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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 #109 e-meeting and previous e-meetings, the following one issue will be discussed in this contribution:
· Overlapping between NACK-only and SR.

2. Overlapping between NACK-only and SR
[bookmark: OLE_LINK44][bookmark: OLE_LINK45]Regarding the issue of overlapping between PUCCH for NACK-only and SR, some companies think that it is up to implementation by UE since decoding wrong plus the need of sending SR seems corner case, but the drawback of implementation is ignored. For example, when a PUCCH carrying NACK-only with combination of multiple TBs overlaps with a PUCCH carrying SR with low latency service (e.g., with high physical priority), unnecessary transmission will be caused if the UE drops PUCCH for NACK-only, while unexpected latency will be caused if the UE drops PUCCH for SR. Therefore, multiplexing rule for overlapping between NACK-only and SR should be standardized in RAN 1[1].
The following agreement was agreed in the RAN1 #106b e-meeting about the multiplexing between NACK-only based feedback for multicast and PUCCH transmissions for HARQ-ACK feedback/CSI or PUSCH transmission for unicast with FFS for the case of SR[2].
	Agreement:
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for HARQ-ACK feedback/CSI for unicast for the same priority or PUSCH transmission for the same priority, support UE multiplexing the NACK-only based feedback with the HARQ-ACK feedback/CSI on PUCCH or on to PUSCH by transforming NACK-only into the ACK/NACK HARQ bit. 
· This applies to at least the case of the feedback addressing one TB. NACK-only based feedback for more than one TBs is to be handled separately. 
· Note: When the TB is correctly decoded, the ACK will be transmitted and multiplexed with others. 
· FFS the case of PUCCH for SR. 



The multiplexing between NACK-only and SR has been discussed for a long time. During RAN1 #107b e-meeting, the moderator proposed that take Alt1 (same as Proposal 3.2.1.4-1 above) as baseline and solicited opinions from other companies. Due to it is different to converge after one round of discussion, this issue was postponed [2] to the subsequent meetings. After several rounds of discussion in the subsequent meeting, there are two proposals listed by the moderator for down-selection.
	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 


Obviously, the main issue of multiplexing between NACK-only and SR(mainly for up to two HARQ bits) from above proposals is how to select the PUCCH resource used for transmitting SR and NACK-only.
For the case of up to two HARQ-ACK bits transformed from NACK-only based feedback, there are three alternatives given in Proposal 3.2.1.4-1. Alt 1-1 select the PUCCH resource by legacy procedure of Rel-15/16, which is in line with RAN1 #106 e-meeting agreements that determining the PUCCH resources for transmitting the multiplexing of ACK/NACK-based HARQ-ACK feedback for multicast and unicast HARQ-ACK is based on the PRI indicated in the “last DCI”, where the “last DCI” refers to the last DCI for unicast. In detail, UE selects the PUCCH resource within PUCCH-Config/PUCCH-ConfigurationList configured for unicast by the PRI indicated in the UE specific DCI.
One of the benefits of Alt 1-1 is it has little impact on standardization work. For Alt 1-2 and Alt 1-3, additional specification works are needed to determine the PUCCH resource, e.g., configure the RRC parameter of PUCCH resource. In detail, for Alt 1-2, how to define the PUCCH resource may be controversial, e.g., a new PUCCH resource set or not. For Alt 1-3, the group-common resource of NACK-only is not suitable for multiplexing SR which is UE a specific UL transmission. Maybe some improvement can be introduced but it is not the best choice in maintaining phase. 
The second bullet is the case of more than two TBs with NACK-only based feedback. Both Alt 2-1(drop SR) and Alt 2-3(drop NACK-only) will cause the dis-alignment between UE and gNB. Alt 2-2 is preferred and align with the case of up to two HARQ-ACK bits for NACK-only feedback (the first bullet). Moreover, Alt 2-2 has little standardization effect per previous agreements.
The moderator also mentions that proposal 3.2.1.4-2 will be agreed if proposal 3.2.1.4-1 is not agreeable. We also think proposal 3.2.1.4-2 will undermine the usefulness of NACK-only based feedback. We think the UE can achieve the multiplexing between multicast and unicast just like the multiplexing between unicasts.
Proposal 1:
· 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.
· PUCCH resources configured for unicast will be used.
· For the case of more than two TBs of NACK-only, 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.

3. Conclusion
In this contribution, we discussed the remaining issues for reliability improvements for RRC_CONNECTED UEs. Observations and proposals are summarized as following: 
Proposal 1:
· 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.
· PUCCH resources configured for unicast will be used.
· For the case of more than two TBs of NACK-only, 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.
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