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1. Introduction
In this document, we discuss the following aspects related to LDPC code block segmentation. 
· Code block size/ TBS support
· BG indication
· RE segmentation
2. Code Block Size/TBS support
In previous RAN1 meeting, it was agreed to support segmentation with both BG1 and BG2 (as in Annex A). In Figure 1, we show an illustration of the segmentation with multiple code blocks.  The exact details of how to apply the agreements for TBS design will be discussed in teh TBS design section, one additional proposal which would help with the implementation is that the code block sizes i.e. KCB should be byte-aligned for simplifying implementation and testing complexity, etc. 
Proposal 1: For NR TBS design, the supported code block sizes are byte-aligned (i.e. KCB  is a multiple of 8).

[image: ]
Figure 1. Example illustrating a TB segmentation into code blocks of equal size.
3. BG usage and Rinit definition
In last RAN1 meeting the following alternatives was discussed for BG selection. 

· Alt 1: Explicit indication of BG in DCI 
· Alt 2: Determine TBS and BG from MCS field in DCI, and either:
 
In our understanding, the difference between the alternatives is that Alt 1 requires an extra bit in DCI to indicate the base graph used, while Alt 2 does not. In our understanding, the main reason claimed in favour of Alt 1 is that it will allow more robustness and fixing error cases but it is not clear if it is worth spending extra overhead in DCI to address such cases. 
In the current spec the following text about BG usage is captured
· 



if , or if  and , or if , LDPC base graph 2 is used; 
In all other cases, BG1 is used. This clearly indicates the range is which BG2 is used is quite limited compared to the overall scheduling choices at gNB. A cursory look at the proposed MCS tables for NR indicates that there is no issue with adopting Alt 2. 
· There are maximum three MCS levels with rates <= 0.25, implying that for transport blocks greater than 3824, there is hardly any restriction due to Alt 2 because most MCS levels would correspond to BG1 usage. Moreover, adaptive retransmissions are typically based on keeping the same MCS as initial transmission, but with a different redundancy version (including RV3 for NR which is also self-decodable) – so there are ways to avoid creating error cases by proper scheduling decisions.
· For retransmissions based on MCS29, 30, 31 (implicit TBS indication), it is unambiguously clear that the same BG as initial transmission should be used. 
· For A <=292, there is no issue with BG selection as BG2 is used always.
· For A<=3824, there is a possibility to use either BG2 or BG1 based on the scheduled rate and even in this case, it seems there is sufficient opportunities to schedule retransmissions without major restrictions. 
Given all the above, we think the extra bit for BG indication is not necessary and hence we propose Alt2 is adopted for BG selection. 
Proposal 2: Determine TBS and BG from MCS field in DCI.
In principle, the BG determination can be applied for each processed PDCCH. For MCS29.30,31 (implicit TBS determination), it can be assumed that  the same BG as initial transmission is used. For DCI containing other MCSes, if the TBS is explicitly calculable from the assigned MCS and RA, then BG is also calculated from the same DCI and is used for consistency check against any previous transmission for the same TB (NDI not toggled) – otherwise, it creates a lot of unnecessary cases to handle in implementation.  Also, it could also be clarified that a UE is not expected to soft-combine transmissions across different base graphs.
However in our understanding, the increased overhead to solve error cases that may not occur very often is not justifiable. These error cases would occur only when a scheduling decision from gNB (MCS value + Resource allocation) yields a base graph value. 
In our understanding, direct inferring from the reference MCS is a robust method as there is no ambiguity on the gNB or UE side with regards to which BG is used. While the calculation based on the available number of REs determined by the UE (Ginit) is also feasible, it is desirable to allow gNB to use the same BG even if there are slight variations in value of G. In particular, if the UE is required to apply rate-matching (determine G) based on multiple grants (UE-specific UL grant, and a group-common DCI), then misdetection of group-common DCI could lead to mismatch in BG usage. 
Moreover, code rate is an input parameter to the TBS design as per the agreement on the TBS. Therefore, it seems reasonable to also use the same code rate to also identify the BG to use. Therefore, we propose the following. 
Proposal 3: Nominal code rate of initial transmission for BG selection is determined from the rate indicated by MCS field in the DCI.
4. RE-segmentation
To determine the number of coded bits in a transmission for a code block of a TB, we think the same formulae as LTE (See Annex B) can be adopted, except the only difference is slight modification to account for the case when CBGs are scheduled. In such cases, the RE segmentation should be based on the number of code blocks that are actually scheduled for transmission for the TB, and that may be different depending on the number of CBGs that are part of the transmission.  
Proposal 4: For RE segmentation for LDPC, the same formula as LTE is used to obtain the length of rate-matching output with the following modification. 
· C is replaced by CCBG  for CBG-based transmissions and CCBG denotes the total number of code blocks in all scheduled CBGs for a TB.
5. Conclusions
In this contribution, we propose the following to finalize remaining details of LDPC. 
Proposal 1: For NR TBS design, the supported code block sizes are byte-aligned (i.e. KCB  is a multiple of 8).
Proposal 2: Determine TBS and BG from MCS field in DCI.
Proposal 3: Nominal code rate of initial transmission for BG selection is determined from the rate indicated by MCS field in the DCI.
Proposal 4: For RE segmentation for LDPC, the same formula as LTE is used to obtain the length of rate-matching output with the following modification. 
· C is replaced by CCBG for CBG-based transmissions and CCBG denotes the total number of code blocks in all scheduled CBGs for a TB.
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Annex A (Agreements from RAN1#90bis related to LDPC)
Agreement:
· For initial transmissions with code rate Rinit > 1/4, BG2 is not used when TBS>3824 
· If the FFS on UE capabilities w.r.t. support of both BGs is resolved such that it is possible that a UE does not support BG1, then the above bullet only applies if the UE supports BG1. 
· BG2 is used for initial transmissions with code rate Rinit <= ¼ for all TBS supported at that code rate
· For BG2 with TBSs larger than 3824, the TB is segmented into CBs no larger than 3840
· TBS determination for all code rates shall ensure that no zero padding is necessary with BG1 segmentation; TBS determination shall also strive to achieve no zero padding also with BG2 segmentation; any special cases are only permitted for BG2. 
· If needed for BG2 segmentation, zero padding is added during segmentation, with the padding being placed at the beginning of the first code block prior to CB-CRC calculation; padding bits are transmitted. 

FFS: Byte- or something-alignment of CB sizes. 


Annex B
The RE segmentation from LTE spec is shown below for convenience

From 38.212 vc80, subclause 5.1.4.1.2,



[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Denoting by E the rate matching output sequence length for the r-th coded block, and rvidx the redundancy version number for this transmission (rvidx = 0, 1, 2 or 3), the rate matching output bit sequence is , k = 0,1,..., .
Define by G the total number of bits available for the transmission of one transport block.

Set where Qm is equal to 2 for QPSK, 4 for 16QAM, 6 for 64QAM and 8 for 256QAM, and where
-	For transmit diversity:
-	NL is equal to 2,
-	Otherwise:
-	NL is equal to the number of layers a transport block is mapped onto

Set, where C is the number of code blocks computed in section 5.1.2.

if 

set
else

	set
end if
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