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1 Introduction

In RAN WG1 #88 meeting, the following agreement on Polar code is reached [1]
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
In RAN WG1 #89 meeting, the following agreement on payload is reached [2]
[image: image1.png]Type Il SP: Example payload calculation for WB + SB amplitude

(N1.N>)= (4,4), Z=3 (8-PSK phase), for K leading coefficients

Rank 1 payload (bits)

Strongest SB phase (1 SB)
Lo Rotation L-beam CZ‘Z"";E;)“ i‘)’(V(B;"‘f” Total WB Slia(?pf:f;)r Zx(K-1)+ | Total payload
[l0g. (0,0,)]| selection (%) ° 3x (L payload 2% (2L - K) per | (WB+10SBs)
flog, 2L1 per | per layer layer e
layer
2 7 Torgl 2 9 2 3 9 102
3 ) fi0or 12] 3 15 2 3 13 192
[ ) {11 or 16] 3 21 39 5 19 279
Rank 2 payload (bits)
2 4 [7 or 8] 4 18 33 6 18 273
3 ) fi0or12] 6 30 50 6 26 370
4 ) [ ort6] 6 2 63 10 38 543
() Note:

+ K=4, 4, and 6 for L=2, 3, and 4, respectively

* I this example (for illustrative purposes), it is assumed that all p!';;” > 0. The PMI payload is reduced when p{';” = 0. Details FFS.

(**) Note: Itis FF'S if beam selection is signaled jointly using [log (*%*)] bits vs. independently using log (N; Nz) bits per beam; only one approach
will be specified. This example uses [log, (*;")] bits to calculate total WB payload and total payload.




If more than Nmax coded bits are desired due to larger payload size and/or low code rate, repetition can be applied via a rate matching algorithm, where some or all of the coded bits of the mother code are repeated. In this contribution, a segmentation scheme is introduced and compared with non-segmentation scheme for CRC-aided (CA) Polar.

2 Construction of Code

Notations in this contribution are listed in Table 1.

Table 1 Notations

	K
	information bits length

	N
	mother code block length

	M
	code block length

	L
	list size of SCL decoder

	R
	code rate (K/M)

	Rm
	mother code rate(K/N)


If the desired coded length M is more than Nmax, repetition is necessary; M=TN+P, where T is integer repetition times, P is fraction repetition length. However, there may be performance loss when the mother code rate Rm is high. For example, the code block length M>4Nmax,UCI for K >350 with R=1/12, Rm>350/1024. In order to reduce the performance loss caused by high mother code rate, one possible method is segmentation which is shown in Figure 1 (left is non-segmented coding procedure, right is segmented coding procedure). Compared to non-segmented coding, the encoding procedure requires two additional steps “Code block segmentation” and “Code block concatenation”. The bits output from code block segmentation are denoted by
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, where r is the code block number, and Kr is the number of bits for the code block number r.
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Figure 1 Non-segmented code and segmented code procedure
3 Performance evaluation
Performance comparison of segmented and non-segmented 
In this section, we compare the performance of segmented code scheme and non-segmented code scheme. An example of code block segmentation scheme is shown in Figure 2.
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Figure 2 Code block segmentation
The CA Polar simulation parameters are listed in Table 2. For segmented CA Polar codes, the receiver use SCL decoder with L=8 to decode this two segments respectively, and select best 4 paths form each segment, then cross concatenation to obtain the final 16 paths, that is to say L=16. Thus, CRC sequences of 19 and 20 bits are used for non-segmented CA Polar codes with final list size L=8, and segmented CA Polar codes with final list size L=16, respectively. The decode procedure of segmented CA Polar is shown in Figure 3.
Table 2 simulation parameters for CA Polar
	Channel
	AWGN

	Modulation
	QPSK

	Code type
	segmented
	non-segmented

	CRC length
	20-bit CRC
	19-bit CRC

	Code segmentation scheme.
	Divided into two segments equality
	

	Coding
	Arikan kernel encoding

	Rate matching
	PW repetition

	Decoding Scheme
	use SCL decoder with L=8,then select best 4 paths form each segmentation, and cross concatenation to obtain final 16 paths
	use SCL decoder with L=8

	Code rate
	1/12 1/11 1/10 1/9 1/8 1/7 1/6 1/5 1/4 1/3

	Info. block length
	100:10:500

	Nmax
	512, 1024
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Figure 3 Decode procedure of segmented CA Polar
Simulation results are shown in Figure 4 and Figure 5.
[image: image6.emf]infoBlockSize

100 150 200 250

r

e

q

u

i

r

e

d

 

S

N

R

 

@

B

L

E

R

 

1

%

-7

-6

-5

-4

-3

-2

-1

0

1

non-segment and segment for CA with Nmax = 512

non-segment 1/12

segment 1/12

non-segment 1/11

segment 1/11

non-segment 1/10

segment 1/10

non-segment 1/9

segment 1/9

non-segment 1/8

segment 1/8

non-segment 1/7

segment 1/7

non-segment 1/6

segment 1/6

non-segment 1/5

segment 1/5

non-segment 1/4

segment 1/4

non-segment 1/3

segment 1/3


Figure 4 non-segmented and segmented code performance for CA Polar with different code rates
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Figure 5 non-segmented and segmented code performance for CA Polar with different code rates
Simulation results shown that when information block length K is greater than a threshold X, there is coding gain of segmented coding compared to non-segmented coding and the gain increases as the increase of the information block length. For Nmax = 512, X is in the range of [160 230] and for Nmax = 1024, X is in the range of [320 450]. X decreases as the code rate decreases. For instance, segmentation shows coding gain for K >200 with R<=1/4 for Nmax,DCI=512 and for K >400 with R<=1/4 for Nmax,UCI=1024.    
The segmented code can achieve about maximal 0.3 dB and 0.5 dB coding gain over non-segmented code for DL and UL respectively. The number of segments is at most 2 for downlink with Nmax,DCI =512 and for information block size up to K = 250. The number of segments is at most 2 for uplink with Nmax,UCI =1024 and for information block size up to K = 500.

Observation 1 : Segmentation has maximal 0.3 dB and 0.5 dB coding gain than non-segmented code for Nmax,DCI=512  and for Nmax,UCI=1024 respectively.

Observation 2 : Segmentation can achieve coding gain when K >200 with R<=1/4 for Nmax,DCI=512.

Observation 3 : Segmentation can achieve coding gain when K >340 with R<=1/5 for Nmax,UCI=1024.

Observation 4 : The number of segments is at most 2 for Nmax, DCI =512 and K up to 250 and Nmax, UCI =1024 and K up to 500.

Proposal 1 : If K > X, segmentation should be supported to enhancement the performance at least for Nmax,UCI=1024, X is FFS.

4 Conclusion

In this contribution, we discuss some aspects of Polar codes with maximum mother code size for CA Polar. We have the following proposal and observations:
Observation 5 : Segmentation has maximal 0.3 dB and 0.5 dB coding gain than non-segmented code for Nmax,DCI=512  and for Nmax,UCI=1024 respectively.

Observation 6 : Segmentation can achieve coding gain when K >200 with R<=1/4 for Nmax,DCI=512.

Observation 7 : Segmentation can achieve coding gain when K >340 with R<=1/5 for Nmax,UCI=1024.

Observation 8 : The number of segments is at most 2 for Nmax, DCI =512 and K up to 250 and Nmax, UCI =1024 and K up to 500.

Proposal 1 : If K > X, segmentation should be supported to enhancement the performance at least for Nmax,UCI=1024, X is FFS.
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