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Introduction
The work item on NR Multicast and Broadcast Services was approved in RAN 86 meeting [1], the objects of WI are listed as following 
	· 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.



In RAN1 #102-e meeting [2], the following agreements were reached:
	Agreements:
For RRC_CONNECTED UEs, HARQ-ACK feedback is supported for multicast and no additional evaluation is needed to justify this.
· FFS: The detailed HARQ-ACK feedback solutions, e.g., ACK/NACK based, NACK-only based.
· FFS: HARQ-ACK feedback can be optionally disabled and/or enabled.
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.
o   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.
Agreements:
· For RRC_CONNECTED UEs, at least support slot-level repetition for group-common PDSCH. 
· FFS: whether enhancement is needed
Agreements:
· For RRC_CONNECTED UEs, existing CSI feedback can be used for multicast transmission.
· FFS: whether enhancement is needed 



In this document, the issue on improving reliability of Broadcast/Multicast service is discussed, including UL feedback and receiving MBS data from multi-SSB beams. The proposals are also given..
Discussion 
Supporting CSI report for MBS
To improve the reliability of unicast transmission, UL feedback including CSI and HARQ-ACK feedback is supported. CSI report is used for link adaptation with various modulation schemes and channel coding rates, which can improve the radio resource efficiency. For channel state measurement and report, the UE can be configured with CSI-MeasConfig which includes the reference signal configuration and measurement report configuration. Similar with unicast CSI feedback, UE is configured by RRC signalling to estimate channel state and reports it to gNB, and it is not necessary for the UE to know the CSI report is used for unicast or MBS transmission. Transparent principle for UE of reporting CSI minimizes standardization work.
On the other hand, for MBS transmission, link adaptation is based on multi-UE’s CSI report. Since there are a lot of UEs to receive the MBS PDSCH at the same time and the location of UEs are scattered in a cell, the benefit of AMC according to multi-UE CSI reports may not be obvious for the MBS transmission compared with unicast. 
Proposal 1: CSI measurement/ report, if applied, for MBS can reuse the Rel-15 mechanism in unicast. CSI report for unicast and MBS is not differentiated by UE.

Supporting HARQ-ACK feedback for MBS
Requirement of HARQ-ACK feedback
It was agreed that HARQ-ACK feedback is supported for RRC_CONNECTED UEs in MBS to enhance the reliability of services. With considering the coverage requirement, services reliability and the specification work load, following requirement and principles can be taken into account when designing HARQ-ACK mechanism for MBS:
· [bookmark: _GoBack]Configuration of different PUCCH format to adapt various distances. When a cell coverage is large (e.g. with radium of 500m) and UEs are randomly allocated, there is a case that UE may be located near the edge of the cell, which is far from gNB. In order to ensure that the PUCCH can be received and decoded successfully by gNB, a proper PUCCH transmission that carrying HARQ-ACK should be selected, e.g. PUCCH consumes 14 symbols, and slot-level repetition. However, when UEs is near the gNB, the PUCCH can be shortened, e.g. 2 symbols, and the PUCCH can be CDM among different UEs’ HARQ-ACK feedback. The PUCCH format can be configured by gNB according to different communication distances by considering path loss and other corresponding conditions.
· Reusing Rel-16 HARQ-ACK feedback mechanism as much as possible. The current Rel-16 specification can support HARQ-ACK feedback for unicast, and the corresponding mechanism and design have been analyzed and discussed comprehensively. When design MBS HARQ-ACK feedback, the unicast HARQ-ACK mechanism can be reused or as a baseline. When broadcast is used for MBS transmission, HARQ-ACK feedback is disabled. It is because that enable HARQ-ACK feedback for broadcast requires extra effort on designing the feedback mechanism.
· HARQ-ACK enable only for interested services. Generally, hundreds of MBS services can be supported in a cell, e.g. LTE can support as many as 1023 MBMS. A UE is not required to receive all the MBS services at a specific time. gNB has the whole map that UEs’ interests on the MBS services and enable/disable of HARQ-ACK feedback. Therefore, a UE can only feedback the corresponding HARQ-ACK information for its interested and received MBS services.
Proposal 2: Different PUCCH format can be configured by gNB to adapt different coverage requirement.
Proposal 3: Rel-16 NR HARQ-ACK feedback mechanism for unicast can be reused by NR MBS as much as possible.
Proposal 4: A UE can only feedback HARQ-ACK information according to its interested/received MBS services.

