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1 Introduction
In RAN1 #89 and NR Ad-Hoc#2, the following was agreed on code block group (CBG) aspects [1, 2]:

	Agreements:
· For DL CBG-based (re)transmission,
· Following information can be configured to be included in the same DCI:
· Which CBG(s) is/are (re)transmitted.
· Which CBG(s) is/are handled differently for soft-buffer/HARQ combining.
· FFS: whether/how UE behavior is specified, e.g., part/whole of soft-buffer of indicated CBG(s) is flushed.
· FFS: timing of CBG-based (re)transmission.


In this contribution, we discuss the DL control signalling for UL CBG-based (re)transmission.
2 Discussion
In RAN1 #89, it was agreed that “Which CBG(s) is/are (re)transmitted for only DL CBG-based (re)transmission”. We think “which CBG(s) is/are (re)transmitted” should be also indicated in the uplink grant for UL CBG-based (re)transmission. This CBG indication is useful for retransmission. From the gNB perspective, this indication is used to request retransmission or new data transmission. On the other hand, from the UE perspective, the UE can be aware of which CBG had failed or been successfully received in the last UL transmission.
Proposal 1: NR should support that which CBG(s) is/are (re)transmitted is indicated in the UL grant DCI for UL CBG-based (re)transmission.
In considering a way to indicate “which CBG(s) is/are (re)transmitted” for UL CBG-based (re)transmission, the below options (which are taken from the DL CBG-based (re)transmission E-mail discussion on [NRAH2-08]) are useful as a baseline.
· Option 1. TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted.
· Option 2. There is separate 1-bit bit-field for TB-level NDI.

As per the e-mail discussion for DL CBG-based (re)transmission, option 1 can reduce the DCI size by 1 bit per TB, but some companies raised concerns on the DTX-to-ACK error case for option 1. In the remainder of this document, we consider the similar error case for UL CBG-based (re)transmissions.
Figure 1 is an example of the error case of option 1. In this example, we assume that four CBGs are included in one TB in one HARQ process.
At first, gNB transmits a DCI that grants four CBGs of a 1st TB with the jointed CBG/NDI indication [0,0,0,0]. The UE detects this DCI correctly and hence transmits the four CBGs of the 1st TB. The gNB can decode the uplink transmission of the 1st TB correctly, and then the gNB transmits a DCI that grants CBGs of a 2nd TB with the jointed CBG/NDI indication [1,1,1,1]. Now, it is assumed that the UE cannot detect this DCI, and hence the UE doesn’t transmit any uplink data. However, gNB detects an uplink transmission signal on the granted resources incorrectly, and one invalid CBG is decoded and spuriously passes the CRC check of the CB(s) by accident. Therefore, the gNB transmits a DCI granting three CBGs of the 2nd TB with a joint CBG/NDI indication [1,1,1,0]. Then, UE detects this DCI correctly, and understands that the joint CBG/NDI indication changed from [0,0,0,0] to [1,1,1,0]. Therefore UE is misled to understand that the DCI relates to one CBG of the 1st TB rather than to three CBGs of the 2nd TB.

If we were instead to apply option 2 in this case, the above misinterpretation can be avoided because the UEs can know whether there is new data or not from the 1-bit TB-level NDI. 
However, the error case for option 1 is unlikely because this case needs the both of following events to occur;
1. gNB detects signals on the granted resource even though the UE hasn’t transmitted anything.
2. One or more invalid CBG(s) were decoded and passed the CRC check of CB(s). If PUSCH uses a 24 bits CRC, probability of error case is less than 6*10-8.
From the above discussion, we think that option 1 is an effective way to reduce the DCI payload size for UL CBG-based (re)transmission.
Proposal 2: NR should support that TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted for UL CBG-based (re)transmission.
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Figure 1. Example of error case of option 1 in UL CBG-based (re)transmission
3 Conclusions
In this contribution, we have discussed the DL control signalling for UL CBG-based (re)transmission. The following proposals are made:
Proposal 1: NR should support that which CBG(s) is/are (re)transmitted is indicated in the UL grant DCI for UL CBG-based (re)transmission.
Proposal 2: NR should support that TB-level NDI is jointly encoded with the information on which CBG(s) is/are (re)transmitted for UL CBG-based (re)transmission.
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