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1	Introduction
The Rel-16 eURLLC study item started in RAN1#94, August 2018. According to the approved time plan [1], this study item is to be completed and approved by RAN#83, March 2019. The findings during the study item are to be captured in [2]. It is expected that RAN#83 will also approve a corresponding work item, which will start in RAN1#96bis. In this contribution, we present our view on the scope of the eURLLC work item.
2   		eURLLC study item
The Rel-16 enhanced URLLC (eURLLC) study item (SI) aims to identify solutions for enhancing the support for Rel-15 use cases as well as for enabling new use cases that have more stringent requirements, e.g. reliability up to 99.9999% level, or short latency in the order of 0.5 to 1 ms [3]. The use cases considered during the SI phase include
· AR/VR (Entertainment industry)
· Factory automation
· Transport industry, including the remote driving use case
· Electrical power distribution

To meet the higher requirements of Rel-16 use cases, the eURLLC SI has considered and studied the features listedbelow.
· URLLC L1 improvements (RAN1) for further improved reliability/latency and for other requirements related to the use cases identified 
· PDCCH enhancements: compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements: enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH enhancements: multi-segment PUSCH, mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)
· Enhanced multiplexing considering different latency and reliability requirements 
· UL inter UE Tx prioritization/multiplexing 
· Enhanced UL configured grant (grant free) transmissions, with study focusing on improved configured grant operation, example methods such as explicit HARQ-ACK, ensuring K repetitions and mini-slot repetitions within a slot

3    	View on work item scope
At the conclusion of RAN1#95AH [4], there had been only a handful of issues concluded during the SI phase.
· UCI enhancements: enabling more than one PUCCH for HARQ-ACK transmission within a slot
· Enhanced UL CG: multiple active CG’s for handling traffic of mixed service types and/or for reliability enhancement and latency reduction 
The above features should be included in the work item scope, and during the work item (WI) phase, detailed solutions enabling these features can be further discussed.
In the remainder of this section, we provide our view on the features that have been discussed extensively so far during the SI phase.
3.1 	Layer 1 enhancements 
3.1.1	PDCCH enhancements 
3.1.1.1	DCI format
A number of potential Rel-16 URLLC enhancements, e.g. PUSCH enhancements (multi-segment PUSCH transmissions and mini-slot repetition), PUCCH enhancements (enhanced CSI reporting, enhanced HARQ-ACK feedback procedure), and inter- or intra-UE transmission prioritization and multiplexing require including additional information in the DCI. Thus, in our view a new DCI format should be specified when it is needed to enable specific Rel-16 URLLC enhancements. Furthermore, considering there might be a need to add additional information fields, it is not reasonable to demand a fixed compact DCI format targeting a reduction of 10-16 bits in DCI size compared to that of Rel-15 fallback DCI. Thus, in our view a configurable DCI size is preferred. Furthermore, considering that an NR UE has a limit on the number of DCI sizes it can monitor, due to complexity constraints, it is beneficial to be able to configure the size of the new DCI format to be aligned with the Rel-15 fallback DCI size.
3.1.1.2	Increase PDCCH monitoring occasions within a slot
The Rel-15 limitation on PDCCH monitoring in terms of number of blind decodes (BDs) and CCEs for channel estimation per slot may result in a scheduling delay that could have been avoided if the limitation is relaxed. When LTE introduced sTTI, the number of BDs was also increased. In our view, NR should adopt the same principle. For better support of PDSCH/PUSCH mapping type B, a simple solution is to specify limits on the numbers of BDs and CCEs on a per half-slot basis.
3.1.2 	UCI enhancements
3.1.2.1	Enhanced HARQ feedback
As agreed in RAN1#95AH [4], Rel-16 shall specify a solution enabling more than one PUCCH for HARQ-ACK transmission within a slot
3.1.2.2 	UCI multiplexing with PUSCH
According to [5], a majority of companies support specifying beta factors less than1.0, including 0.0, when eMBB UCIs are multiplexed with URLLC PUSCH within a slot. Beta factor 0 allows eMBB UCIs to be dropped.
3.1.2.3 	Enhanced CSI feedback
[bookmark: _Hlk1122537]According to [5], A-CSI report on PUCCH triggered by DL-scheduling DCI has been considered by a majority of companies. Thus, the WI should specify a solution to enable this.
3.1.3 	PUSCH enhancements
A majority of companies are supportive in addressing latency associated with scheduling restrictions due to slot border crossing. According to [4], two proposals, “mini-slot based repetitions” and “multi-segment transmission”, are considered and will be down-selected in RAN1#96. Thus, the WI should specify, for example, either “mini-slot based repetitions” or “multi-segment transmission”, based on RAN1#96 outcome.
3.1.4	Enhancements to scheduling/HARQ/CSI processing timeline
3.1.4.1	PDSCH and PUSCH processing timing enhancement (N1/N2 for UE Capability 3)
In RAN1#95AH, it was agreed that no PDSCH and PUSCH processing timing enhancement as compared to NR Rel-15 is supported for at least SCS = 15KHz. [4] For the other SCS, 30 kHz has the most support for introducing PDSCH and PUSCH processing timing enhancements [6]. Furthermore, UE Capability 2 has not been defined for 120 kHz SCS. Thus, in our view, the WI shall specify PDSCH and PUSCH processing timing enhancement for SCS 30 and 120 kHz.
3.1.4.2	Out-of-Order HARQ and Scheduling
According to [6], a majority of companies support out-of-order PDSCH-to-HARQ and PDCCH-to-PUSCH between two HARQ processes on the active BWP of a given serving cell. However, some aspects require further analysis, e.g. 
· The details of the dropping rules, if allowed
· The conditions (if any) under which the UE is expected to process the out-of-order channels

