for the retransmission of the SPS group common PDSCH.
Based on the above discussion on the SPS group common PDSCH, the following  proposals are suggested.
Proposal 14: Use the group common PDCCH for the SPS group common PDSCH activation/deactivation.
Proposal 15: More than one SPS group common PDSCH can be configured per SPS RB of the PTM bearer.
Proposal 16: Use PTM scheme 1 for the retransmission of the SPS group common PDSCH.
In order to support NR MBS with as little 3GPP specification effort as possible, the following proposal is suggested.
Proposal 17: No extra requirement is needed for improving UE’s capability to support the following scenarios.
· 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
· Maximum number of PDSCHs in a slot simultaneously received per UE is kept unchanged.

In order to identify an MBS over Uu, G-RNTI and SPS G-RNTI can be configured for the MBS. SPS G-RNTI is used for identifying each SPS RB of the PTM bearer while G-RNTI is used for identifying all remaining RBs of the PTM bearer.
In order to activate or de-activate the SPS group common PDSCH of each SPS RB of the PTM bearer, the group common PDCCH with CRC scrambled with SPS G-RNTI is used. In the bit scrambling of the SPS group common PDSCH, SPS G-RNTI is used.
For all the remaining RBs of the PTM bearer, each time the PTM bearer is scheduled, the group common PDCCH and the group common PDSCH are transmitted. The CRC of the group common PDCCH is scrambled with G-RNTI. The group common PDSCH uses G-RNTI in the bit scrambling.
In order to simplify the configuration of the PTM bearer of an MBS, the PTM bearer of an MBS can be area specific in the intra-frequency network, which means the PTM bearer has the same configuration in each cell transmitting the MBS.
For an MBS, the PTM bearer needs to be transmitted to all RRC_CONNECTED UEs in the group. If there’s no UE in a beam coverage area, there’s no need to transmit the PTM bearer in the beam coverage area. Denote the number of the beam coverage areas for transmitting the PTM bearer by B1. Each time the PTM bearer is scheduled, the B2*N1 PDCCH/PDSCH occasions (timelsots) with at least one TB are allocated for carrying all the RBs of the PTM bearer except the SPS RBs. The PDCCH/PDSCH is retransmitted N1 times in each beam coverage area of the B2 beam coverage area. The B2*N1 PDCCH/PDSCH occasions are divided into N1 groups with each group containing B2 consecutive occasions.
If B2=B, the m1-th PDCCH/PDSCH occasion in each group is used to transmit the PDCCH/PDSCH with the m1-th beam in the beam coverage area “m1”, where m1=1,….,B. If no RRC_CONNECTED UE is located in the beam coverage area “m1”, there’s no need to transmit the PTM bearer in the m1-th occasion.
If B2=B1, the m2-th PDCCH/PDSCH occasion in each group is used to transmit the PDCCH/PDSCH with the b(m2)-th beam in the beam coverage area b(m2), where m2=1,….,B1 and b(m2) is used to denote the index of the m2-th beam coverage area of the B1 beam coverage areas for transmitting the PTM bearer.
Based on the above discussion, the following proposals are suggested.
Proposal 18: G-RNTI and SPS G-RNTI are configured for an MBS.
Proposal 19: For each SPS RB of the PTM bearer, the following items need to be supported.
(1) Configure at least one SPS group common PDSCH for each SPS RB of the PTM bearer
(2) PDCCH with CRC scrambled with SPS G-RNTI is used to activate/de-activate one SPS group common PDSCH.
(3) SPS G-RNTI is used in the bit scrambling of the SPS group common PDSCH. 
Proposal 20: For all the RBs of the PTM bearer except the SPS RBs, the following items need to be supported.
(1) Each time the PTM bearer is scheduled, the group common PDCCH with CRC scrambled with G-RNTI and the group common PDSCH with G-RNTI used in the bit scrambling are transmitted N1 times in each related beam coverage area with N1>=1. Support one of the two methods below or support both methods below.
· Method 1: The PDCCH/PDSCH occasion for each beam coverage area of the B beam coverage area is allocated. But if there’s no UE in a beam coverage area, the PDCCH/PDSCH is not really transmitted in the related PDCCH/PDSCH occasion.
· Method 2: The PDCCH/PDSCH occasion is allocated only for each beam coverage area with at least one UE. The PDCCH/PDSCH is only transmitted in the beam coverage area with at least one UE.


