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1. Introduction 
In RAN1 NR Ad-Hoc#1 the following is agreed regarding URLLC reliability:
· For an UL transmission scheme with/without grant
· K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported, 
· FFS the way K is determined

· FFS: hopping mechanisms over the transmissions
· To ensure the reliability requirement of NR-PDCCH for URLLC, at least the following aspects should be supported

· Defining a compact DCI format  targeting low BLER operation 
· The highest aggregation level should target a BLER of Y for this compact DCI format
· FFS  Y, Y<1% 
· FFS highest  aggregation levels, e.g., 16,32
· FFS other enhancements
This contribution discusses some considerations on the reliability of the control channel that schedules URLLC.
2. Discussion
URLLC requires a reliability of 1-10-5 [1] which would require that the control channel (PDCCH) scheduling the URLLC needs to be equally reliable.  The expected reliability for PDCCH is 99% in LTE, which is not sufficient for URLLC.  In [2], it is shown that to increase the PDCCH reliability from 99% to 99.999%, the DCI overhead can increase by 40% or 880%.  Hence, directly increase the coding gain or processing gain (e.g. using higher aggregation levels) of the PDCCH is not an efficient way to improve its reliability.  Therefore there is a motivation to reduce the size of the DCI.  However, it is unclear at the moment what information is required in the DCI and the agreement to define a compact DCI format can be viewed as something that RAN1 should strive for rather than something that can be worked upon now.  Hence other methods can be considered to reduce the overhead of the DCI.
In [3], it is shown that HARQ retransmission even using 2 HARQ transmissions can lower the required reliability for the initial PDCCH and also the PDSCH used for URLLC transmission.  Figure 1 shows an existing HARQ process for downlink URLLC transmission, where 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: HARQ transmission

If the PDCCH fails, the UE would not provide any feedback and the gNB may not retransmit the URLLC message.  Even if the gNB retransmits the URLLC message (e.g. at time (4), the UE would not be able to use this retransmission to soft combine with the 1st URLLC transmission since missing the initial PDCCH would lead to the UE not storing the initial URLLC transmission in its HARQ buffer.  Hence, the benefit of HARQ retransmission may not be fully utilised and thereby completely wasting the energy/resources used in the first URLLC transmission.
Observation 1: If the initial PDCCH fails, the UE will not be able to HARQ combine the subsequent HARQ retransmission, which diminishes the benefit of HARQ transmissions.
One way to overcome the drawback of PDCCH decoding failure is to provide a feedback such as ACK/NACK for the PDCCH.  This PDCCH feedback can be transmitted before the end of the URLLC transmission for an FDD system, as shown in Figure 2 where the PDCCH feedback is transmitted at time (1.  In this way, if the UE fails to receive the initial PDCCH, the gNB can take immediate steps and retransmit the PDCCH and PDSCH (e.g. if gNB detects DTX), rather than wait till the UE’s HARQ feedback.  If there is a retransmission, which can occur at any time after (1, subject to gNB decoding and scheduling delays, the UE is able to perform HARQ combining thereby improving the reliability of the URLLC data.  
Proposal 1: Support feedback for PDCCH in URLLC transmissions in FDD. 
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Figure 2: Intermediate status feedback

Additional intermediate feedbacks can be sent by the UE, for example feedback on the channel estimation quality, the LLR processing and/or FEC decoder processing, which would provide the gNB with the decoding status of the UE and thereby allow it to take early action to ensure that the transmission is successful.

Proposal 2: Consider providing intermediate feedbacks on the decoding status of the URLLC UE.

If the UE failed the PDCCH decoding and the gNB did not retransmit the PDCCH prior to the HARQ feedback, the UE could still perform HARQ combining if it knew the presence of the PDSCH carrying URLLC that it had missed.  That is, the gNB could back indicate to the UE in the HARQ retransmission the presence (e.g. resources used) of the initial URLLC transmission as shown in an example in Figure 3.  Here the UE fails to decode the 1st PDCCH and the gNB detects a DTX in the HARQ feedback (or PDCCH feedback) thereby initiating a retransmission.  The PDCCH of the retransmission at time (5 would back indicate the presence, i.e. resources used for the initial PDSCH carrying the URLLC message between time (1 and (2 in addition to scheduling the PDSCH of the retransmitted URLLC message.  By using back indication, even if the UE misses the initial PDCCH, it can still perform HARQ combining thereby improving the reliability of the URLLC transmission.  The UE can be configured to buffer the signal in every URLLC scheduling interval so that it can retrieve a potential URLLC transmission in case a back indicator is sent in a subsequent DCI.
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Figure 3: Retransmission back indicate presence of URLLC PDSCH

Proposal 3: The PDCCH in a HARQ retransmission includes a back indicator to provide information of a previous URLLC PDSCH for HARQ combining.
In [4], aggregation of retransmissions, i.e. repetition of the URLLC transmission during the period THARQ, is proposed as shown in Figure 4.  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.  This method is agreed for the uplink and we believe it is also beneficial in the downlink for URLLC transmission.

Proposal 4: K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported in the downlink.

[image: image4]
Figure 4: Retransmission/Repetition of URLLC transmission prior to HARQ feedback
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 as shown in Figure 4.
Observation 2: Blind retransmission/repetition of URLLC prior to HARQ feedback is spectrally inefficient, increases UE battery power consumption in the uplink and may affect the HARQ timeline in the downlink.
Therefore, 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 5: The URLLC retransmissions/repetitions can be early terminated via an early HARQ feedback.
3. Conclusion

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

Observation 1: If the initial PDCCH fails, the UE will not be able to HARQ combine the subsequent HARQ retransmission, which diminishes the benefit of HARQ transmissions.
Observation 2: Blind retransmission/repetition of URLLC prior to HARQ feedback is spectrally inefficient, increases UE battery power consumption in the uplink and may affect the HARQ timeline in the downlink.

We propose the following:
Proposal 1: Support feedback for PDCCH in URLLC transmissions in FDD.
Proposal 2: Consider providing intermediate feedbacks on the decoding status of the URLLC UE.

Proposal 3: The PDCCH in a HARQ retransmission includes a back indicator to provide information of a previous URLLC PDSCH for HARQ combining.
Proposal 4: K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported in the downlink.
Proposal 5: The URLLC retransmissions/repetitions can be early terminated via an early HARQ feedback.
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