

[bookmark: OLE_LINK11][bookmark: OLE_LINK12]3GPP TSG RAN WG1 Meeting#104-e			R1-2101637
e-Meeting, January 25th – February 5th, 2021	
	
Agenda item:	8.12.2
Source:	Chengdu TD Tech, TD Tech
Title:	Study on the reliability for RRC_CONNECTED UEs
[bookmark: _Hlk506366071]Document for:	Discussion and Decision
1. Introduction
The work item “NR Multicast and Broadcast Services” [1] was agreed in RAN#88-e. During the past RAN1 meeting, the following agreements were made on the reliability for RRC_CONNECTED UEs with the open questions left for solving.
	Mechanisms to improve reliability for RRC_CONNECTED UEs
Agreements:
For RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1, support at least one of the following:
· ACK/NACK based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE feedback ACK or NACK. 
· From UEs within the group perspective, 
· FFS: PUCCH resource configuration for ACK/NACK feedback e.g., shared or separate PUCCH resources. 
· FFS details including conditions for it to be used
· NACK-only based HARQ-ACK feedback for multicast, 
· From per UE perspective, UE only feedback NACK. 
· From UEs within the group perspective, further down-select between:
· FFS: PUCCH resource configuration for NACK only feedback. 
· FFS details including conditions for it to be used
· To decide in RAN1#104-e whether or not to support only one or both of the above schemes
· If both are supported, FFS configuration/selection of ACK/NACK-based and NACK-only based HARQ-ACK feedback 
Agreements:
For RRC_CONNECTED UEs receiving multicast, for ACK/NACK based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is, down-select one of the following options:
· Option 1: shared with PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 2: separate from PUCCH resource configuration for HARQ-ACK feedback for unicast
· Option 3: Option 1 or option 2 based on configuration
Agreements:
For RRC_CONNECTED UEs receiving multicast, for NACK-only based HARQ-ACK feedback if supported for group-common PDCCH scheduling, PUCCH resource configuration for HARQ-ACK feedback from per UE perspective is separate from PUCCH resource configuration for HARQ-ACK feedback for unicast. 
· FFS PUCCH format

