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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _GoBack]In RAN #84 meeting, the following conclusions were reached on configured grant (CG) for NR-U prioritization:
Essential
· [bookmark: OLE_LINK7]DFI design, including content and CG PUSCH to DFI timing
· UCI design, including content and multiplexing
Optimizations
· Ending symbol flexibility
· CBG based transmission with CG resource
In RAN1#98 [1], following agreements were made for configured grant enhancements in NR-U

Agreement:
· For DFI design for configured grants, support at least the following
· DFI including at least TB level HARQ-ACK bitmap for all UL HARQ processes 
· Note: Total number of HARQ processes is as defined in Rel-15
· FFS: CBG level HARQ-ACK feedback, if supported
· RRC configured minimum duration, D, from the ending symbol of the PUSCH to the starting symbol of the DFI carrying HARQ-ACK for that PUSCH
· Note: UE assumes HARQ-ACK is valid only for PUSCH transmissions ending before n-D, where n is the time corresponding to the beginning of the start symbol of the DFI. 
· FFS: the definition of minimum duration for the case of slot aggregation
· [bookmark: _Hlk20325647]UE blind decoding complexity shall not be increased due to DFI size

Agreement:
The number of separately encoded UCIs multiplexed in a PUSCH transmitted using a configured grant is not changed from Rel-15 (maximum of 3).

Working assumption:
CG-UCI is included in every CG-PUSCH transmission

In the RAN1#96 meeting [2], it was agreed to support code block group (CBG)-based retransmission at least by using dedicated scheduled resource allocated by an UL grant. However, it is still not agreed whether to allow CBG-based retransmission using a configured grant. In this contribution, we discuss our views on CBG based retransmission for PUSCH transmitted using CG in NR-U.
[bookmark: _Ref129681832]Discussion
Rel-15 NR supports CBG based transmission and HARQ-ACK feedback for PDSCH and PUSCH so that the gNB or UE can retransmit the failed CBGs instead of the entire TB. For CBG-based PDSCH, the UE provides individual ACK/NACK for each CBG and gNB retransmits the failed CBGs instead of the entire TB. For CBG-based scheduled PUSCH in Rel-15, the gNB indicates in its UL grant the CBGs to be retransmitted directly. However, there are few issues associated with enabling CBG-based retransmission on CG resources which result in which result in difference of opinion on whether to support CBG based retransmission on CG resources or not. These issues [3]-[6] are captured below:
· It has already been agreed to support DFI including at least TB level HARQ-ACK bitmap for all UL HARQ processes. Enabling CBG-based retransmission on CG resource requires inclusion of CBG related control information in the UCI or DFI causing additional signaling overhead. For example, DFI payload size would increase in order to provide HARQ A/N per CBG instead of just per TB. Furthermore, the UCI size also becomes larger to indicate the CBGTI-like information for each PUSCH.
· The benefit of resource utilization efficiency, achieved by retransmitting erroneously received CBGs only, cannot be exploited by CBG-based retransmission in CG resources due to preconfigured physical resources. In NR-U, CBG-based retransmission may occur frequently due to the hidden node resulting in more severe resource waste.
However, it is still proposed by several companies [7]-[12] to support CBG-based retransmission in CG resources since it can be used efficiently to improve the reliability of the retransmissions and thus reduce the number of required retransmissions, UL grants, and the associated UL and DL channel access attempts [7]. Moreover, CBG-based retransmission using a configured grant can reduce the signaling overhead caused due to transmission of the multiple UL grants to indicate retransmission for the HARQ processes having NACKed CBG(s). Different options are also discussed for overhead reduction for CBG-level HARQ feedback as follows.
Option 1: Dynamic or semi-static codebook design for HARQ-ACK feedback to support CBG-level HARQ feedback without exceeding a fixed DCI format size and avoiding to provision for the worst-case scenario i.e. maximum number of HARQ processes and CBGs per HARQ process [7] [9].
Option 2: Full HARQ-ACK feedback transmission via PDSCH [9].
Option 3: Separate TB-level HARQ feedback and CBG-level HARQ feedback into different CG-DFIs [11].
Option 4: gNB feeds back CBG-level ACK/NACK for the HARQ process in which the TB-level HARQ feedback is NACK [8].
Adoption of such overhead reduction mechanisms can facilitate support of CBG-based retransmission in configured resources for robustness against burst interference and hidden node interference in unlicensed spectrum.
Observation 1: Feasible control signaling overhead reduction mechanisms can be adopted to support CBG-based retransmission in configured resources for robustness against bursty interference in unlicensed spectrum.
[bookmark: _Hlk20408376]Therefore, supporting CBG-based retransmission on CG resources can be more beneficial to improve reliability of the transmission if control information (e.g., CG-DFI, CG-UCI) can be configured such that UE blind decoding complexity is not increased due to DFI size and overall resource and signaling overhead for CBG-based retransmission is less than the overall resource and signaling overhead of CBG-based retransmission by using dedicated scheduled resource allocated by an UL grant.
Proposal 1: Support CBG based retransmission on CG resources if control information (e.g., CG-DFI, CG-UCI) can be configured such that UE blind decoding complexity is not increased due to DFI size and overall resource and signaling overhead for CBG-based retransmission is less than the overall resource and signaling overhead of CBG-based retransmission by using dedicated scheduled resource allocated by an UL grant.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Conclusion
From the discussion, we have the following observation and proposal.
Observation 1: Feasible control signaling overhead reduction mechanisms can be adopted to support CBG-based retransmission in configured resources for robustness against bursty interference in unlicensed spectrum.
Proposal 1: Support CBG based retransmission on CG resources if control information (e.g., CG-DFI, CG-UCI) can be configured such that UE blind decoding complexity is not increased due to DFI size and overall resource and signaling overhead for CBG-based retransmission is less than the overall resource and signaling overhead of CBG-based retransmission by using dedicated scheduled resource allocated by an UL grant.
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