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1 Introduction
It has been agreed in the RAN1 #88 meeting that NR supports CBG-based transmission [1] and in the RAN1 #89 meeting that the number of CBG HARQ-ACK bits for a TB is at least equal to the number of CBGs indicated or implied as follows: 
	Agreements: (RAN#1 88bis)
· 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

Agreements: (RAN1 #89)
· 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 this contribution, we discuss UE’s UL control signaling when CBG-based transmission is configured.

2 Discussion on UL HARQ-ACK feedback for CBG-based retransmission  
When the CBG-based transmission is configured to a UE, the UE can report multiple HARQ-ACK bits to gNB. Based on the agreements in RAN1 #89, the number of CBG HARQ-ACK bits for a TB is at least equal to the number of CBG indicated or implied for transmission. In other words, if the (re)transmission includes M CBGs, the number of CBG HARQ-ACK bits is equal to M bits (FFS: more than M bits). Monitoring UE’s HARQ-ACK feedback resource, gNB can know which CBGs are not decoded correctly and can retransmit the NACKed CBGs. During retransmission for a TB, the number of transmitted CBGs may be dynamically changed (successfully decoded CBGs are not retransmitted) so that the number of HARQ-ACK bits can also be dynamically varied. 
There are two critical problems when the number of the HARQ-ACK bits is dynamically changed


Problem 1: (CBG NACK-to-ACK error)
Whenever NACK-to-ACK error for a CBG occurs, gNB thinks the CBG is corrected transmitted and thus the CBG is not retransmitted. Since the UE has HARQ-ACK bits for the transmitted CBGs, the UE cannot report occurrence of the NACK-to-ACK error even if the UE knows it occurs. In this case, gNB excludes the CBG during retransmission so that there is no chance that the UE receives the CBG correctly. 
Problem 2: (TB-CRC error)
The CBG HARQ-ACK is generated based on the CB-level CRCs of the CBs associated in the CBG. Even if all CB-level CRCs are correctly checked, TB-level CRC may be not correctly checked. In this case, the TB has some error so the retransmission of whole TB is required. But, the UE cannot report such an error case and this TB may be not correctly decoded during retransmission. 
In order to address the above two problems, we propose ‘fallback indicator’ to go back initial transmission (i.e., all CBGs in a TB are retransmitted). The fallback indicator has two states: one state denoted ‘fallback mode request’ is to indicate that some problems occurs so that initial transmission is needed, another state denoted ‘non-fallback mode request’ is to indicate that no problem occurs so that normal HARQ retransmission is needed. In general, the fallback indicator via a new physical channel is not preferred. Here, we think the fallback indicator can be carried via the configured CBG HARQ-ACK resource without additional resource and physical channel. 
Suppose that there are N CBGs in a TB, where N can be configured to a UE by higher layer. For CBG HARQ-ACK feedback some PUCCH resources are also configured to the UE. To support N CBGs, at most N-bits CBG HARQ-ACK feedback can be transmitted in the configured CBG HARQ-ACK resource. 
· If N=1 is configured, all of CBs are associated in one CBG. Thus, the UE’s 1-bit HARQ-ACK feedback is generated based on TB-level CRC. Obviously, the two problems can be addressed from the 1bit HARQ-ACK feedback in the case of N=1. So, there exists no explicit fallback indication. Note that the case of N=1 is just the TB-level transmission. 
· If N>1 is configured and M=N CBGs are retransmitted in a PDSCH, the UE will report N-bit HARQ-ACK feedback to gNB. Same as in N=1 case, each CBGs have 1-bit HARQ-ACK so that the two problems can be addressed from N-bit HARQ-ACK feedback. So, there exists no explicit fallback indication. 
· If N>1 is configured and M(<N) CBGs are retransmitted in a PDSCH, the UE needs to report M-bit HARQ-ACK feedback. Here, the explicit fallback indication is needed to address the two problems. The 1-bit fallback indicator can be jointly encoded with the M-bit HARQ-ACK feedback. In other words, (M+1)-bits, including the M-bit HARQ-ACK feedback and the 1-bit fallback indicator, are encoded and modulated to the CBG HARQ-ACK resource. Note that since M+1≤N, M+1 bits can be mapped to the configured CBG HARQ-ACK resource. 
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Figure. 1. Example

