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1 Introduction
In RAN1#88bis, CBG-based transmission was discussed with following agreements:
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:
· For grouping CB(s) into CBG(s), the following options can be considered.

· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.

· FFS for the case of re-transmission or the case when the number of CBs is smaller than the configured number of CBGs

· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS.

· Option 3: The number of CBGs and/or the number CBs per CBG are defined according to TBS.

· FFS: for the case of re-transmission

· FFS on details of each option

· FFS: CBG is approximately aligned with symbol(s)

· Other options are not precluded

In this contribution, we show our views on the design of CGB-base feedback and transmission.
2 Discussion
2.1 Feedback
The method of CB grouping will directly impact the number of HARQ-ACK feedback bits. In LTE, the maximum number of HARQ-ACK feedback bits is determined by transmission mode, bundling window size (for TDD) and the number of configured carriers. The sequence of transmission bits is the concatenation of HARQ-ACK bits for the different PDSCHs based on DAI and transmission mode (unless spatial bundling is configured). 
In this section, we discuss the proposed options for CBG-based HARQ-ACK feedback in NR.
· Option 1: With configured number of CBGs, the number of CBs in a CBG changes according to TBS.
The maximum number of UCI bits corresponding to one PDSCH is constant. Multiple HARQ-ACK bits corresponding to different PDSCHs can be multiplexed without any ambiguity. For the case of the number of CBs is smaller than the configured number of CBGs, the following methods can be considered:

· Case 1: Without HARQ-ACK multiplexing for multiple PDSCHs. Option 1 can be further enhanced as follows:
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· Case 2: With HARQ-ACK multiplexing for multiple PDSCHs. The bits corresponding to different CBs are concatenated based on the indexes of CBs. Redundancy bits are added into the end of sequence.
· Option 2: With configured number of CBs per CBG, the number of CBGs changes according to TBS. 
For option 2, the efficiency of DL transmission is optimized, since the number of bundled CBs is constant in each CBG. However, the performance of UCI transmission may be unreliable, because:

· Massive UCI bits may lead to uplink power limited.
· With HARQ-ACK multiplexing, ambiguity of bit sequence between gNB and UE exists when at least one PDSCH is missed.
· Option 3: The number of CBGs and/or the number CBs per CBG is defined according to TBS.

For option 3, specification will be complicated, and the performance gain of DL transmission is not clearly. Furthermore, option 3 means that the maximum TBS can be scheduled in DL for one UE is limited by the maximum number of UCI bits can be transmitted on uplink control channel, which is unacceptable.
Proposal 1: For CBG-based feedback, option 1 should be supported with following optimization:
· Without HARQ-ACK multiplexing for multiple PDSCHs, 
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· With HARQ-ACK multiplexing for multiple PDSCHs. Redundancy bits are added into the end of UCI sequence.
2.2 Transmission
One problem of CBG-based transmission is how to indicate the retransmitted CBGs with low DCI overhead. 
Only the DL grant for initial transmission is correctly received, the retransmission of partial CBGs can be supported. Therefore, the indication of TBS is not necessary for retransmission. Following scheme without additional DCI overhead can be further studied for the design of DCI for CBG-based transmission:
· For the initial transmission, MCS field in DCI is used to indicate modulation and coding scheme. 
· For retransmission, partial bits in MCS field are used to indicate modulation scheme, and the other bits in MCS field are used to indicate the scheduled CBGs.
Taking 5-bit MCS (used by LTE) for an example, up to four CBGs is supported in one TB. 2 bits are reserved to indicate modulation scheme, as shown in table 1. The other bits are used to indicate the retransmitted CBGs, as shown in table 2.
Table 1: Modulation for retransmission

	2-bit to indicate modulation
	Modulation

	0, 0
	QPSK

	0, 1
	16QAM

	1, 0
	64QAM

	1, 1
	256QAM


Table 2: Scheduled CBGs
	3-bit to indicate CBGs
	Scheduled CBGs

	000
	The first CBG

	001
	The second CBG

	010
	The third CBG

	011
	The fourth CBG

	100
	The first two CBGs

	101
	The second CBG and the third CBG

	110
	The last two CBG

	111
	All CBGs


Proposal 2: Following scheme without additional DCI overhead can be further studied for the design of DCI for CBG-based transmission:

· For the initial transmission, MCS field in DCI is used to indicate modulation and coding scheme. 

· For retransmission, partial bits in MCS field are used to indicate modulation scheme, and the other bits in MCS field are used to indicate the scheduled CBGs.

3 Conclusions
In this contribution, we show our views on the design of CBG-based feedback and retransmission with following proposals:
Proposal 1: For CBG-based feedback, option 1 should be supported with following optimization:

· Without HARQ-ACK multiplexing for multiple PDSCHs, 
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· With HARQ-ACK multiplexing for multiple PDSCHs. Redundancy bits are added into the end of UCI sequence.
Proposal 2: Following scheme without additional DCI overhead can be further studied for the design of DCI for CBG-based transmission:

· For the initial transmission, MCS field in DCI is used to indicate modulation and coding scheme. 

· For retransmission, partial bits in MCS field are used to indicate modulation scheme, and the other bits in MCS field are used to indicate the scheduled CBGs.
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