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1. Introduction
Followings are some agreements achieved in previous RAN1 meetings that relates to HARQ-ACK codebook design [1-3].
	(RAN1 #91) Agreements: 

· For semi-static HARQ-ACK codebook, 1 bit UL DAI field is included in UL grant. 

(RAN1 #91) Agreements: 

· For dynamic HARQ-ACK codebook, for UCI piggyback on PUSCH, use DAI_counter in DL assignment and UL DAI in UL grant. HARQ-ACK codebook size is determined by UL DAI and DAI_counter. 

· In case of single HARQ-ACK codebook, the single UL DAI field of 2 bits is included in UL grant. 

· In case of two HARQ-ACK sub-codebooks (1 for CBG based HARQ-ACK and 1 for TB based HARQ-ACK) two UL DAI fields each of two bits are included in UL grant.  

· Note: in CA, DAI_total is included in the DL assignment. 

(RAN1 #91) Agreements: 

· For semi-static HARQ-ACK codebook, support 

· DL association set is determined based on the configured set of HARQ-ACK timings, where the HARQ-ACK payload is ordered based on DL time index 

· There is no DAI in DL grants 

Conclusion: 

· No consensus to introduce CBG-level DAI in DCI in Rel-15

(RAN1 #91) Agreements: 

· Generate 2 HARQ-ACK sub-codebooks (sub-CBs) 

· First sub-CB is for transmissions with TB-based HARQ-ACK, second sub-CB is for transmissions with CBG-based HARQ-ACK 

· The sub-CBs are combined in a single HARQ-ACK codebook (sub-CB for TB-based HARQ-ACK is placed first) 

· No additional reliability enhancements

Conclusion:

· In Rel-15, there is no consensus to support spatial domain HARQ-ACK bundling when a UE is configured with CBG 
(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 on CBG-based HARQ-ACK codebook determination
A special case of HARQ-ACK codebook generation under CBG-based transmission is omitted in current specification version (TS 38.213, section 9.1.1, v15.0.0) and RAN1 agreements. Specifically, when a UE is configured with CBG-based transmission, what if the UE is configured with Number-MCS-HARQ-DL-DCI is 2 in a serving cell but receives a PDSCH with only a single transport block (TB)? This also relates to the configuration of HARQ-ACK-Spatial-Bundling. If HARQ-ACK-Spatial-Bundling = FALSE, it is straightforward to assume NACK bits for the second TB and concatenate them after the HARQ-ACK bits of the first TB. This would induce a maximum 4-bit meaningless UCI overhead per PDCCH monitoring occasion. If HARQ-ACK-Spatial-Bundling = TRUE, it has not been decided whether to support this operation in R15. From the perspective of UCI overhead, certain mechanism to compact the HARQ-ACK bits under CBG-based transmission should be considered. Bundling HARQ-ACK bits across multiple CBGs of a same TB seems to loss the motivation of CBG-based transmission, and bundling across CBGs in different transmission occasions is less efficient since the channel condition in different transmission occasions is less correlated. Therefore, spatial domain bundling with a same transmission occasion under CBG-based transmission should be supported.
Proposal 1: support spatial domain HARQ-ACK bundling when a UE is configured with CBG-based transmission.

3. Issues on semi-static HARQ-ACK codebook design
A missing case has not been addressed in current specification version (TS 38.213, v15.0.0). Assuming a UE is configured with higher layer parameter HARQ-ACK-codebook=semi-static and CBG-DL=ON, how does the UE generates the HARQ-ACK codebook if he receives a fallback DCI scheduled PDSCH within the associate set? It has been agreed to use TB level HARQ-ACK feedback for fallback DCI scheduled PDSCH at least for the case without HARQ-ACK multiplexing. If we follow this design for the case with HARQ-ACK multiplexing, it may cause ambiguity when, for instance, the UE just misses the fallback DCI in some monitoring occasions. It is essential to clarify how UE generates the HARQ-ACK codebook under this case. We prefer to generate same number of HARQ-ACK bits as non-fallback DCI scheduled PDSCH for fallback DCI under this case to avoid the possible ambiguity, i.e., the number of HARQ-ACK bits for fallback DCI scheduled PDSCH equals to number of configured CBGs. The can be achieved via repeating the single TB-level HARQ-ACK bit or appending NACK after the TB-level HARQ-ACK bit.
Proposal 2: When UE is configured with CBG-based (re)transmission, and semi-static HARQ-ACK codebook, same number of HARQ-ACK bits is generated for all PDSCHs within the association set no matter scheduled by fallback or non-fallback DCI.
4. Discussion on dynamic HARQ-ACK codebook design
In last RAN1 meeting, it has agreed to generate two HARQ-ACK sub-codebooks for TB-based HARQ-ACK and CBG-based HARQ-ACK, respectively. As described in current specification (Section 9.1.3.1, TS 38.213, v15.0.0),
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the UE shall determine the 
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 according to the previous pseudo-code with the following modifications
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 is used for the determination of a first HARQ-ACK sub-codebook for TB-based PDSCH receptions;
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”. 
It does not make sense why we should use the total number of serving cells to generate the TB-based sub-codebook, rather than using the number of serving cells not configured with CBG-based transmission. Consequently, we suggest replacing 
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Proposal 3: The generation of sub-codebook for TB-based PDSCH reception only depends on the number of serving cells not configured with CBG-based transmission.

5. Conclusions 
In this contribution, we discuss some remaining issues on HARQ-ACK codebook design with following proposals:
Proposal 1: support spatial domain HARQ-ACK bundling when a UE is configured with CBG-based transmission.

Proposal 2: When UE is configured with CBG-based (re)transmission, and semi-static HARQ-ACK codebook, same number of HARQ-ACK bits is generated for all PDSCHs within the association set no matter scheduled by fallback or non-fallback DCI.
Proposal 3: The generation of sub-codebook for TB-based PDSCH reception only depends on the number of serving cells not configured with CBG-based transmission.
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