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1. Introduction

In RAN1 NR AH#2 meeting, following agreements were made on CBG based HARQ retransmission in terms of scheduling and grouping of CBG [1].
	Agreements:

· When uplink CBG-based (re)transmission is configured, the UL grant indicates which CBG(s) of a TB is/are retransmitted
Working assumption:
· For initial transmission and retransmission, each CBG of a TB has the same set of CB(s).
Agreements:
· For CBG-based (re)transmission, the DCI scheduling CBG-based (re)transmission carries single RV field for the transport block. 


In this contribution, we discuss and provide our view on the CBG based HARQ retransmission for NR, in terms of CBG construction and mapping (to physical resource). 
2. Discussion

· CBG construction
Regarding the CBG construction, it was agreed to ensure uniform CB distribution across CBGs for a given TB (size) where the difference of the number of CBs per CBG between any of two CBGs is at most 1. With this, 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.

For the generalized rule for the relevant CB grouping, first of all, the total number of CBs and the configured number of CBGs are denoted as K and M, respectively, and L, N1, N2 are defined as modulo(K, M), ceiling(K / M), flooring(K / M), respectively. With the above definition, the CB grouping can be done by creating L CBGs having N1 CBs and (M – L) CBGs having N2 CBs. 
Regarding the CB grouping, current agreement is that the number of CBs in a CBG changes according to TBS with indicated number of CBGs where FFS is remained on how to realize “indicated”. On the other hand, originally, following three options were considered where those options are differentiated 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. 

● Opt 1: the number of CBGs is the same (the number of CBs per CBG is changed) per TBS
● Opt 2: the number of CBs per CBG is the same (the number of CBGs is changed) per TBS
● Opt 3: the number of CBGs and/or the number of CBs per CBG are configured per TBS

If the “indicated” is realized by RRC signalling (in semi-static manner), current agreement could be regarded as Option 1 while it could be regarded as Option 3 if the “indicated” is realized by L1 signalling (in dynamic manner). Considering UL resource overhead for CBG level HARQ-ACK, Option 1 is preferred while Option 3 is preferable if flexible CBG configuration needs to be considered according to TBS. Between the two options, Option 1 is slightly preferred.
Proposal 1: Number of CBGs is configured by RRC signalling and the number of CBs in a CBG changes according to TBS.
In addition, on the case when the number of CBs is smaller than the configured number of CBGs, either TB level HARQ-ACK and retransmission or CB level HARQ-ACK and retransmission (by considering each CB as a CBG) can be considered. For the latter case, actual HARQ-ACK payload size can be equal to either the number of CBs or the configured number of CBGs where DTX/NACK is mapped to the empty CBG index. 

Furthermore, it may be necessary to consider on how to compose CBGs in case when multiple CBs belonging to a same TB have different size each other. Regarding this issue, following two possibilities can be considered in terms of CBG retransmission probability.
● Opt 1: small size CBs are only in a or some of CBG(s)
● Opt 2: small size CBs are distributed over all CBGs

In case of Opt 1, it can be possible to minimize the size of the CBG (or the number of CBs in the CBG) having relatively high retransmission probability, while CBG retransmission probability can nearly be equalized across CBGs in case of Opt 2. Thus, considering DL/UL resource efficiency in terms of the CBG retransmission, it may be required to discuss on CBG composition rule in case when multiple CBs in a same TB have different size. 
· CBG mapping
Consideration time-selective interference including URLLC puncturing in symbol (group) level, 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. 

Regarding the CBG mapping to data channel, it would be reasonable to apply frequency-first mapping with consideration of time-selective interference including URLLC puncturing as in the above. Moreover, considering the interleaving before the mapping to physical resource, interleaving across CBGs should not be allowed to avoid the error propagation across CBGs. Besides, considering the above CBG alignment with symbol (group), interleaving across CBs within a same CBG could be beneficial to reduce the number of CBG errors due to the CB spanning over two symbols (groups). 
Regarding CBG level retransmission for UL data, it is required to consider proper data mapping rule in case with frequency hopping. More specifically, considering both frequency diversity gain and potential time-selective interference, it would be reasonable to map UL data across frequency hop (on top of frequency-first mapping). For example, considering two frequency hops (having multiple symbols) on different PRBs, data mapping can be done by the order (1st symbol in 1st hop, 1st symbol in 2nd hop, 2nd symbol in 1st hop, 2nd symbol in 2nd hop, …).
Proposal 2: It is necessary to discuss on CBG mapping to data channel with consideration of interleaving, frequency hopping, and alignment with symbol (group).
3. Conclusion
In this contribution, we discussed on CBG construction and mapping to support the CBG based HARQ retransmission in NR, and the followings are proposed: 
Proposal 1: Number of CBGs is configured by RRC signalling and the number of CBs in a CBG changes according to TBS.
Proposal 2: It is necessary to discuss on CBG mapping to data channel with consideration of interleaving, frequency hopping, and alignment with symbol (group).
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