HARQ-ACK feedback resource indication
PUCCH resource set is supported for unicast in current NR UL mechanism in order to have flexible mechanism to fulfill the requirement of low latency, high spectrum efficiency, and dynamic TDD and carrier aggregation of different UEs. Up to 4 PUCCH resource sets can be configured for a UE, and the selection of PUCCH resource set is based on the payload size of transmitted UCI. Within a PUCCH resource set, a DCI with PUCCH resource indicator field indicates the PUCCH resource configuration to be selected. Furthermore, DCI with PDSCH-to-HARQ feedback timing indicator field indicates the slot of HARQ-ACK feedback transmission of the PDSCH reception.
In Rel-16, PUCCH resource set can be configured for UE by higher layer signaling, including the number of PUCCH format for each set. For NR MBS HARQ-ACK feedback mechanism, the PUCCH resource design and indication mechanism can reuse the current unicast feedback mechanism as much as possible. When designing the PUCCH resource indication mechanism through DCI for NR MBS group scheduling, the following methods can be considered:
1) UE-specific PDCCH to indicate PUCCH resources for common PDSCH.
2) Group-common PDCCH to indicate PUCCH resource for common PDSCH.
3) Multiple group-common PDCCHs to indicate PUCCH resources for common PDSCH.
4) Group-common PDCCH to indicate UE-specific periodic PUCCH resources.
5) DCI of UE-specific PDCCH to indicate PUCCH resources for MBS.

· UE-specific PDCCH to indicate PUCCH resources for common PDSCH.
In this method, different UE-specific PDCCHs indicate the different PUCCH resources of HARQ-ACK feedback for UEs among an MBS group.  All UEs have the corresponding information to schedule the same PDSCH. As shown in Figure 1, five PDCCHs scrambled with C-RNTI are used to indicate the same PDSCH for five UEs in the same group. Each DCI indicates the corresponding PUCCH frequency resource and the feedback time slot for each UE. This scheduling and indication method is easy to design with lowest standardization effort, because it can largely reuse the current unicast scheduling mechanism. However, the system DL signaling load increases dramatically. An example is analyzed as listed in Table 1 about the scheduling signaling load for MBS with BW of 20MHz, SCS of 15KHz, 20 UEs of receiving the same service, scheduled PDSCH of 1 slot with 14 symbols.. 


Figure 1. UE-specific PDCCH to indicate PUCCH resources
Table 1. Scheduling PDCCH load for BW 20MHz of 20 UEs
	CCE of DCI
	System BW
	PDSCH resources
	Total DCI resources
	PDCCH : PDSCH

