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1. Introduction
The work items for NR support of multicast and broadcast service were approved in RAN #86. After several RAN1 e-meetings involved the discussion about reliability improvement for UEs in RRC_CONNECTED state, the basic functions for it can be achieved, but some remaining issues are left in Rel-17 maintenance stage.
According to the discussion and agreements/conclusions achieved in RAN1 #110b and previous meetings, the following one issue will be discussed in this contribution:
· HARQ-ACK bits order for NACK-only mode 2

2. [bookmark: OLE_LINK31]HARQ-ACK bits order for NACK-only mode 2
During the RAN1 #110 meeting, how to count and order the HARQ-ACK bits for NACK-only mode 2 was discussed based on the previous agreements[1].
	[bookmark: OLE_LINK10][bookmark: OLE_LINK11]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. 



[bookmark: OLE_LINK14][bookmark: OLE_LINK15]The moderator proposed to list case 2 as baseline to apply the HARQ-ACK-to-PUCCH mapping table and case 3 can be further discussed to whether support it or not[2]. The detail of this proposal is:
	Proposal 2.5
The HARQ-ACK-to-PUCCH mapping table is applicable to case2 [and case3] for supporting NACK-only mode2:
· [bookmark: _Hlk111728461]Case 2: for the case of all UEs configured with the same set of G-RNTIs
· 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. 
· [Case 3: for the case of different UEs configured with different G-RNTIs
· 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. ]


In the last e-meeting, this issue was listed as high priority for discussing, but on progress achieved since the companies are not converged for whether case 2 or case 3 is supported or not[3].
Regarding this aspect, two issues should be discussed from contributions and input from several companies.
· [bookmark: OLE_LINK23][bookmark: OLE_LINK24][bookmark: OLE_LINK16][bookmark: OLE_LINK17]Issue 1: select Opt2(3)-1-1 or Opt2(3)-1-2 to supporting NACK-only mode2?
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]We think Opt2(3)-1-1 can well workable since a similar mechanism has been specified, e.g., the construction of type 2 codebook. For Opt2(3)-1-2, it is obvious that at least it faces the questions of how to define the scope of a cycle of C-DAI* and how to inform the UE the value of C-DAI*. Therefore, we prefer to Opt2(3)-1-1 to support NACK-only mode2.
· Issue 2: whether support case 3 or not?
Some companies proposed case 3 should not be supported since gNB cannot differentiate which UE reports the NACK for the G-RNTI not configured for the UE, which may result in endless unnecessary retransmissions, increasing network overhead for retransmission and UE consumption for retransmission detection. This opinion is concluded based on the presupposition that all the MBS UEs are configured with a same PUCCH resource set. If a group of UEs scrambled by a same G-RNTI configured with a same PUCCH resource set which include the PUCCH resources not overlapping with other PUCCH resource set configured for another G-RNTI, even UEs configured with different G-RNTIs with HARQ-ACK transmits the PUCCH in a same slot for the failed decoding TBs, the network can differentiate which TBs specified for a group of UEs need to be retransmitted from the received PUCCH resource configured in which PUCCH resource set. Therefore, we think case 3 can be support for more flexible network scheduling.
Proposal 1: The HARQ-ACK-to-PUCCH mapping table is applicable to both case2 and case3 for supporting NACK-only mode2.
Proposal 2: Addressing how to count and order the HARQ-ACK bits for NACK-only mode 2 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.

3. Conclusion
In this contribution, we discussed the remaining issues for reliability improvements for RRC_CONNECTED UEs. Proposals are summarized as following: 
Proposal 1: The HARQ-ACK-to-PUCCH mapping table is applicable to both case2 and case3 for supporting NACK-only mode2.
Proposal 2: Addressing how to count and order the HARQ-ACK bits for NACK-only mode 2 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. 
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