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1. Introduction
At the 3GPP TSG RAN1 #86 meeting, the following agreement has been achieved. 
· Simulation Assumptions for eMBB control channel coding, as shown in Table 1.
· Evaluate the block error rate (BLER) performance versus SNR 

· Evaluate the false alarm rate versus SNR
Table 1 The simulation assumptions for eMBB control channel coding
	Channel
	AWGN

	Modulation 
	QPSK

	Coding Scheme
	Repetition
	Simplex
	TBCC
	Turbo
	LDPC
	Reed-Muller
	Polar 

	Code rate (for evaluation purposes)
	1/24*, 1/12, 1/6, 1/3, 1/2, 2/3 

	Decoding algorithm** 
	ML
	ML
	List-Viterbi
	Scaled max log MAP
	Adjusted

min-sum 
	FHT
	SC list 

	Info. block length (bits w/o CRC) (for evaluation purposes)  *** 
	1, 2, 4, 8, 16, 32, 48, 64, 80, 120, 200


* Code rate 1/24 is valid for info block length of 1-2 bits
** Other variants of agreed algorithms can be used for encoding and decoding (Complexity details should be illustrated) 

*** Each of these info. block lengths shall be evaluated at at least one of the code rates. Other info. block lengths and code rates are not precluded. Similar info. and encoded block lengths should be used for the evaluation. Total coded bits = info. Block length/code rate. Note: these info. block length and code rate are only for initial performance evaluations. They are not interpreted as design targets or assumptions for complexity analysis. 

· Companies are encouraged to provide information on complexity of their decoders, and on decoding latency. 
In this contribution, we provide some performance comparison of LDPC code, Polar code and TBCC code. The BLER and FAR performance of LDPC code, Polar code, TBCC code and Turbo code with 16 bit CRC are compared. Furthermore, for LDPC codes, the FAR performance of 12 bits CRC check with syndrome check (H*C T=0) aided is compared with that of 16 bits CRC check. Notes that FAR performance of different candidates has been derived by practical simulation on work assumption in Table 1, where the termination condition is that the number of undetected error code blocks reaches at 100.
2. Simulation conditions 

Table 2 Simulation conditions for eMBB control channel
	Channel*
	AWGN

	Modulation
	QPSK

	Coding Scheme
	  Turbo
	LDPC
	Polar
	TBCC

	Code rate 
	1/12, 1/6, 1/3, 1/2, 2/3

	Decoding algorithm**
	Scaled Max-log-MAP
SF: 0.75
	Layered 
sum-product
25 iterations
	CRC-less （parity check） List SC  with list size of 8
	List-1 Viterbi

	Info. block length*** (bits w/o CRC)
	32, 48, 64, 80, 120, 200


The simulation conditions for eMBB control channel are given in Table 2. The utilized Turbo code is LTE-turbo code, and some bits are padded to match the length of the LTE-turbo interleaver when it is necessary. However, the padded bits will be deleted to ensure transmitted code length is k/r bits, where k is the info length and r is the code rate. 

The LDPC code matrix used for comparison is given in Appendix.
3. Performance evaluation
For eMBB control channel coding, some key performance should be taken into consideration. One is the block error rate (BLER), the other is the false alarm rate (FAR).
3.1. Definition of evaluation parameters of control channel coding 

The definition of absolute FAR is expressed as following
FAR=UndetecErrNum / FrameNum                                      
and also the relative false alarm rate could be defined as 
FARr=UndetecErrNum / FrameErrNum
therein, UndetecErrNum denotes the incorrectly decoding frame number which passes the CRC check in eMBB control channel coding. And FrameErrNum denotes the incorrectly decoding frame number, and FrameNum denotes the total simulation frame number.

As we all known, the block error rate BLER is defined as
                                                        BLER= FrameErrNum / FrameNum

So the absolute false alarm rate FAR and the relative false alarm rate FARr have the relationship as following
FARr= FAR / BLER
Therefore, the candidate codes for eMBB control channel in this contribution are evaluated by both FAR and BLER while FARr could be obtained indirectly. 
3.2. Performance evaluation of candidate codes 
3.2.1. BLER Performance of candidate codes 
The BLER performances of candidate codes are shown as Figure 1 to Figure 6, which are for TB Sizes being 32, 48, 64, 80, 120, and 200 bit of all code rates respectively.  
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Figure 1 BLER performance of eMBB control channel candidate codes, TBS=32bit, CRC=16bit

