
3GPP TSG RAN WG1 #104b-e		                                                             R1-2102610
e-Meeting, April 12th – 20th, 2021

Source:	CATT, CBN
Title:	Discussion on reliability improvement mechanism for RRC_CONNECTED UEs in MBS
Agenda Item:	8.12.2
Document for:	Discussion and Decision

Introduction
In RAN1 #104-e meeting [1], the main issues on MBS transmission reliability improvement were discussed and the following agreements were reached:
	Agreement:
For ACK/NACK based feedback if supported for RRC_CONNECTED UEs receiving multicast, UE can be optionally configured a separate PUCCH-Config for multicast. Otherwise, PUCCH-Config for unicast applies. 

Agreement:
The priority for HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast can be, 
· Lower, higher than or equal to the HARQ-ACK feedback for unicast
· FFS: How to reflect the priority in specification, e.g., whether it is configured or indicated to the UE
· [bookmark: OLE_LINK3]FFS: The total number of priorities across multicast and unicast
· FFS the priority between HARQ-ACK feedback for multicast and other UCI for unicast (SR, CSI) or PUSCH for unicast. 
Agreement:
For ACK/NACK based feedback if supported for multicast, for Type-2 HARQ-ACK feedback construction for PTM scheme 1, 
· DAI for unicast and DAI for multicast are separately counted. 
· Concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. 
· FFS details on concatenating the codebooks. 
· FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 
Agreement:
For RRC_CONNECTED UEs receiving multicast, support the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· It is up to network to configure orthogonal PUCCH resources among UEs within the same group. 
· FFS: NACK-only based HARQ-ACK feedback for multicast, 
· It is up to network to configure the PUCCH resources and the PUCCH resources can be shared among UEs within the same group. 
· FFS details. 

Agreement:
For the cases of HARQ-ACK feedback (at least for ACK/NACK based feedback) is available for multicast and unicast for a given UE receiving multicast, for determining the PUCCH resource,
· Support multiplexing for the same priority and prioritizing for different priorities at least when the corresponding PUCCH resources overlap in time in a slot. 
· FFS whether it is subject to UE capability.
· FFS the case of non-overlapping PUCCHs resources for HARQ-ACK in the same slot.
· FFS whether sub-slot based PUCCH transmission for HARQ-ACK is supported.
· FFS the case of HARQ-ACK feedback for multicast and other UCI for unicast. 

Agreement:
For ACK/NACK based feedback if supported for multicast, construction of Type-1 HARQ-ACK codebook based on the union of the PDSCH TDRA sets of the unicast service and the multicast service (if they are separately configured), at least of the same priority, is supported
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed unicast and multicast. 
· FFS details of Type-1 HARQ-ACK codebook construction for FDM-ed multicast and multicast if supported. 
· FFS: whether/how to optimize the Type-1 codebook construction to reduce the HARQ-ACK feedback payload size. 

Agreement:
For slot-level repetition for group-common PDSCH for RRC_CONNECTED UEs receiving multicast,
· (Config A) UE can be optionally configured with pdsch-AggregationFactor.
· (Config B) UE can be optionally configured with TDRA table with repetitionNumber as part of the TDRA table. 
· If UE is configured with Config B, UE does not expect to be configured with Config A for the same group-common PDSCH.

Decision: As per email posted on Feb 5th,
[bookmark: _Hlk63422390]Agreement:
[bookmark: _Hlk63422353]For enabling/disabling HARQ-ACK feedback for RRC_CONNECTED UE receiving multicast, 
· Option 3: RRC signalling configures the enabling/ disabling function of DCI indicating the enabling /disabling HARQ-ACK feedback.
· If RRC signalling configures the function, DCI indicates (explicitly or implicitly) whether HARQ-ACK feedback is enabled/disabled 
· FFS details on RRC signalling and DCI indicating. 
· If RRC signalling does not configure the function, DCI does not indicate enabling/disabling the HARQ-ACK feedback.
· FFS whether enabling or disabling the feedback is the default mode. 
· Option 2: RRC indicates enabling/disabling.
· FFS: whether down-selection between option 3 and option 2 is needed or support the both options. 
· FFS: enabling/disabling by MAC-CE.



