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Introduction
From RAN1 #88bis, it was agreed that 
Agreement:
· Number of bits for TB-level CRC is: LTB,CRC =24 bits, at least for TBs larger than a threshold (e.g. around 512 bits)
· FFS the value of LTB,CRC for TBs smaller than the threshold, and the value of the threshold (0 is not precluded)
· If a TB is segmented into 2 or more CBs after code block (CB) segmentation,
· CB-level CRC is applied, i.e., CRC bits are attached to each code block individually (as in LTE)
· Number bits for CB-level CRC is: 0 < LCB,CRC <= 24 bits
· Exact value(s) LCB,CRC are to be agreed after base graph(s) are agreed, taking into account inherent LDPC PC capability
· FFS whether for a code block group (CBG) containing 2 or more CBs but not all CBs of the TB, any additional CRC bits are attached to the CBG
· To be decide after decision on the value(s) of LCB,CRC 

Agreement:
· For TB of size TBS > KCB,max – LTB,CRC, the TB is segmented into multiple CBs
· The CBs may be further grouped into code block groups (CBGs)
· It is not precluded that CBGs in a given TB may contain different numbers of CBs


In this contribution, we consider some design aspects of CRC attachment across different block levels when supporting CBG construction.
Discussion
CRC considerations
As mentioned earlier, agreement has been reached that each CB in a TB is going to have at least 1 CRC bit. This also is applicable to when there is CBG-based transmission. One natural question arises whether there is further need for CBG-level CRC (in addition to TB-level CRC). Although having CBG-level CRC can be advantageous in further insuring integrity of the whole CBG, it is not clear how it can be meaningfully treated. If CBG-level CRC is considered part of the CBG payload, issues can arise during CBG re-transmission, where changes in resource allocation may require redefining CBGs for that transmission, which would rule out soft-combining with previous transmission; on the other hand, considering CBG-level CRC as a separate CB can be inefficient for larger CB sizes.  
[bookmark: o1]Proposal 1: CB-level CRC should only be provided in addition to TB-level CRC, in both cases where CBG or no CBG is configured.  
The original motivation of having CBG-based transmission is to reduce the chances of the need for whole TB re-transmission. To maintain that objective, it then becomes imperative that the CB-level CRC is strong enough to have high error-detection capabilities (for instance, like with 24-bit CB-level CRC in LTE). Furthermore, to meet a certain error-detection requirement at the CBG level would require more stringent requirement at the CB level, e.g., 1% missed-detection requirement at the CBG level, with each CBG having 10 CBs, would require ~0.1% missed-detection requirement at the CB level (under independent CB missed-detection assumption).
[bookmark: p4]Observation 2: CB-level CRC should have enough bits to keep the missed error-detection probability at the CBG level low. 

CBG construction considerations
There is no RAN1 requirement on aligning CBs with symbol boundaries (see also [2]).  Then, in general, it is likely that some CBs span symbol boundaries, which also would make the corresponding CBGs (containing the aforementioned CBs) also span symbol boundaries. Furthermore, time/frequency resources available can vary from symbol to symbol (for instance, due to reference signals), so to maintain the DCI/UCI overhead low, it may often be the case that CBGs span multiple symbols.
However, if each CB is forced to belong to a single CBG, there can be a substantial increase in the number of CBs that need to be re-transmitted in case of interference or URLLC pre-emption, as illustrated in an example in Figure 1.     


Figure 1. Example of CBs spanning symbol boundaries. CBGs are defined as CB0-5, CB6-10, … Interference in symbols 5 and 6 requires re-tx of CBGs 4,5,6, i.e., 15 CBs in total.
If some CBs can be part of multiple CBGs, such significant re-transmission overhead can be reduced, by allowing the CBs spanning the symbol boundaries to be part of the corresponding adjoining CBGs. This can entail a little increase in the UE’s Ack/Nack feedback, but can provide significant improvement in re-transmission. The gains corresponding to the example in Figure 1 are illustrated in Figure 2. 


Figure 2. Allowing boundary CBs to belong to multiple CBGs, e.g., with CBGs defined as CB0-5, CB5-10,…, reduces re-tx to CBGs 5,6 i.e, 11 CBs in total.

[bookmark: p3]Proposal 3: CBG construction should further consider some CBs belonging to multiple CBGs.

Conclusions
In this contribution, we considered some design aspects for CRC segmentation and CBG construction, and have the following proposals/observations:
Proposal 1: CB-level CRC should only be provided in addition to TB-level CRC, in both cases where CBG or no CBG is configured.  
Observation 2: CB-level CRC should have enough bits to keep the missed error-detection probability at the CBG level low. 
Proposal 3: CBG construction should further consider some CBs belonging to multiple CBGs.
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PDSCH symbol 0: CB 0, 1, 2, 3, 4, 5


PDSCH symbol 1: CB 5, 6, 7, 8, 9, 10
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