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1. Introduction
[bookmark: _Hlk47452474]In RAN#86 meeting, the work item of NR support of Multicast and Broadcast Services has been approved [1]. The followings have been identified as the objectives related with physical layer of the work item.
· Specify RAN basic functions for broadcast/multicast for UEs in RRC_CONNECTED state [RAN1, RAN2, RAN3]:
· [bookmark: _Hlk47369038]Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service [RAN1, RAN2]
· [bookmark: _Hlk53674935]This objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception.
· 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]
· 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 beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 
In the RAN1 #102 e-meeting, the following agreements were made regarding mechanisms to support group scheduling for RRC_CONNECTED UEs [2].
Agreements:
· [bookmark: _Hlk53504054]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:
· [bookmark: _Hlk53501448]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:
· [bookmark: _Hlk53500311]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.
In the RAN1 #103 e-meeting, the following agreements and working assumption were made regarding mechanisms to support group scheduling for RRC_CONNECTED UEs [2].
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. 
· [bookmark: _Hlk61613525]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)

[bookmark: _Hlk61358394]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
· [bookmark: _Hlk61455005]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: _Hlk61454903]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.)
In this contribution, we will make discussions on mechanisms to support group scheduling for Broadcast/Multicast service for RRC_CONNECTED UEs.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
Common frequency resource for group-common PDSCH
In the previous e-meeting, it was discussed and agreed that for RRC_CONNECTED UEs, define/configure common frequency resource for group-common PDSCH. It was agreed as working assumption that 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, and 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)
· 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.
Option 2A reuses the BWP framework which is simple and clear. However, one nonnegligible issue of this option is the delay of BWP switching when considering UE supports simultaneous operation of multicast reception and unicast reception according to the current BWP framework. Since UE needs to receive unicast transmission in its UE-specific BWP and receive multicast is in another group-common BWP. Then the UE wouldn’t be able to receive FDMed unicast PDSCH and group-common PDSCH in a slot simultaneously which has been already agreed to be supported in the last e-meeting, since a UE can only work in one active DL BWP at a certain time based on the current BWP mechanism. What’s more, a UE may need to do BWP switching frequently when unicast PDSCH and group-common PDSCH are transmitted in TDMed manner in different slots unless group-common PDSCH or unicast PDSCH is for sporadic service. Therefore, if the BWP framework is reused, BWP switching should be avoided. That means, a UE needs to support two active DL BWPs, which may have significant specification impact.
For Option 2B, the main intention is to avoid the above BWP switching issue. Considering MBS UEs need to be configured with group-common parameters, such as location and bandwidth of frequency resource, PDSCH scheduling related parameters, etc. for CORESET configuration, DCI size determination and PDSCH resource allocation. This common frequency resource may also need to be defined with location and bandwidth of frequency resource, PDSCH scheduling related parameters like that of BWP configuration. More efforts may be needed to discuss how to define or configure this common frequency resource. One simple way to configure this MBS frequency region is to use the similar configuration of BWP.
Based on the above analysis, the following proposal is made.
[bookmark: _Ref54188719]Proposal 1: For RRC_CONNECTED UEs, when defining/configuring common frequency resource for group-common PDCCH/PDSCH, Option 2B is preferred.
· 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.
Support on simultaneous operation with unicast reception
According to the WID, one objective is to specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service and this objective includes specifying necessary enhancements that are required to enable simultaneous operation with unicast reception. In the previous e-meeting, the issue was discussed and it was agreed that at least FDM between unicast PDSCH and group-common PDSCH in a slot, TDM between unicast PDSCH and group-common PDSCH in a slot/ different slots based on UE capability are supported, and left some FFS for other cases for simultaneous reception of unicast PDSCH and group-common PDSCH in a slot 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
In NR Rel-15/16, it is supported for a UE to receive 2/4/7 TDM unicast PDSCHs in a slot based on UE capability. For the above case 1-3, it is similar to multiple unicast PDSCHs in a slot and can be considered for latency reduction. For the maximum number of PDSCHs in a slot simultaneous received per UE, 2/4/7 as that in NR Rel-15/16 can be a starting point. For case 4, it can also be considered if case 3 is supported. For case 5, it would be beneficial to support for a UE which is interested in multiple MBS services.
[bookmark: _Ref61613878]Proposal 2: For simultaneous reception of unicast PDSCH and group-common PDSCH in a slot for RRC_CONNECTED UEs, support the following cases.
· 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 5: support FDM among multiple group-common PDSCHs in a slot
[bookmark: _Hlk40086845]Group scheduling mechanism for MBS
Multiple g-RNTIs
[bookmark: _Ref47343307]It is possible that a UE is interested in one or multiple Broadcast/Multicast services (MBS), then one or multiple common RNTIs (e.g., g-RNTI) for PDSCH scrambling are needed for different Broadcast/Multicast services.
[bookmark: _Ref47372788]Proposal 3: A UE can be configured with multiple common RNTIs for PDSCH scrambling for different Broadcast/Multicast services.
PTM transmission scheme 1 vs PTM transmission scheme 2
Regarding group scheduling mechanism for MBS, dynamic PDCCH scheduling for each group-common PDSCH can be considered. In the previous e-meetings, it was agreed that for RRC_CONNECTED UEs, at least support PTM transmission scheme 1 for both intial transmission and retransmssion. In our view, using a UE-specific PDCCH to schedule a group-common PDSCH, i.e., PTM transmission scheme 2 should also be considered.
· For PTM transmission scheme 1 where group-common PDSCH is scheduled by a group-common PDCCH, DCI 1_1/1_2 or DCI 2_X can be considered to be reused. A UE can monitor the DCI format scrambled with g-RNTI in a common search space. 
· This mechanism can benefit from PDCCH overhead consumption, 
· However, it has significant specification impacts on HARQ-ACK feedback which is already agreed to be supported, e.g. HARQ-ACK feedback timing indication (i.e., k1 indication), PUCCH resource indication, TPC, etc. 
· For k1, if it is indicated in group-common PDCCH, all UEs in an MBS group will feed back HARQ-ACK in the same PUCCH slot, the HARQ-ACK payload may be very large within one PUCCH slot, which would result in PUCCH resource overload and collision.
· For PUCCH resource, it may be required to configure different resources for UEs in an MBS group to gurantee the indicated PUCCH resources for these UEs are orthogonal.
· DCI size alignment for group-common PDCCH for MBS may impact other DCIs
· So far, DCI size budget only supports 3+1. By using group-common PDCCH for MBS, other group-common DCI need to align the DCI payload size with it, which may reduce the performance of other group-common DCI. 
· Signficant imapcts when considering simultaneous receptions of group-common PDSCH and unicast PDSCH
· For PTM transmission scheme 2 where group-commmon PDSCH is scheduled by a UE-specific PDCCH,  DCI 1_1/1_2 can be reused and the indication of PDSCH scrambling initialization. i.e., C-RNTI or g-RNTI is needed. 
· This mechanism can benefit from minimum impact on HARQ-ACK feedback. 
· gNB can indicate different HARQ-ACK feedback timings for different UEs in an MBS group to offload HARQ-ACK payload within a certain slot. 
· The PUCCH resources for HARQ-ACK for group-cmmon PDSCH can be shared with that for HARQ-ACK for unicast PDSCH. gNB can indicate different PUCCH resources and different TPC for different UEs. 
· In general, it is same as that for unicast PDSCH, gNB can make it all under flexible control.
· No additional imapct when when considering simultaneous receptions of group-common PDSCH and unicast PDSCH
The comparisons of group-common PDCCH and UE-specific PDCCH are summarized in following Table 1.
[bookmark: _Ref47372661][bookmark: _Hlk61613820]Table 1 Comparisons of PTM transmission scheme 1 and PTM transmission scheme 2
	