In this document, the main issues on improving reliability of  Multicast/Broadcast/ service (MBS) are discussed, such as  NACK-only based HARQ-ACK feedback scheme, HARQ-ACK codebook of  type-1/type-2 base ACK/NAK, enable/disable HARQ-ACK feedback, and UCI multiplexing/prioritization.
Discussion 
HARQ-ACK feedback in MBS
Enabling/disabling HARQ-ACK feedback
Option 2: RRC indicates enabling/disabling
HARQ-ACK enable/disable based on RRC-only configuration indication is semi-static which is less time critical by compared with dynamic indication by DCI. Once HARQ-ACK feedback is enabled/disabled by RRC indicating for MBS, it remains the state (i.e. enabling or disabling) until re-configuration. For RRC indication, an information field is contained in RRC signaling for HARQ-ACK enabling/disabling indication. When this information field is indicating HARQ-ACK enabling, a PUCCH-config for multicast is supposed to be configured. Besides, it is also agreed that PUCCH resources for unicast HARQ-ACK feedback can be applied by multicast if no PUCCH-config for multicast is defined for multicast. RRC indication is a semi-static method which is less time critical, and it is appropriate when the number of UEs in the same group is not dramatically changing (e.g. increasing).
Option 3: RRC configured function and DCI indicating based enabling/disabling
This mechanism is a combination of RRC and DCI indicating. RRC configuration has the first level of enabling/disabling switch. RRC can decide whether to configure the enabling/disabling function for MBS service based on some criteria, such as QoS requirement. DCI can be used to disable the current HARQ-ACK feedback when the number of multicast receiving UEs is increasing dramatically, since the request of PUCCH resources is also increased. Two following cases are further discussed:
· RRC configures the enabling/disabling function 
When RRC signaling configures disabling HARQ-ACK feedback to a UE, there is no need to use DCI for the following up indication, e.g. DCI does not contain such a field.
When RRC signaling configures enabling HARQ-ACK feedback to a UE, DCI can be used to switch it ON/OFF dynamically as the second level. For DCI indication, the following methods can be considered:
· A specific field in DCI with 1 bit
In DCI filed, 1 extra bit indication can be added to indicate the HARQ-ACK feedback enabling/disabling. For example, ‘0’ indicates enabling and ‘1’ indicates disabling. The benefit of this method is obvious and it can be implemented simply, but it needs 1 extra bit information field in DCI, which increases the payload.
· A special state index 
gNB can pre-configure or pre-define a special state of an existing field to indicate the HARQ-ACK feedback enabling/disabling. The existing field can be the PDSCH-to-HARQ feedback timing (k1) field or PUCCH resource indicator (PRI) field, etc.  For example, in DCI format 1_0, k1 uses 3bit which corresponds 8 states to indicate the PDSCH-to-HARQ feedback timing. gNB can pre-configure or pre-define a special k1 index (e.g ‘000’) as the disabling indication. When receiving ‘000’ of k1 index, UE will not feedback the HARQ-ACK information; otherwise, UE will report the HARQ-ACK feedback information based on the rules in R15. 
The shortage of this method is that once a special k1 index is used to indicate the HARQ-ACK feedback disabling, it can’t be used to indicate the valid timing for PUCCH anymore. Thus, the flexibility of the PDSCH-to-HARQ feedback timing indication is reduced, same as for the PUCCH resource indicator field, etc.
· NRU-like mechanism
In NRU operation, the special k1 value (k1=-1) means that the UE will not feedback the HARQ-ACK information in the scheduling time domain that current DCI indicating, but feedback the HARQ-ACK information at the next scheduling resource. The PUCCH may be scheduled to the next COT (Channel Occupy Time), but COT duration is not sure at the time of scheduling signaling sending. 
There are some limitations for K1 configuration if this mechanism is reused for disabling HARQ-ACK feedback. Firstly, gNB shall configure a new k1 value for each UE, and the default k1 value cannot be used. Secondly, when the gNB wants to reconfigure HARQ-ACK feedback state by RRC, the method that a special state index to indicate the HARQ-ACK feedback enabling/disabling does not need to re-configured the k1 set. But, in this method, the new k1 set should be reconfigured by RRC to improve the flexibility of indicating the valid timing for PUCCH. Thirdly, when this extra HARQ-ACK disabling function is introduced, the UE in NRU cannot know what the k1 (i.e. -1) exactly mean is. Thus, this method is not suitable for disabling HARQ-ACK feedback. 

