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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 RAN1#102e meeting, some main issues about group scheduling mechanism for MBS transmission were discussed, and the following agreements were made [2]. 
	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.




In this contribution, we focus on details of mechanism to allow UEs in RRC_CONNECTED to receive Broadcast/Multicast service. 
Multicast in RRC_CONNECTED
For RRC_CONNECTED UEs, it has been supported for using a group common PDCCH with CRC scrambled by a common RNTI to schedule a group-common PDSCH. In this section, we first provide detailed analysis for group common PDCCH based solution and then provide our considerations on whether to further support UE-specific PDCCH to schedule a PDSCH for MBS. 
Group common PDCCH
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.
In RAN1#102e meeting, the following agreements were made. Fundamentally speaking, either reusing the BWP framework or configuring a common frequency resource is workable. However, BWP framework can be regarded as one superset of the common frequency configuration and BWP framework is more future-proof. Thus, we propose to reuse the BWP framework.
	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




If it is agreed to reuse the BWP framework for MBS transmission, the MBS specific BWP can be confined within the UE’s unicast BWP, and the SCS and CP should be the same between MBS specific BWP and the UE’s unicast BWP in Rel-17. 
Proposal 2: Rel-17 NR MBS can consider introducing a MBS specific BWP for better flexibility.
· The MBS specific BWP is confined within UE’s unicast BWP, and the SCS and CP are the same as unicast BWP. 

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 common PDCCH. Furthermore, the association relationship between PDCCH MOs and SSBs/CSI-RSs can be defined through RRC signaling. And there may 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.
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-1. 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.
[image: ]
Figure-1: Beam management for MBS transmission
Proposal 3: Regarding Rel-17 NR MBS
· Define a Type x-PDCCH CSS set for the group ommon PDCCH.
· Define association between PDCCH MOs and SSBs or CSI-RSs for group common PDCCH transmission.

Design of DCI
MBS service specific G-RNTI can be configured to UE, and DCI format 1_0 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 NR MBS.
Proposal 4: DCI format 1_0 scrambled with the G-RNTI can be used for MBS group scheduling under group common PDCCH. 
UEs in one group for MBS reception should have a unified understanding on size of DCI for MBS scheduling. 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. 
[bookmark: OLE_LINK6]Proposal 5: Current mechanism can be reused for determining the size of DCI format 1_0 for MBS group scheduling under group common PDCCH.
· DCI size is determined according to CORESET0 if CORESET0 is configured; otherwise, the DCI size will be determined according to initial DL BWP.
UE-specific PDCCH
UE-specific PDCCH based dynamic scheduling
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.
[bookmark: OLE_LINK2]Obviously, compared with group-common PDCCH, UE-specific PDCCH will cost more resources for PDCCH transmission as each UE in the group requires an individual PDCCH. And the issue will become very serious in case that there are large number of UEs within the group, e.g., hundreds or even thousands of users are visiting the same MBS traffic (e.g. in a stadium). It is unworkable for mechanism of UE-specific PDCCH in such case. 
The most important motivation of UE-specific PDCCH is to support ACK/NACK feedback without much specification work. The mechanism of ACK/NACK feedback for unicast PDSCH can almost be reused. For group common PDCCH, the biggest challenge for supporting ACK/NACK feedback is how to indicate a UE-specific feedback resource for each UE in one group though a single group common PDCCH. As the PUCCH resource sets and feedback timing set are configured UE-specifically, the ACK/NACK feedback towards to a same MBS PDSCH from different UEs can be split into different slots or different PUCCH resources within a same slot. So it seems not a big issue for supporting ACK/NACK feedback under group common PDCCH. 
[bookmark: _GoBack]Furthermore, group common PDCCH has already been agreed to support, and ACK/NACK feedback is appreciated for NR MBS as analyzed in our companion contribution [3]. So the standardization efforts for group common PDCCH will be there anyway. Thus, the UE-specific PDCCH based group scheduling is not desirable from our perspective.
Proposal 6: UE-specific PDCCH based group scheduling is NOT supported for MBS transmission.
SPS activated/deactivated by UE-specific PDCCH
If companies really want to support UE-specific PDCCH based solution for MBS transmission, the PDCCH overhead issue must be addressed first. To reduce the PDCCH overhead for UE-specific PDCCH solution when the number of UEs is large, SPS-based scheduling can be considered. SPS scheduling is very suitable for multicast transmission for the following reasons. 
1) For multicast service, such as TV program, the data is usually periodic. 
2) The PDSCH is transmitted to multiple UEs. It means some scheduling configuration for the PDSCH (e.g., MCS, resource size, etc) are updated very slowly considering that the PDSCH scheduling should be more conservative in order to accommodate the multiple UEs. 
3) 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. 
4) For the HARQ-ACK feedback, the current mechanism can be reused without any modification. 
5) 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. And the multicast service can be determined according to SPS index indicated in the DCI implicitly. 
6) In the worst case, the PDCCH overhead for SPS scheduling is equal to the PDCCH overhead for the dynamic scheduling for UE-specific PDCCH solution.
Proposal 7: SPS that is activated/deactivated by UE-specific PDCCH can be considered for multicast service transmission. 
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 [4], 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 8: The same basic broadcast mechanism is applied for RRC_CONNECTED UEs and RRC_IDLE/RRC_INACTIVE UEs.
In Rel-15, NR has specified 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-2, 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 [5] is reused. 
A UE first calculates PF and i_s using its UE_ID as described in clause 7.1 in TS 38.304 [6], and the UE monitors the (i_s + 1)th PO of the PF. In Figure-2, 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. 
[image: ]
Figure-2: Example of default association between paging PDCCH MOs and SSBs
For non-default association shown in Figure-3, 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 [6], 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-3, 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-3: Example of non-default association between paging PDCCH MOs and SSBs

SIBx
As described in TS 38.331 [7], 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-4 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. 
[image: ]
Figure-4: 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.
[bookmark: OLE_LINK5]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 9: Consider beam sweeping mechanism for NR Rel-15 SIBx transmission 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 10: 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 11: 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.
Multicast in RRC_CONNECTED
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.
· The MBS specific BWP is confined within UE’s unicast BWP, and the SCS and CP are the same as unicast BWP. 
Proposal 3: Regarding Rel-17 NR MBS
· Define a Type x-PDCCH CSS set for the group common PDCCH.
· Define association between PDCCH MOs and SSBs or CSI-RSs for group common PDCCH transmission.
Proposal 4: DCI format 1_0 scrambled with the G-RNTI can be used for MBS group scheduling under group common PDCCH. 
Proposal 5: Current mechanism can be reused for determining the size of DCI format 1_0 for MBS group scheduling under group common PDCCH.
· DCI size is determined according to CORESET0 if CORESET0 is configured; otherwise, the DCI size will be determined according to initial DL BWP.
Proposal 6: UE-specific PDCCH based group scheduling is NOT supported for MBS transmission.
Proposal 7: SPS that is activated/deactivated by UE-specific PDCCH can be considered for multicast service transmission. 

Broadcast in RRC_CONNECTED
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 8: The same basic broadcast mechanism is applied for RRC_CONNECTED UEs and RRC_IDLE/RRC_INACTIVE UEs.
Proposal 9: Consider beam sweeping mechanism for NR Rel-15 SIBx transmission as the starting point for Rel-17 broadcast.
Proposal 10: NR MBS UEs support reporting its interested broadcast service under RRC_CONNECTED state. 
Proposal 11: RAN1 further studies whether to support HARQ-ACK for broadcast service for UEs under RRC_CONNECTED state.
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