(Turbo, LDPC and TBCC codes’ mother code rate=1/3)
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Figure 2 BLER performance of eMBB control channel candidate codes, TBS=48bit, CRC=16bit

(Turbo, LDPC and TBCC codes’ mother code rate=1/3)
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Figure 3 BLER performance of eMBB control channel candidate codes, TBS=64bit, CRC=16bit

(Turbo, LDPC and TBCC codes’ mother code rate=1/3)
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Figure 4 BLER performance of eMBB control channel candidate codes, TBS=80bit, CRC=16bit

(Turbo, LDPC and TBCC codes’ mother code rate=1/3)
[image: image5.emf]-8 -6 -4 -2 0 2 4 6 8

10

-3

10

-2

10

-1

10

0

Eavalutation of eMBB control channel coding,TBS=120bit, QPSK,AWGN 

Es/N0(dB)

BLER

 

 

P-1/12(list8)

P-1/6(list8)

P-1/3(list8)

P-1/2(list8)

P-2/3(list8)

P-1/12(list32)

P-1/6(list32)

P-1/3(list32)

P-1/2(list32)

P-2/3(list32)

L-1/12

L-1/6

L-1/3

L-1/2

L-2/3

CC-1/12

CC-1/6

CC-1/3

CC-1/2

CC-2/3

T-1/12

T-1/6

T-1/3

T-1/2

T-2/3


Figure 5 BLER performance of eMBB control channel candidate codes, TBS=120bit, CRC=16bit

(Turbo, LDPC and TBCC codes’ mother code rate=1/3)
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Figure 6 BLER performance of eMBB control channel candidate codes, TBS=200bit, CRC=16bit

(Turbo, LDPC and TBCC codes’ mother code rate=1/3)

Observation 1: Generally Polar codes outperform Turbo, LDPC and TBCC codes.

Observation 2: Generally LDPC codes have comparable performance to Turbo codes.

Observation 3: TBCC has shown competitive performance only when TBS < 100.
3.2.2. BLER and FAR performances of candidate codes
For some cases, FAR performances are also simulated besides BLER performances. The results are shown as Figure7 to Figure 12, which are for TB Sizes of 32, 48, 64 (without rate 1/12), 80, 120, and 200 (without rate 1/12) bit of all code rates respectively.  
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Figure 7 The performance of eMBB control channel candidate codes, TBS=32bit, CRC=16bit

(Turbo, LDPC and TBCC codes’ mother code rate=1/3)
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Figure 8 The performance of eMBB control channel candidate codes, TBS=48bit, CRC=16bit

(Turbo, LDPC and TBCC codes’ mother code rate=1/3)
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Figure 9 The performance of eMBB control channel candidate codes, TBS=64bit, CRC=16bit

(Turbo, LDPC and TBCC codes’ mother code rate=1/3)
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Figure 10 The performance of eMBB control channel candidate codes, TBS=80bit, CRC=16bit

(Turbo, LDPC and TBCC codes’ mother code rate=1/3)
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Figure 11 The performance of eMBB control channel candidate codes, TBS=120bit, CRC=16bit

(Turbo, LDPC and TBCC codes’ mother code rate=1/3)
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Figure 12 The performance of eMBB control channel candidate codes, TBS=200bit, CRC=16bit

(Turbo, LDPC and TBCC codes’ mother code rate=1/3)
The Figures show that the BLER performance of LDPC code, TBCC code and Turbo code are always close to each other at different code rates. Polar code has a better BLER performance, and the FAR performance is comparative to that of other candidate codes. TBCC shows superior FAR performance for TBS < 100 and at the low code rates of 1/12 and 1/6. However both the BLER and FAR performance of TBCC become worse when TBS > 100 and with higher code rates like 1/3, 1/2. 
Observation 4: FAR performance of all candidates is comparable when 16 bits CRC is used for error detection.
Observation 5: FAR performance of all candidates can satisfy the requirement of eMBB control channel.