· Default mode of HARQ-ACK feedback
In this case, the default mode which enables HARQ-ACK feedback is supported. In this way, the Option 3 can include all the functions that Option 2 brings (i.e. enabling or disabling functions).  
All in all, comparing with Option2, the Option 3 is more flexible due to the DCI indicating. Thus, we support Option 3 to indicate enabling/disabling.  
Proposal 1: When RRC signaling does not configure the function, enabling the HARQ-ACK feedback is the default mode.   
Proposal 2: Supporting Option 3 to indicate enabling/disabling,  1 extra bit indication in DCI or a special state index of k1/PRI can be the candidate schemes.

ACK/NACK based HARQ-ACK feedback
· PUCCH resources for UEs in a group
It was discussed in last meeting whether to share PUCCH resources for ACK/NACK from UEs within the group perspective. It is supported that PUCCH resources are separate among all the UEs, which means each UE is configured with a specific PUCCH resource for ACK/NACK feedback. For multicast, it is feasible by reusing current ACK/NACK feedback framework, where gNB can determine initial transmission scheme(s) and the following retransmissions scheme(s). Furthermore, DTX issue can also be avoided with ACK/NACK feedback.
It was discussed in last meeting that the UEs in the same group can share the PUCCH resources when these UEs are reporting ACKs, and the UEs are not differentiated by gNB since there is no need to have retransmissions for these UEs. On the other hand, the UEs in the same group should use separate PUCCH resources when they are going to report NACK to gNB. In this way, gNB knows which UEs need retransmissions, and gNB can switch using PTM scheme 2(if supported)/PTP for retransmissions. However, it is still unclear whether this mechanism can have benefit or not.
Proposal 3: For ACK/NACK based HARQ-ACK feedback for multicast, PUCCH resources are configured separate among UEs within the same group
As agreed in last meeting, for MBS HARQ-ACK feedback, the priority of multicast can be lower, higher than or equal to the HARQ-ACK feedback for unicast. By considering two priorities i.e. low priority and high priority for unicast corresponding to eMBB and URLLC services which are defined in R16 for unicast, 5 potential priorities across multicast and unicast is shown in Figure 1. 




Figure. 1: 5 potential priorities cases across multicast and unicast 
To reflect these 5 cases, 3 bits will be needed by RRC or DCI. However, it seems that the Case 5 is not reasonable since we do not see any MBS services’ priority can be higher than URLLC so far.  Thus, 4 cases of priorities across multicast and unicast are more reasonable.  But, this will bring more work load for the current specification. Specifically, to match the 4 priorities across multicast and unicast, the current specification of unicast needs extend the indicator field from 1bit to 2 bits.
Thus, the simplest way is to define 2 cases of priorities across multicast and unicast, which is same as the priorities for unicast. Further, a same indicator value has the same priority for both unicast and multicast. For example, the service which is indicated by value ‘0’ for unicast has the same priority with the service which is indicated by value ‘0’ for multicast. 
Proposal 4: Two priorities across multicast and unicast are supported.

· Reflecting the priority for the HARQ-ACK feedback of multicast 
In Rel-16, two HARQ-ACK codebooks can be constructed simultaneously for eMBB and URLLC transmission, and 1 bit priority indicator is included in DCI format1_2/1_1. Further, priority indicator ‘0’ indicating that the ACK/NACK feedback for scheduling PDSCH is constructed on HARQ-ACK codebook 0; priority indicator ‘1’ indicating that the ACK/NACK feedback is constructed on HARQ-ACK codebook 1. For fallback DCI (e.g DCI format 1_0), the ACK/NACK feedback is regarded as the low priority index 0.
In multicast HARQ-ACK feedback operation, different services may have different priorities (e.g different QoS configuration by session management).  Each multicast service is labeled by a unique TMGI and will be identified by configuring different G-RNTIs. Thus, when G-RNTI is configured, the priority for a special multicast service can be incidentally indicated by RRC signaling. The benefit of indicating priority by DCI is not clear for us.  Therefore, the indication of the priority for the HARQ-ACK feedback for multicast by RRC configuration is proposed. And the gNB can pre-define the concatenating order based on the G-RNTI increasing order
Proposal 5: To reflect the priority for the HARQ-ACK feedback for multicast, the RRC configuration is supported.

