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1. Introduction
Following are some agreements achieved in previous RAN1 meetings that relates to HARQ-ACK feedback for CBG-based (re)transmission [1-2].
	(RAN1 #90bis) Agreement: 

· For NR non-CA, both semi-static and dynamic HARQ-ACK codebook are supported by configuration

· Note: the “by-configuration” is also applicable to the CA case

(RAN1 #90bis) Agreements: 

· Dynamic HARQ-ACK codebook (per PUCCH group) for the case without CBG configuration

· HARQ-ACK codebook determination based on counter DAI and total DAI

· Use LTE as starting point

· FFS details

(RAN1 #90bis) Agreements: 

· For the case when the semi-static HARQ-ACK codebook with HARQ-ACK multiplexing which includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) is used, 

· NACK is reported for all the CBGs if TB CRC check is not passed while CB CRC check is passed for all the CBs 

· NACK is mapped for the empty CBG index if the number of CBs for a TB is smaller than the configured maximum number of CBGs 

(RAN1 #90bis) Agreements: 

· When UE is configured with CBG based retransmission, for the PDSCH scheduled by PDCCH using fallback DCI, TB level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing 

· FFS whether this operation is applied even for the case with HARQ-ACK multiplexing 

· Note: this means that fallback DCI does not support CBG level HARQ-ACK feedback
(RAN1 #90bis) Agreements:
· ‘Semi-static’ HARQ-ACK codebook (per PUCCH group) is at least determined by 
· Configured number of DL Cells 

· The max number of TBs based on configuration for each DL cell 

· Configured number of CBGs per TB per configured DL cell 

· FFS: Handling of different numerology between UL and DL 

· Details FFS 

· Dynamic HARQ-ACK codebook (per PUCCH group) with CBG configuration at least for one serving cell 

· Details FFS 

(RAN1 #90) Agreements:

· For single CW case with CBG based retransmission for the semi-static codebook with HARQ-ACK multiplexing, at least following is supported for the HARQ-ACK composition and mapping per TB 

· HARQ-ACK codebook includes HARQ-ACK corresponding to all the CBGs (including the non-scheduled CBG(s)) 

· At least followings are supported 

· HARQ-ACK payload size is the same with the configured number of CBGs 

· Each HARQ-ACK bit corresponds to each CBG 

· FFS payload size reduction 

· ACK is reported for a CBG if the same CBG has been successfully decoded 

· FFS how to handle the case if TB CRC check is not passed while CB CRC check is passed for all the CBs


2. Discussion
2.1 Dynamic HARQ-ACK codebook design
According to the agreements in RAN1 #90bis, dynamic HARQ-ACK codebook with CBG configuration is supported at least for one serving cell. To support dynamic HARQ-ACK codebook, a DAI field is needed in the DCI to avoid ambiguity about the number of DL transmissions and corresponding HARQ-ACK bits on UE side. In LTE, the DAI is defined in TB-level granularity, but in NR configured with CBG-based (re)transmission, considering the following several cases:

· TB-level transmission and CBG-level (re)transmission may be configured on different carriers

· Different numbers of maximum CBGs may be configured on different carriers

· Different numbers of CBGs are scheduled within each initial transmission
· Dynamic fallback to TB-level feedback, e.g., scheduled by fallback DCI, or all the CBGs are error or correct
A CBG-level DAI granularity should be introduced to support indication of missed CBGs and the number of varying HARQ-ACK bits.
Proposal 1: CBG-level DAI should be introduced for CBG-based (re)transmission.
However, with the introduction of CBG-level DAI, overhead on DCI size is also increased. For instance, under TDD configuration #2, the DAI field in LTE format 0/1A/1B/1D/1/2/2A/2B/2C/2D/4 is 2 bits if UE is configured with one serving cell. For CBG configuration with maximum number 8, assuming only single PDSCH transmission in each DL slot, the maximum accumulative number of transmitted CBGs is 32, thus we need total 5 DAI bits in DCI, 3 more bits comparing to LTE DAI. The additional overhead may be even larger for the case when UE is configured with more than one serving cell. Consequently, certain mechanism to reduce DCI overhead should be studied. Considering Rel-15 timeline, it is perhaps more appropriate to support the overhead reduction mechanism in Phase II of Rel-15.
Observation 1: CBG-level DAI would cause additional DCI overhead comparing to TB-level DAI.

Proposal 2: Certain mechanism to reduce DCI overhead for CBG-level DAI should be supported in Rel-15 Phase II.

2.2 Fallback DCI scheduling with HARQ-ACK multiplexing
In last RAN1 meeting, it was agreed that if CBG-based (re)transmission is configured, TB-level HARQ-ACK feedback is used at least for the case without HARQ-ACK multiplexing when PDSCH is scheduled by fallback DCI. It is straightforward to also support this operation at least for the case with HARQ-ACK multiplexing and dynamic HARQ-ACK codebook, as fallback DCI scheduled PDSCH can be treated as the PDSCH with a single CBG and thus CBG-level DAI can directly be used to avoid the ambiguity of HARQ-ACK bits.
Proposal 3: When UE is configured with CBG-based (re)transmission, for the case with HARQ-ACK multiplexing, TB-level HARQ-ACK could be used for PDSCH scheduled by fallback DCI at least with dynamic HARQ-ACK codebook.
For semi-static HARQ-ACK codebook, the codebook size is determined by some configured parameters (e.g., the number of configured serving cells, the number of configured CBGs, the size of DL-UL “bundling window”) and is expected to be relative fixed. Under this case, introducing TB-level HARQ-ACK only for PDSCH scheduled by fallback DCI would cause variance on HARQ-ACK bits and possible misunderstanding between gNB and UE, since UE probably miss-detects some PDCCH and does not know the missed PDSCH transmissions are scheduled by fallback DCI or not. Thus, it is suggestive to not to differentiate PDSCH scheduled by which type of DCI under the case with HARQ-ACK multiplexing and semi-static HARQ codebook, i.e., either CBG-level HARQ-ACK for all PDSCHs including those scheduled by fallback DCI or TB-level HARQ-ACK for all PDSCHs including those scheduled by non-fallback DCI. Considering the payload size of UCI, the latter operation is preferred.
Proposal 4: When UE is configured with CBG-based (re)transmission, for the case with HARQ-ACK multiplexing and semi-static HARQ-ACK codebook, TB-level HARQ-ACK is used for all PDSCHs within the association set if at least one PDSCH is scheduled by fallback DCI.
3. Conclusions 
In this contribution, we discuss HARQ-ACK feedback with following observation and proposals:
Proposal 1: CBG-level DAI should be introduced for CBG-based (re)transmission.
Observation 1: CBG-level DAI would cause additional DCI overhead comparing to TB-level DAI.

Proposal 2: Certain mechanism to reduce DCI overhead for CBG-level DAI should be supported in Rel-15 Phase II.

Proposal 3: When UE is configured with CBG-based (re)transmission, for the case with HARQ-ACK multiplexing, TB-level HARQ-ACK could be used for PDSCH scheduled by fallback DCI at least with dynamic HARQ-ACK codebook.

Proposal 4: When UE is configured with CBG-based (re)transmission, for the case with HARQ-ACK multiplexing and semi-static HARQ-ACK codebook, TB-level HARQ-ACK is used for all PDSCHs within the association set if at least one PDSCH is scheduled by fallback DCI.
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