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[bookmark: _Ref4817]1	Introduction
During RAN#88-e meeting, the revised WI on NR MBS has been approved [1]. Most of the functionalities of MBS have been finalized. In this contribution, we provide our analysis and TPs for the remaining issues.
 
[bookmark: OLE_LINK32]2	Broadcast
2.1	FDM based reception
In previous RAN1 meetings, we had the following agreement on FDM based reception related with MBS transmissions. 
	Agreement(RAN1#109-e)
For RRC_CONNECTED UEs, 
· a UE is not required to support reception of FDMed MCCH/MTCH/multicast PDSCH and SIB PDSCH in Pcell.
· a UE is required to support reception of FDMed MCCH PDSCH and PBCH in Pcell.
· a UE is not required to support reception of FDMed MTCH PDSCH and PBCH in Pcell.
· a UE is not required to support reception of FDMed multicast PDSCH and PBCH in Pcell.
Agreement
For RRC_CONNECTED UEs,
· a UE is not required to support reception of FDMed multicast PDSCHs in Pcell or Scell. 
· a UE is not required to support reception of FDMed multicast PDSCH and MCCH/MTCH for broadcast in Pcell or Scell.
· a UE is not required to support reception of FDMed multicast PDSCH and Paging PDSCH in Pcell.



However, as highlight in yellow, some parts of the agreements above are missed in current specification [2]. 
	[bookmark: _Toc106629505]18	Multicast Broadcast Services
<---------------------------Other parts are omitted ------------------------------->
A UE is not required to simultaneously receive PDSCHs for MCCH or MTCH on two serving cells. A UE is not required to simultaneously receive on a serving cell
-	PDSCHs for MCCH and MTCH, or 
-	more than one MTCH PDSCHs, or 
-	PDSCH for MTCH and PBCH, or 
-	PDSCH for MCCH or MTCH and PDSCH scheduled by a DCI format 1_0 with CRC scrambled by SI-RNTI or by P-RNTI
A UE in the RRC_CONNECTED state is not required to simultaneously receive on a serving cell
-	PDSCHs for MCCH or MTCH and multicast PDSCH, or 
-	more than one multicast PDSCHs, or 
-	multicast PDSCH and PBCH, or 
-	PDSCH for MCCH or MTCH or multicast PDSCH and PDSCH scheduled by a DCI format 1_0 with CRC scrambled by RA-RNTI
<---------------------------Other parts are omitted ------------------------------->



So we have the following proposal. 
Proposal 1: Endorse the following text proposal. 
--------------------------------------------Text Proposal for Section 18 in TS38.213[2]---------------------------------
	18	Multicast Broadcast Services
<---------------------------Other parts are omitted ------------------------------->
A UE is required to simultaneously receive PDSCH for MCCH and PBCH. 
A UE is not required to simultaneously receive PDSCHs for MCCH or MTCH on two serving cells. A UE is not required to simultaneously receive on a serving cell
-	PDSCHs for MCCH and MTCH, or 
-	more than one MTCH PDSCHs, or 
-	PDSCH for MTCH and PBCH, or 
-	PDSCH for MCCH or MTCH and PDSCH scheduled by a DCI format 1_0 with CRC scrambled by SI-RNTI or by P-RNTI
A UE in the RRC_CONNECTED state is not required to simultaneously receive on a serving cell
-	PDSCHs for MCCH or MTCH and multicast PDSCH, or 
-	more than one multicast PDSCHs, or 
-	multicast PDSCH and PBCH, or 
-	PDSCH for MCCH or MTCH or multicast PDSCH and PDSCH scheduled by a DCI format 1_0 with CRC scrambled by RA-RNTI
-	multicast PDSCH and PDSCH scheduled by a DCI format 1_0 with CRC scrambled by RA-RNTI, SI-RNTI or by P-RNTI

<---------------------------Other parts are omitted ------------------------------->



2.2	Monitoring capability of GC-PDCCH
In RAN1#108-e meeting, we had the following agreement that the multicast GC-PDCCH is treated as unicast PDCCH for RRC_CONNECTED UEs, but whether to include broadcast PDCCH/MCCH-RNTI has no consensus. During RAN1#109-e meeting, the issue is further discussed and the following initial proposal 8-3 is proposed. 
	Agreement: (in RAN1#108e)
For RRC_CONNECTED UEs, a multicast PDCCH to schedule a multicast PDSCH is counted as a unicast DCI to schedule a unicast PDSCH.
· Adopt the following TP for Clause 10.1 in TS 38.213:
----------------- Start of TP ----------------
10.1	UE procedure for determining physical downlink control channel assignment
<Unchanged text is omitted>
For a scheduled cell and at any time, a UE expects to have received at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, G-RNTI for multicast, G-CS-RNTI or MCS-C-RNTI scheduling 16 PDSCH receptions for which the UE has not received any corresponding PDSCH symbol and at most 16 PDCCHs for DCI formats with CRC scrambled by C-RNTI, CS-RNTI, or MCS-C-RNTI scheduling 16 PUSCH transmissions for which the UE has not transmitted any corresponding PUSCH symbol. 
<Unchanged text is omitted>
----------------- End of TP ----------------
Initial proposal 8-3: (in RAN1#109e)
For RRC_CONNECTED UEs, only one PDCCH is counted in case of beam sweeping for MTCH/MCCH.