· The priorities between multicast and other UCI/PUSCH for unicast
The issue on the priority between HARQ-ACK feedback for multicast and other UCI for unicast (SR, CSI) and unicast PUSCH was identified in last meeting. In R15/R16, the other UCI for unicast (SR, CSI) and unicast PUSCH already have their corresponding priorities, once the number of priorities across unicast and multicast is decided, the priorities between multicast and the other UCI for unicast (SR, CSI) and unicast PUSCH  can be settled. Thus, we think that no more discussion is needed in this FFS. 
NACK-only based HARQ-ACK feedback
· NACK-only based HARQ-ACK feedback can be supported in MBS when the group is large, and MBS specific PUCCH resources can be used for all the UEs in the same group. From the perspective of UEs in the same group, the following two PUCCH resource configurations can be considered. Separate PUCCH resources among UEs
Each UE in the group is configured/indicated with a specific PUCCH resource for NACK-only feedback. gNB can have the information that which UE reports NACK, and gNB can determined to use PTM or PTP to schedule retransmissions for these UEs. However, it can lead to PUCCH resource waste when majority UEs in the group feedback nothing in the PUCCH resource, i.e. ACK/DTX. Furthermore, if the number of UEs in the group is large, much more PUCCH resources may be not used, which causes low resource efficiency.
· Shared PUCCH resources among UEs
The group of UEs can be configured with a shared PUCCH resource set. There is no specific PUCCH resource for each UE, and the total number of PUCCH resources can be configured much smaller than the total number of UEs. When NACK reporting UEs are large, PUCCH resource collision may happen, and the duplicated NACK PUCCHs can be dropped. For shared PUCCH mechanism, PTM scheme 1 can be used for HARQ-ACK retransmissions, because there is no differentiation among the reporting UEs. If there is/are some UE(s) always report NACK, it is up to gNB to determine when to terminate the retransmissions of this TB.
According to the analysis above, shared PUCCH resources among UEs are supported because of low PUCCH overhead.
Proposal 6: NACK-only based HARQ-ACK feedback is supported in MBS, and shared PUCCH resource is supported from the perspective of UEs in the same group.

PUCCH format 0 can be supported in NACK-only feedback for MBS. Because gNB does not need to receive the NACKs from all the UEs, NACK-only feedback for a large number of UEs only requires low PUCCH overhead, for which PUCCH format 0 with 1-2 symbols is enough and fitful. However, if the group of UEs is quite large and gNB may require many UEs to report HARQ information, PUCCH format 1 with 4-14 symbols can be used for NACK-only feedback. Furthermore, long PUCCH format can also improve the transmission coverage for those UEs which far away from gNB.
Proposal 7: PUCCH format 0/1 can be configured by gNB to be used for NACK-only feedback for MBS.
NACK-only feedback framework can be designed by reusing Rel-15 NR ACK/NACK based feedback framework. The PDSCH-to-HARQ feedback timing indicator (k1) can be used to indicate the PUCCH feedback slot, and the values of k1 can be configured by RRC. When it is not configured by RRC configuration, a default value range can be used as {1, 2, 3, 4, 5, 6, 7, 8}. The PUCCH resource indicator (PRI) and DCI CCE index can be applied to indicate PUCCH ID. For the UEs receiving MBS in the same group, the NACK-only feedback resources for all the UEs are orthogonal with each other.
Proposal 8: NACK-only based feedback framework is designed based on Rel-15 NR ACK/NACK-based feedback mechanism by considering PRI, DCI CCE index and k1 to indicate PUCCH resources.
In Rel-15 NR, up to 4 PUCCH resource sets can be configured, and resource set 0 can be configured with up to 32 PUCCH resources for 1-2 bit(s) UCI transmissions. To support NACK-only feedback in MBS, at least 8 PUCCH resources can be configured for NACK-only feedback, and it can also be configured with up to 32 PUCCH resources. The PUCCH resource set can be used by all MBS services using NACK-only feedback.
Proposal 9: When configuring PUCCH resource set for NACK-only feedback in MBS, 8-32 PUCCH resources can be supported based on configuration.
Proposal 10: The PUCCH resource set can be used by all the MBS services using NACK-only based feedback mechanism.

