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8.1.4 Channel coding
R1-1702732
eMBB Encoding Chain
MediaTek Inc.
R1-1703449
Email discussion on information granularity
Samsung

Conclusion:
· Minimum set of information block sizes granularity for evaluation at BLER 1e-2 and 1e-4:

	Kmin<=K<=512 
	528<=K<=1024 
	1056<=K<=2048 
	2048<=K<=6144
	6144<=K<=8192

	8
	16
	32
	64
	128


· Some off-grid values of K shall also be evaluated. 

· Minimum information block size for evaluation = 40
R1-1703450
Email discussion on other criteria for evaluations
Samsung

Noted. 
8.1.4.1 LDPC code design

Agree details of protomatrix design
R1-1702733
Compact QC-LDPC design
MediaTek Inc.
Revised in R1-1703697
R1-1701599
Complexity, throughput and latency considerations on LDPC codes for eMBB
ZTE, ZTE Microelectronics

R1-1703537
Design Parameters and Implementation Aspects of LDPC Codes
Ericsson
Revision of R1-1701628
R1-1701707
Implementation aspects of LDPC codes
Huawei, HiSilicon

R1-1702492
Considerations on LDPC code design for eMBB
LG Electronics

R1-1702642
Design of multiple family LDPC codes
Qualcomm Incorporated

R1-1703549
Discussion on LDPC code design and properties
Intel Corporation
Revision of R1-1702509
R1-1703000
Consideration on LDPC Protomatrix Design
Samsung

R1-1703101
Implementation aspects of LDPC design
Nokia, Alcatel-Lucent Shanghai Bell
R1-1703716
WF on observation of parallelism overhead in an LDPC decoder
MediaTek, Huawei HiSilicon, ZTE, ZTE Microelectronics, CATT, Coherent Logix, ITRI, NTU

Companies are encouraged to focus on decisions that have specification impact. 

R1-1703720
WF on LDPC performance observations
Huawei

Companies are encouraged to investigate further the relationship between matrix size and performance etc. 

R1-1703916
WF on observation of latency 
LG

R1-1703771
WF on LDPC decoder throughput requirement
Samsung

Proposal: 

· Decoder throughput requirement should be decided 
·  Alt. 1 : Support 20Gbps with code rate 1/3 for full IR-HARQ

·  Alt. 2 : Support 20Gbps with code rate 4/9 for partial IR-HARQ

·  Alt. 3 : Support 20Gbps with code rate 8/9 for CC-HARQ

Conclusion for some code design targets:

· At least support 20Gbps decoder information throughput with code rate 8/9

· Also aim for good throughput performance at lower code rate(s)

· FFS the details of how to assess throughput performance at lower code rates, including whether the assessment is relative or absolute, and other constraints (e.g. complexity)
R1-1703851
WF on LDPC matrix 
Qualcomm, Huawei, Mediatek

Proposed modification of Working Assumption:
Agreement: 

Working Assumption from Jan adhoc is confirmed with modifications as follows: 

· A corresponds to systematic bits
· B is square and corresponds to parity bits
· The first or last column may be weight 1
· The non-zero value is in the last row and this row is weight 1 in B
· If there is a weight 1 column, then the remaining columns contain a square matrix such that:
· First column has weight three
· The columns after the weight three column have a dual diagonal structure (i.e., main diagonal and off diagonal)
· If there is no weight 1 column
· B consists of only a square matrix such that:
· First column has weight three
· The columns after the weight three column have a dual diagonal structure (i.e., main diagonal and off diagonal)
· E.g.:
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R1-1703727
WF on number of base graphs
Nokia, ASB

Proposal:

· Number of base graphs = 1:

· ZTE, ZTE Micro, Mediatek, Sams, HW, HiSi, CATT, CLX, CATR

· Number of base graphs >1:

· Intel, Eri, QC, Nok, ASB, LG, 
· If the number of base graphs is greater than 1: 
· One base graph to support lower block sizes. 
· Supported block sizes < 2048 bits
· The base graph may also support larger block sizes. 
· The base graph design should provide good error performance for code rates from 3/4 to 1/5. 
· One base graph to support large block sizes 
· Supported block sizes >= 2048 bits. 
· The same graph may also support lower block sizes. 
· The base graph should provide good error performance and implementation efficiency for code rates from 8/9 to 1/3.
Agreement: 