3.2.3. Performance of LDPC code with12-CRC and 16-CRC
The CRC check performances of 12 bit and 16 bit are compared, and the result is shown in Figure 13 and Figure14. It is clear that for LDPC code the FAR performance of 12 bit CRC with H*CT=0 aided is superior to that of 16 bit CRC. 
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Figure 13 The performance of LDPC code for eMBB control channel, TBS=48bit, CRC=12 bit and16 bit
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Figure 14 The performance of LDPC code for eMBB control channel, TBS=200 bit, CRC=12 bit and16 bit
Observation 6: For LDPC code, the FAR performance of 12 bit CRC with syndrome check aided is superior to that of 16 bit CRC for code rate varying from 1/6 to 2/3. However, when code rate become higher and TBS become smaller, the benefit to FAR of syndrome check will degrade obviously.
Proposal 1: Polar codes are adopted as the channel coding scheme of control channel of NR eMBB.

4. Conclusion
In this contribution, we provide performance results of the eMBB control channel coding candidate codes, which include LDPC codes, Polar code, TBCC code and LTE Turbo code as a bench mark. In summary,
Observation 1: Generally Polar codes outperform Turbo, LDPC and TBCC codes.

Observation 2: Generally LDPC codes have comparable performance to Turbo codes.

Observation 3: TBCC has shown competitive performance only when TBS < 100.

Observation 4: FAR performance of all candidates is comparable when 16 bits CRC is used for error detection.

Observation 5: FAR performance of all candidates can satisfy the requirement of eMBB control channel when 16 bits CRC is used for error detection.

Observation 6: For LDPC code, the FAR performance of 12 bit CRC with syndrome check aided is superior to that of 16 bit CRC for code rate varying from 1/6 to 2/3.  However, when code rate become higher and TBS become smaller, the benefit to FAR of syndrome check will degrade obviously.
Proposal 1: Polar codes are adopted as the channel coding scheme of control channel of NR eMBB.
Appendix
The LDPC matrix

LDPC_Hbm1 = [... 

   0    0    0    0    0    0    0    0    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 

 928  126  306  106  952  352   36  486  860    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 

 335   -1  262  876  690  996  502  742   -1  561    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 

  -1  726  886  570  630  138  946   44   -1   -1  911    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 

 910   -1  928   -1   40   -1  396   -1   -1   -1   -1  544    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 

  -1  876  418   -1   -1  365   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 

  28   -1   -1  442   -1  814   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 

  -1  646   -1  772   30   -1  257   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1 

 420  768   -1   -1   -1  330   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1   -1   -1   -1 

 136  936   -1   -1   -1   -1   -1   -1   -1   71   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1   -1   -1 

 148   40  382   -1   -1   -1   -1   -1   -1   -1  268   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1   -1 

 486  928   -1  399   -1   -1   -1   -1   -1   -1   -1   30   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1   -1 

  -1  400   -1   -1  618   -1  296   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1   -1 

 290   -1   -1   -1   -1  418   -1  748   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1   -1 

 502  420   -1   -1   -1   -1  705   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1   -1 

 756  100   -1   -1   -1   -1   -1  977   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0   -1   -1  

 666  121   -1    9   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0   -1 

  -1  777   11   -1   -1   -1   -1  999   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1   -1    0  

 ];
The LDPC Encoding Process
There are three steps to encode K information bits into a codeblock of length N: choosing expanding factor and base matrix; encoding and bit selection as illustrated in Figure 6. Note that, if the size of information bits K is larger than 10240 (1280*8 for our proposed base matrix), segmentation is required to encode into multiple code blocks.

For the base matrix, the set of expanding factors is Zset = [2 4 6 8 10 12 16 20 24 32 40 48 64 80 96 128 160 192 256 320 384 512 640 768 1024 1280]. At first, 
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. Then the elements of base matrix are modified as the following:
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padding bits are inserted into the information bits starting from the 
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th bit. 
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padded bits are encoded into codeword of 
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bits. Permutation is performed to reorder the coded bits in the order of importance. This is to ensure puncturing will not puncture bits with high importance. For the base matrix,  a permutation vector PV=[0,1,2,3,4,5,6,7,8,10,11,9,12,13,14,15,16,17,18,19,20,21,22,23,24,25] can be considered to shift columns of Z bits. 
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, k=0, 1, …, nb*Z-1, where A is the original sequence and B is the shifted sequence. Bit selection is performed as the following to obtain codeword C.
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wherein null is padded bit. In other words, code block of length N is chosen starting from the 
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 systematic bit is not transmitted. Note that the mother code rate for the base matrix is 1/3. For rate lower than 1/3, systematic bits will be transmitted.
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Figure A.1  the process of LDPC encoding
Accordingly, the number of actually used rows and columns of the base matrix in the decoder can be calculated as 
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