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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 which will be solved in Rel-17 maintenance stage.
According to the agreements and conclusions achieved in RAN1 #107b e-meeting and previous e-meetings, the following issues will be discussed in this contribution:
· Overlapping between NACK-only and SR with same priority.
· More than one NACK-only based feedbacks

2. Overlapping between NACK-only and SR with same priority
Regarding overlapping between PUCCH for NACK-only and other PUCCH/PUSCH, the following agreement was agreed in the RAN1 #106b e-meeting with FFS for the case of SR[1].
	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. 



After several rounds of discussion, there are two alternatives listed by the moderator for down-selection after the last e-meeting.
	Proposal  3.1.5
When PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority, support [Alt1] from the following alternatives:
· Alt1: up to two TBs of NACK-only feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
· PUCCH resources configured for unicast will be used in concerned cases subject to legacy procedure as Rel-15/16. 
· For the case of more than two TBs of NACK-only, [FFS: SR] is dropped.
· Alt2: 
· for positive SR, NACK-only is transmitted on the PUCCH resource configured for SR; 
· If the PUCCH resource for SR cannot accommodate multiplexed UCI (e.g., in case of multiple NACK-only bits are multiplexed with SR), [FFS: SR] is dropped.
· for negative SR, NACK-only feedback is transmitted on the PUCCH resource configured for NACK-only.



During RAN1 #107b e-meeting, the moderator proposed that take Alt1 as baseline and solicited opinions from companies. Due to it is different to converge after one round discussion, this issue was postponed[2].
[bookmark: _GoBack]In our opinion, considering we are in the late stage of Rel-17, the moderator’s proposal can be supported for compromise purpose. Furthermore, it is known that SR can only be transmitted in PUCCH format 0 or PUCCH format 1, which will carry no more than 2 bits. If a PUCCH for positive SR overlaps with a PUCCH for NACK-only corresponding to the combination of more than two TBs, according to Alt2, limited by the capability of PUCCH resource configured for SR, either NACK-only or SR will be dropped certainly, which is not a wise scheme for this case.
Compared with Alt2, the benefit of Alt1 is it can reuse the legacy procedure as Rel-15/16 in order to simplify the standardization work. For the second sub-bullet in Alt1, since the NACK-only will be transformed into ACK/NACK and transmitted in the PUCCH resources configured for unicast which is UE-specific rather than group-common, the transformed ACK/NACK+SR can be multiplexed reusing the legacy program as described in TS38.213 clause 9[3], therefore we think this sub-bullet can be deleted. 
An additional issue for Alt1 is how to select the PUCCH resource configured for unicast. In order to follow the existing rules as much as possible, a sample way is that the UE selects PUCCH resource set for unicast by the bit size of the sum between transformed ACK/NACK and SR, and selects the PUCCH resource within PUCCH-Config/PUCCH-ConfigurationList configured for unicast by the PRI indicated in the GC-DCI. 
Proposal 1:
· Support Alt1 with some modifications for the case when PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority.
· Alt1: up to two TBs of NACK-only based feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
· PUCCH resources configured for unicast will be used for transformed ACK/NACK in concerned cases subject to legacy procedure as Rel-15/16.
· For the case of more than two TBs of NACK-only, [FFS: SR] is dropped.

3. More than one NACK-only based feedbacks
For more than one NACK-only based feedbacks that is available for transmission in the same PUCCH slot, the proposal given by the moderator in the last meeting was as follows[2]:
	Proposal 3.2.2-1
When more than one NACK-only feedback are available for transmission in the same PUCCH slot,
· define up to 15 orthogonal PUCCH resources to select from according to combinations of up to 4 TBs with NACK-only feedback, 
· for more than 4 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.
· The PUCCH resource to be used for the transmission is based on the last DCI scheduling multicast.

Proposal 3.2.2-2 (If Proposal 3.2.2-1 is not agreeable)
Does not support more than one NACK-only transmission in the same PUCCH. 


Obviously, proposal 3.2.2-2 is not wise since the expected UE behaviour when more than one NACK-only feedback are available for transmission in the same PUCCH slot is unclear.
Regarding proposal 3.2.2-2, for the second sub-bullet, if the NACK-only will be transformed into ACK/NACK when it overlaps with SR, the gNB should always reserve the PUCCH resource configured in PUCCH-Config/PUCCH-ConfigurationList for multicast in order to transmit SR and ACK/NACK, which against the intention of introducing NACK-only based feedback of avoiding PUCCH congestion. According to the agreement from RAN1 106b e-meeting, although PUCCH-Config/PUCCH-ConfigurationList for multicast is optional for a UE, when it will not be configured, the PUCCH-Config/PUCCH-ConfigurationList for unicast will be applied. It result several PUCCH resources for unicast should also be reserved when always transforming NACK-only to ACK/NACK for the overlapping case. It is unwise that a UE generates NACK-only based feedback transmitted in the PUCCH resources configured in PUCCH-Config/PUCCH-ConfigurationList for NACK-only and reserve additional at least one PUCCH resource configured for multicast(or unicast) so that it will be used when the overlapping occurs.
Proposal 2:
· When more than one NACK-only feedbacks are available for transmission in the same PUCCH slot, the UE selects orthogonal PUCCH resources according to combinations of TBs with NACK-only feedback. If there are too many TBs with NACK-only feedback resulting insufficient resources, the UE does not report HARQ-ACK.

4. 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:
· Support Alt1 with some modifications for the case when PUCCH transmission for the NACK-only based feedback for multicast collides with PUCCH transmissions for SR for the same priority.
· Alt1: up to two TBs of NACK-only based feedback is transformed into ACK/NACK HARQ bits and is multiplexed with SR as legacy procedure as Rel-15/16.
· PUCCH resources configured for unicast will be used for transformed ACK/NACK in concerned cases subject to legacy procedure as Rel-15/16.
· For the case of more than two TBs of NACK-only, [FFS: SR] is dropped.
Proposal 2:
· When more than one NACK-only feedbacks are available for transmission in the same PUCCH slot, the UE selects orthogonal PUCCH resources according to combinations of TBs with NACK-only feedback. If there are too many TBs with NACK-only feedback resulting insufficient resources, the UE does not report HARQ-ACK.
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