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We propose a prioritized list of objectives for enhancements to IIoT/URLLC enhancements based on the results of studies performed during release 16.

2 Discussion
2.1 Motivation 
Several objectives IIoT-URLLC could not be addressed in the time available for R16.
We believe that the current solution provides a good basis for URLLC and eMBB traffic co-existence, however the current pre-emption mechanism, feedback mechanism, repetition and link adaptation can be further improved to enable the best service provisioning and system wide improvements. We discuss several subjects in the following subsections with details as to why these should be prioritized for Rel-17 study.

2.2 PHY Layer Feedback Enhancements
The absence of explicit HARQ feedback in UL transmissions is justified for grant based transmissions as the gNB knows what it scheduled and failing to decode or not receiving at all triggers a re-transmission grant. That though becomes a problem in configured grant based transmissions where the gNB may not have precise knowledge of when a UE will transmit. This could be a serious threat to QoS targets for URLLC users and we highly support a mechanism where feedbacks for configured grant transmissions can be enabled. Another scenario where this could be important is the case of less than K repetitions, when a UE is unable to transmit the configured number of K repetitions due to random packet arrival time delayed in the window.
Proposal 1: Support explicit HARQ feedback for configured grant based transmissions.

2.3 Inter-UE Multiplexing
DL pre-emption was standardized in Rel-15, and its UL counterpart was standardized in Rel-16. There is still some gap as the current UL cancellation indication does not properly cover the scenario of GB eMBB with CG URLLC. If gNB multiplexes eMBB DG UL transmission on a resource pre-configured to a set of URLLC users, who become active during eMBB transmission, eMMB users cannot be stopped in TDD. In FDD, potentially they can be sent a cancellation indication or CG URLLC users can be indicated to raise their transmission power. We believe that to complete the coverage of pre-emption/cancellation mechanisms, a solution to this scenario needs to be investigated and standardized.

Proposal 2: Support the collision handling between dynamic grant eMBB and configured grant based URLLC in Rel-17.

In TDD systems, PUCCH is not transmitted if the slot is not UL. As NR has standardized great flexibility in terms of dynamic allocation of UL/DL symbols/slots, this can be an issue for DL SPS transmissions which are configured with PUCCH resources at the time of the configuration. This results in turn confusion at the gNB as to what happened to the decoding of the packet transmitted for which HARQ feedback was expected in a non-UL slot.
Proposal 3: Support a mechanism to transmit UCI on a suitable slot which is originally configured on a non-UL slot.

2.4 URLLC operating in Unlicensed band
As unlicensed bands have a large amount of spectrum to offer, this could be very interesting to deploy more URLLC type of services which have certain difficulties in their integration with eMMB services over the licensed part of the spectrum. 
Proposal 4: Support URLLC operation over unlicensed spectrum.

Certainly enough, the operation over unlicensed bands is going to bring new challenges as their would be more devices, and potentially of different nature competing for resources. This calls for more flexible operation for URLLC over the unlicensed so as to exploit the spectrum without sacrificing its stringent QoS requirements. The timings for DCI to data transmission, data to HARQ etc need to be far more flexible compared to licensed band for unlicensed operation. Another area of improvement is to use cross-carrier transmission segments, where some parts of the transmission happens on unlicensed carrier and some part may move to licensed carrier in case of unavailability of unlicensed spectrum.
Proposal 5: Support additional timing flexibility and richer and more flexible cross-carrier operation to enable URLLC operation in unlicensed spectrum without sacrificing its QoS targets.
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The following proposals have been presented in this document.
Proposal 1: Support explicit HARQ feedback for configured grant based transmissions.
Proposal 2: Support the collision handling between dynamic grant eMBB and configured grant based URLLC in Rel-17.
Proposal 3: Support a mechanism to transmit UCI on a suitable slot which is originally configured on a non-UL slot.
Proposal 4: Support URLLC operation over unlicensed spectrum.
Proposal 5: Support additional timing flexibility and richer and more flexible cross-carrier operation to enable URLLC operation in unlicensed spectrum without sacrificing its QoS targets.



