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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
We submitted a document discussing methods to improve URLLC reliability through feedback to the RAN1_NR_AH2 in Qindao [4], but the agenda item was not treated at that meeting. Hence the document is resubmitted for the current meeting.

2. Discussion
Our companion Tdoc [2], discusses improving the reliability of NR-PDCCH for URLLC services, making the following proposals:

· The PDCCH in a HARQ retransmission includes a back indicator to provide information of a previous URLLC PDSCH for HARQ combining.

· NR supports soft combining of NR-PDCCH for URLLC services.

· Support feedback for NR-PDCCH in URLLC transmissions in FDD. 

This Tdoc considers how feedback can improve the reliability of URLLC services, where one of the critical aspects is to allow a URLLC data packet to be received with 99.999% reliability within a latency of 1ms at the physical layer [1]. 

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 of overcoming this drawback of NR-PDCCH decoding failure is for a subsequent NR-PDCCH to back-indicate the NR-PDSCH resources for a previous transmission, as discussed in [2], allowing the previous NR-PDSCH to be soft-combined with the subsequent NR-PDSCH.
Another 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, providing the NR-PDSCH is still contained in the UE’s sample buffer, 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.

3. Conclusion

In this contribution we discuss some methods to improve URLLC reliability through feedback and make the following proposals:

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.
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