From our point of view, broadcast PDCCH can not be considered as a unicast PDCCH and sharing the monitoring capability with unicast PDCCH. The reason is that, as agreement copied below, network will configure beam sweeping for MCCH/MTCH, and it is up to UE to receive one or more than one repetition. The network even doesn’t know which/how many PDCCHs that UE will monitor for MCCH/MTCH in each periodicity. And it is also unreasonable to always count one PDCCH for every MCCH transmission as the UE won’t monitor PDCCH for MCCH without MCCH information update. 
So it should be a UE implementation on how to guarantee the PDCCH monitoring budget. For example, MCCH/MTCH PDCCH will be dropped if the number of PDCCH has reached monitoring budget. 
	Agreement:
For RRC_IDLE/RRC_INACTIVE UEs, for broadcast reception, the UE may assume that group-common PDCCH/PDSCH is QCL’d with SSB.
· It is up to UE implementation whether UE monitors monitoring occasions corresponding to all SSB indexes or monitoring occasions corresponding to a subset of all SSB indexes. 
· FFS: association rules between SSB indexes and UE monitoring occasions.
· FFS: group-common PDCCH/PDSCH is QCl’d with TRS if configured



According to the above analysis, we have the following proposal. 
[bookmark: OLE_LINK3]Proposal 2: For RRC_CONNECTED UEs, a MCCH/MTCH PDCCH cannot be considered as a unicast PDCCH and it should be a UE implementation on how to guarantee the PDCCH monitoring budget. For example, MCCH/MTCH PDCCH will be dropped if the number of PDCCH has reached monitoring budget.

3. Multicast: Scheduling mechanism
3.1	FDMed SPS PDSCH reception
During RAN1#109-e, how to support FDMed SPS PDSCH reception was discussed with the following agreement and conclusion. The remaining issue is to define collision handling schemes under different UE capabilities.
	[bookmark: _Hlk104066444]Agreement
For the FDMed or TDMed unicast PDSCH and group-common PDSCH capability of RRC_CONNECTED UE, the group-common PDSCH can be multicast group-common PDSCH or broadcast group-common PDSCH.
· FFS single or separate UE capability for multicast and broadcast for intra-slot TDM unicast PDSCH and group-common PDSCH
· Note 1: For the TDMed case, the maximum number of TDMed PDSCH receptions capability in a slot per CC is kept as for Rel-15/Rel-16
· Note 2: For the FDMed case, only one unicast PDSCH and one group common PDSCH in a slot per CC is supported

Conclusion
For FDM between one unicast PDSCH and one group-common PDSCH in a slot, only case 1 in the following cases is supported.
· Case 1: the unicast PDSCH and the group-common PDSCH in a slot are partially or fully overlapping in time domain and non-overlapping in frequency domain
· Case 2: the unicast PDSCH and the group-common PDSCH in a slot are non-overlapping in time domain and non-overlapping in frequency domain 
· Case 3: the unicast PDSCH and the group-common PDSCH in a slot are non-overlapping in time domain and overlapping in frequency domain



For unicast SPS PDSCH and multicast SPS PDSCH collision handling, the following proposal is proposed during RAN1#109-e meeting. 
	Initial Proposal 1-2-v4: 
For unicast SPS PDSCH and multicast SPS PDSCH collision handling,
· If a UE only supports TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, the UE resolves collisions among unicast SPS PDSCHs and multicast SPS PDSCHs by reusing Rel-16 rules.
· If a UE only supports FDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in time but not overlap in frequency, the UE receives both PDSCHs; else, the UE receives the one with lower configured sps-ConfigIndex.
· If a UE supports both FDM and TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· FFS 



Regarding the first two bullets, it is reasonable for us under the current conclusion above. 
[bookmark: OLE_LINK1]If a UE supports both FDM and TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, it is an enhancement comparing with only FDM or TDM is reported by a UE. More specifically, after a UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively, if the unicast SPS PDSCH and the multicast SPS PDSCH are not FDMed with each other, the UE can also receive both of them. Furthermore, if the UE has capability on receive more than two TDMed SPS PDSCHs, it can resolve collisions among remaining SPS PDSCHs for resulting more SPS PDSCHs by reusing Rel-16 rules. 
According to the above analysis, we have the following proposal. 
Proposal 3: For unicast SPS PDSCH and multicast SPS PDSCH collision handling,
· If a UE only supports TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, the UE resolves collisions among unicast SPS PDSCHs and multicast SPS PDSCHs by reusing Rel-16 rules.
· If a UE only supports FDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in time but not overlap in frequency, the UE receives both PDSCHs; else, the UE receives the one with lower configured sps-ConfigIndex. 
· If a UE supports both FDM and TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. 
· If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in time but not overlap in frequency, the UE receives both resulting PDSCHs and drops remaining SPS PDSCHs; 
· Else, the UE receives both resulting PDSCHs and the UE resolves collisions among remaining SPS PDSCHs for resulting more SPS PDSCHs by reusing Rel-16 rules. 

4. Multicast: UL feedback
4.1 About NACK-only feedback for Alt4
In RAN1#108-e and #109-e meeting, the following agreements on NACK-only were reached in [3] [4], but still some FFSs are left.
	Agreement
For supporting more than one NACK-only feedback in the same PUCCH transmission, define RRC configuration to configure between Alt1 and Alt4 (from previous agreements):
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· FFS: how to determine PUCCH resource
· Alt4: Define combination of NACK-only which corresponds to a specific sequence or a PUCCH transmission. 
· define up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback, 
· FFS: The PUCCH slot for the transmission is based on the K1 in the “last DCI” scheduling multicast. 
· FFS: The PUCCH resource for the transmission is from PUCCH-config configured for NACK-only based feedback according to the mapping between number of TBs with PUCCH resource ID.
· FFS mapping details. 
· How to determine the number of TBs is discussed separately, e.g., Type-1-like and/or Type-2-like codebook.
· FFS: whether this applies to a single G-RNTI or multiple G-RNTIs
· Alt4 is not supported for more than 4 TBs
· FFS: whether RRC configuration between Alt1 and Alt4 is per G-RNTI or per CFR
· FFS: UE capability
Agreement
For UE configured with NACK-only HARQ-ACK feedback, for Alt4 (from previous agreement), define the mapping between HARQ-ACK values and the PUCCH resources for the TBs configured with NACK-only as follows:
· The mapping is applied to both a single G-RNTI
· FFS: multiple configured G-RNTIs cases.
· FFS: how to order the TBs, whether/how to account for missed or non-scheduled TBs
· FFS whether/how PRI is used for indication. 

