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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 
In the RAN1 NR AdHoc #2 meeting [3], another agreement about the CRC attachment were given as follows:
Agreement: 

· CBG-level CRC is not adopted

Based on these agreements, this contribution discusses about the HARQ procedure with multiple CBGs with CB-level CRCs and a TB-level CRC in a transmission block.
2 Basic Consensuses
The discussion about the CRC has two aspects, such that TB-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 one CB or multiple CBs, the TB-level and the CB-level CRC are applied. TB-failure is distinguished by checking the TB-level CRC failure and existence of CBG containing CB(s) with the CB-level CRC failure. Also, CBG-failure is distinguished by checking the existence of CB with the CB-level CRC 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 (3) showing a TB with four CBGs and 12 CBs such that 3 CBs for each CBG. On the CBG-based (re)transmission, the case shows the following consensus.
(5) Only the CBGs with CBG-failure are retransmitted. That is, a retransmission block usually does not contain whole information of the TB.
With these consensuses, we derive some considerations to figure out the procedure of HARQ, especially focusing the TB-level HARQ.
3 Considerations on TB-level HARQ
There have been some consensus to treat TB-level CRC failure, with the following possible options [3].
· When CBG-based retransmission is configured, TB-level HARQ-A/N is supported and at least following options can be considered for down-selection in RAN1#90. 

· Option 1. Add 1 bit upon CBG-level HARQ-ACK bits 

· Option 2. Use all NACK of CBG-level HARQ-ACK bits

· Option 3. Use different PUCCH format or PUCCH resource

We briefly remind the case described in [4]. The case describes about the ambiguity of HARQ feedback after the partial retransmission and TB-CRC failure. In the legacy HARQ procedure, the ACK/NACK feedback only indicates about the retransmission of last transmitted blocks. And the case gives necessity of the method of request of whole TB even after the partial retransmission.
Option 1 gives the simplest solution that can solve the problem about the ambiguities for all the cases, with 1 bit overhead. On the other hand, Option 2 gives the solution without additional bit. Instead, Option 2 has some constraints. Typically, the number of feedback A/N bits is regarded to be fixed to pre-indicated CBG number in Option 2.
It is needed to consider the necessity or usefulness of distinguishing the feedback message of “All CBG fail” and “TB-CRC fail”. We give our conclusion that there is no need to distinguish, at least, no relevant difference of performance. That is, there is no need to introduce additional bit, at least for the initial transmission.
Proposal 1: For Option 1, additional bit is introduced only for the retransmission.
More fine system may give additional bit only at the retransmission block having reduced number of CBG blocks. Actually, Option 2 becomes simple one of such procedures when A/N bits are fixed to pre-indicated CBG number.
Now we consider Option 2 with dynamic A/N bit number. In this case, the procedure may give ambiguity to the transmitter to determine retransmission of “all the last retransmitted CBGs” or “whole TB”. One solution is that to determine retransmission of “all the last retransmitted CBGs” for the first, and retransmission of “whole TB” after several same A/N feedbacks. Although this gives large overhead for transmission and delay, it may be useful when the CB-CRC miss-detection rarely occurs so TB-CRC does not play its role frequently. However, if CB-CRC miss-detection occurs frequently and dynamic A/N bit number is used, Option 2 can be inefficient.
Proposal 2: Adopt Option 2 if CB-CRC miss-detection occurs rarely or A/N bit number is fixed to pre-indicated CBG number.
Comparing with Option 1 and 2, Option 3 has merits mainly at the bit overhead. On the other hand, they require new formats and so give additional detection complexities to the system. This becomes demerits especially if the CB-CRC miss-detection occurs rarely so the format rarely used at the system. Above all, existence of another format usually gives additional ambiguities to the detector.
4 Summary
This contribution gives an issue related with HARQ procedure for CBG-based transmission, and we give some proposals as follow:
Proposal 1: For Option 1, additional bit is introduced only for the retransmission.
Proposal 2: Adopt Option 2 if CB-CRC miss-detection occurs rarely or A/N bit number is fixed to pre-indicated CBG number.
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