· Number of base graphs for eMBB is FFS between 1 and 2

· Evaluate the potential gains from 2 base-graphs compared to a single base-graph until RAN1#88bis

R1-1703682
WF on LDPC base matrix 
ZTE

R1-1703612
WF on largest shift sizes for LDPC codes
Ericsson, Samsung, LG, Nokia, ASB
Agreement: 

· The largest info block size supported by LDPC encoder Kmax and the largest shift size Zmax defined for a H matrix are selected from the following set of {Kmax, Zmax} pairs:
· {8192, 256}, {8192, 512}, {FFS near 8192, 320}
R1-1703772
WF on LDPC lifting
Samsung, Nokia

Definitions and notation to be used in continuing work on lifting analysis: 

· For a given shift size Z
· A QC-LDPC code can be defined by a parity check matrix
· A parity check matrix can be defined by its base graph and shift values.
      > Element 1s in the base graph is replaced by a circulant permutation matrix of size ZxZ.
      > Element 0s in the base graph is replaced by zero matrix of size ZxZ. 
· Shift values can be calculated by a function Pi,j = f(Vi,j, Z)
· Vi,j is an integer corresponding to the (i,j)-th non-zero element in a base matrix
· Shift size Z
· The size of circulant permutation matrix
· Shift value Pi,j 
· Circularly shifted value from the identity matrix for the (i,j)-th non-zero element in a base matrix. 
· Circulant permutation matrix
· The  ZxZ circulant permutation matrix which shifts the  ZxZ identity matrix I to the right by Pi,j  times for the (i,j)-th non-zero element in a base matrix.
R1-1703613
WF on shift size granularity for LDPC codes

Ericsson, Qualcomm, LG, ZTE, Intel

R1-1703611
WF on higher layer control message
Ericsson

R1-1701597
Performance evaluation of LDPC codes for eMBB
ZTE, ZTE Microelectronics

R1-1701598
Further consideration on flexibility of LDPC codes for eMBB
ZTE, ZTE Microelectronics

R1-1701600
Further consideration on compact LDPC design for eMBB
ZTE, ZTE Microelectronics

R1-1701601
Bit rearrangement of LDPC for high order modulation
ZTE, ZTE Microelectronics

R1-1701629
Code Block Segmentation for LDPC Codes
Ericsson

R1-1701706
LDPC design for eMBB data
Huawei, HiSilicon

R1-1701708
Performance evaluation of LDPC codes
Huawei, HiSilicon

R1-1702107
Design of LDPC codes for eMBB data
CATT

R1-1702108
Offset optimization on base matrices of QC-LDPC codes
CATT

R1-1702353
On LDPC code design 
InterDigital Communications

R1-1702493
Rate matching design of LDPC code
LG Electronics

R1-1702495
Comparison of LDPC code parameters
LG Electronics

R1-1702496
Discussion on multiple base graphs of LDPC code
LG Electronics

R1-1702643
Basegraph nesting and clustered liftings
Qualcomm Incorporated

R1-1702644
Performance evaluation of LDPC codes
Qualcomm Incorporated

R1-1702710
Lift sizes for LDPC design
Intel Corporation

R1-1702711
Data channel encoding chain
Intel Corporation

R1-1703698
QC-LDPC performance and complexity comparisons
MediaTek Inc.
Revision of R1-1702734
R1-1703001
Performance evaluation of LDPC Code
Samsung

R1-1703002
Consideration on throughput and latency for LDPC Code Design
Samsung

R1-1703089
Shift size granularity for LDPC code design
Samsung

R1-1703100
LDPC design for eMBB
Nokia, Alcatel-Lucent Shanghai Bell

R1-1703102
On the position of shortening for QC-LDPC codes
Nokia, Alcatel-Lucent Shanghai Bell

R1-1703103
Padding techniques for LDPC
Nokia, Alcatel-Lucent Shanghai Bell

R1-1703104
Considerations for CRC attachment
Nokia, Alcatel-Lucent Shanghai Bell

R1-1703105
Segmentation principles for LDPC
Nokia, Alcatel-Lucent Shanghai Bell

R1-1703208
LDPC codes for both eMBB and URLLC data channels
National Taiwan University

R1-1703210
Number of LDPC codes in NR
KT Corp.

