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1 Introduction

At the RAN1#89 meeting, the following agreements on grouping CB(s) were reached: 
	Agreements:
· At least following is supported.

· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.

· The difference of CB number per CBG between any two CBGs is either 0 or 1.

· FFS on the detailed rule for the CB grouping.

· Study further benefit and realization of non-uniform CB distribution across CBGs.


This contribution discusses non-uniform CB to CBG mapping and aspects of resource allocation of CBG based retransmission.
2 Discussion
NR supports CBG-based (re)transmission, where the CBs of a given TB are mapped to CB groups (CBGs) and the number of CBGs per TB is configured by the network. The receiver uses multi-bit feedback HARQ to acknowledge the received CBGs. In response, the transmitter may retransmit only failed CBGs. The transmitter may further use adaptive HARQ retransmission to improve the residual BLER of the retransmitted subset of CBs, using improved resource allocation for example. In addition, soft combining can be used on a per-CBG basis, where the UE may leverage the indication issued by the gNB about which CBGs are handled differently for soft-buffer combining.

In general, it is useful to have a mapping rule that groups CBs based on the TBS, number of PRBs, and the resources vulnerable to interference. In the context of downlink URLLC/eMBB pre-emption, the gNB may configure the number of groups according to the number of code blocks that fit into a symbol or two within the scheduled resource, with the aim of minimizing the number of code blocks retransmitted.

Observation 1:
As a general design guideline, it is useful to minimize grouping code blocks across symbol boundaries, and to minimize mapping a code block over multiple symbols.

With configured number of CBGs, it was agreed at RAN1#89 that at least uniform grouping of CBs per CBG is supported i.e. the number of CBs per CBG should be as uniform as possible. In our view, non-uniform distribution of CBs should also be supported. In fact, in case of URLLC puncturing, the potentially impacted resources by pre-emption may be known by the network. For example, the network may allocate a set of PRBs and/or symbols for possible URLLC transmission as we proposed in our companion contribution [1]. Those resources could have different size depending on the radio resource management. One possible mapping could be to group CBs that are likely to be impacted by URLLC into one CBG and uniformly distribute the remaining CBs across the other CBGs. For example, if the UE is configured with two CBGs, one CBG will group the CBs that are more likely to be interfered while the other CBs are grouped in the other CBG. Such solution could help the gNB to better handle the CBG retransmissions and the UE to soft combine the CBGs. 

Proposal 1:
Non-uniform distribution of CBs to CBG should also be supported.
3 Conclusion

In this contribution, CB-based HARQ and multi-bit HARQ feedback were discussed, including motivation and design aspects. The following is observed and proposed:
Observation 1:
As a general design guideline, it is useful to minimize grouping code blocks across symbol boundaries, and to minimize mapping a code block over multiple symbols.
Proposal 1:
Non-uniform distribution of CBs to CBG should also be supported.
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