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1. Introduction
[bookmark: _GoBack]In this document, we discuss the following aspects related to LDPC code 
· Code block size/ TBS support
· BG1/BG2 usage
· Maximum supported coding-rate
2. Code Block Size/TBS support
In previous RAN1 meetings, it was agreed that for code block segmentation yields a single code block size for a transport block and a WA was made to that the TBS determination ensures the code block sizes are equal. In Figure 1, we show an illustration of this. 
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Figure 1. Example illustrating a TB segmentation into code blocks of equal size.
The WA from last meeting regarding BG2 usage is as follows. 
· BG2 is used for initial transmissions with code rate Rinit <= ¼* for all TBS supported at that code rate

BG2 is used for cases where a low MCS (e.g. less than max MCS= ¼ QPSK, etc) is scheduled, while for BG1, the highest MCS is roughly ~ 0.94, 256-QAM. Thus, the maximum transport block size supported by BG1 is ~ 15x bigger than that supported by BG2. Therefore, the range of TB sizes supported by BG1 would be a superset of range of TB sizes supported by BG2. While the ranges overlap, it is important to understand whether a given transport block size can be supported by both BG1 and BG2 (e.g. at least for the region where the TB sizes between BG1 and BG2 overlap). Since, the maximum CBS are different for BG1 and BG2 (8448 and 3840, respectively), a transport block size X that may yield equal code block sizes with BG1, but not BG2 or vice-versa. 
Consider following examples: 
· TBS = 10008. With BG1, this TBS yields two equal code blocks of size KCB =5016, while with BG2, it yields three code blocks of size KCB = 3344. 
· TBS = 10000 yields C=2, KCB=5026, but it does not support BG2 segmentation with equal segment size. Thus, TBS=10000 can be supported only by BG1 but not by BG2 (unless zero-padding is further introduced). 
Then, there are two options for TBS design. 
· Option 1:TBS supported by BG1 and TBS supported by BG2 are separately designed. 
· Option 2:TBS supported by BG2 are also supported by BG1
Our view is that the transport block size should be supportable by both BG1 and BG2, at least for the range where they overlap, as then the BG dependent-transport block sizes can be avoided – this can simplify TB size design and also make BG dependency transparent to upper layers (including e.g. potential max TBS/buffer size discussions). RAN1 should ensure same set of TBS across BG1 and BG2 (in overlapped regions) even if it requires introducing zero-padding, or place a limitation on BG2 usage (e.g. explicit upper limit on TB size supported by BG2). In particular, we think teh number of code block sizes supported by BG2 can be limited to one or two, as compromise between different views amongst different companies.
Proposal 1: Transport block sizes that are supported by BG2 are also supported by BG1. 
Proposal 2: Maximum number of code block sizes supported by BG2 is at most two.
Coarse set of code block sizes [1] such as the following set used in LDPC BG evaluations can be considered to simplify TBS design. With such a set of code block sizes, the number of cases for supporting filler bits can be reduced, which can lead to simplified implementation/testing and eases TBS design. While following is the list code block sizes evaluated for NR, we think it is simpler to support code-block sizes that are byte-aligned for NR  TBS design.
	Kmin<=K<=512 
	528<=K<=1024 
	1056<=K<=2048 
	2048<=K<=6144
	6144<=K<=8192

	8
	16
	32
	64
	128



Proposal 3: For NR TBS design, the supported code block sizes are byte-aligned (i.e. K+ =K- is a multiple of 8).
3. BG usage and Rinit definition
In the email discussion [90-28], the following was agreed with respect to BG2 usage. 
1. Alt 2 (Modified): 
–      Rinit is the effective code rate at initial transmission of the transport block, taking into account: 
(a)    the nominal code rate, as signaled in or derived based on control information, where the control information is used to schedule the initial transmission of the transport block; and 
§  FFS: details of how the nominal code rate is obtained from the control information 
(b)   LBRM (if applied) 
1. Rinit is applied to previous agreements on BG selection, and reflected in TS38.212.

It is still an open question as to how the effective code rate at initial transmission is defined. Multiple options were discussed on the email reflector including the following: 
· Directly inferred from a reference MCS (e.g. indicating the rate and modulation order) signalled in the corresponding DCI, or 
· Calculated based on the transport block size and the available number of REs determined by the UE (G). 

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 4: Nominal code rate of initial transmission for BG selection is determined from the rate indicated by MCS field in the DCI.
4. Maximum supported coding-rate
Figure 2 shows the performance of BG1 for higher rates. Although the base-graph can support a very high coding-rate, from a practical scheduling perspective, it is preferred that the maximum schedulable MCS corresponds to rates up to 0.935. By increasing the rate beyond 0.935, even though the codeword is still decodable, there can be a performance loss of ~0.75dB. Hence, maximum supported coding-rate of 0.935 is reasonable, beyond which the UE can skip decoding.
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Figure 2. BLER vs SNR, for BG1, at high MCS.
Proposal 5: For NR, adopt the maximum supported coding-rate of 0.935, beyond which, the UE can skip decoding.
5. Conclusions
In this contribution, we discussed LDPC code block segmentation and BG usage and make following proposals. 
Proposal 1: Transport block sizes that are supported by BG2 are also supported by BG1. 
Proposal 2: Maximum number of code block sizes supported by BG2 is at most two.
Proposal 3: For NR TBS design, the supported code block sizes are byte-aligned (i.e. K+ =K- is a multiple of 8).
Proposal 4: Nominal code rate of initial transmission for BG selection is determined from the rate indicated by MCS field in the DCI.
Proposal 5: For NR, adopt the maximum supported coding-rate of 0.935, beyond which, the UE can skip decoding.
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7. Annex (Agreements from RAN1#90 related to LDPC code block segmentation)
Agreement:
· Equal code block size after segmentation
· Working Assumption: TBS determination procedure ensures that TBS plus TB-CRC can be factored into the number of CBs multiplied by the CBS (before addition of LDPC encoding filler bits).
· (If a special case emerges where the TBS determination procedure cannot achieve the above criterion, equal CBS would be achieved by zero-padding.)

Working Assumption, to be checked after finalisation of the TBS table and confirmed if TBSs exist for which the following is meaningfully beneficial and does not cause meaningful degradation: 
· 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
· * ¼ is TBC at NR AH#3

Following was agreed in email discussion [90-28]
1. Alt 2 (Modified): 
–      Rinit is the effective code rate at initial transmission of the transport block, taking into account: 
(a)    the nominal code rate, as signaled in or derived based on control information, where the control information is used to schedule the initial transmission of the transport block; and 
§  FFS: details of how the nominal code rate is obtained from the control information 
(b)   LBRM (if applied) 
1. Rinit is applied to previous agreements on BG selection, and reflected in TS38.212.
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BlockSize = 4224, 256QAM, for 10 and 25 iterations
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