	HARQ-ACK Value
	PUCCH resource

	{0}
	{0,0}
	{0,0,0}
	{0,0,0,0}
	1st PUCCH resource provided by pucch-ResourceId obtained from the 1st value of resourceList

	
	{1,0}
	{1,0,0}
	{1,0,0,0}
	2nd PUCCH resource provided by pucch-ResourceId obtained from the 2nd value of resourceList

	
	{0,1}
	{0,1,0}
	{0,1,0,0}
	3rd PUCCH resource provided by pucch-ResourceId obtained from the 3rd value of resourceList

	
	
	{1,1,0}
	{1,1,0,0}
	4th PUCCH resource provided by pucch-ResourceId obtained from the 4th value of resourceList

	
	
	{0,0,1}
	{0,0,1,0}
	5th PUCCH resource provided by pucch-ResourceId obtained from the 5th value of resourceList

	
	
	{1,0,1}
	{1,0,1,0}
	6th PUCCH resource provided by pucch-ResourceId obtained from the 6th value of resourceList

	
	
	{0,1,1}
	{0,1,1,0}
	7th PUCCH resource provided by pucch-ResourceId obtained from the 7th value of resourceList

	
	
	
	{1,1,1,0}
	8th PUCCH resource provided by pucch-ResourceId obtained from the 8th value of resourceList

	
	
	
	{0,0,0,1}
	9th PUCCH resource provided by pucch-ResourceId obtained from the 9th value of resourceList

	
	
	
	{1,0,0,1}
	10th PUCCH resource provided by pucch-ResourceId obtained from the 10th value of resourceList

	
	
	
	{0,1,0,1}
	11th PUCCH resource provided by pucch-ResourceId obtained from the 11th value of resourceList

	
	
	
	{1,1,0,1}
	12th PUCCH resource provided by pucch-ResourceId obtained from the 12th value of resourceList

	
	
	
	{0,0,1,1}
	13th PUCCH resource provided by pucch-ResourceId obtained from the 13th value of resourceList

	
	
	
	{1,0,1,1}
	14th PUCCH resource provided by pucch-ResourceId obtained from the 14th value of resourceList

	
	
	
	{0,1,1,1}
	15th PUCCH resource provided by pucch-ResourceId obtained from the 15th value of resourceList



Agreement
For multicast, for addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4:
· Case 1: when the HARQ-ACK-to-PUCCH mapping table for Alt4 (from previous agreement) is applied to a single G-RNTI (from network and UE perspective) 
· Opt1-1: based on C-DAI included in DL DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits.
· FFS: whether Opt1-1 can also work when different G-RNTIs are used for different UEs
· Note: other cases are not precluded
Agreement
For multicast, for addressing how to count and order the HARQ-ACK bits for NACK-only for Alt4, further down-selection on the following cases/options in the next meeting: 
· Case 2: for the case of all UEs configured with the same set of G-RNTIs
· Opt2-1: support Alt4 for this case
· Opt2-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt2-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs 
· Opt2-2: does not support Alt4 for this case. 
· Case 3: for the case of different UEs configured with different G-RNTIs
· Opt3-1: support Alt4 for this case
· Opt3-1-1: based on the sum of C-DAI included in the last scheduling DCI from each G-RNTI for counting the total number of HARQ-ACK bits. The ordering of HARQ-ACK bits is per C-DAI from each G-RNTI and in the ascending order of G-RNTI values. 
· Opt3-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs. 
· Opt3-2: does not support Alt4 for this case. 



For case2, we prefer Opt2-1-2 above to be used for counting and ordering HARQ-ACK bits for NACK-only for Alt4 above. In the case of multiple G-RNTIs, this Opt2-1-2 can effectively reduce the number of last DCIs compared to the above-mentioned Opt2-1-1. For example, there is always only one last DCI regardless of how many G-RNTIs there are. Based on this, it can effectively reduce the probability of ambiguity of the number of bits of HARQ-ACKs for NACK-only due to lost last DCI.
If the Opt2-1-2 is supported, it can be considered to reinterpret the PRI field as the C-DAI* in Opt2-1-2. Because in Alt4, the PUCCH resource is determined based on the decoding result of MBS TBs and the above table, when the number of MBS TBs is less than or equal to 4, the PRI field in the common DCI for scheduling MBS TBs is meaningless.
For case3, we consider it is a complex scenario. It can be replaced by case2 to some extent. For example, the base station always divides UEs receiving the same G-RNTIs into one MBS group, that is, one case2. So, for case3, we are open about whether to support it or not. If case3 is supported, we also prefer Opt3-1-2 for similar reasons as case2.
Compared with Opt2-1-1 and Opt3-1-1, Opt2-1-2 and Opt3-1-2 effectively reduce the number of last DCI without introducing additional signaling overhead.
Proposal 4: 
For multicast, the following options are adopted for addressing to count and order the HARQ-ACK bits for NACK-only for Alt4:
· Case 2: for the case of all UEs configured with the same set of G-RNTIs
· Opt2-1-2 is supported for Alt4 
· Opt2-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs 
· Case 3: for the case of different UEs configured with different G-RNTIs
· Opt3-1-2 is supported for Alt4
· Opt3-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs. 
· In Alt4, the PRI field in the DCI that schedules the MBS PDSCH is reinterpreted as the C-DAI* in Opt2-1-2 and Opt3-1-2.