HARQ-ACK codebook determination
It was agreed that Type-1 (semi-static) codebook and Type-2 (dynamic) codebook are supported for UEs receiving multicast. 
· Type-1 HARQ-ACK codebook
In last meeting, it was agreed that Type-1 HARQ-ACK codebook is supported and PDSCH TDRA sets is the union of unicast and multicast. To support the FDMed unicast and multicast scenarios, the easiest way is to construct the sub-codebook separately for the unicast and multicast services according to respective k1 values. After that, two sub-codebooks are concatenated into one codebook as discussed in following Type-2 HARQ-ACK concatenating mechanism. Same mechanism can be applied for the FDMed multicast and multicast scenarios.



Figure 2: The mechanism for Type-1 HARQ-ACK codebook construction

To reduce the HARQ-ACK feedback payload size, the Type-1 codebook construction should be optimized. And the optimization of the Type-1 codebook construction can be based on UE’s capability, which related to the maximum number of FDMed PDSCHs that UE can receive in a slot.  As shown in Figure 2, without considering the UE capability, the HARQ-ACK feedback codebook will have 9 bits HARQ-ACK feedback information. When considering UE’s capability and the maximum number of PDSCH that UE can receive in a slot is 2, the UE can only receive two PDSCH in slot n-4 and n-3. Thus, the HARQ-ACK feedback codebook will have 7 instead of 9 bits HARQ-ACK feedback information. 
Proposal 11: To reduce the HARQ-ACK feedback payload size, the mechanism for optimizing the Type-1 codebook construction should be studied and can be based on the UE’s capability.
· Type-2 HARQ-ACK codebook 
	Agreement:
For ACK/NACK based feedback if supported for multicast, for Type-2 HARQ-ACK feedback construction for PTM scheme 1, 
· DAI for unicast and DAI for multicast are separately counted. 
· Concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. 
· FFS details on concatenating the codebooks. 
· FFS whether to support concatenating more than one Type-2 HARQ-ACK codebook for multicast. 


It has been agreed that concatenation of Type-2 HARQ-ACK codebook for unicast and multicast is supported. 
The codebooks for MBS and unicast are determined independently by reusing Rel-15 HARQ-ACK feedback codebook determination mechanism. 
When the same PUCCH resources are configured for both unicast and multicast HARQ-ACK transmission (e.g multicast reusing the PUCCH-config for unicast), and the two PUCCH resources are scheduled in a slot, the concatenation procedure of R15/R16 for different sub-codebook can be reused. 
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 be determined when MBS and unicast PUCCH feedback transmitted in a slot. After that, these two sub-codebooks can be concatenated into a joint codebook. 
Proposal 12: The concatenation of TB-based and CBG-based HARQ-ACK mechanism can be reused to concatenate the MBS-based and unicast-based HARQ-ACK codebooks.

If more one multicast sub-codebooks are scheduled in a slot, we support concatenating all these sub-codebooks into one codebook. If not supported, a sub-codebook dropping rules is needed to be discussed and specified, which will cause the performance degradation for multicast transmission. 
Proposal 13: Support concatenating more than one Type-2 HARQ-ACK codebooks for multicast scheduling.

If multiplexing of more than one Type-2 HARQ-ACK codebooks for multicast is supported, the concatenating rule in R15/R16 can still be applied.  Before concatenating the different multicast sub-codebook into one sub-codebook, the gNB can pre-define the concatenating order based on the G-RNTI increasing order.