3. Conclusion
Based on the discussion in the above section, the following proposals on the group scheduling for RRC_CONNECTED UEs are suggested.
· On BWP configuration:
Proposal 1: Use MBS BWP to indicate the common frequency resource for group-common PDCCH/PDSCH within a unicast BWP. Reuse the BWP configuration signalling to configure an MBS BWP. UE can receive the data on the active DL BWP and the data on the MBS BWP within the active DL BWP simultaneously with no BWP switch.

Proposal 2: A unicast BWP can be area specific.
Proposal 3: An MBS BWP can be area specific.
Proposal 4: An MBS BWP can be used to transmit the unicast service of UE. UE can have a unicast service outside of the MBS BWP on the active DL BWP.
Proposal 5: More than one MBS BWPs can be configured per unicast BWP.
Proposal 6: More than one MBS BWPs can be configured per DL BWP per UE.

· On CORESET and search space:
Proposal 7: The CORESETs and search spaces on an area specific MBS BWP can be area specific.
Proposal 8: On a unicast BWP with at least one MBS BWP, there’s no requirement for increasing the number of the CORESETs per unicast BWP from the MBS BWP(s).
Propoal 9: The maximum number of the monitored PDCCH candidates and the non-overlapped CCEs per slot per serving cell defined in Rel-15 is kept unchanged for Rel-17 MBS.
Proposal 10: Reuse the existing CSS types for MBS.
Proposal 11: The monitoring priority of each search space for MBS is the same as the existing Rel-15/16 CSS.
· On Group scheduling: 
Proposal 12: Not to support PTM transmission scheme 2 for the retransmission of the PTM bearer.
Proposal 13: It’s better not to support the PTP bearer for the retransmission of the PTM bearer.
Proposal 14: Use the group common PDCCH for the SPS group common PDSCH activation/deactivation.
Proposal 15: More than one SPS group common PDSCH can be configured per SPS RB of the PTM bearer.
Proposal 16: Use PTM scheme 1 for the retransmission of the SPS group common PDSCH.

Proposal 17: No extra requirement is needed for improving UE’s capability to support the following scenarios.
· 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
· Maximum number of PDSCHs in a slot simultaneously received per UE is kept unchanged.

Proposal 18: G-RNTI and SPS G-RNTI are configured for an MBS.
Proposal 19: For each SPS RB of the PTM bearer, the following items need to be supported.
(4) Configure at least one SPS group common PDSCH for each SPS RB of the PTM bearer
(5) PDCCH with CRC scrambled with SPS G-RNTI is used to activate/de-activate one SPS group common PDSCH.
(6) SPS G-RNTI is used in the bit scrambling of the SPS group common PDSCH. 
Proposal 20: For all the RBs of the PTM bearer except the SPS RBs, the following items need to be supported.
(2) Each time the PTM bearer is scheduled, the group common PDCCH with CRC scrambled with G-RNTI and the group common PDSCH with G-RNTI used in the bit scrambling are transmitted N1 times in each related beam coverage area with N1>=1. Support one of the two methods below or support both methods below.
· Method 1: The PDCCH/PDSCH occasion for each beam coverage area of the B beam coverage area is allocated. But if there’s no UE in a beam coverage area, the PDCCH/PDSCH is not really transmitted in the related PDCCH/PDSCH occasion.
· [bookmark: _GoBack]Method 2: The PDCCH/PDSCH occasion is allocated only for each beam coverage area with at least one UE. The PDCCH/PDSCH is only transmitted in the beam coverage area with at least one UE.
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