	PTM transmission scheme 1
	PTM transmission scheme 2

	PDCCH overhead
	Low 
	high

	Impacts on DL scheduling
	BWP/common resource for MBS
FDRA 
	Common BWP configuration for MBS maybe needed.
Common FDRA indication derived by the common BWP
	Common BWP configuration for MBS maybe or may not needed.
Option 1: FDRA is derived by UE-specific BWP configuration
Option 2: FDRA is derived by common BWP configuration for MBS

	DCI size alignment
	If DCI 1_1/1_2 is used, it may have impact on DCI size alignment
If DCI 2_x is used, other group-common DCI need to align the DCI size with it, which may reduce the PDCCH performance
	Same as unicast PDSCH, no additional impact

	Impact on HARQ-ACK feedback

	PUCCH resource
	Hard to indicate orthogonal PUCCH resources due to the same PRI value.  
	Same as HAR-ACK for unicast PDSCH

	
	HARQ-ACK feedback timing
	Same timing, all UEs in an MBS group will feed back HARQ-ACK in the same slot, resulting PUCCH overload and collision  
	Same as HAR-ACK for unicast PDSCH

	
	Supporting of HARQ-ACK feedback
	Difficult to support per UE basis HARQ-ACK feedback
	Same as HAR-ACK for unicast PDSCH 

