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1. Introduction 
In RAN1#87 the following is agreed on URLLC HARQ support:
· Asynchronous and adaptive HARQ is supported for DL
This contribution discusses some considerations in using HARQ retransmission for URLLC.
2. Discussion
URLLC requires a reliability of 1-10-5 [1] which would require a BLER of 10-5 if only a single transmission is used.  HARQ retransmission would relax the BLER requirement of the initial transmission.  However, HARQ retransmission may increase the latency of a URLLC transmission since a retransmission is sent only when a NACK HARQ feedback is received as shown in Figure 1 for downlink URLLC transmission.  Here, the 1st URLLC transmission ends -at time (1, and it is assumed that the NACK can be transmitted after delay THARQ, which mainly consists of UE processing delay.  This leads to a best case retransmission delay of TReTx, taking into account some processing delay at the gNB between time (3 and (4.
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Figure 1: Delay in HARQ retransmission

In [2] & [3], aggregation of retransmissions, i.e. repetition of the URLLC transmission during the period THARQ, is proposed as shown in Figure 2.  Here, the URLLC retransmissions (repetitions) are transmitted to the UE before a HARQ feedback is received.  This method is similar to that used for LTE eMTC where repetition is used to increase the reception probability of the transmission.  However, it is known that such a method is spectrally inefficient and in the uplink would consume UE battery power and causes interference.  It should also be appreciated that the UE would need to combine and process these additional retransmissions/repetitions and so the time between the 1st URLLC transmission and the HARQ feedback is increased from THARQ to T’HARQ.
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Figure 2: Retransmission/Repetition of URLLC transmission prior to HARQ feedback
Observation 1: Blind retransmission/repetition of URLLC prior to HARQ feedback is spectrally inefficient and may increase UE battery power consumption in the uplink.
It is beneficial if the retransmission/repetition between the 1st URLLC transmission and the HARQ feedback is transmitted if it is deemed necessary rather than blindly transmitted.  One method is to transmit a HARQ feedback as soon as the UE can decode the URLLC packet, i.e. provide an early termination of the URLLC retransmissions/repetitions, which is also proposed in Rel-13 LTE eMTC.  The UE would then combine one or more URLLC retransmission/repetition and attempt to decode them.  The gNB can then monitor for a HARQ feedback and can stop the URLLC retransmission/repetition once it receives an ACK.  Similarly in the downlink the UE would monitor for HARQ feedback whilst transmitting the URLLC retransmissions/repetitions.
Proposal 1: The URLLC retransmissions/repetitions can be early terminated via an early HARQ feedback.
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Figure 3: Intermediate status feedback

Another way to reduce blind retransmissions/repetitions is for the UE to provide intermediate feedbacks of the status of its URLLC reception as shown in Figure 3.  For example, after transmission of the control channel at time (1, it would be beneficial for the gNB to know whether the DCI has been correctly received. If the DCI has not been correctly received, the gNB can immediately retransmit the DCI and corresponding URLLC transmission.  The quality of the channel estimation, for example transmitted at time (2, (assuming all RS are at the front of the URLLC transmission), would also be beneficial for the gNB to decide whether the UE is likely to decode the URLLC transmission and hence transmit the retransmission/repetitions (without the need to retransmit the DCI in this case).  LLR feedback has been proposed to use as a predictor for an early HARQ feedback in [4]. Although such prediction using LLR can be prone to error, it is still a useful indicator to the gNB to decide whether the UE is likely or unlikely to receive the URLLC transmission, which in this example is transmitted at time (3. Other intermediate feedback can be the status of the channel (LDPC) encoder (e.g. transmitted at time (4).  With some of these intermediate status feedbacks, the gNB or UE would have a better knowledge of the probability of the URLLC transmission being successful and therefore reduces the need of blind retransmission/repetition of the URLLC transmission without increasing the UE processing power.
Proposal 2: For URLLC transmission, provide intermediate feedback of the status of the receiver’s processing to reduce the number of blind URLLC retransmissions/repetitions.

The UE should still send a final HARQ feedback for the URLLC transmission. If the UE had not requested URLLC re-transmission via an intermediate feedback, the default HARQ feedback will cause HARQ re-transmission.
3. Conclusion

In this contribution we discuss some aspect of URLLC HARQ feedback and we observe the following:

Observation 1: Blind retransmission/repetition of URLLC prior to HARQ feedback is spectrally inefficient and may increase UE battery power consumption in the uplink.
We propose the following:
Proposal 1: The URLLC retransmissions/repetitions can be early terminated via an early HARQ feedback.
Proposal 2: For URLLC transmission, provide intermediate feedback of the status of the receiver’s processing to reduce the number of blind URLLC retransmissions/repetitions.
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