	16
	100 RBs
	14*100 RBs
	20*16*6
	48 : 35

	8
	100 RBs
	14*100 RBs
	20*8*6
	24 : 35



· Group-common PDCCH to indicate PUCCH resource for common PDSCH.
In this method, a group-common PDCCH is used to schedule a common PDSCH and a common PUCCH resource block is allocated for all UEs. As it is shown in Figure 2, the common PUCCH block contains a series of PUCCH resources, and these PUCCH resources can be multiplexed with FDM, TDM or based on the different initial cyclic shift. The allocation of the PUCCH resources to each UE can be configured by higher layer. One or more PUCCH resource block(s) can be configured by network, and each PUCCH resource block contains multiple PUCCH resources. A UE can be configured one or more PUCCH resources in a PUCCH block. When a UE is enabled to feedback HARQ-ACK information, a corresponding PUCCH resource is indicated by higher layer configuration or other methods, e.g. calculation-based. UE can also adapt its PUCCH resource for feedback based on the payload sizes, which is similar with the unicast mechanism. Comparing with UE-specific PDCCH scheduling, group-common PDCCH scheduling method can save much more DL signaling. On the other hand, this method may results in the PUCCH resource congestion and the  PUCCH resource insufficient when lots UEs in a group need to feedback on the same PUCCH resource block. Furthermore, the PUCCH coverage of all UE in the group may not be guaranteed due to sharing the same PUCCH resource block with the same PUCCH format.  


Figure 2. Group-common PDCCH to indicate PUCCH resource block
In current HARQ-ACK feedback mechanism, there are some conditions that PUCCH cannot be used for HARQ-ACK transmission. A UE is not expected that a second PDSCH starting later than the first PDSCH with its corresponding HARQ-ACK assigned to be transmitted in a slot before the slot with HARQ-ACK of the first PDSCH. A UE is not expected to transmit HARQ-ACK information on the PUCCH which is configured for PUSCH/CSI-RS report/SR/DL. Since gNB has the whole picture on its configurations and resource allocation, most collisions can be avoided by proper scheduling.
When supporting HARQ-ACK feedback mechanism in MBS, some of the current design can be reused for MBS. For MBS, each UE can reuse some of the configurations for unicast, e.g. K1 and PRI. When a UE received group-common PDCCH containing K1’/PRI ‘indications, UE can derive UE-specific PUCCH resource according to K1/PRI and K1’/PRI’. Based on this analysis, HARQ-ACK feedback information from different UEs in a MBS group can be transmitted on different UE-specific PUCCH resource. For a group-common PDCCH scheduling, there is only one DCI containing one K1’/PRI’ which can be mapping to different K1/PRI values for different UEs. By considering the above conditions, it would be difficult for the network to always schedule the proper PUCCH resources for each UE in the group.
· Multiple group-common PDCCHs to indicate PUCCH resources for common PDSCH.
This method is based on the second method as discussed above. A common PDSCH is scheduled by a few PDCCHs for a MBS service, which is a tradeoff of the disadvantages between the first and second methods, i.e. large DL signaling overhead, different PUCCH coverage requirement. This method is illustrated in Figure 3. In Figure 3, a MBS PDSCH is scheduled by a few PDCCHs which are scrambled independently with different G-RNTI. More specifically, the total group of UEs can be divided into several sub groups, and in each sub group the UEs share the same scheduling PDCCH which scrambled by a G-RNTI . Then, according to the PUCCH resource indication in each PDCCH, separate PUCCH resource blocks is allocated for each sub group for the HARQ-ACK feedback transmission. Moreover, each UE in the sub group knows in advance the PDSCH scrambled with G-RNTI(-x) information, e.g. G-RNTI(1) means the G-RNTI used for PDCCH scrambling in small group-1,  G-RNTI(2) means the G-RNTI used for PDCCH scrambling in sub group-2.


Figure 3. Multiple group-common PDCCHs to indicate PUCCH resources

· Group-common PDCCH to indicate UE-specific periodic PUCCH resources.
In this method, a periodic PUCCH resource can be configured through RRC signaling for each UE. The parameter K1 and PRI in DCI field indicate the gap between the common PDSCH and a virtual PUCCH resource. Based on this virtual PUCCH resource, a MBS HARQ feedback timing window can be selected to cover the PUCCH resources. The PUCCH resources which allocated in the selected MBS HARQ feedback timing window will be applied for UE feedback.  , More details of this method are shown in Figure 4. 


