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During RAN#88e meeting, the revised WI on NR MBS has been approved with the following objectives [1]. There are mainly three objectives related to RAN1.
1. Specify a group scheduling mechanism to allow UEs to receive Broadcast/Multicast service for RRC_CONNECTED UEs;
2. Specify required changes to improve reliability of Broadcast/Multicast service for RRC_CONNECTED UEs;
3. Specify RAN basic functions for broadcast/multicast for UEs in RRC_IDLE/ RRC_INACTIVE states.
In this contribution, we focus on mechanism to allow UEs in RRC_CONNECTED to receive Broadcast/Multicast service. 
	The set of objectives includes:
· 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 beforehand, is subject to verification of service subscription and authorization assumptions during the WI. 



Discussion
Requirements for MBS group scheduling
Licensed band or unlicensed band: Apparently, the WI targets NR MBS in licensed band, which is also the main motivation of NR MBS. Thus, based on our understanding, Rel-17 NR MBS only focuses on licensed band. 
Physical channels and signals: According to the WID, the scope of this Rel-17 NR MBS focuses on using the current Rel-15 numerologies, physical channels (PDCCH/PDSCH) and signals. 
Flexible resource allocation: Network is expected to support both unicast UEs and multicast/broadcast UEs in the same cell. Similarly, UE is expected to support simultaneous operation of unicast and broadcast/multicast. In order to increase the resource utilization efficiency, flexible resource allocation is inevitable for the support of simultaneous operation of unicast and broadcast/multicast. 
Partial beam sweep: Compared with LTE broadcast, one of the most significant features of NR broadcast is beam sweep. As the carrier frequency of NR can be much higher than LTE, NR has to introduce the beam sweep for NR MBS to guarantee the same level of coverage as LTE. For broadcast, it is fine to perform full beam sweep. However, for multicast, if 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, network can use partial beam sweep. 
Proposal 1: Rel-17 NR MBS can consider partial beam sweep in order to reduce the resource overhead.

MBS BWP: If the unicast downlink transmission and broadcast/multicast downlink transmission can share the fundamental configurations, e.g., numerology, then it is preferred to configure/schedule the unicast and broadcast/multicast in the same BWP. While for different UEs, there may have different configurations for their own unicast downlink transmission. Then, it will be hard to find a common configuration for both unicast downlink transmission and broadcast/multicast downlink transmission for them. Furthermore, considering the forward compatibility towards Objective B, different configurations will also be required for unicast downlink transmission and broadcast/multicast downlink transmission to a UE, configuring a BWP specific to broadcast/multicast can be considered.
Proposal 2: Rel-17 NR MBS can consider introducing a MBS specific BWP for better flexibility. 
High-level concepts for group scheduling mechanism
Broadcast in RRC_CONNECTED
Basic scheduling mechanism
In this sub-clause, we present our discussion and analysis of broadcast mechanism for UEs under RRC_CONNECTED. In our companion contribution [2], we also discussed the broadcast mechanism for UEs under RRC_IDLE/RRC_INACTIVE state. Based on our understanding, the basic broadcast mechanism is the same regardless of whether UEs are under RRC_CONNECTED state or RRC_IDLE/RRC_INACTIVE state.
Proposal 3: The same basic broadcast mechanism is applied for RRC_CONNECTED UEs and RRC_IDLE/RRC_INACTIVE UEs.
In Rel-15, NR has specified two different kinds of broadcast mechanism for Paging and SIBx, respectively. Below, we compare the difference between these two mechanisms and provide corresponding analysis.
Paging
UEs in RRC_CONNECTED shall monitor for SI change indication in any paging occasion at least once per modification period if the UE is provided with common search space on the active BWP to monitor paging, as specified in TS 38.213, clause 13. And ETWS or CMAS capable UEs in RRC_CONNECTED shall monitor for indication about PWS notification in any paging occasion at least once every defaultPagingCycle if the UE is provided with common search space on the active BWP to monitor paging. 
Two modes are defined for Paging in Rel-15, default association and non-default association.
For default association shown in Figure-1, SS#0 and CORESET#0 are used for UEs to receive paging information. In this case, the association between SSB index and MO index for SS#0 as defined in clause 13 in TS 38.213 [2] is reused. 
A UE first calculates PF and i_s using its UE_ID as described in clause 7.1 in TS 38.304 [3], and the UE monitors the (i_s + 1)th PO of the PF. In Figure-1, the following parameters are configured, DRX period: 320ms, i.e., 32 radio frames, N=2, Ns=1 and PF_offset=4. That is, there are two PFs in 320ms DRX period, which are located at the fifth radio frame and the twenty-first radio frame of each 32 radio frames according to the PF_offset configuration. There is only one PO in each PF and the slot index of each MO in the PO is determined by configuration of SS#0. If there are more than one POs within SI modification period or defaultPagingCycle, UE can select at least one PO per SI modification period or defaultPagingCycle to receive. Then, the UE can monitor paging PDCCH within the specific monitor window (MW) corresponding to the selected SSB. 
