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Introduction
CBG-based HARQ operation shall be specified in NR Release 15 for both DL and UL data transmission/retransmission. Several aspects of CBG-based operation were discussed and agreed at the RAN1 #89 meeting. Specifically regarding CBG construction the following details were agreed:
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
· 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 focuses on outstanding details of CBG construction. 
Discussion
CBG-based operation may be configured for a UE as deemed appropriate by the network. As a design principle it is good practice to adopt common physical layer processing – wherever possible – that is independent of scenario-specific features to simplify UE implementation. Therefore, CB segmentation including CRC attachment, encoding and rate matching should not depend on whether or not CBG-based operation is configured for a UE. 
Observation: CBG construction can be viewed as simply determining how CBs of a TB are grouped for the purpose of generating HARQ-ACK feedback and indicating what portions of a TB are contained in a HARQ (re)transmission. 
Based on this observation or design target, CBG-level CRC attachment is not required as a differentiating feature of CBG-based HARQ operation. Moreover, as analyzed in e.g. [1], CBG-level CRC is not expected to provide a material performance gain on top of normal CB-level CRC + TB-level CRC attachment.  
Proposal 1: common bit-level processing functionalities are adopted regardless of CBG-based HARQ operation including TB-level CRC attachment, CB segmentation, CB-level CRC attachment, encoding and rate matching. 
Time-first mapping of modulated symbols to physical resources would facilitate fast decoding of a received TB. It has been suggested that mapping CBGs according to transmission durations of a possible pre-empting data transmission (e.g. URLLC pre-empting an ongoing eMBB transmission) could ensure that at most one CBG is impacted. This does not seem very practical as the scheduler jointly determines the number of channel bits and a given TBS to achieve a target effective coding rate for a UE. Consequently, the encoded bits concatenated, modulated and mapped time-first to fill up the physical resources. It would lead to very complicated mapping, e.g. insertion of filler bits, to directly match a CB or CBG to a discrete number of multiple OFDM symbols. Secondly, as NR would support different numerologies and even different TTI durations for the same numerology it is impractical to define several physical resource mapping schemes.
Proposal 2: no special mapping of symbols to physical resources is introduced for CBG-based operation. 
An open question is whether the number of CBGs is indicated by L1, MAC or RRC signaling. In our view for determining the number of CBGs contained in a TB, the UE should either be semi-statically configured with a maximum number of CBGs or the number of CBGs is indicated in the DCI scheduling an initial transmission of a TB. It should be noted that for CBG-based UL HARQ operation, the gNB should explicitly indicate in the DCI what CBGs the UE should transmit for a given HARQ process [2]. Furthermore, to avoid blind decoding of two DCI format sizes depending on whether or not a CBG indication field is present, the UE should be semi-statically configured with the maximum number of CBGs that can be indicated in a DCI format scheduling an UL grant.
For DL HARQ operation, dynamic signaling of the number of CBGs contained in an initial transmission implies that there would be two different DCI format sizes, one for initial transmission and the other for scheduling retransmission. One possible benefit of this approach is for small TB sizes where a semi-statically configured number of CBGs may be larger than the number of CBs contained in a given TB. In this case, the DCI may flexibly indicate the number of CBGs for the TBS. However, it is also straightforward to define a simple CBG construction rule if the maximum number of CBGs is semi-statically configured. For instance, the number of CBGs constituting a given TBS is given by the minimum between the number of CBs in the TB and a semi-statically configured number of CBGs.
Proposal 3: a UE is semi-statically configured with the number of CBGs contained in a TB.
Proposal 4: for a semi-statically configured number of CBGs denoted as M, the number of CBGs contained in a given TB is min (C, M), where C is the number of CBs for the given TBS.

Given M CBGs for a TB, a simple segmentation rule can be defined for CBG grouping that satisfies the agreement on relatively uniform distribution of CBs across CBGs. As discussed in a previous contribution [3] one possible rule is as follows. Assume C code blocks in a TB such that the remainder. The number of CBs in CBG k is given by 


Non-uniform distribution of CBs across CBGs has also been proposed. Based on preceding discussion advocating a common physical resource mapping scheme, it is unclear how a non-uniform CB-to-CBG distribution would provide sufficient performance gain.

Conclusion
This contribution discussed several solutions to enable CBG-based HARQ transmission in Rel-15. I summary our proposals are as follows 
· Proposal 1: common bit-level processing functionalities are adopted regardless of CBG-based HARQ operation including TB-level CRC attachment, CB segmentation, CB-level CRC attachment, encoding and rate matching. 
· Proposal 2: no special mapping of symbols to physical resources is introduced for CBG-based operation.
· Proposal 3: a UE is semi-statically configured with the number of CBGs contained in a TB.
· Proposal 4: for a semi-statically configured number of CBGs denoted as M, the number of CBGs contained in a given TB is min (C, M), where C is the number of CBs for the given TBS.
· Proposal 5: a simple rule for uniform distribution of CBs to CBG is:
, where  and Nk is the number of CBs in CBG k and M ≥ C
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