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1 Introduction
In the RAN1 #88bis meeting [1], some agreements about the CRC attachment were given as follows:
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 
In the RAN1 #89 meeting [2], another agreements about the CBG-based HARQ procedure were given as follows:
Agreements:
· For downlink data transmission with CBG based (re)transmission,
· The number of CBG HARQ ACK bits for a TB is at least equal to the number of CBGs indicated or implied for transmission
· FFS whether or not the UE transmits HARQ ACK bits for CBGs not indicated or implied for transmission
· FFS “indicated or implied” is realized by RRC, MAC, L1 signalling, or implicitly derived
· FFS HARQ ACK feedback on one channel for the case of multiple TBs
· FFS for fallback 
Based on these agreements, this contribution discusses the case of TB-level CRC failure on CBG-based retransmission.
2 Basic Consensuses
The discussion about CRC has thee aspects, such that TB-level, CBG-level, and CB-level. The basic consensuses about this issue can be summarized as follows:
(1) If a TB contains only one CB, only the TB-level CRC is applied and TB-failure is distinguished by checking the TB-CRC failure.
(2) If a TB contains multiple CBs but only one CBG, TB-level and the CB-level CRC are applied and TB-failure is distinguished by checking the TB-level CRC failure or existence of CB with CB-level CRC failure.
(3) If a TB contains multiple CBGs with all CBGs contain only one CB, the TB-level and the CB-level CRC are applied and TB-failure is distinguished by checking the TB-level CRC failure and existence of CBG containing CB with the CB-level CRC failure. Also, CBG-failure is distinguished by checking the containing CB with the CB-level CRC failure.
(4) If a TB contains multiple CBGs containing multiple CBs, the TB-level and the CB-level CRC are applied and the CBG-level CRC may be applied. If the CBG-level CRC is applied, then CBG-failure is distinguished by checking the CBG-level CRC and existence of CB with the CB-level CRC failure. If the CBG-level CRC is not applied, then CBG-failure is distinguished by checking only the existence of CB with the CB-level CRC failure. TB-failure is distinguished by checking the TB-level CRC failure or existence of CBG-failure.
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(b) Example of CBG failure case by CB-level CRC failure
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Figure 1. Failure distinguish by TB-level and CB-level CRC
Figure 1 shows the consensus (4) with no CBG-level CRC case. On the other hand, the case of CBG-based retransmission shows the following consensus.
(5) Only the CBGs with CBG-failure are retransmitted. That is, a retransmission block may not contain whole information of the TB.
With these consensuses, we derive some considerations to figure out the procedure of TB-level CRC failure
3 Considerations on TB-level CRC
Now we consider the case described in Figure 2. In this example, there are four CBGs in a TB of which each of them has three CBs. As the result of the initial transmission, we assume that the first CBG is failed, and others succeed. Then the resulting HARQ feedback becomes [NACK, ACK, ACK, ACK]. In this situation, the receiver does not check the TB-level CRC since it must fail. The retransmission block contains only the first CBG. If there is no failure in this retransmitted CBG, then the receiver combines it into early-received block.
From its structure, the TB-level CRC test is performed after all the CB-level CRC succeed. The TB-level CRC never fails if the inner CB-level CRCs are perfect; that is, their miss-detection probability is zero. However, the TB-level CRC failure occurs infrequently because of imperfectness of a CRC. The TB-level CRC failure means that some of CB-level CRCs in the TB missed detection of the error, but the receiver cannot specify the CB. So the receiver must require retransmission of whole TB.
When the last transmission contains whole TB, one of the solutions for the TB-level CRC failure is that the receiver sends corresponding HARQ feedback as all-NACK, like legacy procedure. On the other hand, it cannot cover the receiver’s intention when the last transmission is the retransmission of partial CBG of the original TB since the HARQ-feedback with all-NACK just means the retransmission request of the entire block of the last retransmission. This leads our observation.
Observation 1: HARQ feedback or any method that can request whole TB retransmission needs to be specified at least after the retransmission of partial CBGs.
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Figure 2. Example of HARQ feedback and corresponding retransmission
4 Summary
This contribution gives an issue related with TB-level CRC on CBG-based retransmission, and we give an observation about it as follow:
Observation 1: HARQ feedback or any method that can request whole TB retransmission needs to be specified at least after the retransmission of partial CBGs.
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