For Alt4, once the last DCI is lost, it will cause serious problems.
For example, suppose that the base station sends 3 MBS TBs, the UE receives the first 2 MBS TBs correctly, but loses the last DCI corresponding to the third MBS TB. In this way, from the UE's point of view, the base station sends 2 MBS TBs and they are received correctly, so the UE will not perform NACK-only feedback. However, from the base station's point of view, all of the 3 MBS TBs are considered to be correctly received by the UE. So the base station will not retransmit the third MBS TB. In this case, the UE will completely lose the third TBs since it will not be retransmitted.
To overcome this problem, a simple method is provided: for Alt4, the number of HARQ-ACK bits for NACK-only feedback is fixed or configured by RRC.
It may be assumed that for Alt4, the number of HARQ-ACK bits is configured to 3 via RRC signaling, then the UE always determines the PUCCH resource according to 3 bits based on the decoding result and the above table. For example, in the above example, from the UE's point of view, the UE has correctly received 2 MBS TBs, but the UE still sends 3 bits of HARQ-ACKs by supplementing 0 for the third bit. That is, the HARQ-ACKs information (1, 1, 0) is used to determine the PUCCH resource for transmission. In this way, after the base station receives the PUCCH resource, it can know that the third MBS TB is not correctly received, and thus retransmit it.
Another example, for Alt4, the number of HARQ-ACK bits is configured 3 via RRC signaling. Suppose that the base station transmits 2 MBS TBs. The UE received 2 MBS TBs correctly, and it still feeds back the 3bits HARQ-ACKs by supplementing 0 for the third bit. That is, the HARQ-ACKs information (1, 1, 0) is used to determine the PUCCH resource for transmission. In this way, after the base station receives the PUCCH, it can know that the UE requests to retransmit the third MBS TB. The base station does not retransmit the third MBS TB which is not actually transmitted, 
Another example, for Alt4, the number of HARQ-ACK bits is configured 3 via RRC signaling. Assuming that the base station sends 3 MBS TBs, the UE receives 3 DCIs for the 3 MBS TBs, and it generates 3 bits HARQ-ACKs according to the decoding result. The UE does not need to add 0 to the end of the 3bits HARQ-ACKs.
For Alt4, RRC signaling is used to configure the number of bits of HARQ-ACKs for NACK-only, which is also conducive to saving PUCCH resources. For example, in the above example, only 7 PUCCH resources need to be configured.
This method is flexible and simple, and it is beneficial to reduce PUCCH resources without affecting the scheduling of the base station.
Proposal 5: For multicast, the following method is adopted in case 1/2/3 for Alt4:
For Alt4, the number of HARQ-ACK bits for NACK-only feedback is fixed or configured by RRC.
· The UE always adds NACK at the end of the determined HARQ-ACK bits if the number of determined HARQ-ACK bits is less than the number of fixed or configured HARQ-ACK bits.

What information is transmitted in the determined PUCCH resource for Alt4
For Alt4, the determined PUCCH resource itself can represent the UE's decoding result of the MBS TBs sent by the base station, but an information/signal still needs to be transmitted on the determined PUCCH resource. In our view, the determined PUCCH resources is still PUCCH formats 0 or 1, so for simplicity, they should reuse the information/signal generation method for one HARQ-ACK bit for NACK only PUCCH.
Proposal 6: The method of generating information/signal for one HARQ-ACK bit for NACK only PUCCH is reused to generate information/signal for one or more HARQ-ACK bits for NACK only PUCCH in Alt4.
Proposal 7: the following text proposal is proposed. 
--------------------------------------------Text Proposal for Section 18 in TS38.213[2]---------------------------------
	18	Multicast Broadcast Services
<---------------------------Other parts are omitted ------------------------------->
For the second HARQ-ACK reporting mode, when a number of HARQ-ACK information bits is one, a UE transmits a PUCCH only when the HARQ-ACK information bit has NACK value. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
For the second HARQ-ACK reporting mode and a UE configured with only one G-RNTI, the UE can be indicated by moreThanOneNackOnlyMode to provide the HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or by selecting a PUCCH resource from a set of resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. For the PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For the PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
<---------------------------Other parts are omitted ------------------------------->



4.2 Remaining issue PUCCH resource for Alt1
In RAN1#108 and #109-e meeting, the following agreements on NACK-only were reached [3] [4], but still an issue for Alt1 is left. The issue is PUCCH resource determination when multiplexing HARQ-ACK for unicast and multicast (including the case of Alt1 for >1 TB where NACK-only is converted to ACK/NACK) [5]. Alt1 UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits was agreed in the last meeting with FFS how to determine PUCCH resource in the case NACK-only is for multicast SPS PDSCH only.
	Agreement
For supporting more than one NACK-only feedback in the same PUCCH transmission, define RRC configuration to configure between Alt1 and Alt4 (from previous agreements):
· Alt1: Support UE multiplexing the HARQ-ACK bits by transforming NACK-only into ACK/NACK HARQ bits. 
· FFS: how to determine PUCCH resource

Agreement
· For the case when the PUCCH transmission for the NACK-only based feedback for one G-RNTI collides with the PUCCH transmission for ACK/NACK feedback for another G-RNTI with the same priority and then UE multiplexes the NACK-only based feedback with the ACK/NACK feedback onto the same PUCCH by transforming NACK-only into the ACK/NACK based HARQ-ACK bit, the PUCCH resources for transmitting the multiplexed HARQ-ACK bits is from the PUCCH-Config/PUCCH-ConfigurationList configured for multicast with ACK/NACK based feedback. 
· For a UE configured with G-RNTI(s) with NACK-only HARQ-ACK feedback, when NACK-only HARQ-ACK bits are transformed into ACK/NACK HARQ-ACK bits, the PUCCH resource used for transmitting the multiplexed HARQ-ACK bits is determined from PUCCH-Config/PUCCH-ConfigurationList configured for multicast with ACK/NACK based feedback based on the k1 and the PRI indication in the last DCI scheduling multicast. If PUCCH-Config/PUCCH-ConfigurationList configured for multicast with ACK/NACK based feedback is not configured, the PUCCH-Config/PUCCH-ConfigurationList configured for unicast is used. 
· FFS: the case NACK-only is for multicast SPS PDSCH only. 




