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1. [bookmark: _Ref449341288][bookmark: _Toc273549427]Introduction
In the contribution, we have identified one potential issue with the current HARQ feedback mechanism. In the current HARQ feedback mechanism, only one-bit ACK/NAK feedback is generated for each received transport block based on the decoding results of all code blocks consisted in the transport block. The feedback overhead is minimized at a cost of inherent wasted retransmission resources, and it may become worse in case of the increased number of code blocks in one transport block in eMBB. 
Therefore we propose 3GPP RAN1 to investigate this issue and discuss possible improvements in the NR study item.
2. The current HARQ feedback mechanism
1. 
1. 
2. 
In LTE, Hybrid-ARQ is applied on both uplink and downlink based on the concept of transport block (TB). One TB is split into multiple code blocks (CB), as shown in Fig.1. Due to the implementation and decoding delay constraints, the maximum size of each CB is much smaller than the size of one TB in the high data rate case. The maximum size of one CB is 6144 bits [1], and the maximum size of one TB is 195816 bits thus one TB might contain 32 CBs [2]. 
At the receiver side, each CB is decoded independently based on its own soft bits input. An overall feedback bit ACK/NAK is generated for each TB based on the decoding results of all CBs consisted in the TB. Only when all of CBs are correctly decoded, which means the TB is correctly received, an acknowledgement (ACK) signalling for the TB will be sent back to the transmitter; otherwise, a none acknowledgement (NAK). When the transmitter gets a NAK feedback from the receiver, it will retransmit the whole TB in the specified RV once again and the receiver combines the soft bits in the previous transmission with the soft bits in the retransmission, and performs the decoding.  The overhead of the one-bit feedback signalling for each TB is minimized in this way.
According to the above description, it can be seen that in the current mechanism, those CBs which are already correctly decoded in the first transmission, are also unnecessarily retransmitted in the retransmission, which implies an inherent waste in the retransmission.  Obviously the minimization of feedback signalling causes the unnecessary retransmission of those CBs.
 [image: ]
Figure 1. HARQ feedback / retransmission mechanism
Observation 1: A waste occurs in the retransmission due to the unnecessary retransmission of the correctly decoded CBs in the first transmission at a cost of minimized feedback signalling.
3. Possibly worse situation in eMBB
The number of CBs in one TB might become higher in eMBB, e.g.,
(1) In case of a larger bandwidth used for data transmission, the size of one TB may be increased intending for a higher data speed. Assuming a similar size of one CB, the number of CBs in one TB will increase accordingly.
(2) In case of data transmission with a shorter delay required, the size of one CB needs to be lowered in order to have a shorter decoding delay.  Assuming a similar size of one TB, the number of CBs in one TB will also increase accordingly.
(3) The combination of (1) and (2) will make the number even higher.

Observation 2: One TB may consist of more CBs in eMBB
Fig. 2 shows how the CB error rate changes with the number of CBs with certain BLER:

where Pe is the decoding error rate for one CB, and N is the number of CBs in one TB.
[image: ]
Figure 2. TB_BLER Vs CB number
And with increase of the number of CBs in one TB, the required decoding error rate for one CB is reduced in order to achieve the targeted BLER, which means a higher transmit power for the same working point. The transmit power is increased only due to the increased number of CBs in one TB.  Thus, an unnecessarily higher transmit power may be required in addition to the wasted retransmission resources in this case.
Observation 3:  The situation may become worse in eMBB by suffering from not only wasted retransmission resources but also  an unnecessarily higher transmit power due to a large number of CBs in one TB.
Therefore, we propose 3GPP RAN1 to investigate this issue and discuss possible improvements in the NR study item.
Proposal 1: 3GPP RAN1 investigate the current HARQ feedback mechanism and discuss possible improvements in the NR study item.
4. Conclusion
In this contribution, we have the following observations:
Observation 1: A waste occurs in the retransmission due to the unnecessary retransmission of the correctly decoded CBs in the first transmission at a cost of minimized feedback signalling.
Observation 2: One TB may consist of more CBs in eMBB.
Observation 3:  The situation may become worse in eMBB by suffering from not only wasted retransmission resources but also  an unnecessarily higher transmit power due to a large number of CBs in one TB.
And based on the observations above, we have the following proposal:
Proposal 1: 3GPP RAN1 investigate the current HARQ feedback mechanism and discuss possible improvements in the NR study item.
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