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1
Introduction
In RAN1#86bis meeting, the following agreements were made for HARQ mechanism [1]. 
· At least asynchronous and adaptive HARQ is supported for eMBB.
· NR supports at least UL transmission of at least single HARQ-ACK bit.

· Consider whether/how to support more than one HARQ-ACK bits per TB.
· Consider whether/how to support single HARQ-ACK bit per multiple TBs, e.g., HARQ-ACK bundling.
In this contribution, we would like to discuss whether supporting more than one HARQ-ACK bits per TB.
2
Motivation
Single HARQ-ACK feedback bit for one Transport Block (TB) is used in LTE systems. A TB consists of several code blocks (CB’s). While received TB is not correctly decoded, all CB’s would be requested to retransmit even only one CB is erroneous. The retransmission overhead is proportional to TB size (TBS). NR peak rate requirement can be up to 20Gbps, which is more than ten times of that for LTE. It can be expected that larger number of CB enlarge retransmission overhead to degrade the data throughput in NR. In this contribution, we would like to examine the maximum CB Size (CBS) and then evaluate the throughput enhancement by multiple ACK bits for one TB in NR.  
TBS is related to OFDM symbols per Transmission Time Interval (TTI), subcarrier spacing, TTI, bandwidth, Resource Block (RB) number in one TTI, modulation order, etc. Based on the agreements of NR numerology in RAN1#86 meeting [2], several example schemes with one-layer assumption are listed in Table 1. TBS1 and TBS2 are denoted as the TBS with overhead ratio 25% and 15%, respectively. Scheme 4 has maximum TBS 571.2 kbits within one-layer transmission. 
Table 1. Examples of TBS for different schemes.
	
	OFDM
symbols
	Subcarrier 
spacing (kHz)
	TTI (ms)
	BW
(MHz)
	RB 
number
	FFT size
	Mod. 
order
	TBS1
(kbits)
	TBS2

(kbits)

	LTE
	14
	15
	1
	20
	100
	2048
	6
	75.6
	-

	Scheme1
	7
	15
	0.5
	20
	100
	2048
	8
	50.4
	57.1

	Scheme2
	7
	60
	0.125
	100
	125
	2048
	8
	63.0
	71.4

	Scheme3
	28
	240
	0.125
	400
	125
	2048
	8
	252.0
	285.6

	Scheme4
	28
	240
	0.125
	800
	250
	4096
	8
	504.0
	571.2


It was agreed in RAN1#86bis meeting that LDPC channel coding is utilized in eMBB with information bits greater than 1024 [3]. From the analysis of [4], the required SNR value decreases as the code block size increases. Once the code block size is larger than 8000, the reduction of required SNR values becomes non-significant under different code rates. Therefore, the maximum code block size can be chosen as 8000, and the maximum number of code blocks per TB would be 571.2/8 =71.4, which is about 5 times of that for the LTE system. We expect that NR data throughput would be severely degraded in the presence of large number of code blocks in one TB in case the legacy one HARQ-ACK bit feedback for TB is used.

Observation 1: Maximum CB number in NR is about 5 times of that for LTE. NR data throughput would be severely degraded with only one HARQ-ACK bit feedback per TB.
3
LLS Evaluation of Throughput
In order to investigate the throughput gain from multiple HARQ-ACK bits per TB, we conduct the link level evaluations. The simulation parameters are setting as 64QAM, 48640 bits per TB with 8 CB’s, 6080 bits per CB, rate 1/3 turbo coding/decoding with 8 iterations, resource allocation based on 20MHz LTE systems with OFDMA, 1Tx 1Rx, and maximum 4 HARQ transmissions. EVA and ETU multipath channel model is applied with Doppler frequencies 70 and 300 Hz, respectively. Perfect channel estimation and ideal CRC is assumed. One HARQ ACK feedback bit per TB in TB ACK/NACK mode, i.e., legacy LTE HARQ mechanism is used. On the other hand, one HARQ ACK feedback bit per CB is utilized in CB ACK/NACK mode for performance comparison.
Figures 1 and 2 show the normalized throughput performance comparison between TB ACK/NACK mode and CB ACK/NACK mode with EVA-70 and ETU-300 channels, respectively. Normalized throughput is defined by
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As shown in Figures 1 and 2, CB ACK/NACK mode outperforms TB ACK/NACK mode in all SNR range. CB ACK/NACK mode can provide about 6.7% or 8.9% throughput gain over TB ACK/NACK mode at normalized throughput 0.9 with EVA-70 or ETU-300 channels, respectively. Furthermore, the performance gain gets larger when channel varies faster (e.g., the ETU-300 channel) due to concurrent successful decoding of all CB’s in one TB becomes uneasy. It implies legacy one ACK/NACK bit per TB is not so efficient in such situations.
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Figure 1. Performance comparison under EVA-70 channels
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Figure 2. Performance comparison under ETU-300 channels
Observation 2: Multiple ACK/NACK feedback bits per TB scheme has throughput benefit over legacy single ACK/NACK feedback bit scheme.
Observation 3: Multiple ACK/NACK feedback bits per TB has more gain in dramatically varying channels. 

Proposal 1: NR should support Multiple ACK/NACK feedback bits per TB.

4
Conclusion
In this contribution, we discuss maximum code block number and evaluate throughput gain of multiple HARQ ACK/NACK bits per TB scheme over one HARQ ACK/NACK bit per TB scheme. Our observations are listed below: 
Observation 1: Maximum CB number in NR is about 5 times of that for LTE. NR data throughput would be severely degraded with only one HARQ-ACK bit feedback per TB.
Observation 2: Multiple ACK/NACK feedback bits per TB scheme has throughput benefit over legacy single ACK/NACK feedback bit scheme.
Observation 3: Multiple ACK/NACK feedback bits per TB has more gain in dramatically varying channels.
Based the above observations, we have the following proposal:
Proposal 1: NR should support Multiple ACK/NACK feedback bits per TB.
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