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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #85, and 86, 86bis several contributions showed the performance of channel coding schemes for eMBB data channel and the following agreements were made.
Agreement:
· The channel coding scheme for eMBB data is LDPC, at least for information block size > X
· FFS until RAN1#87 one of Polar, LDPC, Turbo is supported for information block size of eMBB data <= X
· The selection will focus on all categories of observation, including overall implementation complexity, regardless of the number of coding schemes in the resulting solution (except if other factors are generally roughly equal)
· The value of X is FFS until RAN1#87, 128 <= X <= 1024 bits, taking complexity into account
· The channel coding scheme(s) for URLLC, mMTC and control channels are FFS
In this contribution, we analyze the performance of polar code using list decoding and turbo code for short block lengths. Unlike the conventional method of obtaining block error rate in AWGN channels, we computed the throughput gains achieved with the FEC schemes in fading channel for better understanding of the realistic gains.
[bookmark: _Ref378529477]Simulation Assumptions 
We describe our evaluations with fixed modulation/code rate and also with link adaptation, where the UE recommends the channel quality indicator through feedback channel. Feedback delay of 4 msec is assumed in our evaluations. Detailed link level simulation assumptions are shown in Table 1.  

Table 1 Detailed link level simulation assumptions 
	Assumptions 
	Value 

	Carrier frequency
	4GHz 

	Duplex 
	FDD

	System Bandwidth 
	10 MHz 

	TTI length 
	1 ms

	Subcarrier spacing 
	15KHz,

	Guard time interval
	4.7us (interval of LTE normal CP) as baseline

	FFT size 
	1024 

	Data transmission bandwidth 
	6RBs for QPSK, 3 RBs for 64 QAM, 2 RBs for 64QAM- Fixed modulation, for LA, 3 RBs

	Antenna  configuration
	1T1R 

	MCS 
	Fixed. QPSK, 16 QAM, 64QAM: 1/2 
For link adaptation: QPSK, 16-QAM and 64-QAM are considered with variable code rate

	Control Overhead 
	Zero

	Channel estimation 
	Ideal, Practical


	Channel Model
	TDL-A with 30 ns


	Polar encoder design
	SNR independent  with fixed weights

	Polar decoder
	List based decoder with list size of 32 unless specified



Analysis of Simulation Results 
Fixed Modulation and Code rate 
Figure 1 shows the spectral efficiency comparison of turbo and polar codes with QPSK modulation with code rate of 0.5.  The number of resource blocks are allocated is 6 which corresponds to an information block length of 1008 bits (TBS).  The spectral efficiency is computed based on the following formula
                                   Spectral efficiency = TBS*(1-BLER)/(T*BW)
Where, TBS is the transport block size in bits, BLER is the block error rate, T is the time duration of one subframe, BW is the actual bandwidth of target subband. It can be observed that the performance of turbo code and polar code performs almost similar. However, the performance of polar code is slightly better than turbo code at low to medium SNRs. 
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Figure 1 Spectral efficiency comparison with fixed modulation and coding with QPSK, ½ code rate
Figure 2 shows the performance with 16 QAM, ½ code rate. In this case also we observed that the performance of polar code is slightly better than the turbo code (check SNR of 10 dB). Figure 3 shows the performance with 64 QAM, ½ code rate. In this case, we can see for example an increase in throughput for polar code over turbo code. 
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Figure 2 Spectral efficiency comparison with fixed modulation and coding with 16 QAM, ½ code rate
[image: ]
Figure 3 Spectral efficiency comparison with fixed modulation and coding with 64 QAM, ½ code rate
Figure 4 shows the performance comparison with a block length of 168 bits which corresponds to 1 resource block with QPSK, ½ code rate. It can be observed that in this case also the performance of polar code is better than turbo code. 

[image: ]
Figure 4 Spectral efficiency comparison with fixed modulation and coding with QPSK, ½ code rate, 1 RB 

Observation 1: With fixed modulation and code rate, the performance of Polar code is slightly better than turbo code.
Impact of list size on the decoder performance
Figure 5 shows the spectral efficiency comparison of polar codes with QPSK modulation with code rate of 0.5 and various list sizes for 6 RB allocation.  From the figure, we can observe that the performance is not impacted by the list sizes of 8 and 16. This implies that the complexity of polar decoder can be significantly reduced by using list size of 8. 

[image: ]
Figure 5 Spectral efficiency comparison with fixed modulation and coding with QPSK, ½ code rate, 1 RB, with various list sizes
Observation 2: Polar decoder complexity can be significantly reduced without impacting the spectral efficiency
With adaptive modulation and code rate 
Figure 6 shows the spectral efficiency comparison of polar codes and turbo codes with adaptive modulation and code rate. Note that in this case, we used fixed number of resource blocks equal to 3 and adapted the modulation and code rate. In this case, we observed that the performance of polar code is slightly better at all SNRs even with list size equal to 8.   

[image: ]
Figure 6 Spectral efficiency comparison with adaptive modulation and coding

Observation 3: With link adaptation, spectral efficiency is improved with polar code at all SNRs withy reduced list size 
With practical channel estimation 
Figure 7 shows the performance comparison with practical channel estimation and with link adaptation.   In this case too, we observed that the performance of polar code is better than turbo at all SNRs even with list size equal to 8.
[image: ]
Figure 2 Spectral efficiency comparison with fixed modulation and coding
Observation 4: With practical channel estimation, the performance of polar code is slightly better than turbo code at all SNR with list size equal to 8

From these results we conclude that the polar code is a promising FEC technique for data channels compared to turbo code.
Proposal 1:  Polar code is preferred over turbo code for short block length

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we analysed the performance of polar code and turbo code for short block lengths. Our observations are as follows:
Observation 1: With fixed modulation and code rate, the performance of Polar code is slightly better than turbo code.
Observation 2: Polar decoder complexity can be significantly reduced without impacting the spectral efficiency

Observation 3: With link adaptation, spectral efficiency is improved with polar code at all SNRs withy reduced list size 
Observation 4: With practical channel estimation, the performance of polar code is slightly better than turbo code at all SNR with list size equal to 8
[bookmark: _GoBack]Based on these observations, we propose that 

Proposal 1:  Polar code is preferred over turbo code for short block length
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