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1. Introduction & Background
In RAN1#89 meeting and RAN1-NR AH#2, CB-group (CBG) based (re)transmission was discussed and following agreements were achieved in [1,2].
	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 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.
Working assumption:
For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).


In this contribution, we share our view on detail of CBG based (re)transmission.
2. Discussion
2.1. CBG construction
· Number of CBGs for a TB
According the agreements, number of CBGs is indicated by NW signaling, e.g. RRC, L1 signaling. In case of RRC signaling, the maximum number of CBGs is configured in a semi-static manner. The bits of HARQ-ACK for the corresponding CBGs is relatively fixed. Although there could be redundant CBGs retransmissions, it is simple for implementation and no additional signaling overhead in L1 signaling is needed. In case of L1 signaling, various number of CBGs can be achieved according to the actual TBS. It is more flexible for indication by L1 signaling at a cost of extra information bits compared to that by RRC configuration. With dynamic indication of CBGs, bits of HARQ-ACK feedback can be reduced and thus there would be less redundant CBGs retransmissions. However, it may increase the potential error probability. Further discussion is needed on whether to support L1 signaling to indicate number of CBGs.

 Proposal 1:

· Semi-static configuration for number of CBGs should be supported. Further discussion on dynamic number of CBGs can be considered.
· CB grouping based on DMRS pattern

The rule of CB grouping can be DMRS pattern related. CBG with the larger number of CBs can be mapped to the PDSCH REs which are adjacent to DMRS or located in the same OFDM symbols. Decoding of these CBGs at receiver side can benefit from better channel estimation performance. Similar mechanism is used for UCI piggyback transmission on PUSCH in LTE [3]. Therefore, BLER performance of the CBG with the larger size can be improved, which results in reduced retransmission probability of such CBGs. It is beneficial for improving resource utilization efficiency. Fig.1 shows the above mentioned rule. It is assumed that a TB is separated by 10 CBs and 4 CBGs is configured. CBG mapping is aligned to OFDM symbols for the simple description.  In Fig.1, CBG1 is mapped to OFDM symbols which is adjacent to DMRS symbol, while CBG3 is mapped to OFDM symbols on which the additional DMRS is transmitted. Compared to CBG2 and CBG4, CBG1 and CBG3 can benefit decoding performance from better channel estimation. For different DMRS configurations, CB grouping is different.      
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Fig.1 Example of CB grouping based on DMRS pattern 
Proposal 2: 
· DMRS pattern- related CB grouping rule can be considered in NR.
· Independent CB grouping
An alternative rule for CB grouping is to index CBG according to number of CBs. For example, once indicated number of CBGs, the number of CBs in a CBG is determined according to TBS. Therefore, CBGs can be indexed by increasing or decreasing number of CBs. An example is shown in Fig.2.  This method is simple, which is irrelevant to DMRS pattern configuration. 
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Fig.2 Example of CBGs indexed by increasing number of CBs
Proposal 3: 
· CBs grouping in increasing/decreasing number of CBs can be the baseline.
2.2. HARQ-ACK for CBG-based transmission

· CBG-based HARQ-ACK feedback

Number of bits of CBGs HARQ-ACK depends on the number of CBGs. If number of CBGs is configured by RRC, the number of HARQ-ACK can be equal to the indicated number of CBGs. In result, semi-static HARQ-ACK codebook size can be achieved for CBG (re)transmission. If number of CBGs is indicated by L1 signaling, the number of HARQ-ACK can be dynamic since the actual number of CBGs could be changed. Therefore, it may be beneficial for HARQ-ACK feedback overhead reduction. However, error case for dynamic HARQ-ACK bits should be taken account.

Proposal 4:

· A UE transmits HARQ-ACK for indicated CBGs. 
· Further discussion on HARQ-ACK only for scheduled CBGs is needed.
· TB level HARQ-ACK

Whether TB level HARQ-ACK is needed or not for CBG (re)transmission depends on the CBG CRC design. If false alarm of CB level CRC is negligible, using all NACK of CBG-level HARQ-ACK to indicate TB level NACK is reasonable. If false alarm of CB level CRC is not reliable enough, further study on how to indicate additionally TB-level HARQ-ACK or increase CRC length for CB should be considered. For 1 bit additional for TB level HARQ-ACK, it may be not efficient since false CRC alarm happens with in low probability. Although using NACK of CBG-level can be considered, further discussion on how to handle the error case is needed.
Proposal 5:

· If false alarm of CB level CRC is not reliable enough, further study on how to indicate additionally TB-level HARQ-ACK or increase CRC length for CB should be considered
· TB-level NDI

Jointly encoded for TB-level NDI with CBG information can be considered. Further discussion on how TB-level NDI is encoded with CBG indication information is needed. 

Proposal 6:

· Further discussion on how TB-level NDI is encoded with CBG indication information is needed.
3. Conclusion
In this document, we discuss the CBG construction and HARQ-ACK feedback for CBG-based (re)transmission. The proposals are summarized as follows:
Proposal 1:

· Semi-static configuration for number of CBGs should be supported. Further discussion on dynamic number of CBGs can be considered.
Proposal 2: 
· DMRS pattern- related CB grouping rule can be considered in NR.
Proposal 3: 
· CBs grouping in increasing/decreasing number of CBs can be the baseline.

Proposal 4:

· A UE transmits HARQ-ACK for indicated CBGs. 
· Further discussion on HARQ-ACK only for scheduled CBGs is needed.
Proposal 5:

· If false alarm of CB level CRC is not reliable enough, further study on how to indicate additionally TB-level HARQ-ACK or increase CRC length for CB should be considered

Proposal 6:

· Further discussion on how TB-level NDI is encoded with CBG indication information is needed.
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