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In [1] simulation results of Polar code for eMBB scenario were shown and it was concluded that “Polar code exhibits a great degree of flexibility by performing well in a wide range of eMBB scenarios requiring a large range of code lengths and code rates”. In [2] simulation results of Polar Code, LTE Turbo Code and LDPC for eMBB scenario were shown and it was concluded that “Based on the evaluation and comparison with other candidate schemes, the polar coding scheme should be further studied for the NR eMBB scenarios.”
As FEC is an inseparable part in a radio communication system, a standalone simulation of channel code is not sufficient to investigate its performance. In order to evaluate the performance of Polar Code at the system level and demonstrate the feasibility of this solution, we constructed a field test environment to evaluate polar codes. 
Polar codes have been successfully deployed in the test field. Meanwhile, till now, the performance for NR channel coding schemes are mainly compared by simulations on ideal AWGN channel. However, in this contribution, the coded data pass through the real fading channel, and channel estimation also takes effect in the system as shown in Figure 1.


Figure 1. Simplified system diagram
For a fair comparison, we design a special sub-frame structure as shown in Figure 2. The first slot of one sub-frame is coded by Turbo codes, and the second one by Polar Codes. Both Polar slot and Turbo slot are subjected to the same code length, code rate code, and channel conditions.


Figure 2. Frame structure used for field tests
Next reports from the field test results are given.
Field test environment
We implement a polar decoder (SCL32 decoder) at NR UE prototype test-bed and integrate it in our field trial test cell environment that would measure its real-time throughput performance at real radio environment. For comparison, LTE Turbo 6-iteration MLM decoder with early termination is tested in parallel for the performance reference. HARQ is not employed in the test.
Figure 3 shows a photo of the test environment, which is taken at the position of BTS (base-station). In this test case, one UE (UE#0) lies at the centre of the cell and another UE (UE#1) lies at the edge of the cell in order to test Polar Code’s performance at different SNR ranges. The system parameters are shown in Table 1.
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Figure 3. Test environment (one central UE and one edge UE behind the trees)

Table 1 System settings
	Configuration Item
	Value

	Operating Band
	4.65GHz~4.75GHz

	Data subband bandwidth
	20MHz (100RB)

	BS TRx Number
	2T2R

	UE TRx Number
	1T2R

	UE Number
	1

	MIMO mode
	open loop SFBC

	Numerology
	Subcarrier spacing:15KHz

	
	CP length:5.2us/4.17us

	
	TTI length : 0.5ms 

	CRS
	Yes

	CQI feedback
	Yes

	ACK/NACK feedback
	Yes

	AMC
	OLLA AMC

	Traffic
	Full buffer



A trial is designated to a downlink transmission from BTS and one targeted UE and lasts for approximately one minute to measure its throughput. By testing with different UEs (UE#0 or UE#1) and adjusting power control, we are able to test both Polar Code and LTE Turbo Code with the SNRs at the low, medium and high range in real time.
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We show the average throughputs of the system when Polar or Turbo is used in this section.
Table 2. Throughput performance from field tests
	
	Turbo
	Polar
	Throughput Gain

	SNR range
	RB
	Successful decoding rate
	Throughput(Mbps)
	Successful decoding rate
	Throughput(Mbps)
	

	Low (around 10~11dB)
	100
	89.891%
	31.918
	99.706%
	35.563
	11.420%

	
	50
	90.188%
	17.198
	98.139%
	18.901
	9.902%

	Medium (around 17dB)
	100
	89.963%
	51.299
	99.288%
	56.733
	10.593%

	
	50
	90.451%
	25.759
	99.323%
	28.367
	10.125%

	High (around 27dB)
	100
	89.527%
	58.830
	97.561%
	65.134
	10.716%

	
	50
	90.244%
	34.159
	99.899%
	37.844
	10.788%



Table 2 shows that the successful decoding rate and system throughput of Polar codes are higher than LTE Turbo in the field tests. According to the test results, Polar codes can be deployed in practical communication systems, and can provide high system throughput as LTE Turbo codes do. Meanwhile, there is a stable system throughput gain around 10% of Polar codes against LTE Turbo codes.
Observation 1: High throughput Polar codes can be deployed in real-time systems, and are better than LTE Turbo codes from the successful decoding rate and system throughput point of view.
Conclusion
In test field, we have successfully deployed the high throughput Polar codes, whose performance is better than LTE Turbo codes.
Observation 1: High throughput Polar codes can be deployed in real-time systems, and are better than LTE Turbo codes from the successful decoding rate and system throughput point of view.
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