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1	Introduction
Two related studies on URLLC and IIOT respectively led by RAN1 and RAN2 are slated for completion at RAN #83. One observation from the URLLC SI is that the number of time units (TUs) was woefully inadequate for the number of objectives set forth in the SID. This contribution reviews the outcome of the URLLC SI and provides recommendations on realistic objectives for the WID for timely completion within the Rel-16 time frame. 

2.		Discussion
The current time budget allocation for the IIOT WI in [1] does not assign dedicated TUs for the RAN1 aspects. If this time budget allocation holds, it implies that from RAN1 perspective the URLLC and IIOT WIs would be viewed as one work package. Since there are currently 10 TUs available until Dec 2019, RAN should be very selective in what objectives are approved for RAN1 in both the URLLC and IIOT WIDs. 
Towards this goal we consider the recommendations/outcomes of TR 38.824 [2].
1) PDCCH enhancements

One recommendation in TR 38.824 is that a URLLC-specific DCI format having a smaller payload relative to Rel-15 is beneficial to ensure reliability in some scenarios while it is also seen as beneficial to support a larger payload size to retain transmission flexibility in other scenarios. A lot of time was spent during the SI on the DCI design culminating in the salient observation that 10-16 bits reduction compared to the fall-back DCI format 0_0/1_0 would increase reliability in some scenarios. On the other hand, DCI format design is typically done later in a WI when the required functionalities have been agreed. Considering that the Rel-16 MIMO WI also addresses URLLC transmission/reception the URLLC WI should be structured to consider this topic as a second priority in the earlier stages of the SI.
A more important issue is the necessity for enhanced PDCCH monitoring capability. The TR recommends an increase in at least the channel estimation capability for one SCS subject to restrictions. Unfortunately the limitation in TUs for the SI did not allow sufficient study of the need for additional PDCCH candidates and what restrictions could be supported such as limitation in CA capability in order to avoid an explicit increase in number of PDCCH candidates or the number of CCEs for channel estimation per CC. This is one area that should be a first priority as it significantly impacts UE complexity. We also believe that other scheduling solutions – e.g. a mixture of configured and dynamic scheduling solutions – to alleviate or obviate the need for increased PDCCH monitoring capability over Rel-15 limits.
Proposal: specify enhancements to PDCCH monitoring capability as a first priority. Specification of a URLLC-specific DCI is considered once the required functionalities for URLLC (including multi-TRP) have been finalized.
2) PUCCH enhancements

A key enhancement for URLLC is the support of multiple PUCCHs in a slot conveying HARQ-ACK. There are actually two areas to address in the WI. A URLLC-only scenario requires multiple PUCCHs in a slot in order to achieve stringent latency targets (e.g. 1ms end-to-end target). Secondly, for the intra-UE multiplexing scenario presently covered in the IIOT SI, a UE may need to transmit HARQ-ACK corresponding to both URLLC and non-URLLC (e.g. eMBB) PDSCH. If the intra-UE multiplexing scenario is considered high priority in Rel-16, addressing the control-control and data-control multiplexing scenarios described in TR 38.825 should be taken into account in the URLLC WI scope even if the objective itself is assigned to the IIOT WID. 
Proposal: specification of multiple PUCCHs conveying HARQ-ACK and multiplexing/prioritization of control-control resource conflicts should be jointly taken into account in the time budgeting for the URLLC WI. 
3) PUSCH enhancements
During the SI two mini-slot-based repetition mechanisms were discussed at length, namely a regular mini-slot-based mechanism and a so-called multi-segment mechanism, where the number of PUSCH repetitions over an aggregate PUSCH duration is determined by the number of traversed slot boundaries and UL-DL switching points. Given the identified benefits of each scheme it was recommended to further consider efficient signaling solutions enabling support of both mechanisms in Rel-16. In our view this task should be of first priority in the WI phase.
In addition ensuring the reliability of configured UL grants is also of primary importance for URLLC. One agreed mechanism is the use of multiple active configured grant configurations to ensure that the target reliability is achieved subject to a target latency constraint for randomly arriving data. Another mechanism that was studied, but not concluded, is the use of a single active configured grant configuration with different starting offsets to minimize end-to-end latency. Although there was no time to conclude it was observed that similarities exist between single and multiple active CG configurations in terms of minimizing latency and the key e difference may boil down to the resulting physical and higher layer (RRC) signaling mechanisms. Therefore, we propose that the WI more generally consider efficient signaling mechanisms ensuring that the latency and reliability targets can be met for configured UL grant operation.
Proposal: specify efficient signaling mechanisms to ensure reliability of configured grant operation within the latency budget. Adopted solution should also resolve HARQ process conflicts, if any, for configured UL grants. 

4) Enhancements to Scheduling/HARQ/CSI Processing timeline

One of the most important outcomes of the URLLC study is that a UE supporting URLLC and non-URLLC traffic or different classes of URLLC traffic may need to prioritize a later received DL assignment over an earlier one, or correspondingly, a later received UL grant over an earlier one. This is somewhat of a reversal of the in-sequence data processing paradigm in Rel-15 but is necessary in some URLLC scenarios. Given the impact to UE complexity, several restrictions may be needed to effect this change. It is proposed that the WI specifies out-of-order HARQ and out-of-order scheduling processing using the solutions documented in TR 38.824 as a starting point.
A study was also undertaken to evaluate the benefits of further reduction in UE processing times for PDSCH processing and PUSCH preparation. As documented in TR 38.824, such a reduction could be beneficial in some scenarios. However, firm conclusions could not be reached because in some cases the assumptions were idealized such as assuming reductions in processing time are feasible at both the device and network sides. Secondly, RAN1 has not sufficiently evaluated at system level (and where available the assumptions were idealized) whether material gains can be derived from further reductions in processing time. Given the TU limitation in Rel-16 we propose that further work in this area is of lower priority or postponed to Rel-17.
Proposal: specify solutions enabling out-of-order HARQ and out-of-order PUSCH scheduling. Take the solutions documented in the TR as a starting point in the WI.

