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1 Introduction
In RAN1 #88bis, the following was agreed on code block group (CBG) aspects [1]:

	Agreements:
· Confirm the working assumption as below.

· CBG-based transmission with single/multi-bit HARQ-ACK feedback is supported in Rel-15, which shall have the following characteristics:

· Only allow CBG based (re)-transmission for the same TB of a HARQ process

· CBG can include all CB of a TB regardless of the size of the TB – In the such case, UE reports single HARQ ACK bits for the TB

· CBG can include one CB

· CBG granularity is configurable


In this contribution, we discuss the CBG-based retransmission.
2 Discussion
When more than one CBGs (re)-transmission are used per TTI in the downlink for example, it is expected that the UE will feedback a multi-bit HARQ-ACK which indicates the ACK/NACK of the CBGs. After receiving the multi-bit HARQ-ACK feedback, the gNodeB will retransmit only the CBGs for which the UE feedback was a NACK. For CBG-based retransmission, how to indicate which CBGs are retransmitted from gNodeB to UE is important.  We show two alternatives of this indication for the example of the downlink.
· Alt.1: Implicit indication based on HARQ-ACK feedback
· gNodeB doesn’t explicitly indicate the CBG index to UE. For retransmission, gNodeB retransmits the CBGs based on NACK of multi-bit HARQ-ACK feedback from the last transmission from UE. This alternative doesn’t need the additional DCI bit field and also keeps the number of blind decodes low. On the other hand, HARQ-ACK decoding error at gNodeB will cause a problem. If gNodeB decodes the HARQ-ACK feedback incorrectly and couldn’t detect this error, misunderstanding of transmitted CBG between gNodeB and UE would be occurred. If the wrong CBG data is used for soft combining, it is difficult for the UE to recover from the resulting fail loop. This may mean that the gNodeB retransmits many times until it reaches the maximum number of retransmissions allowed.

· Alt.2: Explicit indication of the transmitted CBG index by DCI

· gNodeB indicates the CBG index to UE by the DCI. This needs to prepare the bit field for CBG index in DCI. For initial transmission, gNodeB doesn’t need to indicate which CBG is transmitted by initial transmission DCI because all CBGs are transmitted. However, for retransmission, the number of transmitted CBGs will change dynamically. For example, four CBG indices are configured for a UE. To indicate which CBG is retransmitted to the UE, retransmission DCI needs to contain the bit field of four bits CBG index. Therefore, retransmission DCI size is four bits which is different from the initial transmission DCI size because of the increase in the bit field of CBG index. This causes an increase in the number of blind decodes. To keep the number of blind decodes low, initial transmission DCI also needs to contain the bit field of CBG index. However, gNodeB doesn’t need to indicate the bit field of CBG index for initial transmission. Therefore, these bits would be wasted in vain.
· To save the DCI bits and keep the number of the blind decoding low, reusing some bit fields for CBG index indication would be useful. As above mentioned, CBG index does not need to be indicated by initial transmission DCI because all CBGs are transmitted. On the other hand, retransmission DCI needs to contain the CBG indices. For example, the transport block size (TBS) index of retransmission is assumed to be same as the TBS index of initial transmission for soft combining. This means that the TBS index does not need to be indicated by retransmission DCI. Therefore, some DCI bits of TBS index and CBG index can be shared as in Table 1.
Table 1. Example of sharing some bit fields between initial transmission and retransmission

	
	TBS index
	CBG Index

	Initial Transmission
	Indicated by DCI
	All CBGs

	Retransmission
	Same as TBS index of initial transmission
	Indicated by DCI


As mentioned above, Alt.1 sometimes cannot recover from fail loop because of soft combining failures although it doesn’t need additional indication by DCI. On the other hand, this fail loop problem does not occur in Alt.2. Furthermore, Alt.2 can save DCI bit field and keep the number of blind decodes low by sharing the DCI bit field. 
Proposal 1
: NR should support the explicit indication of retransmitted CBG by DCI.

Proposal 2 
:  NR should consider a way not to increase DCI size for the explicit indication for CBG based retransmission.

3 Conclusions
In this contribution, we have discussed the CBG-based retransmission. The following proposals are made:
Proposal 1
: NR should support the explicit CBG index indication by DCI.

Proposal 2 
: NR should consider reusing the other bitmap field of DCI for indication of CBG index for retransmission. 
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