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1 Introduction

During the previous RAN1 meetings discussing channel coding schemes for New RAT, outer erasure code was proposed to enhance eMBB data transmission performance when a part of resources are punctured or interference by URLLC data. An example of URLLC data transmission by puncturing eMBB data resource is illustrated in Figure 1. Since outer code can recover a few number of errored code block(s) by transmitting additional parity code block(s), it is considered as a solution for URLLC data invasion issue of eMBB data resource.
In this contribution, we provide our views on introducing outer erasure code for eMBB data transmission.
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Figure 1. An example of eMBB and URLLC data transmission
2 Usefulness of outer erasure code
2.1 Evaluation on erroneous code block distribution
In this section, we evaluated the number of erroneous code blocks when data is transmitted with uniform interference or without interference. From this evaluation, we can figure out the probability that outer coding obtains performance gain.

For the evaluation, a transport block on PDSCH is divided into 10 code blocks and the distribution of the number of erroneous code blocks is obtained. Detailed evaluation assumptions are listed in Annex.
In EPA 3km/h channel environment, BLER of PDSCH and the distribution of the number of erroneous code blocks are shown in Table 1 and Figure 2. Around 10% BLER is obtained when SNR is 13.5 dB. In this SNR, almost 30% of the PDSCH reception failure cases is the result of failing to decode the entire code blocks. On the other hand, the probability that 1 and 2 code blocks are not decoded correctly are only 1.43% and 1.18% respectively. 
Same evaluation is performed in ETU 30km/h and the results are shown in Table 2 and Figure 3. When SNR is 14.5 dB, all code blocks are decoded successfully with 91.26%. In this case, the ratio that there are one or two erronuous code blocks is increased compared to EPA 3km/h case, but 2.52% for single code block error case and 1.49% for 2 code blocks error case are still low probability.
Table 1. BLER of PDSCH and the number of erroneous code blocks for EPA 3km/h
	SNR
	BLER
	Number of erroneous code blocks

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	11.5 dB
	5.21E-01
	47.93%
	3.22%
	2.61%
	2.13%
	2.51%
	2.30%
	2.55%
	1.92%
	2.30%
	3.09%
	29.45%

	12.5 dB
	2.73E-01
	72.70%
	2.56%
	1.94%
	1.63%
	2.18%
	1.49%
	1.70%
	1.48%
	1.56%
	1.49%
	11.27%

	13.5 dB
	1.08E-01
	89.22%
	1.43%
	1.18%
	1.01%
	0.84%
	0.84%
	0.76%
	0.50%
	0.48%
	0.61%
	3.13%

	14.5 dB
	3.17E-02
	96.83%
	0.35%
	0.45%
	0.37%
	0.39%
	0.32%
	0.53%
	0.09%
	0.10%
	0.04%
	0.53%
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Figure 2. The number of erroneous code blocks for EPA 3km/h

Table 2. BLER and the number of erroneous code blocks for ETU 30km/h

	SNR
	BLER
	Number of erroneous code blocks

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	12.5 dB
	7.63E-01
	23.66%
	5.29%
	3.71%
	3.36%
	2.98%
	2.97%
	3.62%
	3.48%
	4.23%
	6.05%
	40.66%

	13.5 dB
	3.65E-01
	63.51%
	6.44%
	4.01%
	2.79%
	2.63%
	2.21%
	2.27%
	1.97%
	2.12%
	2.70%
	9.35%

	14.5 dB
	8.74E-02
	91.26%
	2.52%
	1.49%
	0.87%
	0.72%
	0.45%
	0.63%
	0.43%
	0.39%
	0.32%
	0.92%

	15.5 dB
	1.13E-02
	98.87%
	0.51%
	0.26%
	0.11%
	0.09%
	0.04%
	0.06%
	0.00%
	0.04%
	0.00%
	0.02%
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Figure 3. The number of erroneous code blocks for ETU 30km/h

2.2 Efficiency of outer erasure code 
In general, outer erasure code can recover a few number of erroneous code blocks and the recovering capability depends on the number of parity code blocks. In general, it is expected to see the benefit from outer coding when one or two code blocks are failed to decode.