Figure 4. UE-specific RRC configuration on periodic PUCCH resources

·  DCI of UE-specific PDCCH to indicate PUCCH resources for MBS.
HARQ-ACK feedback information for MBS can be carried by a DCI of UE specific PDCCH.. In Figure 5, a group-common PDCCH indicates the gap between PDSCHs and the virtual PUCCH for HARQ-ACK feedback. Before the virtual PUCCH resource, a DCI of UE specific PDCCH is configured to indicate a real PUCCH resource for the feedback. . In this way, the UE will use the PUCCH resource indicated by the UE specific DCI instead of using the virtual PUCCH resource which indicated by the group common PDCCH. . Although this method requires the scheduling of the UE specific DCI should happens before the virtual PUCCH that scheduling the MBS services, it brings low PDCCH signaling overhead.  Moreover, based on the current mechanism, the design of the HARQ-ACK feedback is easily implemented by applying this method. 


Figure 5. PDCCH for unicast to indicate PUCCH resources for MBS

Proposal 5: For HARQ-ACK feedback mechanism in MBS, the following methods can be considered:
· UE-specific PDCCH to indicate PUCCH resources for common PDSCH.
· Group-common PDCCH to indicate PUCCH resource for common PDSCH.
· Multiple group-common PDCCHs to indicate PUCCH resources for common PDSCH.
· Group-common PDCCH to indicate UE-specific periodic PUCCH resources.
· DCI of UE-specific PDCCH to indicate PUCCH resources for MBS.

MBS HARQ-ACK codebook determination
There are three types of HARQ-ACK codebook determination mechanism in current specification, Type-1 as semi-static codebook, Type-2 as dynamic codebook, another Type-2 as enhanced dynamic codebook, and Type-3 as one shot feedback codebook. MBS HARQ-ACK codebook can only consider Type-1 and Type-2 codebook since Type-2 enhanced and Type-3 codebook are used for unlicensed band deployment, which scheme considering LBT failure issue for PUCCH transmission and give more opportunity for HARQ-ACK feedback..
Proposal 6: Rel-17 MBS HARQ-ACK codebook determination can reuse the current NR Type-1 semi-static and Type-2 dynamic codebook determination mechanism as baseline.
HARQ-ACK feedback codebook is determined based on the PDCCH indication and correspondingly scheduled PDSCHs. When the PUCCH resources for MBS and unicast is allocated in a slot, the HARQ-ACK feedback codebooks for both MBS and unicast should be considered and determined by taking the following conditions into account. Group-common PDCCH scheduling for MBS is considered in this part.
· Case 1: Jointly HARQ-ACK feedback codebooks for MBS and unicast
· When both MBS and unicast are configured using Type-1 codebook, the size of codebooks are pre-determined semi-statically, and it is feasible to manage the HARQ-ACK feedback information bits jointly for both MBS and unicast.
· Case 2: Separately HARQ-ACK feedback codebooks for MBS and unicast
· When MBS and unicast are configured using different types of codebook for HARQ-ACK feedback, UE should determine the codebook separately. For example, when unicast is configured using Type-1 semi-static codebook and MBS is configured using Type-2 dynamic, it is not feasible to jointly generate one codebook for MBS and unicast. It is because that Type-2 codebook for MBS has variable HARQ-ACK feedback information bits.
· When MBS and unicast are both configured using Type-2 codebook for HARQ-ACK feedback, the DAI for MBS and unicast may be counted independently due to the number of scheduled UE is uncertainty. Thus, two codebooks should be configured in this case. 
Proposal 7: Joint codebook determination is considered when Type-1 codebook is used for both MBS and unicast.
For the case 2 as discussed above, the codebooks for MBS and unicast are determined independently by reusing Rel-15 HARQ-ACK feedback codebook determination mechanism. When the MBS and unicast PUCCH resources are scheduled in a slot, a UE can multiplex HARQ-ACK information according to the current multiplex mechanism. . For example, in current mechanism, when two sub-codebooks i.e. TB-based and CBG-based HARQ-ACK codebooks are determined, the UE concatenates the TB-based HARQ-ACK codebook followed by the CBG-based HARQ-ACK codebook to obtain a total of HARQ-ACK information bits.  Similarly, two sub-codebooks (e.g. unicast-based and MBS-based HARQ-ACK codebooks) can determined when MBS and unicast PUCCH transmitted in a slot. After that, these two sub-codebooks can be multiplexed into a same PUCCH. 
Proposal 8: The current multiplex mechanism (i.e. concatenates the TB-based HARQ-ACK codebook followed by the CBG-based HARQ-ACK codebook) can be reused for MBS and unicast codebook determination. 