The example is shown in Figure 1 where N=3 is configured. At the initial transmission including all CBGs, CBG #1 and CBG #2 are NACKed but CBG #3 is ACKed. Then, the UE’s HARQ-ACK feedback is [NACK NACK ACK] without the explicit fallback indicator. At the (partial) retransmission including NACKed CBGs, CBG #1 and CBG #2, 2-bit HARQ ACK feedback and the 1-bit fallback indicator can be jointly encoded and modulated.
· Proposal 1. When a UE is configured with CBG-based (re)transmission, the number of CBG HARQ-ACK is equal to the transmitted CBGs and the 1-bit fallback indicator can be transmitted with the CBG HARQ-ACK when the partial CBGs are retransmitted. 

As monitoring the configured HARQ-ACK resource, the gNB can know whether fallback mode is needed or normal HARQ retransmission mode is needed. There are two options. 
Option 1. Fallback mode is triggered whenever ‘fallback mode request’ is received.
In this option, decision on the fallback mode is determined only from the fallback indicator. So, HARQ-ACK feedback for the transmitted CBGs can be ignored. The gNB’s decision is shown in Table 1. For example, if HARQ-ACK feedback is [ACK NACK] and ‘non-fallback mode’ is indicated, the gNB thinks that the normal HARQ retransmission is needed and retransmits CBG #2. The merit of this option is to decouple the HARQ-ACK feedback and the fallback indicator. However, the reliability of fallback indicator should be sufficiently high. Otherwise, the frequent wrong fallback mode is triggered so that unnecessary retransmitted CBGs occupy radio resources. 
Table 1. gNB’s fallback mode triggering example (Option 1 case)
	Fallback indicator
	HARQ-ACK feedback
	Retransmitted CBGs

	fallback mode request
	[ACK/NACK/DTX ACK/NACK/DTX]
	All CBGs (CBG #1, CBG #2 and CBG #3) are retransmitted

	non-fallback request
	[ACK ACK]
	No retransmission

	
	[ACK NACK]
	CBG #2 is retransmitted

	
	[NACK ACK]
	CBG #1 is retransmitted

	
	[NACK NACK]
	CBG #1 and CBG #2 are retransmitted




Option 2. Fallback mode is triggered whenever both ‘fallback mode request’ and all-NACK are received.
In this option, decision on the fallback mode is determined from both HARQ-ACK feedback and fallback indicator. Contrary to option 1, although the fallback indicator is ‘fallback mode request’, the gNB does not trigger the fallback mode if at least one ACK is received. The gNB’s decision is shown in Table 2. The merit of this option is to the fallback mode can be triggered with high reliability. However, this option is sensitive to NACK-to-ACK error when fallback mode is required. 
Table 2. gNB’s fallback mode triggering example (Option 2 case)
	HARQ-ACK feedback
	Fallback indicator
	Retransmitted CBGs

	[ACK ACK]
	‘fallback mode request’ or ‘non-fallback request’
	No retransmission

	[ACK NACK]
	‘fallback mode request’ or ‘non-fallback request
	CBG 2 is retransmitted

	[NACK ACK]
	‘fallback mode request’ or ‘non-fallback request
	CBG 1 is retransmitted

	[NACK NACK]
	‘non-fallback request
	CBG 1 and CBG 2 are retransmitted

	
	‘fallback mode request’
	All CBGs (CBG1, CBG2 and CBG3) are retransmitted (fallback mode)



· Proposal 2. When a UE is configured with CBG-based (re)transmission and the fallback indicator, the fallback mode triggering option is one of the following.
· Option 1. ‘fallback mode request’ is received.
· Option 2. ‘fallback mode request’ and all-NACK are received.

3 Conclusion
In this contribution, we discussed the uplink control signaling to trigger the fallback mode. Our views are summarized as follows:
· Proposal 1. When a UE is configured with CBG-based (re)transmission, the number of CBG HARQ-ACK is equal to the transmitted CBGs and the 1-bit fallback indicator can be transmitted with the CBG HARQ-ACK when the partial CBGs are retransmitted. 
· Proposal 2. When a UE is configured with CBG-based (re)transmission and the fallback indicator, the fallback mode triggering option is one of the following.
· Option 1. ‘fallback mode request’ is received.
· Option 2. Both ‘fallback mode request’ and all-NACK are received.
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