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In the RAN1#88 meeting the following agreements were reached [5]:
Agreement: 
· Number of base graphs for eMBB is FFS between 1 and 2
· Evaluate the potential gains from 2 base-graphs compared to a single base-graph until RAN1#88bis
In this contribution, we present the BLER performance evaluation of multiple LDPC schemes at levels 10-2 and 10-4 for all the code rates and codeword lengths of eMBB data channel. 
Performance evaluation
The simulation set-up is provided in Table 1. The following codes were simulated (see Figure 1):
· Codes A and A-Low (high and low families from [1]) 
· Code B [2]
· Nested NC-QRO LDPC code [3]
In all cases layered decoder processes the PCM from bottom to top order of rows.
Table 1 Simulation assumptions
	Channel
	AWGN

	Modulation
	QPSK

	Coding Scheme
	LDPC

	Code rate 
	1/5, 1/3, 2/5, 1/2, 2/3, 3/4, 5/6, 8/9
(rates <=1/2 for A-Low)

	Decoding algorithm
	Flooding BP (max_iter = 50),
Layered offset MS (max_iter = 15, scale=1, offset=1/2)

	Info. block length (bits w/o CRC)
	40,48,…,512, 528,544,…,1024, 1056,1088,…,2048, 2112,2176,…,6144, 6272,6400,…,8192

	Circulant sizes
	1,2,…,16, 18,20,…,32, 36,40,…,64, 72,80,…,128, 144,160,…,256, 288,320,…,512
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[bookmark: _Ref470816565]Figure 1. Performance results, Es/N0(dB) at BLER=, QPSK, BP decoder, 50 iterations.
From the figures above, it can be observed that the NC-QRO code has similar or better performance than the code A for any code rate and codeword length, particularly for code rate 1/5, where up to 0.1 dB gap can be observed. Even though discrete set of allowed circulant sizes is used (see Table 1), it is observed that the performance curve of NC-QRO code is smooth over information length K for all code rates.  For K<=2048 and 4096 and rate<=1/2 NC-QRO code has better performance than code A-Low. Code B has worse performance than both NC-QRO and code A for rates from 2/5 to 3/4.
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Figure 2. Performance results, Es/N0(dB) at BLER=, QPSK, LOMS decoder, 15 iterations.
From the figures above, it can be observed that the NC-QRO code has comparable performance to code A over the code rates and codeword lengths, with the NC-QRO scheme having better performance for code rates smaller than 3/4 and code A having better performance for rates larger than 3/4. Code B has worse performance than both NC-QRO and code A for rates from 1/2 to 3/4.
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]

Figure 3. Performance results, Es/N0(dB) at BLER=, QPSK.
From the figures above, it can be observed that the proposed NC-QRO code has no error floor at BLER=10-4.  Code A shows an error floor for code rate 3/4, and code B does not show an error floor.
Implementation aspects for the three codes are discussed in [4], where it is shown that the NC-QRO code outperforms codes A and B in terms of latency and throughput. 
Observation 1:  In terms of BLER, the NC-QRO LDPC scheme outperforms code A for low and high code rates, and outperforms code B for middle code rates. 
Observation 2:  NC-QRO LDPC scheme outperforms code A-Low for short K and rate<=1/2.
Observation 3: The NC-QRO LDPC scheme with offset lifting method described in [3] has no error floor at BLER=1e-4. 
Observation 4: Multiple base-graphs solution has no benefits in comparison with single base-graph solution in terms of decoding performance for all code rates.
Conclusions
This contribution presented the BLER performance evaluation of multiple LDPC schemes at levels 10-2 and 10-4. It is shown that the NC-QRO  LDPC code has good performance with fine-granularity for all code rates and codeword lengths of eMBB data channel. 
From the simulation results, it is observed that  
Observation 1:  In terms of BLER, the NC-QRO LDPC scheme outperforms code A for low and high code rates, and outperforms code B for middle code rates. 
Observation 2:  NC-QRO LDPC scheme outperforms code A-Low for short K and rate<=1/2.
Observation 3: The NC-QRO LDPC scheme with offset lifting method described in [3] has no error floor at BLER=1e-4. 
Observation 4: Multiple base-graphs solution has no benefits in comparison with single base-graph solution in terms of decoding performance for all code rates.
Based on the observations above, we have the following proposal
Proposal 1: Single base-graph solution should be used for LDPC codes for eMBB data channel.
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