Supporting multiple SSB beams
In Rel-15, Paging and SIBx message will be broadcasted for all UE in a cell. In single-beam operation, only one SSB is configured. The messages are transmitted one time within a configured window. In multi-beam operation, more than one SSB are configured in SIB1, and UE assumes that the same paging message and the same SIBx message are repeated in all transmitted SSB-beams.
For a MBS traffic transmission, the interested UEs may be anywhere in an SSB-beam area. In order to provide good coverage for all UEs, gNB should repeat the same MBS traffic data in all transmitted SSB-beams, especially for the interested UEs in IDLE/IN_ACTIVE state.
Proposal 9: To support multi-beam transmission in MBS, gNB can transmit same MBS data on all SSB beams.
For UE in the center of SSB-bean area, MBS receiving performance may be good enough. However, for the UE in the edge of SSB-beam area, the down link channel state may be worse no matter  UE select which one SSB-beam to receive MBS data. Since same MBS traffic data may be repeatedly transmitted in neighbor SSB-beams, soft combination of the data from current SSB-beam and neighbor SSB-beams can be applied to improve the reliability of the MBS reception. For implementation, gNB should configure the adjacent SSB-beams in MCCH or through RRC signaling, and the soft-combination indication is transmitted in MBS scheduling signaling.
Proposal 10: UE can receive MBS data from neighbor SSB-beam, and the soft-combination is used to improve the reliability of MBS receptions.
Conclusion 
In this document, the issue on improving reliability of Broadcast/Multicast service is discussed. The proposals are given as following:
Proposal 1: CSI measurement/ report, if applied, for MBS can reuse the Rel-15 mechanism in unicast. CSI report for unicast and MBS is not differentiated by UE.
Proposal 2: Different PUCCH format can be configured by gNB to adapt different coverage requirement.
Proposal 3: Rel-16 NR HARQ-ACK feedback mechanism for unicast can be reused by NR MBS as much as possible.
Proposal 4: A UE can only feedback HARQ-ACK information according to its interested/received MBS services.
Proposal 5: For HARQ-ACK feedback mechanism in MBS, the following methods can be considered:
· UE-specific PDCCH to indicate PUCCH resources for common PDSCH.
· Group-common PDCCH to indicate PUCCH resource for common PDSCH.
· Multiple group-common PDCCHs to indicate PUCCH resources for common PDSCH.
· Group-common PDCCH to indicate UE-specific periodic PUCCH resources.
· DCI of UE-specific PDCCH to indicate PUCCH resources for MBS.
Proposal 6: Rel-17 MBS HARQ-ACK codebook determination can reuse the current NR Type-1 semi-static and Type-2 dynamic codebook determination mechanism as baseline.
Proposal 7: Joint codebook determination is considered when Type-1 codebook is used for both MBS and unicast.
Proposal 8: The current multiplex mechanism (i.e. concatenates the TB-based HARQ-ACK codebook followed by the CBG-based HARQ-ACK codebook) can be reused for MBS and unicast codebook determination. 
Proposal 9: To support multi-beam transmission in MBS, gNB can transmit same MBS data on all SSB beams.
Proposal 10: UE can receive MBS data from neighbor SSB-beam, and the soft-combination is used to improve the reliability of MBS receptions.
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