Figure 3 Concatenating for more than one Type-2 HARQ-ACK codebooks

As shown in Figure 3, there are two sub-codebook of unicast (i.e. Unicast sub-codebook1 and Unicast sub-codebook2), UE will concatenate this two sub-codebooks into a union unicast sub-codebook (i.e. Unicast sub-codebook) according to the rules in R15/R16. Similarly, three sub-codebooks of multicast (i.e. Multicast sub-codebook1, Multicast sub-codebook2, and Multicast sub-codebook3) can be concatenated in to a Multicast sub-codebook according to R15/R16 rules.  The order of concatenating multicast sub-codebooks can be based on the increasing order of G-RNTI.  Then, UE appends the Multicast sub-codebook after the Unicast sub-codebook.
Proposal 14: For concatenating more than one Type-2 HARQ-ACK codebooks for multicast, the order between sub-codebooks can be based on the increasing order of G-RNTI. 

PUCCH resource overlapping/non-overlapping
The multiplexing /prioritization mechanism when the unicast PUCCH resource overlaps with the multicast PUCCH resource   should be applied based on UE capability.  If UE can support multiplexing / prioritizing capability, when the unicast and multicast PUCCH resources overlap in time in a slot, the UE can multiplex for the same priority and prioritize for different priorities according to the rules in R16.  
When UE can’t support multiplexing / prioritizing capability, gNB shall void to schedule the PUCCHs overlapping in time domain. 
Proposal 15: The multiplexing / prioritizing mechanisms shall subject to UE capability. If UE can’t support multiplexing / prioritizing capability, gNB shall void scheduling PUCCHs overlapping in time domain.
For the case of non-overlapping PUCCH resources for HARQ-ACK in a slot, the multicast can reuse the mechanism in R16.  In Rel-16, when low priority PUCCH and high priority PUCCH are scheduled in the same slot without overlapping in time, UE will transmit both PUCCHs. When PUCCHs with the same priority are scheduled on same slot (no matter overlapping or not), UE will feedback HARQ-ACK codebook on the PUCCH that the last DCI indicates. 
For multicast HARQ-ACK transmission, we think the delay requirement is not so urgent and only slot-based PUCCH resource configuration is enough. Thus, we do not support the sub-slot based PUCCH transmission for multicast HARQ-ACK.  
The case for HARQ-ACK feedback for multicast and other UCI for unicast can be managed as the rules in R16, In R16， Specifically, when two PUCCH resources share the same priority, the UCIs of unicast and multicast are multiplexed into one PUCCH; when the two PUCCH resources have different priorities, PUCCH with the low priority will be dropped.  
Proposal 16: When the priority indicator is introduced for multicast HARQ-ACK feedback, the rules in R16 for unicast can be used on prioritizing/multiplexing of the UCI.

PUCCH resource allocation/indication
PUCCH resource set is supported for unicast in order to have flexible mechanism. 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 PRI field indicates the PUCCH resource to be selected. Furthermore, DCI with k1 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. 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) Group-common PDCCH to indicate PUCCH resource for common PDSCH.
2) Group-common PDCCH to indicate UE-specific periodic PUCCH resources.
· 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 4, 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 4. 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.
· 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 5. 



Figure 5. UE-specific RRC configuration on periodic PUCCH resources

Proposal 17: For HARQ-ACK feedback mechanism in MBS, the following methods can be considered:
· Group-common PDCCH to indicate PUCCH resource for common PDSCH.
· Group-common PDCCH to indicate UE-specific periodic PUCCH resources.

Multiple transmission
Multiple SSB beams sweeping
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.
[bookmark: _GoBack]For a MBS traffic transmission, the interested UEs may be anywhere in a cell. 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 18: To support multi-beam transmission in MBS, gNB can transmit same MBS data on all SSB beams.
For UE in the center of SSB-beam area, MBS receiving performance may be good enough. However, for the UE in the edge of SSB-beam area, the downlink channel state may be worse no matter UE selects 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 19: UE can receive MBS data from neighbor SSB-beam, and the soft-combination is used to improve the reliability of MBS receptions.

