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Introduction
In RAN1#87, Polar codes were agreed to be the channel coding scheme regarding uplink and downlink control information for eMBB except for very small block size ‎[1]. For very small block size  a variation of (N=32, K=11)-Reed-Muller (RM) block codes, aka dual-RM code, is used in LTE ‎[2], by segmenting the code into two equal parts. 

In this contribution, we compare the performance of three coding candidates, dual-RM code ‎[2] (using ML or FHT decoder), CA-Polar ‎[4] and PC-Polar [3] codes (using SCL decoder).  The LTE-RM performance for  is studied in the companion contribution [5].
Dual-RM code 
Channel coding of control information bits for more than 11 bits is done using dual-RM code ‎[2]. Using dual-RM scheme, the information bits   , where , are segmented into two parts, namely

and


The encode codewords are then linear combinations of the information sequences and the basis sequence of the LTE-RM code, denoted by :


and





The output bit sequence  to be transmitted over channel is obtained by the concatenation and circular repetition of the bit sequences  and  shown above. 
In our simulation study, the received codeword is decoded using ML decoding or its low-complexity realization: FHT decoding algorithm. 


Performance comparison
The performance of three coding candidates are compared:
1. dual-RM (using ML or FHT decoder); 
2. PC-Polar ‎[3] codes (using SCL decoder with list size L=8);
3. CA-Polar ‎[4] codes (using SCL decoder with list size L=8);
Further simulation setup is summarized in Table 1. Also note that codeword length is chosen as N =48 as used in LTE PUCCH format 3 ‎[2]. For the CA-Polar code, a CRC outer code is concatenated with the original Polar code to check if any of the candidate paths in the list is correctly decoded. 
In the following simulations, it is assumed that the information bits at the input to the encoder do not contains CRC bits. Thus, 3 CRC bits are added to the end of K information bits to be encoded using CA-Polar code. The PC-Polar decoder uses no CRC bits and just selects the list with the best path metric. 
[bookmark: _GoBack]However, it is known that for the studied sizes of K>11 bits, the information bits at the input to the encoder is expected to contains CRC bits, for example, 8 CRC bits as in LTE UCI. In this case, CA-Polar can achieve better performance by using a CRC polynomial of (8+3)=11 bits, rather than assuming two independent, concatenated CRC vectors of length 8 and 3, respectively. Note, however, the 8 CRC bits carried with information bits are treated the same as normal information bits by dual-RM and PC-Polar codes, thus not affecting their performance.
The simulation results are shown in Figure 1 – Figure 3.

[bookmark: _Ref477945034]Table 1 – Simulation setup for various block codes
	Channel/Modulation
	AWGN/QPSK

	Code length N
	48

	Information length K
	12~22

	Targeted BLERs
	0.1, 0.01, 0.001

	Coding scheme
	LTE-RM ‎[2]
	PC-Polar ‎[3]
	CA-Polar  ‎[4]

	Decoding algorithm
	ML (or FHT)
	PC-SCL
List = 8
	SCL
List = 8



From the simulation results, we have the following observations:

Observation 1 Dual-RM code exhibit inferior performance as compared to CA-Polar and PC-Polar codes. 
Observation 2 CA-Polar code outperforms PC-Polar codes for .

It needs to be further studied whether CA-Polar or extended LTE-RM code should be used to cover , as LTE-RM has been proposed to cover up to K=14 bits. 
Considering the comparison between the coding candidates, we propose
1. Adopt CA-Polar codes for short control information bits of NR, at least when  . FFS whether CA-Polar or extended LTE-RM code is used to cover .



[image: ]
Figure 1 – Required SNR vs. K for BLER = 0.1


[image: ]
Figure 2 – Required SNR vs. K for BLER = 0.01
[image: ]
Figure 3 – Required SNR vs. K for BLER = 0.001



Conclusions
We have studied the performance of three coding candidates: dual RM, CA-Polar and PC-Polar codes for coding of information bits of size . Based on our simulation results, we have the following observation and proposal.

Observation 1 Dual-RM code exhibit inferior performance as compared to CA-Polar and PC-Polar codes.
Observation 2 CA-Polar code outperforms PC-Polar codes for .

1. Adopt CA-Polar codes for short control information bits of NR, at least when  . FFS whether CA-Polar or extended LTE-RM code is used to cover .
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref477950120]Chairman’s notes RAN1#87
[bookmark: _Ref478032476]3GPP TS 36.212, Multiplexing and channel coding, V12.0.0, December 2013
[bookmark: _Ref471458957]R1-164040, On latency and complexity, Huawei, HiSilicon, RAN1#85, Nanjing, China, May 2016
[bookmark: _Ref478112317]R1-1701630, Design of CRC-assisted Polar code, Ericsson, RAN#188, Athens, Greece, February 2017
R1-1704320, “Block Codes for Very Short Control Information,” Ericsson.

	2/5	
image2.wmf
n

i

M

,


oleObject2.bin

image3.wmf
(

)

é

ù

å

-

=

×

=

1

2

/

0

,

2

mod

~

K

n

n

i

n

i

M

o

q


oleObject3.bin

image4.wmf
é

ù

(

)

é

ù

å

-

-

=

+

×

=

1

2

/

0

,

2

/

2

mod

~

~

K

K

n

n

i

n

K

i

M

o

q


oleObject4.bin

image5.wmf
i

q

~


oleObject5.bin

image6.wmf
i

q

~

~


oleObject6.bin

image7.emf
12 13 14 15 16 17 18 19 20 21 22

Information block length K

-2

-1.5

-1

-0.5

0

0.5

1

1.5

2

E

s

/

N

0

 

[

d

B

]

 

r

e

q

u

i

r

e

d

 

t

o

 

r

e

a

c

h

 

t

a

r

g

e

t

 

B

L

E

R

 

=

 

0

.

1

BLER = 0.1

LTE-RM (N =48)

PC-Polar (N = 48)

CA-Polar (N = 48)


image8.emf
12 13 14 15 16 17 18 19 20 21 22

Information block length K

-1

-0.5

0

0.5

1

1.5

2

2.5

3

3.5

4

E

s

/

N

0

 

[

d

B

]

 

r

e

q

u

i

r

e

d

 

t

o

 

r

e

a

c

h

 

t

a

r

g

e

t

 

B

L

E

R

 

=

 

0

.

0

1

BLER = 0.01

LTE-RM (N = 48)

PC-Polar (N = 48)

CA-Polar (N = 48)


image9.emf
12 13 14 15 16 17 18 19 20 21 22

Information block length K

1

1.5

2

2.5

3

3.5

4

4.5

5

E

s

/

N

0

 

[

d

B

]

 

r

e

q

u

i

r

e

d

 

t

o

 

r

e

a

c

h

 

t

a

r

g

e

t

 

B

L

E

R

 

=

 

0

.

0

0

1

BLER = 0.001

LTE-RM (N = 48)

PC-Polar (N = 48)

CA-Polar (N = 48)


image1.wmf
11

2

£

£

K


oleObject1.bin

