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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 RAN1 AH-NR meeting, the following agreements were made [2].
· RAN1 will down select following options to utilize HARQ-ACK feedback with more than one bit per TB until the next meeting

·   Option 1: CB-group based re-transmission (Samsung) 

·   Option 2: Decoder state information feedback (Nokia)

·   Option 3: CB-level outer erasure code (Qualcomm)

·   Option 4: Any combination of Option 1-3

·   Other options are not precluded

In this contribution, we would like to discuss the benefits of supporting more than one HARQ-ACK bits per TB and the corresponding feedback mechanism.
2
Motivation
In LTE systems, one HARQ-ACK bit feedback is used for one Transport Block (TB), which consists of several code blocks (CB’s). While received TB is not correctly decoded, all CB’s would be retransmitted 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 of LTE. In NR systems, URLLC data preempting or overlapping eMBB data transmission would destroy several eMBB CB’s. To re-transmit whole TB including correct decoded CB’s would also degrade the transmission efficiency.
In [3], we used NR numerology and LDPC CB size 8000 to calculate the maximum number of CB’s for NR systems. The maximum CB number per TB would be 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 CB 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. 
Proposal 1: NR should support Multiple ACK/NACK feedback bits per TB.

3
HARQ Feedback Mechanism

In this section, we would like to discuss CBG (CB group) based HARQ feedback mechanism. Fig. 1 shows the data encoding chain for a TB within CBG structure [4]. The TB is first attached TB-level CRC bits and then segmented into several CB’s. Every l CB’s are bundled into one CBG (CB group) where l can be signalled from higher layer or dynamically signalled by control channel. Another CBG-level CRC bits are attached to CBG to check the integrity. Once any error is detected by CBG-level CRC, the whole data in this CBG would be re-transmitted. The value l is a fixed value or a variable can be further studied.
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Figure 1. CRC attachment and structure.

The multiple HARQ bits feedback mechanism is shown in Fig. 2 [5]. The HARQ feedback is composed of:

· 1-bit TB ACK/NACK: this feedback corresponds to the LTE legacy feedback.
· The multi-bit CBG NACK: this feedback is only transmitted in case of decoding failure in order to indicate to the gNodeB which CBG needs to be re-transmitted.
gNodeB can determine whether to use multi-bit CBG NACK scheme and signal to UE by higher layer or dynamic control channel according to the feedback overhead or the uplink resource. If multi-bit CBG NACK scheme is not used, the feedback mechanism falls back to legacy one bit NACK feedback per TB scheme. The multi-bit feedback information can be the bitmap of CBG number. 

[image: image3.emf]gNodeB

Transmission

HARQ TB

ACK/NACK Feedback

(2 States)

1 bit feedback

HARQ CBGNACK 

Feedback Processing

(Multi States)

Multi-bit feedback

UE n

TB

Decoding

Channel

correct?

Y

ACK

NACK

N

NACK


Figure 2. Multiple HARQ bits feedback mechanism.

Fig. 3 shows the re-transmission scheme with multiple CBG NACK bits feedback. We assume CBG1 and CBG2 are decoded incorrectly. In Fig. 3 (a), only these two erroneous CBG’s are re-transmitted in one TB based on suitable redundancy version (RV). The information of RV and HARQ process indicator is carried in DCI. The format of DCI can be further studied. On the other hand, re-transmitted CBG’s can be combined with new data into one TB as shown in Fig. 3 (b). In this scheme, gNodeB can be more flexible scheduling the resource. 
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Figure 3. Retransmission scheme with multiple HARQ bits feedback.

4
LLS Evaluation

In order to investigate the throughput gain from multiple HARQ bits feedback scheme, 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 are assumed. One HARQ ACK feedback bit per TB in TB-level NACK feedback scheme, i.e., legacy LTE HARQ mechanism is used. On the other hand, one HARQ ACK feedback bit per CB/CBG is utilized in CB/CBG-level NACK feedback scheme for performance comparison. 

Figures 4 and 5 show the normalized throughput performance comparison among TB-level, CBG-level, and CB-level NACK feedback schemes under EVA-70 and ETU-300 channels, respectively. Normalized throughput is defined by total successfully received bits/total transmitted bits. As shown in Figures 4 and 5, CB-level NACK feedback scheme outperforms TB-level or CBG-level NACK feedback scheme in all SNR range. However, CRC overhead is heavy in CB-level NACK feedback scheme. In CBG-level feedback scheme, only two groups are used in simulation, i.e., one CBG has 4 CB’s. Even in case of only two CBG’s, CBG-level NACK feedback still can provide about 3% or 5% throughput gain over TB-level NACK feedback at normalized throughput 0.9 with EVA-70 or ETU-300 channels, respectively. Note that 8 CB’s are used in simulation and the throughput gain can also increase if CB number increases. If the CBG size increases, the throughput gain can be expected to enhance more. CB-level feedback is the extreme case of CBG-level feedback with CBG size equals to CB number. 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 NACK bit per TB is not so efficient in such situations.
Observation 2: Multiple ACK/NACK feedback bits scheme has throughput benefit over legacy single ACK/NACK feedback bit scheme and more gain in dramatically varying channels.

Proposal 2: NR should support CBG-based HARQ feedback scheme.
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Figure 4. Performance comparison under EVA-70 channels
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Figure 5. Performance comparison under ETU-300 channels
5
Conclusions
In this contribution, we discuss maximum code block number, propose multiple NACK bits feedback mechanism, and evaluate throughput gain of multiple NACK bits feedback scheme over one HARQ feedback 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 scheme has throughput benefit over legacy single ACK/NACK feedback bit scheme and more gain in dramatically varying channels.
Based the above observations, we have the following proposals:
Proposal 1: NR should support Multiple ACK/NACK feedback bits per TB.

Proposal 2: NR should support CBG-based HARQ feedback scheme.
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