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1 Introduction

A new study item on New Radio (NR) Access Technology was approved [1]. For NR, three usage scenarios have been mainly considered; eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications) [2].

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. 

	· 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.



This contribution considers some aspects of partial retransmission for eMBB. 
2 Discussions 
In LTE, a transport block (TB) is the unit of transmission in physical layer, where a TB consists of one or several code blocks (CBs). Therefore, one bit is generally used to indicate HARQ-ACK information of the corresponding the TB. Once gNB does not receive HARQ-ACK or receive NACK from an eMBB UE, then the corresponding TB is retransmitted. 

Differently from LTE, NR now considers multiplexing of scheduling with various lengths of TTI. As shown in Figure 1, one example is the multiplexing of eMBB and URLLC, where the TTI length of URLLC could be much shorter than that of eMBB. It means that interference from URLLC affects only a part of the desired eMBB signal. Even for eMBB, different lengths of TTI can be used so that a small part of the desired eMBB data can be affected by other eMBB interferences, which may result in decoding failure of only a single CB in a TB. 
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Figure 1: Example of interference to eMBB UE with different lengths of TTI
In LTE, once only a single CB among all CBs in a TB is failed in decoding, the entire TB needs to be retransmitted. If NR has the same procedure as LTE does in scheduling, the resource may be inefficiently utilized by repeatedly retransmitting unnecessary data. It would be more probable for an eMBB UE to receive a TB partially interfered. In this matter, a partial retransmission can be considered in NR for eMBB.
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Figure 2. Examples of CBG-based retransmission

To support partial retransmission, the unit of retransmission needs to be determined. The minimum unit of retransmission could be considered as CB, CB-group (CBG), OFDM symbol, and mini-slot. In Figure 2, CBG-based retransmission is shown, where CB 2 and CB 3 are failed in decoding among 6 CB’s. In this example, it is assumed that CBG is a basic unit of HARQ-ACK feedback so that instead of all of 6 CB’s for retransmission, only CB 2 and CB 3 in a group can be retransmitted. In this case, the gNB can schedule CBG’s based on HARQ-ACK feedback from the eMBB UE and the DCI for retransmission may include the information about which CBG are being retransmitted. Compared to full retransmission, much resource can be saved by partial retransmission so that the saved resource can be used for other UE’s, which will result in increasing of efficiency of resource utilization. This performance improvement obviously depends on resource utilization, data arrival rate, and interference statistics. The evaluation results of CB-based retransmission of eMBB are provided in our companion contribution [3]. As shown in [3], user perceived throughput (UPT) performance gain of partial retransmission compared to legacy method depends on resource utilization, data arrival rate, and interference statistics.

The above unit of retransmission affects the required number of HARQ-ACK feedback bits from eMBB UE and the scheduling indication from gNB. Although the performance gain of partial retransmission can be obtained with smaller unit of retransmission, more bits are required for HARQ-ACK feedback and scheduling indication. The number of HARQ-ACK feedback bits must be related to the UL coverage. Therefore, the number of those bits and the unit of retransmission are chosen considering the performance gain and coverage. 
Proposal 1: Support partial retransmission of a TB for eMBB. 
The unit of retransmission is closely related to how eMBB UE generates HARQ-ACK feedback and how gNB informs the part being retransmitted. One aspect that needs to be considered for partial retransmission is how to be aware of the failed part among the entire TB. In LTE, CRC checking is a tool to make sure whether the TB is successfully decoded or not. In Figure 2, the procedure of CB segmentation and CRC attachment in LTE is illustrated. In LTE, the CRC of each CB was introduced for early termination of decoding while the CRC of a TB was in order to have high reliability of HARQ-ACK information. As it can be seen, a receiver is able to check whether each CB is failed or not by checking 24-bit CRC attached to each CB. After decoding all CBs, the receiver can check the decoding with another 24-bit CRC, which is attached to the TB. By double checking both the CB-CRC and the TB-CRC, the receiver can expect to reduce the error probability including false alarm. In NR, CRC design needs to be further studied for partial retransmission. 
If similar CRC addition is adopted for NR, CB or CBG can be considered as the minimum unit of retransmission. In that case, the number of CB’s in each CBG would determine the total required number of bits for HARQ-ACK feedback and scheduling indication.
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Figure 3: CB segmentation of TB and CRC attachment
Observation 1: CRC design needs to be further studied for partial retransmission. 
Proposal 2: CBG is a minimum unit of retransmission and CBG has N CB’s for N≥1. 

Proposal 3: RAN1 needs further study for the number of CB’s in each CBG considering throughput performance and coverage.
Once considering multiplexing of eMBB and URLLC for a given gNB, eMBB data can be failed in decoding because a part of the eMBB data is not transmitted or is superposed with URLLC data when using preemption and superposition for the multiplexing, respectively. In this case, for eMBB data recovery, the partial retransmission also can be considered. When the gNB schedules URLLC in the eMBB resources, the gNB can be expected that the part of eMBB data where URLLC is transmitted will be broken. In this case, the gNB does not need to wait for UE HARQ-ACK feedback and retransmits the part of eMBB data, which may result in reduction of delay for eMBB UE whose data is only broken by URLLC. 
Observation 2: Some part of initial transmission may be sent before the gNB receives HARQ-ACK feedback corresponding to the initial transmission from the UE. 

3 Conclusions
In this contribution, partial retransmission for eMBB was discussed. It can be summarized as below.
Observation 1: CRC design needs to be further studied for partial retransmission.
Observation 2: Some part of initial transmission may be sent before the gNB receives HARQ-ACK feedback corresponding to the initial transmission from the UE.
Proposal 1: Support partial retransmission of a TB for eMBB.
Proposal 2: CBG is a minimum unit of retransmission and CBG has N CB’s for N≥1.
Proposal 3: RAN1 needs further study for the number of CB’s in each CBG considering throughput performance and coverage.
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