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Figure-1: Example of default association between paging PDCCH MOs and SSBs
For non-default association shown in Figure-2, another searchspace other than SS#0 is used for UE to receive paging. In this case, network has to configure the association between the SSB index and MO in this searchspace. 
A UE first calculates PF and i_s using its UE_ID as described in clause 7.1 in TS 38.304 [3], and the UE monitors the (i_s + 1)th PO of the PF. A PO is a set of 'S' consecutive PDCCH monitoring occasions where 'S' is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1. The Kth PDCCH monitoring occasion for paging in the PO corresponds to the Kth transmitted SSB. The PDCCH monitoring occasions for paging which do not overlap with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from zero starting from the first PDCCH monitoring occasion for paging in the PF. When firstPDCCH-MonitoringOccasionOfPO is present, the starting PDCCH monitoring occasion number of (i_s + 1)th PO is the (i_s + 1)th value of the firstPDCCH-MonitoringOccasionOfPO parameter; otherwise, it is equal to i_s * S.
In Figure-2, the following parameters are configured, DRX period: 320ms, i.e., 32 radio frames, N=2, Ns=2 and PF_offset=4. That is, there are two PFs in 320ms DRX period, which are located at the fifth radio frame and the twenty-first radio frame of each 32 radio frames according to the PF_offset configuration. There are two POs in each PF, the starting MO index of each PO are configured via firstPDCCH-MonitoringOccasionOfPO as MO#1 and MO#5, respectively. If a UE calculates i_s=0, MO#1 will be the first MO of its PO. Otherwise, i.e., i_s=1, MO#5 is determined as the first MO of its PO. Assuming SSB#0 and SSB#2 are actually transmitted by the gNB, two continuous MOs from each first MO will be mapped to each actually transmitted SSB. If there are more than one POs within SI modification period or defaultPagingCycle, the UE can select at least one PO per SI modification period or defaultPagingCycle to receive. Then, the UE can monitor paging PDCCH within MO corresponding to the selected SSB. 
[image: ]
Figure-2: Example of non-default association between paging PDCCH MOs and SSBs

SIBx
SIBs other than SIB1 are carried in SystemInformation (SI) messages, which are transmitted on the DL-SCH. Only SIBs having the same periodicity can be mapped to the same SI message. Each SI message is transmitted within periodically occurring time domain windows (referred to as SI-windows with same length for all SI messages). Each SI message is associated with an SI-window and the SI-windows of different SI messages do not overlap. That is, within one SI-window only the corresponding SI message is transmitted. An SI message may be transmitted a number of times within the SI-window. 
For SI message acquisition PDCCH monitoring occasion(s) are determined according to searchSpaceOtherSystemInformation. If searchSpaceOtherSystemInformation is set to zero, PDCCH monitoring occasions for SI message reception in SI-window are same as PDCCH monitoring occasions for SIB1. If searchSpaceOtherSystemInformation is not set to zero, PDCCH monitoring occasions for SI message are determined based on search space indicated by searchSpaceOtherSystemInformation. PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB , where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation.
Figure-3 gives an example of association between SI PDCCH MOs and SSBs within a SI-window, all the MOs within the SI-window will associate with transmitted SSBs in a circular fashion. 
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Figure-3: Example of association between SI PDCCH MOs and SSBs 
Summary
[bookmark: OLE_LINK3]Overall, for paging mechanism, different UEs are separated into groups corresponding to different POs based on their UE_ID to avoid monitoring paging information for other groups of UEs. While for SIBx mechanism, different SI messages are separated into different SI-windows to guarantee the reception of different SI messages.
Observation 1: For Rel-15 paging mechanism, different UEs are separated into different POs. While for Rel-15 SIBx mechanism, different SI messages are separated into different SI-windows.
Compared with paging mechanism, the SIBx mechanism is more appropriate to Rel-17 broadcast. Different broadcast transportations can be separated into different time windows (e.g., MBS-window) so that UEs can have chances to receive all different kinds of broadcast transportations without any dropping. Furthermore, repetition can be supported easily via the association method defined in SIBx mechanism, by which reliability can be enhanced. Thus, Rel-17 broadcast can reuse the Rel-15 SIBx broadcast mechanism.
Proposal 4: Consider the NR Rel-15 SIBx broadcast mechanism as the starting point for Rel-17 broadcast.
Potential enhancement
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.
Proposal 5: 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 6: RAN1 further studies whether to support HARQ-ACK for broadcast service for UEs under RRC_CONNECTED state.
Multicast in RRC_CONNECTED
In this section, we provide our high-level considerations for multicast for RRC_CONNECTED UEs. 
Based on the analysis in our companion contribution [2], our understanding is that multicast is only applicable to RRC_CONNECTED UEs. While for RRC_IDLE UEs and RRC_INACTIVE UEs, they only support broadcast service, but not support multicast service. Thus, the basic assumption for the following analysis is that the multicast is only provided for RRC_CONNECTED UEs.