	
	TPC
	Difficult to indicate different UEs’ TPC using one single DCI
	Same as HAR-ACK for unicast PDSCH

	[bookmark: _Hlk47729175]Impacts when considering simultaneous receptions of group-common PDSCH and unicast PDSCH  
	DAI
	Separating DAI counting for group-common PDSCH and unicast PDSCH
	No addition impact

	
	HARQ-ACK Codebook
	Separate or joint HARQ-ACK codebook needs to be discussed
	

	
	
	if separate codebook for group-common PDSCH and unicast PDSCH, multiplexing/prioritization of different codebooks needs to be discussed
	

	
	RNTI
	if UE is interested in multiple MBS services, UE needs to monitor a PDCCH with multiple g-RNTIs
	


[bookmark: _Ref47372793]Considering the significant pros of UE-specific PDCCH, the following is proposed.
[bookmark: _Ref54009788]Proposal 4: For RRC_CONNECTED UEs, support PTM transmission scheme 2 for multicast.
Semi-president scheduling for MBS service
In the last meeting, it was agreed to support SPS group-common PDSCH for MBS for RRC_CONNECTED UEs. In NR Rel-16, multiple SPS PDSCHs are supported for unicast transmission. For MBS, more than one SPS group-common PDSCH configuration per UE can also be supported considering of muliptle MBS services. 
Regarding the SPS group-common PDSCH activation/deactivation, one altermantive is similar as that of SPS unicast PDSCH where a unicast PDCCH with CS-RNTI is used, a group-common PDCCH with a certain group-common RNTI (e.g.gS-RNTI) can be considered. For SPS unicast PDSCH, the HARQ-ACK PUCCH resource for each SPS PDSCH is RRC configured and HARQ-ACK to PDSCH timing is indicated by activatation DCI. For SPS group-common PDSCH, similar HARQ-ACK mechanism can be considered if HARQ-ACK is supported for the SPS group-common PDSCH. However, if ACK/NACK is used to feedback the first PDSCH after activation PDCCH, all UEs in the MBS group will transmit ACK/NACK in the same PUCCH resource and the same slot, which will result in PUCCH resource collision. If NACK only is used to feedback the first PDSCH after activation PDCCH, then, from gNB’s side, it wouldn’t be able to distinguish between UE receiving the first PDSCH succefully and failing to decode the activation PDCCH. To avoid this issue, UE-specific PDCCH can be considered for SPS group-common PDSCH activation, since UE-specific PDCCH can indicate indendpend k1 and PRI values, and is very easy to support ACK/NACK feedback. 
For the retransmision of SPS group-common PDSCH, one option is using a group-common PDSCH which scheduled by a group-common PDCCH. Alternatively, unicast PDSCH scheduled by a unicast PDCCH can also be considerred if ACK/NACK is supported for the SPS group-common PDSCH and only a few number of UEs in the MBS group transmit NACK for the SPS group-common PDSCH. In gerneral, it can be the same as the retransmission of dynamically schedlued group-common PDSCH.
[bookmark: _Ref54009803][bookmark: _Ref47372797]Proposal 5: For MBS for RRC_CONNECTED UEs, for SPS group-common PDSCH, the followings are suggested.
· Support more than one SPS group-common PDSCH per UE.
· HARQ-ACK for SPS group-common PDSCH is supported and can be configured.
· Using UE-specific PDCCH for the SPS group-common PDSCH activation/deactivation
· FFS: Group-common PDCCH can be used for the SPS group-common PDSCH activation/deactivation.
· If NACK only feedback is configured for SPS group-common PDSCH, 
· group-common PDSCH scheduled by group-common PDCCH can be used for the SPS group-common PDSCH retransmission
· If ACK/NACK feedback is configured for SPS group-common PDSCH,
· UE-specific PDSCH scheduled by UE-specifc PDCCH can be used for the SPS group-common PDSCH retransmission
· FFS: group-common PDSCH scheduled by UE-specifc PDCCH can be used for the SPS group-common PDSCH retransmission
Retransmission of MBS service
Regarding the HARQ retransmission of the MBS service, in the last meeting, it was agreed that for initial transmission with PTM scheme 1, at least support PTM transmission scheme 1 for retransmission(s) (i.e., named g-RNTI based retransmission scheme). This scheme can get benefits from resource utilization perspective. In addition, gNB can indicate the HARQ retransmission of MBS service via unicast PDSCH scheduled by unicast PDCCH (i.e., named C-RNTI based retransmision scheme). Using the unicast PDCCH scheduling a unicast PDSCH to send the MBS TB to each UE independently for the MBS retransmission would improve the transmission reliability of the MBS service due to UE specific beamforming and MCS selection and save the power of the other UEs which have already received an MBS TB successfully. It would also be possible that the gNB by implementation can dynamically select whether to use the C-RNTI or the g-RNTI for the scheduling of a particular MBS HARQ. 
To evaluate the performance of different retransmission schemes, i.e. with C-RNTI, g-RNTI, or C-RNTI/g-RNTI dynamically selected by gNB implementation, system-level simulation was conducted. The evaluation results in terms of spectral efficiency (SE) and resource utilization (RU) are shown in Table 2. The video traffic with 720p and 30fps is evaluated. UEs belong to same beam generate a UE group. For retransmission scheme of C-RNTI/g-RNTI dynamically selected by gNB implementation, g-RNTI is selected when the UEs number needing retransmission belong to same beam is more than one, otherwise the C-RNTI is used. Other detailed simulation assumptions are provided in Appendix.
[bookmark: _Ref54278936][bookmark: _Ref54213212][bookmark: _Ref54199880]Table 2 Evaluation results for MBS HARQ retransmission schemes
	HARQ re-transmission scheme
	g-RNTI only
	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]C-RNTI only
	C-RNTI/g-RNTI