5) UL inter UE Tx prioritization/multiplexing

Considerable time during the SI phases was spent investigating the prioritization/multiplexing of URLLC PUSCH overlapping with eMBB PUSCH. Both enhanced UL power control and UL pre-emption mechanisms were recommended for Rel-16 primarily due to a lack of consensus on which of the two schemes to adopt. The main goal of the UL pre-emption mechanism is to protect URLLC transmissions by muting an interfering eMBB transmission over a part of the same UL physical resources. A glaring omission in this study is that it did not address the important case of URLLC transmission on a configured UL grant, wherein the gNB is not aware that the URLLC UE intends to transmit and thus cannot signal the eMBB UE to stop transmission. It can also be seen from the TR that the level of maturity of the recommended solutions implies that a significant amount of work would be needed to specify these solutions in the WI phase. Therefore, it is recommended to treat this feature with lower priority in Rel-16.
Observation: given the level of maturity of the recommended solutions documented in TR 38.824 it is envisioned that significant effort would be required to specify UL inter-UE TX prioritization/multiplexing in Rel-16.

6) Addressing Intra-UE multiplexing scenarios
RAN1 recommended that solutions addressing several intra-UE multiplexing scenarios be specified in Rel-16. As earlier mentioned, if separate TU allocation is not provided to RAN1 to address these scenarios, RAN should discuss prioritization of topics to ensure that robust solutions are specified in Rel-16. We note that the UL data-control and UL control-control scenarios can be handled in conjunction with the PUCCH enhancement objective, while both DL and UL data-data prioritization would need to be handled as a standalone topic in RAN1.
Proposal: RAN1 time budgeting should take into account handling of DL data-data and UL data-data resource conflicts in the IIOT WI.

3	Proposed scope of Rel-16 URLLC WI
Based on the preceding discussion we provide our recommendations on the RAN1 work scope across both URLLC and IIOT WIs.
· PDCCH enhancements [RAN1]
· Specify increased PDCCH monitoring capability in a slot at least for one SCS
· Including, but not necessarily limited to, non-overlapped CCEs for channel estimation
· Consider other efficient scheduling mechanisms targeting periodic traffic
· Specify a URLLC-specific DCI with configurable bit widths for some fields
· Target is a potential reduction of 10-16 bits, same, or larger size than DCI formats 0_0/1_0 
· Handled as a second priority after the required functionalities for URLLC (including multi-TRP enhancements) have been finalized
· PUCCH enhancements [RAN1, RAN2]: 
· Specify support of multiple PUCCHs conveying HARQ-ACKs for URLLC-only PDSCH and eMBB-URLLC PDSCH 
· Specify mechanisms addressing UL data-control and control-control resource conflicts (Note 1)
· PUSCH enhancements [RAN1, RAN2]
· Specify an enhanced mechanism enabling one or more PUSCH repetitions in a slot or across a slot boundary based on the solutions identified in TR 38.824
· Specify efficient signaling mechanisms to ensure reliability of configured grant operation subject to a target latency constraint 
· Adopted solution should also resolve HARQ process conflicts, if any, for configured UL grants 
· Specify solutions enabling out-of-order HARQ and out-of-order PUSCH scheduling associated with different HARQ process IDs [RAN1, RAN2]. 
· Take the solutions documented in the TR as a starting point in the WI.
· Other intra-UE multiplexing scenarios [RAN2, RAN1]
· Specify solutions for handling DL data-data and UL data-data resource conflicts (Note 1)

Note 1: although part of IIOT WI it competes for same URLLC TU budget.
 
4	Conclusion
This contribution reviewed the outcome of the URLLC SI as documented in TR 38.824. A key message from the SI phase is that the work scope was too expansive for the TU allocation. To produce high quality specifications within the Rel-16 time frame it is recommended that RAN select a strict subset of the potential enhancements recommended in the TR for the WID. Specific proposals and observations are also summarized below for convenience, while the proposed work scope is described in Section 3.
· Proposal: specify enhancements to PDCCH monitoring capability as a first priority. Specification of a URLLC-specific DCI is considered once the required functionalities for URLLC (including multi-TRP) have been finalized.
· Proposal: specification of multiple PUCCHs conveying HARQ-ACK and multiplexing/prioritization of control-control resource conflicts should be jointly taken into account in the time budgeting for the URLLC WI. 
· Proposal: specify efficient signaling mechanisms to ensure reliability of configured grant operation within the latency budget. Adopted solution should also resolve HARQ process conflicts, if any, for configured UL grants. 
· Proposal: specify solutions enabling out-of-order HARQ and out-of-order PUSCH scheduling. Take the solutions documented in the TR as a starting point in the WI.
· Observation: given the level of maturity of the recommended solutions documented in TR 38.824 it is envisioned that significant effort would be required to specify UL inter-UE TX prioritization/multiplexing in Rel-16.
· Proposal: RAN1 time budgeting should take into account handling of DL data-data and UL data-data resource conflicts in the IIOT WI.
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