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Introduction
A transmission can be punctured by another transmission in downlink. Since this may result in decoding error for the punctured transmission, the network should repair the transmission. In this document we discuss how this is best done. 
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A punctured (re)transmission require retransmission, and is best repaired with soft combining.
The soft values corresponding to the punctured symbols must be flushed to get good eMBB performance.

In [2] we show the evaluated performance of eMBB data being punctured followed by a retransmission. We show that with adequate information of where the puncturing occurred, the UE can clean the soft buffer and achieve good decoding performance from the retransmission. This can be achieved with indication in DCI and/or blind detection in the UE.
Good decoding performance can be achieved with adequate information of puncturing location.
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Different amounts of information may be included in the indication. One approach is to indicate which symbols in the slot-based transmission have been punctured. The UE can then clean only indicated symbols in the soft buffer. An alternative approach which minimizes the signaling overhead is to only indicate to the UE whether the TB was punctured or not. The UE then simply clears the whole soft buffer corresponding to the indicated TB.
In RAN1#88b, it was agreed that multi-bit ACK/NACK feedback and CBG-based retransmission [3] are supported. This allows for a simple solution with low specification impact for clearing the soft buffer affected by DL preemption/puncturing. That is, based on multi-bit feedback, the gNB who knows which CBGs were affected by puncturing can retransmit the NACKed CBGs together with some puncturing indication to the UE. The indication can naturally be based on NR-PDCCH of the CBG retransmission. It is then possible for the UE to clear the soft buffer corresponding to indicated punctured CBGs. This method provides a good tradeoff between signaling overhead and decoding performance.
In general, CBG-based retransmission may be done before or after ACK/NACK feedback. Retransmission before receiving feedback (e.g., the gNB predicts the decoding outcome in advance given the knowledge of preemption/puncturing) has benefit in terms of reducing latency. However, it can lead to complexity issues concerning HARQ timing since the decoding failure can be a consequence of poor channel condition and/or preemption/puncturing event. To combine CBG-based retransmission and preemption/puncturing indication, it is therefore natural to perform CBG-based retransmission after CBG-based multi-bit ACK/NACK feedback.

Use CBG-based retransmission with preemption/puncturing indication to clear previous soft buffer affected by DL preemption/puncturing.
Indication is based on NR-PDCCH of the CBG-based retransmission.
CBG-based retransmission is done after multi-bit ACK/NACK feedback.

Above we propose a simple solution for DL pre-emption/puncturing based on CBG-based retransmission with indication where the UE clears the soft buffer corresponding to the indicated CBGs. In some cases, it may be desirable for the UE to be able to detect punctured resource with finer granularity, i.e., to detect more precisely which CBs in a CBG or which parts of indicated CBGs are corrupted by pre-emption/puncturing. In these cases, the UE can optionally perform blind detection of punctured resources within the indicated CBGs.

In [2] we see that retransmission with a one-bit indication for puncturing combined with blind detection in the UE gives performance comparable to perfect indication. A more detailed indication could help the decoding, and the granularity of the explicit indication is therefore FFS.
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Study the method and granularity of puncturing indication.

We conclude in [2] that blind detection algorithms in the UE gives good performance even with sparse indication that puncturing occurred. One method can be that UE performs a correlation of the two copies of a transmission with the same RV.
After receiving indication of puncturing, UE can implicitly find punctured parts of an eMBB transmission and flush corresponding soft values.
A retransmission with the same RV can be used by the UE to find the punctured region more accurately.

Finally, we note that with CBG HARQ feedback and corresponding DCI indication, only the failed or punctured CBGs need to be retransmitted. This can reduce the channel usage due to retransmission after puncturing, or alternatively lower the code rate to ensure proper decoding in the retransmission.
With CBG HARQ feedback only NACKed CBGs need to be retransmitted, and the system load due to puncturing can be reduced.
Conclusion
In section 2 we made the following observations:
1. A punctured (re)transmission require retransmission, and is best repaired with soft combining.
The soft values corresponding to the punctured symbols must be flushed to get good eMBB performance.
Good decoding performance can be achieved with adequate information of puncturing location.
More detailed indication, giving the exact location of punctured data, can improve the performance considerably.
Single-bit DCI indication that some part of a previous transmission was punctured can improve the performance of eMBB receiver. 
After receiving indication of puncturing, UE can implicitly find punctured parts of an eMBB transmission and flush corresponding soft values.
A retransmission with the same RV can be used by the UE to find the punctured region more accurately.
With CBG HARQ feedback only NACKed CBGs need to be retransmitted, and the system load due to puncturing can be reduced.

Based on the discussion in section 2 we propose the following:
1.  	Use CBG-based retransmission with preemption/puncturing indication to clear previous soft buffer affected by DL preemption/puncturing.
Indication is based on NR-PDCCH of the CBG-based retransmission.
CBG-based retransmission is done after multi-bit ACK/NACK feedback.
Study the granularity of puncturing indication.
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