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1 Introduction

Regarding scheduling and HARQ procedure in NR, it has been discussed whether and how to support more than one HARQ-ACK bits per TB. Where, the agreements in RAN1#86bis are shown as follows.
	Agreements:
· 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.


And in the RAN1 NR Ad-hoc meeting on January 2017, the following agreements are achieved.
	Agreements:
· HARQ-ACK feedback with one bit per TB is supported.

Agreements:
· 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

· Note that if RAN1 will not reach consensus in the next meeting, no support of utilization HARQ-ACK feedback with more than one bit per TB in Rel-15


In this contribution, some aspects of CB-group based retransmission for eMBB are discussed.
2 Discussion
2.1 Partial Retransmission for eMBB
In LTE systems, the scheduling unit is one subframe with one or two TBs. In a TB, there are several code blocks (CBs). In LTE systems the HARQ feedback unit is per TB. For HARQ retransmissions in NR systems, RAN1 agreed to consider HARQ feedback based on TB [1]. RAN1 agreed also to consider options to utilize HARQ feedback with more than one bit per TB [1].
NR requires the bandwidth up to 100MHz, which means that a much larger number of CBs in a TB is expected, compared to LTE systems. The partial retransmission for eMBB can be based on CBs in a TB. According to [2], CB retransmission can provide increased performance over full retransmission for all traffic load cases. This is because that partial retransmission can minimize unnecessary retransmissions by transmitting only failed CBs in previous transmissions. Compared to TB retransmission adopted in LTE, by adopting partial retransmission based on CBs, radio resources can be saved, hence  the saved resources can be used for new data or other UE’s, which can result in increasing resource utilization efficiency.
However, in NR, the number of CBs in a TB will be much larger compared to LTE, the feedback overhead will become much higher. Although CB retransmission can achieve better performance than TB retransmission, CB retransmission also results in larger feedback overhead and increased complexity. Therefore, for NR, the partial retransmissions can be more efficient with CB-group based retransmission [3].  Figure 1 shows an example on CB-group based retransmission. CB-group based retransmission can become a better solution to achieve a trade-off between throughput and feedback overhead. 
Proposal 1: CB-group based retransmission should be supported in NR.
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Figure 1: An example on CB-group based retransmission
2.2 CB-Group based Retransmission Design
Figure 2 shows the throughput improvement of CB-group based retransmission comparing with TB retransmission based on the computational analysis. 
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Figure 2: Throughput improvement of CB-group vs. TB retransmission based on computational analysis
For the computational analysis results as shown in Figure 2, following 4 TBS are selected for the analysis: (1) TBS 75376 bits with 13 CBs；(2) TBS 149776 bits with 25 CBs；(3) TBS 226416 bits with 37 CBs；(4) TBS 299856 bits with 50 CBs. The number of CRC bits for both TB and CB are 24 bits. The number of retransmission is 1. The error rate of TB retransmission is 0.1 in the analysis.

As shown in Figure 2, the CB-group based retransmission can achieve further throughput improvement. If the number of CB groups is increased up to a certain extent, i.e. greater than 10, further increasing the number of CB groups can only achieve slight improvement. That means it is not necessary to have larger number of CB groups. In other side, if the number of CB groups is selected much smaller, i.e. smaller than 4, even though the throughput improvement increased rapidly, the total improvement is still small. That means if number of CB groups is much smaller, TB retransmission can be selected.

Therefore, in design of CB-group based retransmission, it is better to select the number of CB groups reasonably to achieve a trade-off between the throughput and the feedback overhead. The number of CB groups should be selected in a range by computational analysis. 
For higher throughput scenarios, as the TB size becomes larger, if CBs in a TB is divided into much more CB groups, as the feedback overhead will be larger, it seems not suitable to adopt CB-group based retransmission with much more CB groups. Instead, it is better to limit the number of CB groups to achieve a trade-off between the throughput and the feedback overhead. In the case of much small number of CB groups, as the TB is divided into a little number of CB groups, it seems not necessary to adopt CB-group based retransmission. Therefore, a switching point between TB retransmission and CB-group based retransmission should be considered. 
Proposal 2: The number of CB groups should be selected small, and a switching point should be considered between TB retransmission and CB-group based retransmission.
3 Conclusion

In this contribution, we discuss CB-group based retransmission and give our proposal:

Proposal 1: CB-group based retransmission should be supported in NR.

Proposal 2: The number of CB groups should be selected small, and a switching point should be considered between TB retransmission and CB-group based retransmission.
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Appendix: Computational Analysis Details
Some details of the computational analysis as shown in Figure 2 are as follows.
For computational analysis, following parameters are used:
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As the error rate of TB transmission is 
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，the error rate of CB-group based transmission will be:
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For CB-group based retransmission, the ratio for correct decoding is:
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Finally, for comparing the throughput improvement of the CB-group based retransmission with the TB retransmission, the percentage of throughput improvement 
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 will be:



[image: image15.wmf]Group_THP

throughput

TB_THP

P

R1

P

=-

　

　

　

　


Where 
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 is the ratio for correct decoding for TB retransmission.
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