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1   Introduction
[bookmark: _GoBack]Ran1 #89 meeting agreed on following email discussion for base graph #1 [1]. 
Agreement:  
· For base graph #1:
· The dimensions of the base matrix are 68 columns, 46 rows (to support R=1/3)
· Seven 46x68 base matrices are identified as the set of candidates:
· Provided in the excel file R1_1709751.xlsx in R1-1709751 as Candidates A to G.
· By constructive email discussion until Thursday 1st June – Keeth (Nokia), agree (from the set of candidates or a merged solution), for evaluation and downselection until June adhoc:
· a single 46x68 base matrix, 
· the set of shift sizes

[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]2   Summary 
2.1  A single 46x68 base matrix
The steps and important details of the long email discussion when finalizing the base matrix 1#1 can be summarized as below. 
· The email discussion was started on 23rd May 2017. 

· Updates of shift coefficient designs for candidate A-G (identified candidate in [2]) were allowed till 26th May 2017 11 pm PST. 

· Following candidates were used in evaluations with updated and older versions of shift coefficients designs, 
· Candidate A - Updated shift coefficients 
· Candidate B – Updated shift coefficients  
· Candidate C – Updated shift coefficients 
· Candidate D - Updated shift coefficients  
· Candidate E – Older shift coefficients
· Candidate F – Older shift coefficients 
· Candidate G - Older shift coefficients

· There was no consensus by the deadline to select the final base matrix. And the deadline was extended to 06th June 2017 11pm PST. 

· Further evaluations on 64 QAM, higher code rate (>8/9) issues of candidate A, comparison method, implementation aspects, and many other details were discussed till 6th June 2017. 

· Even after the new deadline on 6th June 2017 11 pm PST, there was no consensus to select a single candidate from A, B, and E. And proponents of candidates A, B, and E proposed a joint way forward to facilitate the decision. The proposed WF was discussed and we agreed to the following conclusions. 

Guidelines to complete the LDPC design for base graph 1, and timeline for related other LDPC designs can be agreed as below. 
Conclusion 1
Merging guidelines for LDPC BG1: 
· Merged LDPC BG1 is divided into three parts:
· Kernel part: rows 1 – 5
· Quasi-row orthogonal (QRO) part: rows 6 – 20
· It is not precluded that the last a few rows in the QRO part are row orthogonal
· Quasi row orthogonality means: after excluding columns 1 and 2, row i and row (i+1) are orthogonal, row (i+1) and row (i+2) are orthogonal, …, starting with the first row index i that have the quasi row orthogonality property
· Row orthogonal part (RO): rows 21 – 46
· Row orthogonality means: row i and row (i+1) are orthogonal, row (i+1) and row (i+2) are orthogonal, …, starting with the first row index i that have the row orthogonality property
· Number of 1’s in the base matrix: around 315

Conclusion 2
Prioritized merged LDPC BG1 :
· Proponents of candidates A, B, and E will be responsible for designing following parts in prioritized merged LDPC BG1.
· Kernel: Huawei
· The kernel of candidate B
· QRO part: Samsung
· RO part: 
· Samsung (from 21st row)
· Qualcomm (from 26th row)

Conclusion 3
· Proponents of candidates C, D, F, G can also update candidate(s) following the three parts of the merged LDPC BG1 as described in Conclusion 1.
· Proponents of candidates C, D, F, G can either provide an update of candidate individually, or work together for a joint proposal
· Each proponents of candidate A, B, C, D, E, F, G can only participate in one updated proposal. 
· For all proponents, updated/merged LDPC BG1 should be completed and submitted to the reflector by June 12, 11pm PST. Companies are encouraged to provide parts of the base matrices much earlier to the deadline to facilitate the cross-checks.
· Cross-check of updated/merged LDPC BG1 should be completed by June 13, 11pm PST.
· A set of exemplary shift coefficients and lifting method is provided to check the BLER performance of the merged LDPC BG1
· The set of exemplary shift coefficients is only used to verify BLER performance of the merged LDPC BG1; additional set(s) can also be provided