In our view, Rel-16 shall support out-of-order HARQ and scheduling for DL and UL transmissions.
3.2	UL inter UE Tx prioritization/multiplexing
For UL inter UE transmission prioritization and multiplexing, two options have been considered
· UE UL cancelation mechanisms
· UL power control enhancements

Both options will be included in the SI report, TR 38.824. However, according to [7] a clear majority of companies share a view that a UL cancelation mechanism is beneficial and should be supported. The support obviously surpasses that for UL power control enhancements. Thus, in our view, the WI shall focus on specifying an UL cancelation mechanism for supporting UL inter UE transmission prioritization/multiplexing.
3.3	Enhanced UL configured grant transmissions
It has been concluded that multiple active configured grant configurations for a given BWP of a serving cell should be supported at least for different services/traffic types and/or for enhancing reliability and reducing latency [2]. Thus, the WI shall specify a solution to enable this feature.
Another topic that has been discussed during SI is whether explicit HARQ-ACK for CG is beneficial. Explicit HARQ-ACK was proposed to address CG PUSCH miss detection. However, it has been observed by 7 companies’ evaluations that if the reliability requirement is to be met by a single transmission, PUSCH miss detection probability is lower than the PUSCH target BLER under the respective evaluation assumptions (e.g., MCS levels, etc.). This demonstrates that that CG PUSCH miss detection is not a critical issue. Hence the eURLLC use case does not motivate introducing explicit HARQ-ACK. 
3.4 	NR-IIoT SI
[bookmark: _Hlk1137268]A highly related Rel-16 SI that shares the same motivation and aims to address the same use cases as eURLLC is the NR-IIoT SI [9]. In our view, the WI shall also specify RAN1 solutions that are needed for supporting the features that will be introduced in the NR-IIoT WI, for example, solutions for supporting intra-UE multiplexing/prioritization.
4	Conclusion
Based on the discussion, we propose that the Rel-16 eURLLC WI should specify the features listed below.
· PDCCH enhancements
· Specify a new DCI format, that can be configured when needed, to enable specific Rel-16 URLLC enhancements. The new DCI format has a configurable DCI size and can be configured to be aligned with the Rel-15 fallback DCI size.
· Specify limits on the numbers of BDs and CCEs for PDSCH/PUSCH mapping type B on a per half-slot basis.
· UCI enhancements
· Specify a solution enabling more than one PUCCH for HARQ-ACK transmission within a slot
· Introduce beta factors less than1.0, including 0.0, when eMBB UCIs are multiplexed with URLLC PUSCH within a slot. Beta factor 0 allows eMBB UCIs to be dropped.
· Specify a solution enabling A-CSI report on PUCCH triggered by DL-scheduling DCI
· PUSCH enhancements
· Specify either “mini-slot based repetitions” or “multi-segment transmission” (including considering joint design of the two methods) based on RAN1#96 outcome.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB)
· Specify PDSCH and PUSCH processing timing enhancement for SCS 30 kHz and 120 kHz.
· Specify solutions for allowing out-of-order HARQ and scheduling for DL and UL transmissions, respectively.
· Enhanced inter-UE multiplexing considering different latency and reliability requirements: 
· Specify UE UL cancelation mechanisms for UL inter-UE Tx prioritization/multiplexing
· Enhanced UL configured grant transmissions
· Specify a solution to enable multiple active configured grant configurations for a given BWP of a serving cell. Such a solution should support at least different services/traffic types and/or enhance reliability and reduce latency
· [bookmark: _GoBack]Specify RAN1 solutions that are needed for supporting the features that will be introduced in the NR-IIoT WI
[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556]RP-181477, New SID on Physical Layer Enhancements for NR URLLC, Huawei, HiSilicon, Nokia, and Nokia Shanghai Bell, RAN#80, La Jolla, US, June 11-14, 2018
3GPP TR 38.824, NR; Study on physical layer enhancements for NR ultra-reliable  and low latency case (URLLC), V1.0.0, November 2018
RP-182089, New SID on Physical Layer Enhancements for NR Ultra-Reliable and Low Latency Communication (URLLC), Huawei, HiSilicon, Nokia, and Nokia Shanghai Bell, RAN#81, Gold Coast, Australia, Sept. 10-13, 2018
Chairman’s notes, 3GPP TSG RAN1-AH1901
R1-1901401, Offline summary on UCI enhancements for URLLC, OPPO, RAN1 Ad-Hoc Meeting 1901, Taipei, Taiwan, Jan. 21-25, 2019
R1-1901451, Summary for Potential Enhancements to Scheduling/HARQ/CSI Processing Timeline, Qualcomm Incorporated, RAN1 Ad-Hoc Meeting 1901, Taipei, Taiwan, Jan. 21-25, 2019
R1-1901457, Summary#3 of UL inter UE Tx prioritization/multiplexing, Vivo, RAN1 Ad-Hoc Meeting 1901, Taipei, Taiwan, Jan. 21-25, 2019
R1-1901432, Discussion for configured grant PUSCH, NTT DOCOMO, INC, RAN1 Ad-Hoc Meeting 1901, Taipei, Taiwan, Jan. 21-25, 2019
RP-182090, Revised SID: Study on NR Industrial Internet of Things (IoT), Nokia, and Nokia Shanghai Bell, RAN#81, Gold Coast, Australia, Sept. 10-13, 2018


	4/4	