Retransmission schemes
Initial transmission and potential retransmission schemes were discussed in last meeting. Option 1 was actually agreed in another topic of MBS in 8.12.1. For option 2, when only few UEs report NACK, gNB can use PTP (Alt 1 in option 2) to schedule retransmissions, which can also improve the transmission efficiency. Using PTP as retransmission schemes can reduce power consumption of UE for monitoring PDCCH, and gNB can also use specific beams for retransmission for these UEs based on their CSI feedbacks.
CBG based retransmission is supported by DCI format 1_1/1_2 for unicast transmission. That supporting CBG transmission for PTM scheme -1 will introduce complexity of DCI format design, and there is not obvious benefit because different UEs may have different decoding results on CBGs. If CBG based transmission of unicast is configured for a UE, CBG based PTP retransmission can be used for delivering MBS services.
Proposal 20: When PTM scheme 1 is used as initial transmission, retransmission scheme supports PTM scheme 1 and PTP.
Proposal 21: CBG based PTP retransmission can be supported in multicast retransmission when a UE is configured with CBG transmission for unicast.

CSI report in 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.
It was agreed to further study on the CSI feedback enhancement for MBS with some details listed above. All of these enhancements need specification changes but the potential enhancement or benefit is not quite clear or worth.
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. 
Above all, the benefit of CSI enhancement for MBS can be further studied. The discussion priority can be low by considering potential specification work.
Proposal 22: CSI feedback enhancement for MBS can be further studied and discussed but with low priority.
Conclusion 
In this document, the issue on improving reliability of Broadcast/Multicast service is discussed. The proposals are given as following:
Proposal 1: When RRC signaling does not configure the function, enabling the HARQ-ACK feedback is the default mode.   
Proposal 2: Supporting Option 3 to indicate enabling/disabling,  1 extra bit indication in DCI or a special state index of k1/PRI can be the candidate schemes.
Proposal 3: For ACK/NACK based HARQ-ACK feedback for multicast, PUCCH resources are configured separate among UEs within the same group
Proposal 4: Two priorities across multicast and unicast are supported.
Proposal 5: To reflect the priority for the HARQ-ACK feedback for multicast, the RRC configuration is supported.
Proposal 6: NACK-only based HARQ-ACK feedback is supported in MBS, and shared PUCCH resource is supported from the perspective of UEs in the same group.
Proposal 7: PUCCH format 0/1 can be configured by gNB to be used for NACK-only feedback for MBS.
Proposal 8: NACK-only based feedback framework is designed based on Rel-15 NR ACK/NACK-based feedback mechanism by considering PRI, DCI CCE index and k1 to indicate PUCCH resources.
Proposal 9: When configuring PUCCH resource set for NACK-only feedback in MBS, 8-32 PUCCH resources can be supported based on configuration.
Proposal 10: The PUCCH resource set can be used by all the MBS services using NACK-only based feedback mechanism.
Proposal 11: To reduce the HARQ-ACK feedback payload size, the mechanism for optimizing the Type-1 codebook construction should be studied and can be based on the UE’s capability.
Proposal 12: The concatenation of TB-based and CBG-based HARQ-ACK mechanism can be reused to concatenate the MBS-based and unicast-based HARQ-ACK codebooks.
Proposal 13: Support concatenating more than one Type-2 HARQ-ACK codebooks for multicast scheduling.
Proposal 14: For concatenating more than one Type-2 HARQ-ACK codebooks for multicast, the order between sub-codebooks can be based on the increasing order of G-RNTI. 
Proposal 15: The multiplexing / prioritizing mechanisms shall subject to UE capability. If UE can’t support multiplexing / prioritizing capability, gNB shall void scheduling PUCCHs overlapping in time domain.
Proposal 16: When the priority indicator is introduced for multicast HARQ-ACK feedback, the rules in R16 for unicast can be used on prioritizing/multiplexing of the UCI.
Proposal 17: For HARQ-ACK feedback mechanism in MBS, the following methods can be considered:
· Group-common PDCCH to indicate PUCCH resource for common PDSCH.
· Group-common PDCCH to indicate UE-specific periodic PUCCH resources.
Proposal 18: To support multi-beam transmission in MBS, gNB can transmit same MBS data on all SSB beams.
Proposal 19: UE can receive MBS data from neighbor SSB-beam, and the soft-combination is used to improve the reliability of MBS receptions.
Proposal 20: When PTM scheme 1 is used as initial transmission, retransmission scheme supports PTM scheme 1 and PTP.
Proposal 21: CBG based PTP retransmission can be supported in multicast retransmission when a UE is configured with CBG transmission for unicast.
Proposal 22: CSI feedback enhancement for MBS can be further studied and discussed but with low priority.
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