R1-1703365
On rate matching for LDPC codes
Huawei, HiSilicon

R1-1703366
On CRC for LDPC design
Huawei, HiSilicon
R1-1702244
Discussion on LDPC code design and properties
Intel Corporation

8.1.4.2 Control channel coding
8.1.4.2.1 Polar code design

R1-1702277
Polar Code Design for DCI
AT&T

R1-1703378
Performance evaluation for CA-Polar vs. PC-Polar 
ORANGE
R1-1702849
Performance evaluation of Polar codes
NTT DOCOMO, INC.

R1-1701604
Performance evaluation of polar codes for eMBB
ZTE, ZTE Microelectronics
R1-1703538
Performance Study of Polar Code Candidates
Ericsson
Revision of R1-1701631
R1-1701701
Parity-Check polar and CRC-aided polar evaluation
Huawei, HiSilicon

R1-1704008
Polar design for control channels
Nokia, Alcatel-Lucent Shanghai Bell
Revision of R1-1703106
R1-1702712
Design aspects of Polar Code for control channels
Intel Corporation

R1-1703003
Comparison of Polar codes for Control Channel
Samsung

R1-1703699
CRC considerations for Polar coded NR control channels
MediaTek Inc.
Revision of R1-1702736
R1-1703497
Details of CRC distribution of polar design
Nokia, ASB

R1-1701897
Early block discrimination with polar codes to further accelerate DCI blind detection
Coherent Logix

R1-1702645
Comparison of Polar codes for control channel
Qualcomm Incorporated
R1-1703722
WF on polar design
Huawei, HiSilicon, ZTE, ZTE Microelectronics, CATT, MediaTek

R1-1703614
WF on CA polar
Ericsson, Qualcomm, Intel, LG, Samsung, Nokia, ASB, AT&T, ETRI, Verizon

Considerations on Alt-1 vs Alt-2 code families
1. Performance

a. Versus block size

i. Alt-1 seems to perform slightly better especially at the lower end of the relevant information block size range

ii. Alt-1 and Alt-2 have similar performance at the higher end of the relevant information block size range

iii. Note that the majority of control messages are expected to be at the lower end, but the larger control messages will consume more resources per message
b. Versus code rate

i. The performance of Alt-1 relative to Alt-2 generally improves with increasing code rate

ii. Note that lower code rates are generally more common for control information

2. Ability to improve performance as hardware capabilities improve 

· E.g. increasing list size without adversely impacting FAR
· The proponents of both families indicate that the respective families have the possibility to improve in this way

3. Complexity

· This is a secondary consideration
Note that the decision should be taken based on the assumption of independent control signalling messages unless the joint coding of DCI for different UEs is agreed in the control signalling agenda item. 
Conclusion:

· Until RAN1#88bis, work together on a coding scheme that achieves the benefits of both Alts 1&2

· With J’ bits for the purpose of assisting the polar decoding, where  0<=J’<=Jmax , aiming for Jmax , e.g. in the region of 8 (other values are not precluded)
· This does not preclude the use of the J bits for assisting decoding

· Note that any PC-frozen bits would be considered to be among the J’ bits

· The following are examples:

J bits CRC + J’ bits CRC + basic polar;
            
 J bits CRC + J’ bits distributed CRC + basic polar;
           
 J bits CRC + J’ PC bits + basic polar; (i.e. PC-Polar)
           
 J bits CRC + J’ Hash sequence + basic polar;
(J + J’) bits CRC + basic polar
R1-1703615
WF on max code size of polar codes
Ericsson, Intel, Qualcomm, AT&T, Samsung
R1-1703721
WF on maximum mother code size
Huawei, HiSilicon, CATT, CoherentLogix, Accelercomm, MediaTek, InterDigital
Agreement for DCI:

· Maximum mother code size of Polar code, N=2n, is:
· Nmax,DCI =512 for downlink control information
Working Assumption for UCI:

· Nmax,UCI =1024
· Optimise code design for K up to 200
· Also aim for code design that supports values of K up to 500 with good performance, typically using higher code rates 
· Without prejudice to the final design, companies are encouraged to investigate advanced code rate matching schemes until RAN1#88bis
· Working assumption can be revisited at RAN1#88bis if it does not prove to be possible to generate a good code design with Nmax,UCI =1024
R1-1703616
WF on mother code size of polar codes
Ericsson, Intel, InterDigital, LG, AT&T, Accelercomm