Based on the agreement in the last meeting, a similar principle is reused to determine PUCCH resources for the case NACK-only is for multicast SPS PDSCH only.
For a UE configured with G-CS-RNTI(s) with NACK-only HARQ-ACK feedback, when NACK-only HARQ-ACK bits are transformed into ACK/NACK HARQ-ACK bits, the PUCCH resource used for transmitting the multiplexed HARQ-ACK bits is determined from n1PUCCH-AN/sps-PUCCH-AN-ListMulticast configured for multicast with ACK/NACK based feedback based on the k1 and the PRI indication in the activated DCI for the SPS configuration with the G-CS-RNTI(s). If n1PUCCH-AN/sps-PUCCH-AN-ListMulticast configured for multicast with ACK/NACK based feedback is not configured, the n1PUCCH-AN/sps-PUCCH-AN-List configured for unicast is used.
Proposal 8: For a UE configured with G-CS-RNTI(s) with NACK-only HARQ-ACK feedback, when NACK-only HARQ-ACK bits are transformed into ACK/NACK HARQ-ACK bits, the PUCCH resource used for transmitting the multiplexed HARQ-ACK bits is determined from n1PUCCH-AN/sps-PUCCH-AN-ListMulticast configured for multicast with ACK/NACK based feedback based on the k1 and the PRI indication in the activated DCI for the SPS configuration with the G-CS-RNTI(s). If n1PUCCH-AN/sps-PUCCH-AN-ListMulticast configured for multicast with ACK/NACK based feedback is not configured, the n1PUCCH-AN/sps-PUCCH-AN-List configured for unicast is used.
4.3 Nominal NACK-only PUCCH overlapping with other PUCCH/PUSCH
In RAN1#109-e meeting, the following agreement for nominal NACK-only PUCCH overlapping with other PUCCH/PUSCH was reached [4], but still some issues are left.
	Agreement
When the nominal NACK-only PUCCH overlaps with other PUCCH/PUSCH transmission, NACK-only is transformed into ACK/NACK and multiplexed with other PUCCH/PUSCH transmission. Down-select from the following options for the nominal NACK-only PUCCH:
· Opt1: The nominal NACK-only PUCCH consists of all the symbols from PUCCHs of the NACK-only PUCCH resource set.
· Opt2: The nominal NACK-only PUCCH starts from the earliest starting symbol of PUCCHs in the NACK-only PUCCH resource set, and ends at the latest ending symbol of PUCCHs in the set.
· Opt3: The nominal NACK-only PUCCH consists of all the symbols of the PUCCH slot.
· Opt4: All PUCCHs have the same starting symbol and the same time duration
· Other options are not precluded, e.g. based on PRI, or based on the number of TBs that will be transmitted in the PUCCH slot
· Note1: The terminology of the “nominal NACK-only PUCCH” is used for facilitate describing the issue. Up to editor for the specification impact. 
· Note2: The following factors can be considered for down-selection:
· Up to 12 initial cyclic shifts can be configured to PF0. Up to 12 initial cyclic shifts and up to 7 time domain OCC can be configured to PF1.
· Up to 32 PUCCHs resources in the resource set are configured for NACK-only.
· The PUCCH configuration for unicast will be used when the PUCCH is not configured for NACK-only. 




Different from HARQ-ACK feedback, the PUCCH resource for NACK-only feedback is determined by the UE according to the decoding result, not by the base station, so the base station does not know which NACK-only PUCCH is selected by the UE. In this way, the base station does not know whether the selected NACK-only PUCCH overlaps with other PUCCH/PUSCH in the time domain. Ultimately, the base station does not know whether UCI multiplexing occurs. To address this, in the last meeting, 4 potential options were presented and discussed.
We prefer option 1 and option 4. Option1 is simple and there isn’t any restrictions on NACK-only PUCCH resources configuration. Option 4 is also a valid method. However, it requires that all NACK-only PUCCH resources have the same starting point and duration. And it can be regarded as a specific PUCCH resource configuration of option1.
If option 1 is supported, then all options in "Note2" above can be supported, and they can be left to the base station implementation.
If option 4 is supported, then for the sub-bullets under "Note2" above, the second and third sub-bullets can be supported, namely:
· Up to 32 PUCCHs resources in the resource set are configured for NACK-only.
· The PUCCH configuration for unicast will be used when the PUCCH is not configured for NACK-only.
For the first sub-bullet in "Note2", it cannot be effectively combined with option4 because it does not satisfy the conditions of option4, for example, PF0 has at most 2 OFDM symbols, while PF1 has at least 4 OFDM symbols.
Proposal 9: When the nominal NACK-only PUCCH overlaps with other PUCCH/PUSCH transmission, NACK-only is transformed into ACK/NACK and multiplexed with other PUCCH/PUSCH transmission. The following options are supported for the nominal NACK-only PUCCH:
· Opt1: The nominal NACK-only PUCCH consists of all the symbols from PUCCHs of the NACK-only PUCCH resource set.
· Opt4: All PUCCHs have the same starting symbol and the same time duration
· Other options are not precluded, e.g. based on PRI, or based on the number of TBs that will be transmitted in the PUCCH slot
· Note1: The terminology of the “nominal NACK-only PUCCH” is used for facilitate describing the issue. Up to editor for the specification impact. 
· Note2: The following factors can be considered:
· Up to 32 PUCCHs resources in the resource set are configured for NACK-only.
· The PUCCH configuration for unicast will be used when the PUCCH is not configured for NACK-only. 
4.4 Processing timeline for NACK-only based feedback
In the RAN1#109-e meeting, the PDSCH/PUCCH processing timeline for NACK-only was discussed, the following agreement was reached, but some issues were left.
	Agreement
Regarding the PDSCH and/or PUCCH processing procedure timeline for NACK-only based feedback, further discuss on whether/how to extending the PDSCH and/or PUCCH processing procedure timeline. 
· Note1: The current PDSCH processing procedure timeline defined in clause 5.3 TS38.214 is for ACK/NACK based feedback.
· Note2: For NACK-only based feedback for more than 1 TB, one possible issue is that the PUCCH resource for NACK-only can only be determined after obtaining the decoding result of all the related PDSCHs for the UE. 