	Cell average spectral efficiency
(bps/Hz/TRP)
	1.6420
	1.6372
	1.6427

	[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Resource utilization
	0.5535
	0.5248
	0.5190


Based on the results shown above, the followings can be observed.
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK11][bookmark: OLE_LINK12][bookmark: _Hlk54343797][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Firstly, the C-RNTI only scheme and C-RNTI/g-RNTI scheme both outperform than the g-RNTI only scheme in term of RU with 5.18% and 6.23% gains respectively. This result is reasonable, since for both C-RNTI involved schemes, the higher MCS level in retransmission can be used based on UE-specific CSI feedback. Secondly, the retransmission scheme with C-RNTI/g-RNTI dynamically selected has about 1.11% gains in term of RU than the C-RNTI only scheme. The slight gains of C-RNTI/g-RNTI scheme can be attributed to the group-common retransmission when there are multiple UEs belong to same beam need retransmission, which spends only one slot for retransmission while multi slots are required in C-RNTI only scheme.
· Furthermore, for the cell spectral efficiency, the performance of the three HARQ retransmission schemes is similar. The slight difference in SE of the three schemes mainly results from the different MCS levels of initial transmission, as well as the different packet loss probability due to the different interference condition in each retransmission scheme.
[bookmark: _Ref54015624]Consequently, the following observations and proposal are conducted.
[bookmark: _Ref54277066]Observation 1: The retransmission scheme with dynamically selected C-RNTI/g-RNTI brings about 6.23% and 1.11% gain in term of RU compared to the g-RNTI only and C-RNTI retransmission scheme respectively.
[bookmark: _Ref54277479]Observation 2: For the cell spectral efficiency, the performances of the three kinds of MBS HARQ retransmission schemes are similar.
[bookmark: _Ref54009811]Proposal 6: For the retransmission of group-common PDSCH for MBS service, UE-specific PDSCH scheduled by UE-epecfic PDCCH can be used.
CORESET/search space for MBS
In the last meeting, several agreements were made regarding COSERT and search space set for multicast in RRC_CONNECTED state. It was agreed that for PTM transmission scheme 1, the CORESET for group-common PDCCH is configured within the common frequency resource for group-common PDSCH. In NR Rel-15/16, the number of CORESET(s) within each BWP is limited as 3. For the number of CORESET(s) for group-common PDCCH within the common frequency resource for group-common PDSCH, it may depend on the discussion of how to define/configure the common frequency resource, i.e., if the current BWP framework is reused for the common frequency resource, it can follow the current limitation for number of CORESETs configuration per BWP, i.e. 3; Otherwise, if the common frequency resource is defined as an MBS frequency region, the number of CORESET(s) for group-common PDCCH within the common frequency resource should be counted in the number of CORESET configured in its associated dedicated unicast BWP. Then if the limitation of 3 CORESETs within each BWP can’t provide enough flexibility for gNB’s scheduling, it can be considered to support more than 3 CORESETs within a BWP which is configured with an MBS frequency region.
For the search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, it was agreed that the CCE indexes are common for different UEs in the same MBS group. then, it natural to reuse the existing CSS type(s) in Rel-15/16. For the PDCCH overbooking case, the current monitoring priority of CSS may not be suitable for the search space set for multicast since it imposes that MBS service will always has higher priority than unicast service. Thus, it can be considered to make the monitoring priority of search space set for multicast configurable.
Proposal 6: For search space set of group-common PDCCH of PTM scheme 1 for multicast in RRC_CONNECTED state, 
· Reuse the existing CSS type(s) in Rel-15/16
· The monitoring priority of search space set for multicast can be configurable
3. Conclusion
In this contribution, we make discussions on the mechanisms to support group scheduling for Multicast and Broadcast Services for RRC_CONNECTED UEs, and have the following observations and proposals.
Observation 1: The retransmission scheme with dynamically selected C-RNTI/g-RNTI brings about 6.23% and 1.11% gain in term of RU compared to the g-RNTI only and C-RNTI retransmission scheme respectively.
Observation 2: For the cell spectral efficiency, the performances of the three kinds of MBS HARQ retransmission schemes are similar.
Proposal 1: For RRC_CONNECTED UEs, when defining/configuring common frequency resource for group-common PDCCH/PDSCH, Option 2B is preferred.
· 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.
Proposal 2: For simultaneous reception of unicast PDSCH and group-common PDSCH in a slot for RRC_CONNECTED UEs, support the following cases.
· 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 5: support FDM among multiple group-common PDSCHs in a slot
Proposal 3: A UE can be configured with multiple common RNTIs for PDSCH scrambling for different Broadcast/Multicast services.
Proposal 4: For RRC_CONNECTED UEs, support PTM transmission scheme 2 for multicast.
Proposal 5: For MBS for RRC_CONNECTED UEs, for SPS group-common PDSCH, the followings are suggested.
· Support more than one SPS group-common PDSCH per UE.
· HARQ-ACK for SPS group-common PDSCH is supported and can be configured.
· Using UE-specific PDCCH for the SPS group-common PDSCH activation/deactivation
· FFS: Group-common PDCCH can be used for the SPS group-common PDSCH activation/deactivation.
· If NACK only feedback is configured for SPS group-common PDSCH, 
· [bookmark: _GoBack]group-common PDSCH scheduled by group-common PDCCH can be used for the SPS group-common PDSCH retransmission
· If ACK/NACK feedback is configured for SPS group-common PDSCH,
· UE-specific PDSCH scheduled by UE-specifc PDCCH can be used for the SPS group-common PDSCH retransmission
· FFS: group-common PDSCH scheduled by UE-specifc PDCCH can be used for the SPS group-common PDSCH retransmission
Proposal 6: For the retransmission of group-common PDSCH for MBS service, UE-specific PDSCH scheduled by UE-epecfic PDCCH can be used.
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Appendix 
Table 3  Simulation assumptions for evaluation of MBS service
	Parameters
	Value