Agreements:
Enabling/disabling HARQ-ACK feedback for MBS is supported, further down-select between:
· Option 1: DCI
· Option 2: RRC configures enabling/disabling
· Option 3: RRC configures the enabling/ disabling function and DCI indicates enabling /disabling
· FFS: Option 4: MAC-CE indicates enabling/disabling
· FFS: Option 5: RRC configures the enabling/ disabling function and MAC-CE indicates enabling /disabling
Agreements:
For slot-level repetition for group-common PDSCH of RRC_CONNECTED UEs, for indicating the repetition number, further down-select among:
· Opt 1: by DCI
· Opt 2: by RRC
· Opt 3: by RRC+DCI
· FFS: Opt 4: by MAC-CE
· FFS: Opt 5: by RRC+MAC-CE
· FFS details for each option. 
· FFS further enhancements for configuration of slot-level repetition
Agreements:
From the perspective of RRC_CONNECTED UEs receiving multicast, at least for PTM scheme 1 initial transmission, retransmission supports, for the purpose of down-selection, options are:
· Option 1: group-common PDCCH scheduled group-common PDSCH
· Option 2: UE-specific PDCCH scheduled PDSCH
· Alt 1: PDSCH is UE-specific PDSCH
· Alt 2: PDSCH is group-common PDSCH
· Option 3: both option 1 and option 2
· FFS other options
· FFS CBG based retransmission
Agreements:
FFS whether CSI feedback enhancement is needed for MBS, including but not limited:
· New CQI measurement
· New CSI report formats
· Targeted BLER
· CSI-RS configuration
· A-CSI-RS transmission triggering
· SRS configuration
Agreements:
For ACK/NACK based HARQ-ACK feedback if supported, both Type-1 and Type-2 HARQ-ACK codebook are supported for RRC_CONNECTED UEs receiving multicast, 
· FFS details of HARQ-ACK codebook design. 
· FFS whether enhanced Type-2 and/or Type-3 HARQ-ACK codebook is supported or not.
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The further discussion for improving the reliability by the HARQ-ACK feedback is discussed and the related proposals are suggested in the contribution. In detail, the following content is discussed.
(1) HARQ-ACK feedback for PTM bearer
(2) HARQ-ACK feedback for PTP bearer
2. [bookmark: _Ref40865202]HARA-ACK feedback for PTM bearer
A PTM bearer can be used to provide an MBS with PTM mode to a group of RRC_CONNECTED UEs. gNB knows each RRC_CONNECTED UE receiving the PTM bearer. Therefore, the following two HARQ feedback methods can be used.
Method 1: HARQ-ACK feedback with the shared PUCCH resource by each RRC_CONNECTED UE
Method 2: ACK/NACK feedback with the dedicated PUCCH resource by each RRC_CONNNECTE UE
With method 1, the shared PUCCH resource is allocated to the PTM bearer of an MBS. Each RRC_CONNECTED UE feeds back the related HARQ-ACK information with the shared PUCCH resource.
With method 2, the dedicated PUCCH resource is allocated to each RRC_CONNECTED UE. Each RRC_CONNECTED UE feeds back the HARQ-ACK information with the dedicated PUCCH resource. For method 2, both the existing dedicated PUCCH resource allocation method and the existing ACK/NACK feedback method for a unicast service of UE can be reused for NR MBS. No further discussion on Method 2 is needed.
Based on the above discussion, the following proposals are suggested.
[bookmark: OLE_LINK2]Proposal 1: HARQ-ACK feedback with the shared PUCCH resource is supported for the PTM bearer of MBS
Proposal 2: HARQ-ACK feedback with the dedicated PUCCH resource is supported for the PTM bearer of MBS
For method 1, use M to denote the number of the PUCCHs in the shared PUCCH resource for the HARQ-ACK feedback. Both the ACK/NACK based HARQ-ACK feedback and the NACK-only based HARQ-ACK feedback can be used for method 1. The detailed HARQ-ACK feedback modes are defined as below.
Mode 1: M=1
For M=1, if a UE decodes the PDSCH of the PTM bearer wrongly, UE transmits the unique PUCCH to gNB to indicate that it decodes the PDSCH of the PTM bearer wrongly. Mode 1 is a NACK-only based HARQ-ACK feedback method.
[bookmark: OLE_LINK6]Mode 2: M=2C -1 or M=2C, where C is the number of the code groups of the TB on the PDSCH of the PTM bearer and C>1.
Use the bit sequence of C bits to indicate which code group is decoded wrongly. The bits in the bit sequence are numbered from the most important bit. The c-th bit in the bit sequence is used to indicate whether or not the c-th code group is decoded correctly. If UE decodes the PDSCH wrongly, it determines the bit sequence: if UE decodes the k-th code group correctly/wrongly, the k-th bit is set as 1/0. Find the decimal value of the bit sequence. If the decimal value of the bit sequence is X, UE feeds back the X-th PUCCH to gNB. If M=2C, UE feeds back the M-th PUCCCH if UE decodes the PDSCH correctly. Mode 2 is an ACK-NACK based HARQ-ACK feedback method. With mode 2, the code group based ACK/NACK feedback is supported.
Based on the above discussion, the following proposals are suggested.
Proposal 3: Support the code group based ACK-NACK feedback with the shared PUCCH resource for the PTM bearer.
Proposal 4: The value of M can be configured, where M is the number of the PUCCHs in the shared PUCCH resource for the PTM bearer. M=1, M=2C -1 or M=2C, C is the number of the code groups of the TB on the PDSCH and C>1.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]For method 1, the shared PUCCH resource for the HARQ-ACK feedback for the PDSCH of the PTM bearer is separated from the PUCCH resource for the HARQ-ACK feedback for a unicast service of UE. For the PDSCH of the PTM bearer, the PTM transmission scheme 1 is used for the initial transmission and the retransmission. The code group based retransmission can be supported by PTM transmission scheme 1.
Based on the above discussion, the following proposals are suggested.
Proposal 5: The shared PUCCH resource for the HARQ-ACK feedback for the PDSCH of the PTM bearer is separated from the PUCCH resource for the HARQ-ACK feedback for a unicast service of UE. 
Proposal 6: For the PDSCH of the PTM bearer, the PTM transmission scheme 1 is used for the initial transmission and the retransmission. The code group based retransmission can be supported by PTM transmission scheme 1.

3. HARQ-ACK feedback for PTP bearer
A PTP bearer can be used to provide an MBS to a given RRC_CONNECTED UEs. gNB can allocate the dedicated PUCCH resource to the PTP bearer of the MBS for UE to feed back the ACK/NACK information.
Based on the above discussion, the following proposal is made.
[bookmark: OLE_LINK1][bookmark: OLE_LINK13]Proposal 7: Support the ACK/NACK feedback with the dedicated PUCCH resource for the PTP bearer of MBS. Reuse the ACK/NACK feedback with the dedicated PUCCH resource for a unicast service for NR MBS.

4. Conclusion
Based on the discussion in the above sections, the following proposals for the HARQ feedback for RRC_CONNECTE UEs are suggested.
Proposal 1: HARQ-ACK feedback with the shared PUCCH resource is supported for the PTM bearer of MBS
Proposal 2: HARQ-ACK feedback with the dedicated PUCCH resource is supported for the PTM bearer of MBS
Proposal 3: Support the code group based ACK-NACK feedback with the shared PUCCH resource for the PTM bearer.
Proposal 4: The value of M can be configured, where M is the number of the PUCCHs in the shared PUCCH resource for the PTM bearer. M=1, M=2C -1 or M=2C, C is the number of the code groups of the TB on the PDSCH and C>1.
Proposal 5: The shared PUCCH resource for the HARQ-ACK feedback for the PDSCH of the PTM bearer is separated from the PUCCH resource for the HARQ-ACK feedback for a unicast service of UE. 
Proposal 6: For the PDSCH of the PTM bearer, the PTM transmission scheme 1 is used for the initial transmission and the retransmission. The code group based retransmission can be supported by PTM transmission scheme 1.
Proposal 7: Support the ACK/NACK feedback with the dedicated PUCCH resource for the PTP bearer of MBS. Reuse the ACK/NACK feedback with the dedicated PUCCH resource for a unicast service for NR MBS.
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