Group-common PDCCH vs UE-specific PDCCH
Two ways can be considered for multicast scheduling, i.e., group-common PDCCH and UE-specific PDCCH. With group-common PDCCH, all the UEs in a certain group would monitor the same group-common PDCCHs and try to decode the same PDSCH based on the DCI carried in this group-common PDCCH. For UE-specific PDCCH, different UEs in a certain group can receive different UE-specific PDCCH, and all the different PDCCHs are corresponding to the same PDSCH. In other words, UEs may receive different PDCCHs carrying different DCIs, but the PDSCH is the same for all these UEs in this group.
Obviously, compared with UE-specific PDCCH, group-common PDCCH can save lots of resources as all UEs in one group share the same PDCCH. Besides, the UE-specific PDCCH based scheduling may have the following limitations.
1. UE-specific PDCCH may limit the maximum number of supported MBS users especially in the scenario where hundreds or even thousands of users are visiting the same MBS traffic (e.g. in a stadium).
2. Increase of PDCCH blocking probability with boost of MBS users.
3. Shrinkage of DL throughput due to more DL resources consumption for PDCCH.
4. UE-specific PDCCH may result in the situation where the throughput of MBS PDCCH is even higher than that of MBS group PDSCH. This is not what we desire.
5. Group-common PDCCH needs to be supported anyway considering broadcast service scheduling, and more standardization work are needed for additional support for UE-specific PDCCH. 
6. The most important motivation of unicast PDCCH is the support of simple and flexible HARQ feedback, but it is still questionable that if HARQ feedback is needed for R17 MBS and more comprehensive simulations to justify the performance gain of HARQ feedback is needed as analysed in our companion contribution [4].
[bookmark: OLE_LINK8]Besides, for broadcast for RRC_IDLE/RRC_INACTIVE UEs, only group-common PDCCH (or more specifically, cell-common PDCCH) can be applied. It is preferred to keep commonality between broadcast and multicast. Thus, we propose to adopt the group-common PDCCH for multicast. 
Proposal 7: Consider group-common PDCCH as the basic scheduling mechanism of Rel-17 multicast.
Detailed design of the group scheduling mechanism
Design of DCI
MBS service specific G-RNTI can be configured to UE, and DCI format 1_0/1_1 scrambled with the G-RNTI can be used for MBS group scheduling. In this sense, most of the Rel-15/Rel-16 unicast functionalities can be reused for Rel-17 broadcast/multicast.
Proposal 8: DCI format 1_0/1_1 scrambled with the G-RNTI can be used for MBS group scheduling. 
Search space set and CORESET for group scheduling PDCCH
A common search space (e.g., Type x-PDCCH CSS set) can be defined for the group scheduling PDCCH. 
[bookmark: OLE_LINK7]For broadcast service, CORESET0 can associate with Type x-PDCCH CSS set. Then, association between PDCCH MOs and SSBs can be further defined similar as that in SIBx mechanism. And a full beam sweep will be performed for both group scheduling PDCCH and corresponding PDSCH. 
For multicast service, association between PDCCH MOs and SSBs/CSI-RSs can also be defined. And there may two options for transmission of group scheduling 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.
Option 1 can save DL transmission resource and gNB power, but it requires to manage beam information for MBS transmission to a UE dynamically as shown in Figure-4. While for option 2, beam information for MBS transmission to a UE is transparent to gNB. The disadvantage of option 2 is DL transmission resource and gNB power consumption.
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Figure-4: Beam management for MBS transmission
Proposal 9: 
· Define a Type x-PDCCH CSS set for the group scheduling PDCCH.
· Define association between PDCCH MOs and SSBs or CSI-RSs for group scheduling PDCCH transmission.
Conclusion
In this contribution, the discussion and analysis on mechanisms for group scheduling for RRC_CONNECTED UEs are presented with the following observations and proposals.
Observation 1: For Rel-15 paging mechanism, different UEs are separated into different POs. While for Rel-15 SIBx mechanism, different SI messages are separated into different SI-windows.

Proposal 1: Rel-17 NR MBS can consider partial beam sweep in order to reduce the resource overhead.
Proposal 2: Rel-17 NR MBS can consider introducing a MBS specific BWP for better flexibility. 
Proposal 3: The same basic broadcast mechanism is applied for RRC_CONNECTED UEs and RRC_IDLE/RRC_INACTIVE UEs.
Proposal 4: Consider the NR Rel-15 SIBx broadcast mechanism as the starting point for Rel-17 broadcast.
Proposal 5: NR MBS UEs support reporting its interested broadcast service under RRC_CONNECTED state. 
Proposal 6: RAN1 further studies whether to support HARQ-ACK for broadcast service for UEs under RRC_CONNECTED state.
Proposal 7: Consider group-common PDCCH as the basic scheduling mechanism of Rel-17 multicast.
Proposal 8: DCI format 1_0/1_1 scrambled with the G-RNTI can be used for MBS group scheduling. 
Proposal 9: 
· Define a Type x-PDCCH CSS set for the group scheduling PDCCH.
· Define association between PDCCH MOs and SSBs or CSI-RSs for group scheduling PDCCH transmission.
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