However, based on the evaluation results in Section 2.1, we can observe that the probability that only one or two erroneous code blocks are occurred is unusual when eMBB data does not interference by URLLC data. Moreover, the problem is that outer coding brings throughput loss from following analysis. 
Let’s assume that outer code with p parity code blocks has a capability to correct p erroneous code blocks. Then, throughput performance Tput(p) with p parity code blocks are obtained where BLER(p) is the probability that more than p code blocks are failed to decode and TBS(p) is the transport block size when 10-p systematic code blocks are transmitted. For analysis, EPA 3km/h and 13.5 dB SNR channel environment are assumed.
· Throughput without outer coding
[image: image4.png](1 - BLER(0)) xTBS(0) _ 0.89 x 57336 bit

Tput(0) = 1 msec 1msec




· Throughput with outer coding with 1 CB correction capability
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· Throughput with outer coding with 2 CBs correction capability
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When there is short-term inference such as URLLC traffic transmission, a few number of code blocks can be influenced and correction capability of outer coding can show the effect. However, it cannot be assumed that short-term interference is occurred frequently so that throughput gain is obtained from outer coding. Moreover, when we consider TCP traffic, multiple URLLC data can be scheduled sequentially to a UE. In this case, URLLC traffic would impact on too many eMBB code blocks and outer coding would be useless. Furthermore, it should be noted that there are different mechanisms to address short-term interference without degrading throughput at least in case it is predictable. Thus, the overall benefits of employing outer code seems yet unclear.
Therefore, in our view, applying outer erasure code and transmitting parity code block(s) to eMBB data seems inefficient. Instead, other schemes to transmit eMBB data efficiently under impact from URLLC data should be investigated. 
Observation 1: Without short-term interference, outer erasure code causes throughput loss.
Observation 2: It can be ineffective to apply outer erasure code to eMBB data transmission. 
Proposal 1: Unless significant gain is shown, baseline assumption is not to adopt outer code for NR eMBB data transmission. 
3 Alternative solutions for eMBB data performance enhancement
In this section, we discuss other alternative solutions to transmit eMBB data under interference from URLLC data, instead of applying outer erasure code which causes additional overhead always by transmitting parity code block(s).
When transport block is divided into a few number of code block(s), following solution can be considered. 

(1) OFDM symbols impacted by URLLC data or not used for eMBB data transmission are punctured and excluded from data decoding. For this scheme, indication of OFDM symbol(s) not used for eMBB data transmission could be necessary.

On the other hand, other solutions in (2)-(4) can be taken into account for eMBB data transmission consists of many code blocks.
(2) To reduce transport block reception failure from a few number of erroneous code blocks, distributing the impact from URLLC traffic to all code blocks can be considered. For this purpose, inter-CB interleaving can be applied. 
(3) With the same purpose with scheme (2), time-first mapping of code blocks instead of frequency-first mapping in current specification can be considered.

(4) If the reception of data is failed, additional code block(s) can be transmitted for retransmission. For example, erroneous code block(s) or parity code block(s) if benefits are shown from the initial transmission can be retransmitted later. This scheme may require UE feedback of the number or location of erroneous code blocks and eNB indication of the information about the code blocks for retransmission.
Solution (2) and (3) have a benefit of reducing the maximum interference level per code block. However, since decoding of each code block can be started after receiving all OFDM symbols for data transmission, decoding latency reduction effect from code block separation cannot be obtained and A/N transmission of data within the same subframe for self-contained structure would be challenging.

In general, eMBB data does not have tight latency requirement to transmit data successfully, so retransmission based scheme in (4) is considerable. 
Proposal 2: If short-term interference issue needs to be addressed, consider mechanisms which minimize the unnecessarily overhead and user throuhgput loss for eMBB data transmission. 
4 Conclusion 

In this contribution, we discussed about the usefulness of outer erasure code and other alternative solutions. Based on the discussion, we obtained following observations and proposals.
Observation 1: Without short-term interference, outer erasure code causes throughput loss.
Observation 2: It can be ineffective to apply outer erasure code to eMBB data transmission.

Proposal 1: Unless significant gain is shown, baseline assumption is not to adopt outer code for NR eMBB data transmission. 
Proposal 2: If short-term interference issue needs to be addressed, consider mechanisms which minimize the unnecessarily overhead and user throuhgput loss for eMBB data transmission. 
Annex
Table 1. Evaluation assumptions
	Parameter
	Value

	Carrier frequency
	2 GHz

	System bandwidth
	20 MHz

	Antenna configurations
	2 Tx (eNB), 2 Rx (UE)

	Channel model and UE speed
	EPA 3km/h, ETU 30km/h

	PDSCH PRBs
	100 PRBs

	PDSCH transmission scheme
	SFBC

	Transport block size
	57336 bits

	Modulation order
	64 QAM

	The number of code blocks
	10

	Receiver type
	MMSE

	Channel estimation
	realistic
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