From our understanding, for the feedback of the HARQ-ACK information, the UE determines a PUCCH resource for the HARQ-ACK information corresponding to a PDSCH scheduled by a DCI after the DCI is decoded. However, since the decoding result of the PDSCH is required to perform encoding and modulation of the HARQ-ACK information, the encoding and modulation are performed after the PDSCH is decoded. 
For the feedback of HARQ-ACKs information of more than one PDSCHs, the UE can perform the encoding and modulation of the HARQ-ACKs information after the last PDSCH is decoded in a same principle.
Based on the same principle, for HARQ-ACKs information of one or more MBS PDSCHs for NACK-only feedback, although the PUCCH resource cannot be determined after the DCI scheduling the PDSCHs is decoded, the UE can perform the encoding and modulation of the HARQ-ACKs information after the last MBS PDSCH is decoded. 
Based on the above analysis, for NACK only PUCCH with PF0 and PF1, it still needs the decoding result of MBS PDSCH to determine the transmitted information in NACK only PUCCH. So we found no need to redefine processing time for NACK-only feedback.
Proposal 10: For processing timeline for NACK-only based feedback, the current PDSCH processing procedure timeline defined in clause 5.3 TS38.214 for ACK/NACK based feedback is reused for NACK-only.

4.5 Disabling feedback for Type-1/2 codebook
In the RAN#109-e meeting, the following agreement was reached [4], but some issues were still left.
	Agreement
For Type-1 codebook generation, if at least one configured G-RNTI is with HARQ-ACK enabled by RRC, it is up to UE to report NACK or ACK/NACK for the G-RNTI with HARQ-ACK disabled
· FFS whether UE needs to generate Type-1 CB, when UE does not detect any DCI for G-RNTI(s) with HARQ-ACK enabled when at least one configured G-RNTI is with HARQ-ACK enabled by RRC.
· For the PUCCH resource for the codebook transmission,
· Opt2: PUCCH resource/slot is based on last DCI for a G-RNTI with HARQ-ACK enabled 



Similar issues to the above FFS were discussed in the RAN1#109 meeting, and the following agreement was reached, which can be reused here. In our opinion, the conditions in FFS are different from those in the agreement below, but the same result should be expected.
	Agreement
For the 2-bit UL-DAI for multicast indicating the total number of Type-2 HARQ-ACK bits multiplexed in PUSCH, UE generates the Type-2 HARQ-ACK sub-codebook for each G-RNTI per the UL-DAI and concatenates all the sub-codebooks in the ascending order of G-RNTI value. 
· If the 2-bit UL-DAI field for multicast has the value of  and the UE has not received any PDCCH within the monitoring occasions with DCI format 4_1/4_2, the UE does not multiplex HARQ-ACK information for multicast feedback in the PUSCH transmission.



For the Type-1 CB, if the UE receives a UL DAI=1 in UL grant for scheduling a PUSCH, then the UE generates the Type-1 CB when UE does not detect any DCI for G-RNTI(s ) with HARQ-ACK enabled when at least one configured G-RNTI is with HARQ-ACK enabled by RRC. Otherwise, the UE does not generate the Type-1 CB.
A similar rule is for Type-2 CB. For the Type-2 CB, if the UE receives a UL DAI != 4 in UL grant for scheduling a PUSCH, then the UE generates the Type-2 CB when UE does not detect any DCI for G-RNTI(s ) with HARQ-ACK enabled when at least one configured G-RNTI is with HARQ-ACK enabled by RRC. Otherwise, the UE does not generate the Type-2 CB.
Proposal 11: 
For the Type-1 CB, if the UE receives a UL DAI = 1 in UL grant for scheduling a PUSCH, then the UE generates the Type-1 CB when UE does not detect any DCI for G-RNTI(s ) with HARQ-ACK enabled when at least one configured G-RNTI is with HARQ-ACK enabled by RRC. Otherwise, the UE does not generate the Type-1 CB.
For the Type-2 CB, if the UE receives a UL DAI != 4 in UL grant for scheduling a PUSCH, then the UE generates the Type-2 CB when UE does not detect any DCI for G-RNTI(s ) with HARQ-ACK enabled when at least one configured G-RNTI is with HARQ-ACK enabled by RRC. Otherwise, the UE does not generate the Type-2 CB.
4.6 Time domain overlapping between NACK-only PUCCH and SR
In the RAN1#108-e meeting, NACK only PUCCH and SR PUCCH overlapped in the time domain, for example, the following proposal was discussed, but no consensus was reached [3].
	Proposal 3.2.1.4-1 (GTW)
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, support the following:
· For up to two HARQ-ACK bits for NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure of Rel-15/16.
· Alt1-1: PUCCH resources configured for unicast will be used. 
· Note: either the PUCCH resource for SR or for ACK/NACK is used per the legacy procedure of Rel-15/16. 
· the PUCCH resource is determined by the PRI in the last DCI for multicast;
· Alt1-2: the PUCCH resource is determined by RRC configuration;
· Alt1-3: the PUCCH resource for NACK-only feedback transmission is SR resource.
· For the case of more than two TBs of NACK-only, FFS which alternative from the following is supported:
· Alt2-1: SR is dropped
· Alt2-2: NACK-only feedback is transformed into ACK/NACK HARQ bits and PF 2/3/4 is used for the transmission per the legacy SR and HARQ-ACK multiplexing rule of Rel-15/16.
· Alt2-3: NACK-only is dropped
Proposal 3.2.1.4-2 (if proposal 3.2.1.4-1 is not agreeable)
Multiplexing NACK-only based feedback for multicast with SR is not supported in Rel-17, 
· It is up to UE implementation when the PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR. 



