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1. Introduction
In NR meeting, we use following terminology for rate-matching of polar codes.
	
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.




2. Unified Bit Extraction for Puncturing
First, we define following basic notations for polar codes in this contribution.
[bookmark: OLE_LINK10][bookmark: OLE_LINK1]- : number of information bits excluding CRC bits
- : number of assistance CRC bits
- : desired code rates (CRC bits are classified as parity bits)
- : number of codeword bits ()
- : mother polar code size
- : list size of successive-cancellation list (SCL) decoder 
	 In most of puncturing schemes, bit puncturing begins from the top of the polar code graph. For example, quasi-uniform puncturing (QUP) is one that bit puncturing begins from the top of the graph [1]. In a unified rate-matching scheme proposed in [2], it is also considered to puncture low-indexed bit first. Since bit shortening must begin from the bottom of the graph due to the weight-1 column selection criterion [3], there should be additional buffer management to handle both shortening and puncturing if we consider bit puncturing from the 0-th bit.
[bookmark: _GoBack]In [4], however, a unified rate-matching scheme that exploits a single bit extraction method is proposed, and it achieves excellent rate-matching performance. For the bit extraction from the buffer, bit puncturing and bit shortening all begin from the (N-1)-th, and there is no change in the order of incapable bits when puncturing is applied.
We investigate whether this unified bit extraction can be applied for different rate-matching schemes or not by some simulations. We consider a rate-matching interleavers proposed in [2]. Two bit extraction methods depicted in Fig. 1 are evaluated based on the simulation settings described in Table 1. In the unified bit extraction in Fig 1-(a), buffered bits are always extracted from the 0-th bits for puncturing, shortening, and repetition. On the other hand, the two-way bit extractions depicted in Fig. 1-(b) follows in one’s usual way that bits are loaded in a reverse order of the circular buffer when puncturing and repetition occur. 
[image: ]
Figure 1  Rate-matching with (a) unified bit extraction; and (b) two-way bit extractions

Table 1  Performance Evaluation Settings
	Code sequence
	Optimized CN sequence [5]

	Rate-matching scheme
	Unified rate-matching in [2]

	Channels
	AWGN channel 

	Modulation
	QPSK

	Decoding algorithm
	CRC-aided SCL decoding with 19-bit CRC

	List size 
	8

	Information bits 
	16:8:200 

	Code rate 
	2/3, 1/2, 2/5, 1/3, 1/4, 1/5, 1/6

	Max. mother code size 
	512 

	Rate-matching scheme
	Unified interleaving by sub-block permutation on 
Unified bit extraction from a circular buffer for puncturing/shortening/repetition

	Rate-matching criteria
	, , , and 


Note that an incapable bit allocation rule does not change by unified bit extraction. Fig. 2 shows an example regarding how subchannels at the encoder input are incapable by puncturing in [2].  
[image: ]
Figure 2  Incapable subchannel allocation by puncturing from the bottom of the graph
Fig. 3 shows the performance evaluation results, and there is no difference in performance between unified bit extraction and two-way bit extractions. Therefore, it is reasonable to apply the unified bit extraction for all types of rate-matching scheme. 
[image: C:\Users\minyc\AppData\Local\Microsoft\Windows\INetCache\Content.Word\mtk.png]
Figure 3  Performance evaluation of rate-matching with unified and two-way bit extractions

Observation 1: A unified bit extraction method achieve the same performance as two-way bit extractions if the puncturing pattern is well designed.
Proposal 1: Adopt the unified bit extraction for polar code rate-matching.
References
[1] K. Niu, K. Chen, and J.-R. Lin, “Beyond turbo codes: rate-compatible punctured polar codes,” in Proc. IEEE Int. Conf. Commun. (ICC), June, 2013.
[2] R1-1707845, MediaTek, “Polar code rate-matching design,” 3GPP TSG RAN WG1 #89, Hangzhou, P.R. China, 15-19, May 2017.
[3] R. Wang and R. Liu, “A novel puncturing scheme for polar codes,” IEEE Commun. Lett., vol. 18, no. 12, pp. 2081-2084, Dec. 2014.
[4] R1-1710750, Samsung, “Design of unified rate-matching for polar codes,” 3GPP TSG RAN WG1 NR Ad-hoc #2, Qingdao, P.R. China, 27-30, June 2017.
[5] R1-1710749, Samsung, “Design of combined-and-nested polar code sequences,” 3GPP TSG RAN WG1 NR Ad-hoc #2, Qingdao, P.R. China, 27–30 June 2017

2

image3.png
10°?

Required SNR [dB] for BLER

6

¥

—6—Rearranged rate-matching with unified bit extraction
- 8- Rearranged rate-matching with two-way bit extractions

40

60

80 100 120 140 160 180
Information Length K

200




image1.png
Repetition

— s

< z

uonnaday

Circular Buffer

Transmission m:o\@m:m Transmission m:o\@m:m
K —R— KR
uolssiwisuel]
iegh Puncturing | ;
Transmission : :
S | <
<A N Suunpund
W £ |
: 5 |
T o T
° = 5|° 2
3
2
= (=]
SN
&0 on
£ 5 £y
E: E:
s 2 T O
i3I £ X
8 g $E
& =
g b
2 bS]
M &3]
£ £
o o)
A ~

(b)




image2.png
X vector

u vector

Forced to be frozen I g

i J Punctured

OCO0O0O0O0O000 0000000 O0

ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁu 01010000
S S O 0000 00T
ooy f] o]l il

LREAE T § P NRLAe Y
SO OO X SO OO T

oZs
2o
-
e
-
e
oZs
-
e
-
e
Ol_|
oA