R1-1703751
WF on information bit and floating bit selection for NR polar code
LG

R1-1703641
WF on ordered sequence of polar codes 
Docomo

R1-1703617
WF on rate matching of polar codes

Ericsson

R1-1701602
Rate matching of polar codes for eMBB
ZTE, ZTE Microelectronics

R1-1701603
Further considerations on polar codes for eMBB
ZTE, ZTE Microelectronics

R1-1701630
Design of CRC-assisted Polar Code
Ericsson

R1-1701632
Polar Code Design Parameters
Ericsson

R1-1701702
Construction schemes for polar codes
Huawei, HiSilicon

R1-1701703
Maximum mother code size of polar codes
Huawei, HiSilicon

R1-1701884
Polar code design for control channel
NEC

R1-1702109
Evaluation of polar codes for eMBB control channel
CATT

R1-1702110
Design of polar codes for eMBB control channel
CATT

R1-1702354
Shortening schemes for polar codes 
InterDigital Communications

R1-1702355
Repetition and shortening for polar codes 
InterDigital Communications

R1-1702497
Discussion on CRC-related aspects of polar code design
LG Electronics

R1-1702498
Design of Polar code for control channel
LG Electronics

R1-1702646
Polar code information bit allocation and nested extension construction
Qualcomm Incorporated

R1-1702713
Tradeoffs in Polar coding for control channels
Intel Corporation

R1-1702735
Polar code size and rate-matching design for NR control channels
MediaTek Inc.

R1-1702850
Discussion on construction of Polar codes
NTT DOCOMO, INC.

R1-1703004
Maximum Polar Code Size
Samsung
R1-1703987
Observation on CA-Polar List Gain
Huawei, HiSilicon
R1-1702245
Design aspects of Polar Code for control channels
Intel Corporation

8.1.4.2.2 Other
e.g., Repetition/block coding for very small block lengths
R1-1701705
Channel coding for very small control block lengths
Huawei, HiSilicon

R1-1703774
Short block codes for eMBB control channels
Nokia, Alcatel-Lucent Shanghai Bell
Revision of R1-1703107
Conclusion: 
For very small block lengths:

· For evaluations to be submitted to RAN1#88bis of channel code for very small block lengths, evaluate both BLER and error detection capability for comparison

· FFS the error detection targets

· FFS whether the receiver knows in each case whether a codeword is transmitted and the format thereof

· FFS whether the coding scheme is the same on control and data physical channels

· FFS the details of the selection criteria
R1-1702278
Further Views on FEC for Small Block Length DCI
AT&T

R1-1702647
Block codes for very small block length
Qualcomm Incorporated

R1-1702494
Coding scheme for small block length
LG Electronics
R1-1703752
WF on coding scheme for small block lengths 
LG

R1-1703726
WF on short block control
coding
Nokia

R1-1703643
WF on channel coding for small blocks
Huawei

R1-1701704
Channel coding for PBCH
Huawei, HiSilicon
R1-1703642
WF on channel coding for PBCH
Huawei

8.1.4.3 Other

R1-1701605
Consideration on outer code for NR
ZTE, ZTE Microelectronics

R1-1701633
Channel Coding Techniques for URLLC
Ericsson

R1-1701634
Further Discussion on Channel Coding of PBCH
Ericsson

R1-1702111
Comparison of LDPC and polar codes for URLLC
CATT

R1-1702356
On URLLC channel codes 
InterDigital Communications

R1-1702607
Energy Efficiency of Channel Coding 
Qualcomm Incorporated

R1-1702737
NR-PBCH enhancement with Polar code
MediaTek Inc.

R1-1702856
Enhanced turbo codes for URLLC 
AccelerComm Ltd

R1-1703108
LDPC for URLLC
Nokia, Alcatel-Lucent Shanghai Bell

R1-1703331
Enhanced Turbo Codes for URLLC
ORANGE,IMT

R1-1703346
Channel coding for URLLC scenario
Huawei, HiSilicon

R1-1703417
Views on coding scheme selection for PBCH
CATT

