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1. Introduction
In RAN1 #107-e meeting [1], the main issues on MBS transmission reliability improvement were discussed and the following agreements were reached:
	Agreement
When UE is configured with different codebook types for unicast and multicast and when UE is scheduled to multiplex HARQ-ACK for unicast and HARQ-ACK for multicast with the same priority in the same PUCCH slot, 
· UE generates two separate sub-codebooks for unicast and multicast respectively and then concatenates them by appending sub-codebook for multicast to the sub-codebook for unicast. 
· Note: The PUCCH resource for transmitting the codebook is based on the last unicast DCI.
· FFS: when Type-3 HARQ-ACK codebook or enhanced Type-2 codebook is used for unicast
· Define a UE capability 

Agreement
For multicast SPS activation/deactivation, only ACK/NACK based feedback is supported.

Agreement
UE is not expected to be configured with different PUCCH structures for unicast and multicast for which the HARQ-ACK are with the same priority and to be scheduled to multiplex the HARQ-ACK in the same PUCCH slot simultaneously. 

Agreement
For a UE that supports multicast, the same TDRA table applies to all G-RNTIs if configured on a given serving cell. 

Agreement
For a UE that supports multicast, when PUCCH-Config for ACK/NACK based feedback for multicast is configured separately from unicast, the PUCCH-Config is applied to all G-RNTIs with ACK/NACK based feedback with the same priority on a given serving cell. 
· Note: The dl-DataToUL-ACK is included in PUCCH-Config

Agreement
At least for ACK/NACK based feedback, for obtaining a transmission power for a PUCCH, for Type-2 codebook,  is determined as follows:
· ,  where
·  is computed as in R15/R16.
·  is the total number of bits for all configured G-RNTIs.

Agreement
· For PTM retransmission, 
· if UE is configured to enable/disable HARQ-ACK per group-common DCI indication for initial transmission, whether HARQ-ACK is enabled/disabled for PTM retransmission also follows the indication in the group-common DCI scheduling the PTM retransmission. 
· if UE is configured directly whether the HARQ-ACK is enabled/disabled, it applies to both PTM initial transmission and retransmission. 
· For PTP retransmission, the HARQ-ACK is always enabled. 

Agreement
Support enabling/disabling HARQ-ACK for NACK-only based feedback. 
· The relevant agreements made for ACK/NACK based feedback can be extended for the support of NACK-only, including:
· RRC signalling configures the presence of the field “enabling/disabling HARQ-ACK feedback indication” in the group-common DCI and the configuration is per G-RNTI.
· RRC signalling configures directly whether the HARQ-ACK feedback is enabled or disabled and the configuration is per G-RNTI. 

Agreement
HARQ-ACK feedback option is configured per G-CS-RNTI. 


Agreement
For group-common DCI indicating whether ACK/NACK based HARQ-ACK feedback is enabled/disabled, the “enabling/disabling HARQ-ACK feedback indication” is included in DCI format 1_1 scrambled by G-RNTI
· 	For DCI format 1_1 scrambled by G-CS-RNTI, it is discussed separately. 

Agreement
For the DCI format including the field of “enabling/disabling HARQ-ACK feedback indication” for multicast scheduling, the field is a new field with 1 bit. 

Agreement
For multicast SPS PDSCH without PDCCH scheduling, support the following:
· RRC signalling configures the presence of the field “enabling/disabling HARQ-ACK feedback indication” in the group-common DCI for multicast SPS activation. 
· The configuration is per G-CS-RNTI.
· Separate UE capability is needed from that for dynamic scheduling for multicast. 
· RRC signalling configures directly whether the HARQ-ACK feedback is enabled or disabled. 
· The configuration is per G-CS-RNTI. 

