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1. Introduction

In RAN1#88bis meeting, the following agreements were made on CB group based HARQ operation in terms of data retransmission and HARQ-ACK feedback [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:

· The UE is semi-statically configured by RRC signaling to enable CBG-based retransmission.

· The above semi-static configuration to enable CBG-based retransmission is separate for DL and UL.

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 discuss and provide our observation and view on CB group (i.e., CBG) based HARQ operation for NR, in terms of CBG construction and the configuration for CB grouping based on three options in the above agreement. 
2. Discussion

· CBG construction
Regarding CBG based HARQ operation, it is necessary to consider first how to construct each CBG when the number of CBs and the number of CBGs are given for a certain TBS. For the construction of CBG, following two options can be considered where the number of CBs and the number of CBGs are defined as N and M, respectively, for the convenience of explanation.
● Opt 1: minimizing the difference of the number of CBs per CBG
With this option, the size of CBG (i.e., the number of CBs belonging to a CBG) could be nearly-equal between different CBGs by evenly distributing all the CBs over multiple CBGs. For example, if the number of (CBs, CBGs) are considered as (10, 4) for a TB, the number of CBs per each of 4 CBGs based on this option can be 3, 3, 2, 2, respectively. In this case, amount of the resources used for mapping of each CBG could also be nearly-same between CBGs, and correspondingly, amount of the resources for the retransmission of a CBG could almost be the same.
● Opt 2: maximizing the number of CBGs with same number of CBs
With this option, the number of CBGs having same size (i.e., same number of CBs per CBG) could be maximized except for one particular CBG which could have different (e.g. smaller) size from other CBGs. For example, if the number of (CBs, CBGs) are considered as (10, 4) for a TB, the number of CBs per each of 4 CBGs based on this option can be 3, 3, 3, 1, respectively. In this case, amount of the resources for CBG mapping (and retransmission) could be the same except for one CBG for which amount of the resources for the CBG could be smaller than other CBGs.
Based on the above options, it is necessary to discuss on actual method for the construction of CBG with consideration of resource management/efficiency for the retransmission. 
Proposal 1: It is necessary to discuss on actual method for CBG construction with consideration of resource management/efficiency for the data retransmission. 
· CBG configuration
Regarding the configuration for CB grouping in terms of data retransmission and HARQ-ACK feedback, it was agreed in the previous meeting to consider three different options according to whether the number of CBGs and/or the size of CBG (i.e., the number of CBs per CBG) would be changed according to TBS. On those options, we provide some observations and views.

● Opt 1: the number of CBGs is the same (the number of CBs per CBG is changed) per TBS
With this option, by keeping the same number of CBGs for different TBS, UL resource overhead for HARQ-ACK feedback could be fixed according to TBS while DL resource overhead for data retransmission might be relatively increased for larger TBS since the number of CBs per CBG (and the amount of resources for CBG retransmission) increases for large TBS. 
● Opt 2: the number of CBs per CBG is the same (the number of CBGs is changed) per TBS
With this option, by keeping the same CBG size (i.e., same number of CBs per CBG) per TBS, DL resource overhead for data retransmission could be maintained for different TBS while UL resource overhead for HARQ-ACK feedback would be increased for larger TBS since the number of CBGs requiring HARQ-ACK feedback increases for large TBS. 
● Opt 3: the number of CBGs and/or the number of CBs per CBG are configured per TBS

With this option, trade-off between UL resource overhead for HARQ-ACK feedback and DL resource overhead for data transmission could be adjusted by properly setting the number of CBGs and the CBG size for each TBS. And, it can be considered to configure multiple combinations of CBG number and CBG size for a TBS with consideration of gNB flexibility. 
Among the above three options, considering UL resource overhead for CBG level HARQ-ACK and flexible CBG configuration according to TBS, Option 1 and Option 3 seem to be preferable.
Proposal 2: Considering UL resource overhead for CBG level HARQ-ACK and flexible CBG configuration according to TBS, Option 1 and Option 3 seem to be preferable in the configuration for CB grouping.
Moreover, the agreement in the previous meeting has three FFS points: 1) when the number of CBs is smaller than the configured number of CBGs (e.g. in case of Option 1), and 2) when the number of CBs is smaller than the configured number of CBs per CBG (e.g. in case of Option 2), and 3) whether CBG is approximately aligned with symbol(s). First of all, on the first point, either TB level HARQ-ACK and retransmission or CB level HARQ-ACK and retransmission can be considered. And, on the second point, TB level HARQ-ACK and retransmission can be considered. 
On the third FFS point, Consideration time selective interference type including URLLC puncturing, aligning CBG with symbol or symbol group may be beneficial. However, it would be difficult (or not desirable in the aspect of channel coding gain) to strictly align CBG with symbol (group) for all the TBS. For this reason, a certain CB may span over two symbols (groups), and in this case, it may be necessary to discuss on whether the CB is included in both of two CBGs or in only one of two CBGs. In the former case, it may be necessary to consider on how to perform HARQ-ACK feedback and data retransmission. 
3. Conclusion
In this contribution, we discussed on CBG construction and the configuration for CB grouping to support CBG based HARQ operation in NR, and the following is proposed: 
Proposal 1: It is necessary to discuss on actual method for CBG construction with consideration of resource management/efficiency for the data retransmission. 

Proposal 2: Considering UL resource overhead for CBG level HARQ-ACK and flexible CBG configuration according to TBS, Option 1 and Option 3 seem to be preferable in the configuration for CB grouping.
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