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1 Introduction
In the RAN1#90bis meeting and post meeting email discussions, aspects related to CBG were further disusssed and some agreements were made as follows [1]: 

	Agreements:

· In single CW configuration, the maximum configurable number of CBGs per TB is 8

· The possible max number of CBGs per TB is 2, 4, 6, 8

· In multiple CW configuration, the maximum configurable number of CBGs per TB is 4
· In multiple CW configuration, the configured maximum number of CBGs per TB is the same between TBs 
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
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
Agreements:
· In case configured with CBG based retransmission, CBGTI, CBGFI, and NDI are separately indicated in the same DCI.

· In case with CBG based retransmission and multiple CW configuration, single CBGFI is indicated in DCI and commonly applied for both two TBs. 

· Discuss further on the detailed DCI composition for CBG based retransmission such as reinterpretation of MCS/TBS field to CBGTI. 

· Discuss further on the detailed HARQ-ACK feedback with CBG in terms of TB level HARQ-ACK, HARQ-ACK bundling, HARQ-ACK composition, with consideration of overall HARQ-ACK codebook design. 

· Compressed CBG level HARQ-ACK feedback scheme except for HARQ-ACK bundling is not supported in Rel-15.

· No additional CB grouping method is introduced in Rel-15.




In this contribution, we discuss the remaining issues of CBG operation that need to be finalized in RAN1, mainly focusing on the HARQ-ACK codebook determination for both single CC and CA cases.  
2. Discussion
2.1 Semi-static HARQ-ACK codebook determination 
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Figure 1: Semi-static HARQ-ACK codebook generation With CBG configuration


The HARQ-ACK-window-based solution detailed in [2] can be applied for the semi-static HARQ-ACK codebook determination when at least one CC is configured with CBG. As it is already agreed that the HARQ-ACK bits are generated corresponding to all CBGs, a bitmap with fixed size (i.e., the number of CBGs) is inserted for each CBG-based PDSCH transmission. As long as at least one CBG-based scheduling DCI is detected within an HARQ-ACK timing window as depicted with Case 1 in FIG.1, the CBG-based HARQ-ACK bits for all slots/CCs are reported.  
Proposal 1: 

· If at least one CBG-based DCI is detected within an HARQ-ACK window, the semi-static codebook size is given by the size of the HARQ-ACK timing window, the configured number of DL cells, the transmission mode and the number of CBGs. 

At least for the case without HARQ-ACK multiplexing and with CBG-based transmission configuration, it was agreed in [1] that TB-level HARQ-ACK feedback is used for PDSCH scheduled by PDCCH using fallback DCI. It is still FFS whether this operation is applied even for the case of HARQ-ACK multiplexing, i.e., UE is configured with the HARQ-ACK timing window having size of larger than 1, e.g., Case 2 in FIG.1.  
There are several benefits of introducing TB-level HARQ-ACK feedback even for HARQ-ACK multiplexing if only fallback DCI is detected. With this approach, 1 or 2 HARQ-ACK bits would be generated and then carried over the resource-efficient PUCCH format 0 or 1 in order to benefit from lower control overhead. Furthermore, this allows the gNB to timely adapt the HARQ-ACK feedback to the instantaneous radio conditions so as to maintain the connection reliability. Finally, as the CBG-based operation is configured by RRC signaling, there may have an ambiguity period. The introduction of fallback TB-level HARQ-ACK helps alleviate the ambiguity during the RRC reconfiguration period.        
Proposal 2: 

· Support 1 or 2 TB-level HARQ-ACK bit transmission using PUCCH format 0 or 1 for the case of HARQ-ACK multiplexing if only fallback DCI is detected on PCell.
· The resource of PUCCH format 0/1 is indicated in the scheduling fallback DCI format. 
2.2 Dynamic HARQ-ACK codebook determination
A UE configured with both CBG-based transmission and DL CA can result in largely variable HARQ-ACK payload depending on the number of actually scheduled CC and CBG configurations. If the number of CBGs is aligned across CCs, the enhanced TB-based total DAI and counter DAI for the case of CA without CBG in [2] can be applied in the CBG case replacing the TB-level HARQ-ACK with a bitmap for each detected CBG-based PDSCH transmission. 

If the number of CBGs is independently configured and different number of CBGs across CC is allowed, the dynamic HARQ-ACK codebook size determination will become quite complicated. As depicted in FIG.2 below, the problem of mismatch on the HARQ-ACK codebook size may occur when UE misses some DL assignments. 
There are two options to solve this mismatch problem, i.e., CC grouping (Opt.1) or enhanced CBG-based DAI (Opt. 2). Opt.1 groups CCs based on the number of configured CBGs and then applies the LTE eCA DAI approach within each CC group. Referring to FIG.2, two CC groups can be formed, i.e., CC0~CC3 in CG#1 and CC4~CC7 in CG#2. The counter DAI and total DAI operate within CG#1 and CG#2 independently. The HARQ-ACK bit sequences generated in each CG are concatenated together for transmission. Opt.1 is relatively simple and can mitigate the mismatch problem but at the cost of reduced robustness of the total DAI due to the lower rate. Opt.2 can enhance the current counter DAI and totoal DAI definition to operate in units of CBG, instead of TB in LTE. This is illustrated in FIG.2 below. To maintain the same level of HARQ-ACK codebook robustness, the size of the two DAI fields needs to be increased which results in larger signaling overhead. 
	
[image: image2]
Figure 2: Mismatch problem of HARQ-ACK codebook between gNB and UE and CBG-based DAI solution 


In principle, the increased DL control overhead in Opt. 2 is determined by the maximum number of CBGs, which is controlled by gNB. With proper choice of maximum number of CBGs, e.g., based on UE geometry, Opt. 2 allows for full flexibility in terms of CBG configuration across CCs and provides more robust performance in terms of the total number of HARQ-ACK bits. Therefore, Opt. 2 is slightly preferred to support dynamic HARQ-ACK codebook determination for CA with CBG. 
Proposal 3: 

· Enhance the total DAI and counter DAI definition in units of CBG for dynamic HARQ-ACK codebook determination configuration. 
· Increase the bits number of total DAI and counter DAI fields according to the maximum number of CBGs across CCs in CA.          
3. Conclusions

In this contribution, we discussed the remaining aspects of CBG-based (re)transmissions. We make following proposals:  
Proposal 1: 

· If at least one CBG-based DCI is detected within an HARQ-ACK window, the semi-static codebook size is given by the size of the HARQ-ACK timing window, the configured number of DL cells, the transmission mode and the number of CBGs. 
Proposal 2: 

· Support 1 or 2 TB-level HARQ-ACK bit transmission using PUCCH format 0 or 1 for the case of HARQ-ACK multiplexing if only fallback DCI is detected on PCell.
· The resource of PUCCH format 0/1 is indicated in the scheduling fallback DCI format. 
Proposal 3: 

· Enhance the total DAI and counter DAI definition in units of CBG for dynamic HARQ-ACK codebook determination configuration. 
· Increase the bits number of total DAI and counter DAI fields according to the maximum number of CBGs across CCs in CA.          
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