3GPP TSG RAN WG1 NR Ad-Hoc#2   			      R1-1710347
Qingdao, P.R. China 27th – 30th June 2017
[bookmark: _GoBack]Agenda Item:	5.1.4.2.2
Source: 	LG Electronics
Title: 	Repetition schemes of polar codes
[bookmark: Source][bookmark: Title][bookmark: DocumentFor]Document for:	Discussion and decision
1. Introduction
In RAN1 #89 meeting, following agreement and terminology was made [1]:
	Agreement: 
· K is the number of information bits (including CRC if one is attached)
· M is the number of coded bits for transmission
· NDM  is the smallest power of 2 that is >=M
· NM  is 
· NDM /2 if M < β* NDM /2 and K/M < Rrepthr, 1<=β<2 (exact value FFS; it is not precluded that β is a function of NDM)
· Otherwise, NDM         
· FFS the value of Rrepthr; Rrepthr = 0 not precluded
· NR is the smallest power of 2 that is >= K/Rmin
· Rmin is the supported minimum coding rate, 
· ~1/12<=Rmin<=~1/5, FFS the exact value 
· Nmax is the maximum supported mother code size 
· The mother code size N is determined as min(NM, NR, Nmax)
· Repetition is applied when M > N 
Terminology for use in RAN1 from now on: 
· Puncturing refers to non-transmission of coded bits such that the non-transmitted bits are unknown at the receiver and the corresponding LLRs can be set to zero.
· Shortening involves setting input bits to a known value, and non-transmission of coded bits corresponding to those input bits, such that the corresponding LLRs can be set to a large value at the receiver.


In this contribution, we discuss about whether repetition is required for each mother code size.
2. Discussion and simulation results
2.1. Repetition scheme
If M is slightly larger than a power of 2, which is smaller than M, performance and complexity gain [2] can be achieved by repeating only a few bits compared to puncturing / shortening with a lot of bits 
To compare repetition schemes, we use the Q-sequence [3] and the CA-SCL (=8) decoding algorithm. The QPSK modulation and AWGN channel are assumed in our simulations. CRC polynomials is given by [4]:
.
We use four repetition schemes. One is to naturally repeat from coded bit index 0 (Rep_natural), and another is to repeat from bit 0 to bit reverse (Rep_BR). And the others start from the index N-1 inversely (Rep_natural_inv, Rep_BR_inv). 

Figure 1 and appendix-A show the BLER when K=64 and the repetition rate(=) is 1/6, 1/5, 1/4, 1/3, 1/2. It can be seen in the figures that the natural and natural_inv repetition schemes outperform BR and BR_inv schemes. 
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Figure 1. Comparison of repetition schemes at repetition rate 1/5
Observation 1: the natural and natural_inv repetition schemes outperform BR and BR_inv schemes.
Proposal 1: If we use a repetition scheme, adopt natural and/or natural_inv scheme.
 
2.2. Puncturing/shortening scheme
2.2.	Puncturing/shortening
Puncturing / shortening terminology was defined at the last meeting. We compare shortening (BR_inv) and puncturing (split-natural) schemes against natural_inv repetition schemes as well as repetition for various K and M. 
Figure 2 and 3 show grey region that the repetition scheme outperform puncturing and shortening when repeating from N=64 and N=128, respectively. Elements in Figures represent the required SNR (to achieve target BLER=10-2).
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Figure 2. Comparison of repetition, puncturing and shortening when repeating from N=64
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Figure 3. Comparison of repetition, puncturing and shortening when repeating from N=128
The region where repetition outperforms can be changed according to K and M. The threshold code rate (Rrepthr) may be different for each N. However, exact threshold code rate should be FFS. 
Data of the repetition, puncturing and shortening in Figures 2 and 3 are given in appendix-B. In the appendix-B, the region where repetition outperforms can be changed according to puncturing and shortening scheme.
Observation 2: There is a region where the repetition outperforms for each K. 
Observation 3: The region where repetition outperforms can be changed according to puncturing and shortening scheme.
Proposal 2: Adopt the repetition scheme for each N. 
Proposal 3: The threshold code rate (Rrepthr) to which repetition is applied is FFS. 

3. Conclusion
In this contribution, our observation and proposals are as follows:
Observation 1: the natural and natural_inv repetition schemes outperform BR and BR_inv schemes.
Observation 2: There is a region where the repetition outperforms for each K. 
Observation 3: The region where repetition outperforms can be changed according to puncturing and shortening scheme.
Proposal 1: If we use a repetition scheme, adopt natural and/or natural_inv scheme.
Proposal 2: Adopt the repetition scheme for each N. 
Proposal 3: The threshold code rate (Rrepthr) to which repetition is applied is FFS.
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Appendix
· A: Comparison of repetition schemes
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Figure 4. Comparison of repetition schemes at repetition rate 1/6
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Figure 5. Comparison of repetition schemes at repetition rate 1/4
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Figure 6. Comparison of repetition schemes at repetition rate 1/3
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Figure 7. Comparison of repetition schemes at repetition rate 1/2