	Layout
	UMa in TR38.901

	Inter-BS distance
	500 m

	Carrier frequency
	4GHz

	Simulation bandwidth
	20 MHz, 8.2% Guard Band

	Frame structure 
	DDDDDDDSUU, 10:2:2 for S

	SCS / Cyclic Prefix
	30 KHz / NCP

	Channel model 
	UMa in TR 38.901

	BS antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) = (8, 8, 2, 1, 1; 1, 8)
(dH,dV) = (0.5, 0.8)λ
+45°, -45° polarization

	UE antenna configuration
	(M, N, P, Mg, Ng; Mp, Np) = (1, 2, 2, 1, 1; 1, 2)
(dH,dV) = (0.5, N/A)λ
0°,90° polarization

	BS beam set
	For direction of BS analog beam steering (in LCS):
Azimuth angle φi = [0] 
Zenith angle θj = [90 95 100 105] degree

NOTE: (azimuth, zenith)=(0, pi/2) is the direction perpendicular to the array.

	Traffic model
	Traffic mode: video
Traffic frequency: 30fps
Traffic Image resolution: 720*1280p 

	Transmit power
	49 dBm at BS

	Antenna height
	assign with TR38.901

	Antenna gain 
	8 dBi at BS and 0 dBi at UE

	Noise figure
	9 dB at UE

	UE distribution
	80% indoor, with 3km/h
20% outdoor, with 3 km/h

	Number of UEs per cell
	10

	Schedule method
	Beam round robin and TDM scheduled

	Schedule granularity
	Unicast: subband; Groupcast: wideband

	PMI CQI feedback granularity
	Unicast: subband; Groupcast: wideband

	Max retransmission time
	4

	MCS table
	EMBB_CP_OFDM_64QAM

	Receiver
	MMSE-IRC