Agreement
For the Type-1 codebook construction for FDM-ed unicast and multicast via Opt 4 (from the previous agreement), when UE is configured with multiple G-RNTIs and UE is configured with fdmed-Reception-Multicast, the sub-codebook for multicast consists of the sub-codebooks for each G-RNTI by appending one to another in ascending order of G-RNTI value.
· The sub-codebook for each G-RNTI is generated per the k1 and TDRA configurations for the same G-RNTI as the legacy procedure. 
· FFS: whether/how to reduce the Type-1 codebook size when multiple G-RNTIs are configured.
· Note: The maximum number of G-RNTI(s) configured to UE for the FDMed unicast and multicast Type-1 codebook is up to UE capability which will be discussed in UE features.


In this document, the remaining issues on improving reliability of  Multicast and Broadcast Service (MBS) are discussed, such as  NACK-only based HARQ-ACK feedback scheme, Type-2 HARQ-ACK codebook, enabling/disabling HARQ-ACK feedback.
2. Discussion 
2.1. HARQ-ACK feedback in MBS
2.1.1. Enabling/disabling HARQ-ACK feedback
In RAN1#107-e meeting, the same option of enabling/disabling HARQ-ACK feedback for ACK/NACK based feedback has been extended to NACK-only based feedback, retransmission scheme and SPS PDSCH without PDCCH scheduling. Also, a new field (i.e. 1 bit) was introduced in DCI format 4_2 for DCI indicating. However, the following remaining issues still need to be discussed. 
· DCI indicating 
It has been agreed that the 1 bit (i.e. Enabling/disabling HARQ-ACK feedback indication) can be included in DCI format 4_2 for DCI indicating [2]. Whether the DCI format 4_1 can include the enabling/disabling indication field was discussed in RAN1 #107-e meeting. Some companies believe that it is enough for multicast with the DCI format 4_2 including the Enabling/disabling HARQ-ACK feedback indication field. When the DCI indicating function is needed, the DCI format 4_2 can be configured. 
However, other companies believe that the Enabling/disabling HARQ-ACK feedback indication field should be included in DCI format 4_1 as well. According to the discussion in AI 8.12.1, the DCI format 4_1 has enough room for accommodating the 1 bit Enabling/disabling HARQ-ACK feedback indication field due to 3 bits (i.e. ‘Identifier for DCI formats’, ‘TPC command for scheduled PUCCH’) are not needed. Thus, we did not see the reason why DCI format 4_1 cannot include the Enabling/disabling HARQ-ACK feedback indication field. Further, UE will ignore the Enabling/disabling HARQ-ACK feedback indication field if it does not support DCI indicating. 

Proposal 1: The “Enabling/disabling HARQ-ACK feedback indication” field can be included in DCI format 4_1.
Proposal 2: UE shall ignore the Enabling/disabling HARQ-ACK feedback indication field if it does not support DCI indicating. 

· Enabling/disabling for SPS activation/deactivation 
It has been agreed that the same option of enabling/disabling HARQ-ACK feedback for ACK/NACK based feedback can be extended to SPS PDSCH without PDCCH scheduling. For enabling/disabling for SPS activation/deactivation, only ACK/NACK based feedback is supported. Regarding the enabling/disabling for SPS activation/deactivation, two alternatives were discussed during RAN1#107-e meeting as following (Note: for SPS activation, HARQ-ACK feedback is for the first PDSCH with PDCCH (activation) scheduling): 
· Alt1: HARQ-ACK feedback always enabled
In this alternative, HARQ-ACK feedbacks of SPS activation/deactivation are always enabled due to they are important for SPS the subsequent scheduling. 
· Alt2: HARQ-ACK feedback enabling/disabling is independently configurable from that for PDSCH without PDCCH
In this alternative, how to indicate HARQ-ACK feedback enabling/disabling for SPS activation/deactivation is independently configurable from that for PDSCH without PDCCH. Per our understanding, two configuration parameters are needed in this option (i.e. one parameter for SPS PDSCH without PDCCH, another parameters for SPS activation/deactivation). In this way, apart from 1 bit in DCI format 4_2 scrambled by G-CR-RNTI, an extra bit is needed for SPS activation/deactivation for DCI indicating.