From our point of view, if up to 2 TBs of NACK-only overlap with one SR in the time domain, then convert NACK-only to ACK/NACK bits, and then reuse the existing 1/2 bits HARQ-ACK and SR multiplexing mechanism. But the multiplexing result PUCCH must be the PUCCH resource of the SR, because NACK-only PUCCH is shared by multiple UEs, so it cannot be used as the multiplexing result PUCCH.
For more than 2 TBs of NACK-only and one SR overlapping in the time domain, multiple NACK-only are converted to ACK/NACK bits and SR is converted into ACK/NACK bits, and then reuse the existing more than 2 bits HARQ-ACKs and SR multiplexing mechanism. The multiplexing result PUCCH is determined from the unicast PUCCH set according to the PRI in the last DCI that schedules the more than 2 TBs of NACK-only.
Proposal 12: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority,
· For up to two HARQ-ACK bits for NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure of Rel-15/16.
· Always use SR PUCCH as the multiplexing result PUCCH.
· For more than two HARQ-ACK bits for NACK-only feedback is transformed into ACK/NACK HARQ bits and SR is transformed into ACK/NACK bits, and then reuse the existing more than 2 bits HARQ-ACKs and SR multiplexing mechanism, and always use SR PUCCH as the multiplexing result PUCCH
· The multiplexing result PUCCH is determined from the unicast PUCCH set according to the PRI in the last DCI from the DCIs corresponding to the more than 2 HARQ-ACK bits.
5	Conclusion
[bookmark: OLE_LINK25]In this contribution, we discuss the potential candidate solutions to remaining issues of NR MBS with the following observations and proposals.
Broadcast
Proposal 1: Endorse the following text proposal. 
--------------------------------------------Text Proposal for Section 18 in TS38.213[2]---------------------------------
	18	Multicast Broadcast Services
<---------------------------Other parts are omitted ------------------------------->
A UE is required to simultaneously receive PDSCH for MCCH and PBCH. 
A UE is not required to simultaneously receive PDSCHs for MCCH or MTCH on two serving cells. A UE is not required to simultaneously receive on a serving cell
-	PDSCHs for MCCH and MTCH, or 
-	more than one MTCH PDSCHs, or 
-	PDSCH for MTCH and PBCH, or 
-	PDSCH for MCCH or MTCH and PDSCH scheduled by a DCI format 1_0 with CRC scrambled by SI-RNTI or by P-RNTI
A UE in the RRC_CONNECTED state is not required to simultaneously receive on a serving cell
-	PDSCHs for MCCH or MTCH and multicast PDSCH, or 
-	more than one multicast PDSCHs, or 
-	multicast PDSCH and PBCH, or 
-	PDSCH for MCCH or MTCH or multicast PDSCH and PDSCH scheduled by a DCI format 1_0 with CRC scrambled by RA-RNTI
-	multicast PDSCH and PDSCH scheduled by a DCI format 1_0 with CRC scrambled by RA-RNTI, SI-RNTI or by P-RNTI

<---------------------------Other parts are omitted ------------------------------->



Proposal 2: For RRC_CONNECTED UEs, a MCCH/MTCH PDCCH cannot be considered as a unicast PDCCH and it should be a UE implementation on how to guarantee the PDCCH monitoring budget. For example, MCCH/MTCH PDCCH will be dropped if the number of PDCCH has reached monitoring budget.

Multicast: Scheduling mechanism
Proposal 3: For unicast SPS PDSCH and multicast SPS PDSCH collision handling,
· If a UE only supports TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, the UE resolves collisions among unicast SPS PDSCHs and multicast SPS PDSCHs by reusing Rel-16 rules.
· If a UE only supports FDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in time but not overlap in frequency, the UE receives both PDSCHs; else, the UE receives the one with lower configured sps-ConfigIndex. 
· If a UE supports both FDM and TDM unicast SPS PDSCH and multicast SPS PDSCH in a slot, and more than one unicast PDSCH and multicast PDSCH on a serving cell each without a corresponding PDCCH transmission are in a slot, 
· the UE resolves collisions among unicast SPS PDSCHs resulting in one unicast SPS PDSCH and collisions among multicast SPS PDSCHs resulting in one multicast SPS PDSCH as in Rel-16, respectively. 
· If the resulting unicast SPS PDSCH and multicast SPS PDSCH overlap in time but not overlap in frequency, the UE receives both resulting PDSCHs and drops remaining SPS PDSCHs; 
· Else, the UE receives both resulting PDSCHs and the UE resolves collisions among remaining SPS PDSCHs for resulting more SPS PDSCHs by reusing Rel-16 rules. 

