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1 Introduction

At the RAN1#89 meeting, the following agreements related to CBG-based feedback and retransmission were reached [1]:
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 grouping CB(s) into CBG(s), following is adopted.

· With indicated 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 indicated number of CBG 
· FFS “indicated” is realized by RRC, MAC, L1 signalling

Agreements:
· At least following is supported.
· For a given number of CBGs for a given TB, the number of CBs per CBG should be as uniform as possible.

· The difference of CB number per CBG between any two CBGs is either 0 or 1.

· FFS on the detailed rule for the CB grouping.

· Study further benefit and realization of non-uniform CB distribution across CBGs.
This contribution discusses the detailed CBG construction, including how to determine the number of CBG(s) and the number of CB within each CBG. 
2 Discussion
CBG construction can consist of two parts:
1) determining the number of CBGs (and the number of CBs in a CBG);
2) grouping CB(s) into the determined CBG(s).
2.1 The number of CBGs
During the email discussion, it was agreed that 
For the indicated number of CBGs per TB where “indicated” is realized by RRC, MAC, L1 signalling, the following options are considered for down-selection in RAN1#90. 

· Option 1. RRC signaling (for bit-field size)

· Option 2. L1 signaling (for indication the number of CBGs per TB) + RRC signaling (for bit-field size) 

· Option 3. both Option 1 and Option 2 
From DCI overhead perspective, it is better to configure the maximum number of CBGs with higher layer signaling, i.e. option 1. Regarding option 2, there is no strong motivation to change the number of CBGs dynamically with L1 signaling. Besides, additional DCI bit-field is needed to indicate the number of CBGs. To avoid additional overhead, some companies propose that for the initial transmission of a TB, number of bits set to 1 in the CBG bitmap can be the indicated number of CBGs. However, it would lead to misunderstanding since gNB and UE may have different understanding of initial transmission and retransmission due to DTX. For example, assume that “NDI =1 and CBGI=[1111]” indicates that a new TB with 4 CBG(s) is scheduled in this transmission. If a UE fails to detect the PDCCH including “NDI =1 and CBGI=[1111]” (i.e., DTX), gNB would retransmit this TB with the same “NDI =1 and CBGI=[1111]”. When DTX-to-ACK error event occurs, gNB regards some of CBGs are ACKed and retransmits only the remaining NACKed CBGs with different CBGI (“NDI =1 and CBGI=[1110]” for example) or gNB just retransmits some CBGs for other reasons. In this case, the UE thinks that this transmission is a new TB with 3 CBGs. However, actually it is a retransmission of a TB with 4 CBGs. This error still holds for the following retransmission of this TB since gNB and UE have different views on CBG construction of this TB. 
If the number of CBGs is configured by higher layer signaling, the number of CBs may be smaller than the number of configured CBGs. For example, the (maximum) number of CBGs is configured to 4, while number of CBs of a TB is 1 due to bad channel quality or few scheduled resources. For this case, the actual number of CBGs should be adjusted to the number of CBs and each CBG consists of 1 CB. Note that it would not cause inconsistency because both the number of CBs (depends on TBS) and the number of configured CBGs is known for both gNB and UE. On the one hand, the actual number of CBGs is useful to determine the effective information bits both in CBG indication and HARQ feedback information. On the other hand, it can save unnecessary feedback cost especially for the case without HARQ-ACK multiplexing.
Proposal 1: The maximum number of CBGs N is configured by RRC signaling. 
· The actual number of CBGs of a TB which contains C CBs equals to min(C, N).
2.2 CBG construction rule
Similar to CB segmentation, a L1 rule should be defined to group CBs into group(s) after determining the number of CBGs. In order to maximize the efficiency, the basic construction principle is to ensure the groups are as uniform as possible. That is, the number of CB within each CBG should be as equal as possible. Through this way, each feedback bit can be fully used and retransmission probability can be minimized.
Here, a detailed rule is provided. Assume the number of CBs is C and the number of CBGs is m, then the number of CB per CBG equals to 
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 when C is divisible by m. Otherwise, there are two CBG granularities. To be specific, there are 
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As an example, if UE is configured with 4 CBGs and a TB contains 14 CBs, then 
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. The above rule can organize the 4 CBGs as CBG#0=(CB#0, CB#1, CB#2), CBG#1= (CB#3, CB#4, CB#5), CBG#2=(CB#6, CB#7, CB#8, CB#9), and CBG#3=(CB#10, CB#11, CB#12, CB#13) or CBG#0=(CB#0, CB#1, CB#2, CB#3), CBG#1= (CB#4, CB#5, CB#6, CB#7), CBG#2=(CB#8, CB#9, CB#10), and CBG#3=( CB#11, CB#12, CB#13). This rule also works for the case C<N. For instance, if N=4, C=1; then m=1, and 
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, That is, the above rule can organize the TB as CBG#0=(CB#0).
For CBG-based retransmission, fewer CBs could be transmitted. Some companies mentioned that CBG regrouping can be considered. Obviously, regrouping is applied for retransmitted CBs rather than fixed CBs of a TB. For each (re-)transmission of PUSCH, the CBs of a CBG vary if CBG regroup is introduced. For example, CBG#0 contains CB#0, CB#1, CB#2, CB#3 for initial transmission while CBG#0 may contain CB#0, CB#1 for next retransmission if regrouping is applied. To avoid misunderstanding between transmitter and receiver, the retransmitted CBs and regroup rule should be indicated for each (re-)transmission of PUSCH, which will complicate the design. For PDSCH, although the retransmitted CBs can be derived from UCI, it is impossible to ensure UCI are always received correctly For example, DTX or NACK to ACK error would happen. That is, the retransmitted CBs and regrouping rule also should be indicated for each (re-)transmission of PDSCH. Besides, the benefit of regrouping would be not obvious because the residual BLER is low after initial transmission or 1st retransmission. Thus, the following working assumption should be confirmed as agreement.
For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).

Proposal 2: The following L1 rule grouping C CB(s) into m CBG(s) as uniform as possible could be defined. 
· 
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Proposal 3: Confirm the following working assumption as agreement: For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
3 Conclusions
In this contribution we discussed the CBG-based HARQ-ACK feedback. According to the above discussions, we have the following proposals:
Proposal 1: The maximum number of CBGs N is configured by RRC signaling. 
· The actual number of CBGs of a TB which contains C CBs equals to min(C, N).
Proposal 2: The following L1 rule grouping C CB(s) into m CBG(s) as uniform as possible could be defined. 
· 
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Proposal 3: Confirm the following working assumption as agreement: For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
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