From the above discussion, Alt1 is simple and reasonable. Alt2 may bring extra specification works, which is not desirable in this stage. Thus, we prefer for multicast SPS activation/deactivation, HARQ-ACK feedback can be always enabled. 
Proposal 3: For multicast SPS activation/deactivation, HARQ-ACK feedback can be always enabled regardless of the RRC configurations. 
2.1.2. NACK-only based HARQ-ACK feedback
For NACK-only based feedback, when UE is indicated to transmit more than one NACK-only based feedback in a slot, how to deal with the multiple feedback were discussed in last RAN1 meetings, and two possible alternatives were listed as following: 
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 

· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission 

Per our understanding, the reason that NACK-only mechanism is applied is the group UEs tend to use the common PUCCH resource because there is no sufficient PUCCH resource for each UE or gNB would like to save uplink resource. If UE is allowed to transform NACK-only into ACK/NACK based feedback, it seems that there are enough PUCCH resource for UEs feedback. If so, gNB can initially configure the ACK/NACK based feedback instead of NACK-only based feedback. In other words, Alt1 against the motivation of introducing NACK-only based feedback and more PUCCH resources should be reserved. 

Observation 1: Alt1 against the motivation of introducing NACK-only based feedback and more PUCCH resources should be reserved.   

In Alt4, the HARQ-ACK codebook-like many-to-one mapping is discussed in [4]. To realize this alternative, gNB needs define a huge number of PUCCH resources. For example, when up to 8 NACK-only based feedbacks are scheduled in a slot,  PUCCH resources will be configured.  And this will exceed the 128 PUCCH resources as defined in for “PUCCH spatial relation Activation/Deactivation MAC CE” in TS 38.321.   

Observation 2: In Alt4, when the number of HARQ-ACK information is up to 8 NACK-only based feedbacks, the number of needed PUCCH resource will exceed the maximum number of PUCCH as defined in current specification.
During #RAN1 107-e meeting, a compromise method was proposed as following: 
Proposal 3.2.3
· When more than one NACK-only feedback are available for transmission in the same PUCCH slot for a given G-RNTI,
· define up to [A] orthogonal PUCCH resources to select from according to combinations of up to [B] TBs with NACK-only feedback, 
· for more than [B] TBs with NACK-only feedback, NACK-only feedback is transformed into ACK/NACK based, i.e., the UE reports HARQ-ACK as in Rel-16 if the UE is provided UE-specific PUCCH resources. Otherwise, the UE does not report HARQ-ACK.
· FFS: Which PUCCH resources UE uses.
· FFS: values of A and B. 
· FFS: UE is not expected to transmit more than one NACK-only feedback corresponding to different G-RNTIs in the same PUCCH slot. 
in where the Alt1 and Alt4 are combined. According to above discussion, for a given G-RNTI, both Alt.1 and Alt.4 have some issues to be addressed. Moreover, for multiple G-RNTI, it becomes more complicated when more than one NACK-only feedback corresponding to different G-RNTIs is transmitted in the same PUCCH slot. Considering the remaining time in Rel-17 maintenance phase, we prefer not support more than one TBs of NACK-only feedback in the same PUCCH slot. 
Proposal 4: To simply the operation, UE is not expected to be scheduled more than one TBs of NACK-only feedback in the same PUCCH slot. 
2.1.3. Constructing Type-2 codebook when a UE joining an ongoing multicast transmission
[bookmark: _GoBack]For MBS transmission, the UE may join an ongoing multicast transmission due to mobility/RRC reconnection/RRC indicating HARQ-ACK enabling. In the ongoing transmission, the original UEs have already applied the updated RRC parameter to transmit multicast data. And C-DAI/T-DAI have been already counted for the Type-2 codebook. Thus, for the UE which just joint the transmission, how the C-DAI/T-DAI will be counted for the HARQ-ACK codebook should be studied. Specifically, to configure the Type-2 codebook, the common understanding of codebook size between gNB and UE should be achieved. More details can be found in our contribution [6]. 
To achieve the common understanding, two related aspects shall be specified:
· T0 indication
T0 slot is defined as the slot that the UE which is just joint the transmission begins to monitor the PDCCH occasion and acquire scheduling information. gNB should indicate the value of  T0 in multicast (re)configuration information so that UE will know in which slot the PDCCH should be started  to monitor for multicast DCI receiving. In this way, gNB and UE have the common understanding of the starting time for computing size of HARQ-ACK codebook.  
· Missing DCI
In slot T0, if the DAI value is not 1(e.g. n), UE will regard (n-1) DCIs are missed. Moreover, the value of j should also be specified for generating the HARQ-ACK codebook. Since the UE which is just joint the transmission does not know the actual value of j, so it is more reasonable that assuming DAI is not circled (i.e. j=0). 
Once these two aspects are specified, a common understanding of codebook size between gNB and UE will be achieved. 

