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1 Introduction

At the RAN1 #88bis meeting, the following agreements related to CBG-based feedback and retransmission were approved [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

Agreements:
· HARQ-ACK multiplexing for multiple PDSCHs of one or more carriers is supported.
· FFS: in case of CBG-based re-transmission.
At the RAN1#89 meetings, the following agreements are given [2]:

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 

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.
· For preemption indication;
· When configured, the indication tells the UE(s) which DL physical resources has been preempted.
· The preemption indication is transmitted using a PDCCH.
· The preemption indication is not included in the DCI that schedules the (re)transmission of the data transmission.
· FFS: the granularity of the time and/or frequency resources.
· FFS: what DCI is used.
· FFS: timing of the preemption indication.
This contribution discusses CBG-based feedback, including HARQ-ACK related DL control signaling design.
2 CBG-based feedback
It is different from TB-level retransmission, in that CBG-level retransmission method would allow the gNB to retransmit only the CBGs indicated as NACK, based on the UE HARQ feedback. After decoding the retransmitted CBGs, there are two possible schemes for the related HARQ feedback:
· Scheme 1: The UE transmits HARQ feedback for every CBG in the TB.

· Scheme 2: The UE transmits HARQ feedback only for the retransmitted CBG(s).

In our opinion, scheme 1 is better and should be supported by RAN1 due to the following reason.
When the UE feeds back HARQ bits to the gNB, ACK-to-NACK and/or NACK-to-ACK decoding errors may occur at the gNB side. Therefore, it is necessary to study methods to improve ACK/NACK feedback reliability or address the problem when decoding errors occur. 
If only using scheme 2, whereby the UE transmits a HARQ feedback only for CBGs that are actually retransmitted by the gNB, the UE has no way to fix NACK-to-ACK errors for a CBG which the gNB believes has been correctly received by the UE. For scheme 1, if there is a further CBG retransmission, the UE can retransmit the correct NACK/ACK again to fix the possible errors. 

Observation 1: ACK-to-NACK and/or NACK-to-ACK decoding errors may occur at the gNB side and RAN1 needs to study this problem.
Proposal 1: It should be supported that the UE transmits HARQ feedback for every CBG in the TB.
3 CBG indicator in DCI
To address the problem of ACK-to-NACK and/or NACK-to-ACK decoding errors, one candidate method is to let the gNB notify the UE which CBGs are re-transmitted according to its detected HARQ ACK bits. Thus, CBG indicator (CBG-I) bits are included in the DCI for DL retransmission to explicitly indicate which CBGs are re-transmitted by the gNB. The UE will feedback the ACK/NACK bits for all the CBGs in the TB. This is done for every retransmission. The DCIs scheduling initial transmission and CBG-based re-transmission should be of the same length. If the DCIs are different sizes, it results in higher decoding complexity from UE side. Furthermore, to reduce the signaling overhead associated with CBG-based transmission, we show that reusing the same CBG information fields in the DCI for both the cases of transmission and re-transmission is a feasible method. For example, using the bits of CBG indicator for the same purpose as the NDI (new data indicator) improves control channel  efficiency. 
Proposal 2: The DCIs scheduling initial transmission and CBG-based re-transmission should be of the same length.
Two examples for using the bits of CBG indicator are introduced in sections 3.1 and 3.2, respectively.
3.1 Method based on bit-map
Table 1 Example of bit-map based CBG Indication
	CBG-I
	(Re)Transmitted CBGs

	
	CBG #1
	CBG #2
	CBG #3
	CBG #4

	0000
	I
	I
	I
	I

	0001
	
	
	
	R

	0010
	
	
	R
	

	0011
	
	
	R
	R

	0100
	
	R
	
	

	0101
	
	R
	
	R

	…etc
	
	
	
	

	1111
	R
	R
	R
	R


[Note] I: Initial transmission; R: Retransmission, otherwise the CBG is not re-transmitted
Table 1 gives an example of using the bits of the CBG indicator for both signalling which CBGs are re-transmitted and as NDI (new data indicator). As shown in the table, 4 CBGs are configured for this TB. According to the agreements, 4 bits HARQ ACK/NACK are required to indicate which CBGs is re-transmitted. These 4 HARQ bits can be used to indicate whether it is new data or not as well. For example, 0000 means the initial TB-level transmission. This bit pattern can also be used to notify the MAC layer that it is new data (equivalent to NDI being toggled). The other bit patterns correspond to a bit-map showing which CBGs are re-transmitted. Thus, 0001---1111 means no new data. 
Observation 2:  CBG retransmission indication using a bit-map can also indicate the transmission of new data without using an additional NDI. 
3.2 Compressed CBG indication method 

Compressed CBG indication in DCI is a method proposed to reduce DCI overhead. This is based on the understanding that some cases of CBG retransmission are much more likely to occur than others. For example, with uniform probability of erroneous CB reception it is quite likely than only one CBG in the TB will be received in error. This behaviour also motivates compressed feedback for CBG HARQ ACK/NACK. In our accompanying contribution [3], it is shown that for a given number of feedback bits compressed feedback for CBG HARQ ACK/NACK guarantees a lower probability of CB retransmission than bit mapping. Compression of the number of CBG HARQ ACK/NACK feedback bits is compatible with the compression of the CBG indication. Table 2 shows such an example corresponding to Figure 1 in [3].  As indicated in [3], this compression is lossy. By utilizing the stochastic behaviour of errored CBGs pattern, the retransmission probability of unnecessary CBGs which were received with ACK status can be minimized. It can be seen that as in Table 1, additional NDI is also not needed.
Table 2  Example of compressed CBG Indication

	CBG-I
	(Re)Transmitted CBGs

	
	CBG #1
	CBG #2
	CBG #3
	CBG #4

	000
	I
	I
	I
	I

	001
	R
	
	
	

	010
	
	R
	
	

	011
	
	
	R
	

	011
	
	
	
	R

	101
	R
	R
	R
	

	110
	
	R
	R
	R

	111
	R
	R
	R
	R


[Note] I: Initial transmission; R: Retransmission, otherwise the CBG is not re-transmitted
Observation 3: Compressed CBG indication can also indicate the transmission of new data without using additional NDI. 

Proposal 3: In the DCI a bit-mapped CBG indication and/or compressed CBG indication can be used to indicate the CBGs being (re)transmitted without requiring additional NDI.
4 Conclusions
In this contribution we discussed the CBG-based HARQ-ACK feedback. According to the above discussions, we have the following proposals:
Observation 1: ACK-to-NACK and/or NACK-to-ACK decoding errors may occur at the gNB side and RAN1 needs to study this problem.
Observation 2: CBG retransmission indication using a bit-map can also indicate the transmission of new data without using an additional NDI. 

Observation 3: Compressed CBG indication can also indicate the transmission of new data without using additional NDI. 
Proposal 1: It should be supported that the UE transmits HARQ feedback for every CBG in the TB.
Proposal 2: The DCIs scheduling initial transmission and CBG-based re-transmission should be of the same length.
Proposal 3: In the DCI a bit mapped CBG indication and/or compressed CBG indication can be used to indicate the CBGs being (re)transmitted without requiring an additional NDI.
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