Conclusion 4
Decision making:
· If BLER of the prioritized merged LDPC BG1 is proven to satisfy the selection criteria as below, the prioritized merged LDPC BG1 is agreed.
· Else 
· if there is no updated proposal from proponents of candidates C, D, F, G with BLER performance proven to satisfy the selection criteria as below, the existing candidate A is agreed. 
· if there is only one updated proposal from proponents of candidates C, D, F, G with BLER performance proven to satisfy the selection criteria as below, the updated proposal from proponents of candidates C, D, F, G is agreed.
· if there are more than one updated proposals from proponents of candidates C, D, F, G with BLER performance proven to satisfy the selection criteria as below, the existing candidate A is agreed. 
· Selection criteria:
· Error floor should be checked by examining slope of BLER curves at BLER=10-4.
· Denote the prioritized merged LDPC BG1 or updated proposal as candidate X
· Denote P1 as the number of simulation cases for which the required SNR of candidate X is smaller than the required SNR of the existing candidate A for more than 0.1dB
· Denote P2 as the number of simulation cases for which the required SNR of the existing candidate A is smaller than the required SNR of candidate X for more than 0.1dB
· If P2 – P1 <= 2% of all simulation cases (QPSK, info block lengths, coding rates, and BLER targets), and satisfies the error floor requirement, candidate X is deemed to satisfy the selection criteria.
· In the spirit of fairness, the proponent(s) selected for BG1 should be ranked below other proposals for BG2 in the event the proposals are comparable
· If there are merged solutions presented to BG2, priority is given to the merged BG2 design initiated by the proponents not selected for BG1.
· Final decision on LDPC BG1 is made by June 13, 11pm PST based on simulation results available by June 13, 11pm PST.
· June 13, 11pm PST is hard deadline. No further extension.

Conclusion 5
· The set of shift sizes and lifting method should be discussed and agreed by June 08, 11pm PST.
· All companies shall work on the shift coefficients for the selected base matrix after it is agreed.
· Shift coefficients for the selected base matrix 1 should be agreed during the June RAN1 ad hoc meeting, following the current timeline
· Timeline for BG2 is not affected by the decision process of BG1:
                          -> 1xAlt1aBG2 (15th June)                                                   
-> NxAlt2BG2’ (8th June)       -> 1xAlt2BG2’ (15th June) 
 

· After the deadline on 13th June 2017 11 pm PST, the following agreement was made regarding the final base matrix of base graph #1. 

Agreement
For base graph #1, the prioritized merged solution (provided in “LDPC Basegraph 1.xlsx”) is adopted as the base matrix.  


2.2 The set of shift sizes
The email discussion was started on 23rd May 2017 and a document was distributed later to capture the company views. The discussion followed the same timeline as section 2.1 (till 8th June 2017 11 PM PST), and made the following working assumption.  
Working Assumption:
For base graph #1: 
· The number of shift coefficient designs is 8. 
· The set of shift coefficient are defined for ‘a’, where ‘a’ is used for definition of lifting-size, a2j , where set of set of shift coefficient are defined as, 
	Set 1
	Z = 2*2j, j=0,1,2,3,4,5,6,7

	Set 2
	Z = 3*2j, j=0,1,2,3,4,5,6,7

	Set 3
	Z = 5*2j, j=0,1,2,3,4,5,6

	Set 4
	Z = 7*2j, j=0,1,2,3,4,5

	Set 5
	Z = 9*2j, j=0,1,2,3,4,5

	Set 6
	Z = 11*2j, j=0,1,2,3,4,5

	Set 7
	Z = 13*2j, j=0,1,2,3,4

	Set 8
	Z = 15*2j, j=0,1,2,3,4


· Shift value Pi,j can be calculated by a function  =  (, ), where Vi,j is the shift coefficient of the (i,j)-th element in the corresponding shift design. The function  is defined as, 



2.3 Other
The discussions on the deadline for final shift coefficient submissions are still ongoing in the email tread, and we could also use the email tread to discuss other details on base graph #1. 

3	Conclusion
In this contribution, we summarize the email discussion [89-24] on LDPC code base graph #1 for NR. At the end, we made the following agreements,
Agreement
For base graph #1, the prioritized merged solution (provided in “LDPC Basegraph 1.xlsx”) is adopted as the base matrix.  

Working Assumption:
For base graph #1: 
· The number of shift coefficient designs is 8. 
· The set of shift coefficient are defined for ‘a’, where ‘a’ is used for definition of lifting-size, a2j , where set of set of shift coefficient are defined as, 
	Set 1
	Z = 2*2j , j=0,1,2,3,4,5,6,7

	Set 2
	Z = 3*2j , j=0,1,2,3,4,5,6,7

	Set 3
	Z = 5*2j , j=0,1,2,3,4,5,6

	Set 4
	Z = 7*2j , j=0,1,2,3,4,5

	Set 5
	Z = 9*2j , j=0,1,2,3,4,5

	Set 6
	Z = 11*2j , j=0,1,2,3,4,5

	Set 7
	Z = 13*2j , j=0,1,2,3,4

	Set 8
	Z = 15*2j , j=0,1,2,3,4


· Shift value Pi,j can be calculated by a function  =  (, ), where Vi,j is the shift coefficient of the (i,j)-th element in the corresponding shift design. The function  is defined as, 
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