Multicast: UL feedback
Proposal 4: 
For multicast, the following options are adopted for addressing to count and order the HARQ-ACK bits for NACK-only for Alt4:
· Case 2: for the case of all UEs configured with the same set of G-RNTIs
· Opt2-1-2 is supported for Alt4 
· Opt2-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs 
· Case 3: for the case of different UEs configured with different G-RNTIs
· Opt3-1-2 is supported for Alt4
· Opt3-1-2: based on C-DAI* included in the last scheduling DCI for counting the number of HARQ-ACK bits and for ordering the HARQ-ACK bits. The C-DAI* is accumulating the scheduled TBs across different G-RNTIs. 
· In Alt4, the PRI field in the DCI that schedules the MBS PDSCH is reinterpreted as the C-DAI* in Opt2-1-2 and Opt3-1-2.

Proposal 5: For multicast, the following method is adopted in case 1/2/3 for Alt4:
For Alt4, the number of HARQ-ACK bits for NACK-only feedback is fixed or configured by RRC.
· The UE always adds NACK at the end of the determined HARQ-ACK bits if the number of determined HARQ-ACK bits is less than the number of fixed or configured HARQ-ACK bits.

Proposal 6: The method of generating information/signal for one HARQ-ACK bit for NACK only PUCCH is reused to generate information/signal for one or more HARQ-ACK bits for NACK only PUCCH in Alt4.
Proposal 7: the following text proposal is proposed. 
--------------------------------------------Text Proposal for Section 18 in TS38.213[2]---------------------------------
	18	Multicast Broadcast Services

<---------------------------Other parts are omitted ------------------------------->
For the second HARQ-ACK reporting mode, when a number of HARQ-ACK information bits is one, a UE transmits a PUCCH only when the HARQ-ACK information bit has NACK value. For a PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For a PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
[bookmark: _GoBack]For the second HARQ-ACK reporting mode and a UE configured with only one G-RNTI, the UE can be indicated by moreThanOneNackOnlyMode to provide the HARQ-ACK information bits in a PUCCH either according to the first HARQ-ACK reporting mode or by selecting a PUCCH resource from a set of resources for the PUCCH transmission based on the values of the HARQ-ACK information bits as described in Table 18-1. The UE generates HARQ-ACK information bits for the second HARQ-ACK reporting mode according to a Type-2 HARQ-ACK codebook as described in clause 9.1.3.1. For the PUCCH resource associated with PUCCH format 0, the UE transmits the PUCCH as described in [4, TS 38.211] by obtaining  as described for HARQ-ACK information in clause 9.2.3 and by setting . For the PUCCH resource associated with PUCCH format 1, the UE transmits the PUCCH as described in [4, TS 38.211] by setting .
<---------------------------Other parts are omitted ------------------------------->




Proposal 8: For a UE configured with G-CS-RNTI(s) with NACK-only HARQ-ACK feedback, when NACK-only HARQ-ACK bits are transformed into ACK/NACK HARQ-ACK bits, the PUCCH resource used for transmitting the multiplexed HARQ-ACK bits is determined from n1PUCCH-AN/sps-PUCCH-AN-ListMulticast configured for multicast with ACK/NACK based feedback based on the k1 and the PRI indication in the activated DCI for the SPS configuration with the G-CS-RNTI(s). If n1PUCCH-AN/sps-PUCCH-AN-ListMulticast configured for multicast with ACK/NACK based feedback is not configured, the n1PUCCH-AN/sps-PUCCH-AN-List configured for unicast is used.

Proposal 9: When the nominal NACK-only PUCCH overlaps with other PUCCH/PUSCH transmission, NACK-only is transformed into ACK/NACK and multiplexed with other PUCCH/PUSCH transmission. The following options are supported for the nominal NACK-only PUCCH:
· Opt1: The nominal NACK-only PUCCH consists of all the symbols from PUCCHs of the NACK-only PUCCH resource set.
· Opt4: All PUCCHs have the same starting symbol and the same time duration
· Other options are not precluded, e.g. based on PRI, or based on the number of TBs that will be transmitted in the PUCCH slot
· Note1: The terminology of the “nominal NACK-only PUCCH” is used for facilitate describing the issue. Up to editor for the specification impact. 
· Note2: The following factors can be considered:
· Up to 32 PUCCHs resources in the resource set are configured for NACK-only.
· The PUCCH configuration for unicast will be used when the PUCCH is not configured for NACK-only. 

Proposal 10: For processing timeline for NACK-only based feedback, the current PDSCH processing procedure timeline defined in clause 5.3 TS38.214 for ACK/NACK based feedback is reused for NACK-only.

Proposal 11: 
For the Type-1 CB, if the UE receives a UL DAI = 1 in UL grant for scheduling a PUSCH, then the UE generates the Type-1 CB when UE does not detect any DCI for G-RNTI(s ) with HARQ-ACK enabled when at least one configured G-RNTI is with HARQ-ACK enabled by RRC. Otherwise, the UE does not generate the Type-1 CB.
For the Type-2 CB, if the UE receives a UL DAI != 4 in UL grant for scheduling a PUSCH, then the UE generates the Type-2 CB when UE does not detect any DCI for G-RNTI(s ) with HARQ-ACK enabled when at least one configured G-RNTI is with HARQ-ACK enabled by RRC. Otherwise, the UE does not generate the Type-2 CB.

Proposal 12: When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority,
· For up to two HARQ-ACK bits for NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure of Rel-15/16.
· Always use SR PUCCH as the multiplexing result PUCCH.
· For more than two HARQ-ACK bits for NACK-only feedback is transformed into ACK/NACK HARQ bits and SR is transformed into ACK/NACK bits, and then reuse the existing more than 2 bits HARQ-ACKs and SR multiplexing mechanism, and always use SR PUCCH as the multiplexing result PUCCH
· The multiplexing result PUCCH is determined from the unicast PUCCH set according to the PRI in the last DCI from the DCIs corresponding to the more than 2 HARQ-ACK bits.
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