Proposal 5: To achieve the common understanding on codebook size determining between gNB and UE, RAN1 should specify the following two aspects for generating Type-2 codebooks when UE joint an ongoing multicast transmission: 
· T0 indication: The slot that UE begins to monitor the PDCCH occasion and acquire scheduling information. 
· Missing DCI: The UE assume that DAI is not circled (e.g.  j=0) and (n-1) DCIs are missed when the DCI value is n (n is not equal 1) on T0 slot.
2.1.4. PUCCH power control for Type-2 HARQ-ACK codebook   



Figure 2.1: The number of HARQ-ACK bits for obtaining a transmission power for a PUCCH
 
In current draft CR, the  is formulated as shown in Figure 2.1[5], in where the of unicast and of multicast are computed. Moreover, it is reasonable that the maximum number of MIMO layer is not more than 4, and the  for multicast can always equals 1, as current CR shown. In this case, the of multicast equals, where  is the HARQ-ACK bit number that computed by C-DAI/T-DAI. Thus, when multicast transmission is introduced and Type-2 codebook is configured, the  can be computed as following: 
, .
The above formula brings less specification impact.  
Proposal 6: For Type-2 HARQ-ACK feedback,  for PUCCH transmission can be modified as following: 
,  
in where  is computed as below formula which is same as R15/R16:
	
 is the total number of HARQ-ACK bits  for all multicast traffic.
3. Conclusion 
In this document, the issue on improving reliability of MBS is discussed. The proposals are given as following:
Proposal 1: The “Enabling/disabling HARQ-ACK feedback indication” field can be included in DCI format 4_1.
Proposal 2: UE shall ignore the Enabling/disabling HARQ-ACK feedback indication field if it does not support DCI indicating.
Proposal 3: For multicast SPS activation/deactivation, HARQ-ACK feedback can be always enabled regardless of the RRC configurations.
Proposal 4: To simply the operation, UE is not expected to be scheduled more than one TBs of NACK-only feedback in the same PUCCH slot. 
Proposal 5: To achieve the common understanding on codebook size determining between gNB and UE, RAN1 should specify the following two aspects for generating Type-2 codebooks when UE joint an ongoing multicast transmission: 
· T0 indication: The slot that UE begins to monitor the PDCCH occasion and acquire scheduling information. 
· Missing DCI: The UE assume that DAI is not circled (e.g.  j=0) and (n-1) DCIs are missed when the DCI value is n (n is not equal 1) on T0 slot.
· Proposal 6: For Type-2 HARQ-ACK feedback,  for PUCCH transmission can be modified as following: 
· ,  
· in where  is computed as below formula which is same as R15/R16:
· 	
·  is the total number of HARQ-ACK bits  for all multicast traffic.
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