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Introduction
Several signaling aspects related to CBG-based operation were agreed at the RAN1 #90bis meeting [1] and the follow-up email discussion of [2]. The agreements are as follows
	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 
· 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

· 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

· 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.



This contribution addresses the remaining signaling aspects to complete CBG-based operation in Rel-15.
Discussion
DCI composition
It was agreed in the email discussion of [2] to separately indicate NDI, CBGTI, CBGI fields when each of these fields is configured for CBG-based (re-)transmission. Given that the maximum bit width of the CBGTI field is 8 bits while a bit is used for CBGFI, this means that CBG-based operation adds up to 9 bits to the DCI payload. Although desirable and much needed signaling optimization was debated at length it ultimately was not agreeable due to concerns about error cases if NDI were to be jointly signaled with either CBGTI or CBGFI. 
A different consideration is now considered to reduce the DL signaling overhead by jointly signaling the CBGTI with some other DCI field such as the MCS. To see how this would work we consider the extreme payload size with MCS-CBGTI-CBGFI-NDI = {5, 8, 1, 1}. Some optimization could be to reduce the MCS-CBGTI fields from a maximum of 13 bits to a smaller number. Firstly, it is not clear how much reduction would help given that such a reduction introduces scheduling restrictions as it inevitably reduces the MCS range. This is not desirable as explicit signaling of MCS and TBS determination information avoids any ambiguity between DTX and NACK at the UE in case multiple PDSCHs are acknowledged in the same feedback message. As DCI format design is still in its infancy, and depending on the final DCI payload sizes in NR, a much broader discussion may be needed on signaling optimization. Therefore, not only is this optimization here premature it also introduces error cases, whereas RAN1 tried to avoid error cases with much lower probability of ~0.01% by agreeing to separate CBGTI, CBFI and NDI fields.
Proposal: when configured, CBGTI and CBGFI are not combined with any other field in a scheduling DCI in Release 15. 

DL HARQ feedback
Several open issues remain for CBG-based HARQ-ACK feedback including support of HARQ-ACK bundling and codebook design for HARQ-ACK multiplexing. Some of these aspects are treated in a companion contribution [3]. Here we first discuss an open issue from the RAN1 #90bis agreements. 
It was agreed to use TB-level HARQ-ACK feedback when a single PDSCH is scheduled by the fallback DCI format. It was also agreed that for HARQ-ACK multiplexing with semi-static codebook, each HARQ-ACK corresponding to a PDSCH consists of CBG-level HARQ-ACK. For example, if the number of configured CBGs is M and there are L PDSCHs to be acknowledged, the codebook size is M * L. If one of the PDSCHs was scheduled by the fallback DCI it is not clear whether to use 1 or M bits (CBG-level) for that PDSCH based on these agreements. Our understanding of the fallback DCI in the context of this agreement is that it can be used to schedule a UE in a common search space during periods of uncertainty between the gNB and UE such as during an RRC reconfiguration period. Given the flexible HARQ timing available in NR, the gNB can avoid a situation where a PDSCH scheduled using the fallback DCI in a CSS needs to be acknowledged at the same time as other PDSCHs scheduled in the UESS. However, if such a situation it is preferable to assign M bits for this PDSCH to avoid any ambiguity if the UE misses the PDCCH.
Proposal: when DL CBG-based HARQ-ACK is configured and if HARQ-ACK corresponding to a PDSCH scheduled by the fallback DCI is to be multiplexed with HARQ-ACK corresponding to one or more PDSCHs scheduled by non-fallback DCI, the UE generates HARQ-ACK bits corresponding to the configured number of CBGs for each PDSCH. 

RM coding with semi-static HARQ-ACK codebook adaptation can be used when the total HARQ-ACK payload size is up to 11 bits. For larger payload sizes, where polar coding would be used, dynamic codebook adaptation can be used. For dynamic codebook adaptation an open issue is whether to support TB-level or CBG-level DAI design. Considering the timeline to complete the first phase of Rel-15 and given that the basic TB-level DAI design is not yet complete, it is preferable to support TB-level DAI design for CBG-based operation.
Proposal: TB-level DAI design is used for CBG-based HARQ-ACK feedback.
Conclusion
This contribution discussed several open issues for CBG-based operation. We have the following proposals: 
· Proposal 1: when configured, CBGTI and CBGFI are not combined with any other field in a scheduling DCI in Release 15. 
· Proposal 2: when DL CBG-based HARQ-ACK is configured and if HARQ-ACK corresponding to a PDSCH scheduled by the fallback DCI is to be multiplexed with HARQ-ACK corresponding to one or more PDSCHs scheduled by non-fallback DCI, the UE generates HARQ-ACK bits corresponding to the configured number of CBGs for each PDSCH. 
· Proposal 3: TB-level DAI design is used for CBG-based HARQ-ACK feedback.

References
[1]. [bookmark: _Ref492892749][bookmark: _Ref481759897][bookmark: _Ref485116045][bookmark: _Ref473632999][bookmark: _Ref477464042][bookmark: _Ref481076557]“Draft Report of 3GPP TSG RAN WG1 #90bis”, MCC
[2]. [bookmark: _Ref494711910][bookmark: _Ref498674120]RAN1 Email Discussion [90b-NR-32], “Email discussion on CBG based retransmission”
[3]. [bookmark: _Ref498715667]R1-1720203, “Discussion on HARQ management and HARQ-ACK feedback”, CATT, RAN1 #91