· B: Required SNR for repetition/shortening/puncturing schemes (to achieve target BLER= 10-2)
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Figure 8. Required SNR of repetition scheme for N=64.
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Figure 9. Required SNR of shortening scheme for N=128.
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Figure 10. Required SNR of puncturing scheme for N=128.
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Figure 11. Required SNR of repetition scheme for N=128.
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Figure 12. Required SNR of shortening scheme for N=256.
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Figure 13. Required SNR of puncturing scheme for N=256.
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157| -4.65496| -4.21574| -3.85486| -3.42617| -3.14035| -2.85228| -2.50678| -2.26264 -132195 -0.19349 0.876207 3.250594





image10.png
BR_inv N
20 22| 24) 26 28 30 32) 34) 40 50 60 86
129] -376409] -3.10092| 298073 -2.58134] -226263| -1.94168] -1.74703| 141094 041743 0829192
131] -38335] -3.32264| 3.04235] -27064] 232135 -1.97419] -1.86838| 146493 047671 0692712 5.642676
133 -3.92222| -3.36662| 3.03078] -2.73527| -241428] -2.00988] -1.81768| 146458 057399 0494453 4191813
135 -3.97432] 330326 311594 -2.82245] -2.3794] -2.20643] -1.9242| 161129 060972 0429302 2.940302
137 -3.99363] -3.39319| 327181[ -2.82983] -253828| -2.09383| -1.97447| 174337 -0.7882 0303121 2186039 7.969453
139| -4.02406] -346807| 326278 -2.97338] -253807| -2.19116] -2.11472| 177687 -0.85206) 0239531 1594813 6120368
141] -4.09912| -343788| 330006 -2.99794] -264942] -2.31068] -2.16388 -1.8486 089115, 0180686 1381559 5.111164
M 143 -425692] -3.57397| 327295] -3.0871] -262283| -2.40755] -2.21221| 188866 098207, 0093854] 1245376 4.812784
145 -4.23634] -3.52072| 3.44447| -3.18858] -269682| -2.35641] -2.14632| 192861 -115189) 0033788 1201643 4.816854
147| -439183] -3.70715| 3.40241[ 3.23311] 280363 24712 -2.21061| 205127 123073 -0.10748] 1102046 4.296994
149| -434793] -3.87097| 3.42077| -3.37697| -284623| -2.59072| -2.27266| 215866 -140521] -0.14572) 1023938 3.728484]
151] -441688] -3.77431| 364681 -3312] -284561| -2.67847| -2.38385 209726 139219 0.2178 0872129 3396367
153 -4.37235] -3.77412] 365288 -3.46597| -282572| -2.56621] -2.33095| -2.1583 146295, -0.3849 0.663082 2924642
155 -4.57416] -3.86636] 3.76746] -34542] 297961| -273911] -2.40881| 218178 152395, -0.49622) 0639413 2708699
157] -453312] -3.98844] -3.64159] -3.36934] -311548] -2.83394] -2.52904] 232111 169424 -0.47597 0.545273 2707416





image11.png
Split_natural <
20 22 24 26 28 30 32 34 40 50 60 86
129| -370991| -3.32288| -2.77721| -243445| -2.08244| -1.78006| -161798| -1.21695| -0.4196 1.044139 2.135916 4557128
131| -3.6787| -3.51042| -2.90853 .52352| -2.19577| -1.85807| -1.70316 -1313 -0.6069 0.829036 1.965694| 6.511026
133| -3.84068| -3.43542| -3.01765 .70179| -2.23174| -1.91697| -166065| -1.4421 -066711 0.760845 1.842641] 4.800509
135| -4.05904| -3.62126| -3.05833| -275177| -2.40231| -1.99491| -1.82607| -1.54423 -0.71833 0.596552 1669792 4167864
137| -405152| -3.59974| -318179| -2.8338| -2.42403| -2.10251| -1.87695| -1.64298 -0.80579 0.453588 1.568989 3976404
139| -4.0314| -3.63226| -3.21249| -2.8508| -2.52465| -2.21838| -1.98351| -1.7211 -0.9889 0.418877 1456812 3.740766
141| -4.25354| -3.78853| -3.28042| -2.9354| -2.60037| -2.28044| -2.11025| -1.69299 -0.96003 0.235244 1.309946 3.564055
M 143| -4.25275| -3.87003| -3.38965| -3.07418| -2.58009| -240483| -2.09466| -1.76392 ce -1.0511 0.223197 1165952 3522929
145| -4.26355| -3.89903| -3.38843| -3.07597| -2.65201| -2.53435| -2.2672| -1.87411 -118066 0.109019 1.147404] 3.36875
147| -436652| -4.00179| -3.51258 .18209| -2.86556| -2.5769| -231068| -1.98301 -123175 -0.0145 1.009523 3195979
149| -4.4031| -3.98932| -3.60572| -3.3282| -2.9381| -245707| -2.28942| -2.08422 -1.38029 0.02348 0.909607| 3.023531
151| -445576| -4.10364| -3.52157| -3.3631| -2.97355| -2.69151| -2.3388| -1.97645 -144247 -0.14009 0.874095 3.027306
153| -4.56537| -4.10205| -3.71229 .35831| -2.99063| -2.68436| -244124| -2.12421 -133995 -0.17985 0.729369 2913621
155| -463435| -4.2712| -3.74081| -342321| -3.15577| -2.79979| -2.63378| -2.2942| -146946 -0.35481 0.672488| 2.858495
157 5684| -4.24498| -3.83613 45335| -3.2459| -2.82601| -2.57037| -2.32511] -1.54415 -0.33835 0625451 2726607
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