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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. The findings during the study item phase are to be captured in [2]. According to the work plan, 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 listed below.
· 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
In this section, we provide our view on the work item scope based on the agreements reached during the study item phase.
3.1 	Layer 1 enhancements 
3.1.1	PDCCH enhancements 
3.1.1.1	DCI format
RAN1#96 reached the following agreement [4].
For the DCI format(s) (may or may not be new format, to be finalized in the WI phase) scheduling Rel-16 NR URLLC, 
· Support configurable sizes for some fields, while  
· The maximum DCI size can be larger than Rel-15 fallback DCI
· The minimum DCI size target a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI
· Provide the possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· Support at least one of the following configurable fields – the set of configurable field(s) including bitwidths to be finalized during the WI phase (which may further depend on DL vs. UL assignments)
· Antenna port(s) [0~2 bits]
· Transmission configuration indication [0~3 bits]
· Rate matching indicator [0~2 bits]
· SRS request [0~3 bits] 
· PRB bundling size indicator [0~1 bit]
· Carrier indicator [0~3 bits]
· CSI request [0~3 bit]
· ZP CSI-RS triggering [0~2 bits] 
· Beta offset indicator [0~2 bits]
· SRS resource indicator [0~4 bits]
· Repetition factor [0~2 bits]
· Priority indication [0~3 bits]
· Note: Other field(s) can be considered if needed 
· Note: This doesn’t imply the necessity to increase the DCI size budget (i.e. “3 +1”) compared to Rel-15
In our view, an additional important consideration that should be taken in finalizing the DCI design during the WI phase is that the new DCI format for scheduling Rel-16 URLLC, if specified, should not result in an increased PDSCH or PUSCH blocking probability.
3.1.1.2	Increase PDCCH monitoring occasions within a slot
RAN1#96 reached the following agreement [4].
Support increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation for Rel-16 NR URLLC for at least one SCS subject to the following restrictions:
· Explicit limitation on the maximum number of BDs/non-overlapping CCEs per monitoring occasion and/or per monitoring span, and
· The set of applicable SCS(s) to be finalized during the WI phase
· Additional restrictions (e.g., impact # of CCs if any, potential limitations on PDSCH/PUSCH processing, impact of wideband RS for CCE counting if any, etc.) can be considered during the WI phase 
· Enhancements for PDCCH monitoring capability on the maximum number of monitored PDCCH candidates per slot (with potential restrictions) for Rel-16 NR URLLC can be further considered in work item phase.

In our view, 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. Thus, the agreements as shown above will help reduce the scheduling delay. We support enhancements according to the above agreements are specified during the work item phase. Furthermore, we support the number of BDs should also be increased. Note that when LTE introduced sTTI, the number of BDs was also increased. In our view, NR should adopt the same principle.
3.1.2 	UCI enhancements
3.1.2.1	Enhanced HARQ feedback
As agreed in RAN1#95AH [5], Rel-16 shall specify a solution enabling more than one PUCCH for HARQ-ACK transmission within a slot
RAN1#96 further agreed that when at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties [4]. 
· FFS in potential WI the details of the PHY identification

We support enhanced HARQ feedback is specified during the work item phase following the agreements above.
[bookmark: _Hlk2944465]3.1.2.2 	UCI multiplexing with PUSCH
This topic was not discussed sufficiently during the study item phase. According to [6], the feature lead made the following proposal.
Potential proposal 7:
Support different HARQ-ACK/PUSCH multiplexing parameters to be adopted for different service types in R16.
· FFS details, e.g. different beta/alpha factors, extend beta value range over R15.

We propose this item to be discussed further during the work item phase, taking into account the feature lead suggested potential proposal as above.
3.1.2.3 	Enhanced CSI feedback
[bookmark: _Hlk1122537]According to [4], there was no consensus in RAN1 for supporting A-CSI on PUCCH in Rel-16. To support more focused normative work during the work item phase, in our view enhanced CSI feedback should not be discussed further during the work item phase.
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 [5], two proposals, “mini-slot based repetitions” and “multi-segment transmission”, are considered and will be down-selected in RAN1#96. However according to [4], no further conclusion was reached during RAN1#96. Thus, the WI should down-select between “mini-slot based repetitions” or “multi-segment transmission”.
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] In RAN#96, no further agreement was reached on this topic. To support more focused normative work during the work item phase, in our view PDSCH and PUSCH processing timing enhancement should not be discussed further during the work item phase.
3.1.4.2	Out-of-Order HARQ and Scheduling
According to [4], RAN1#96 reached the following agreements
For a Rel. 16 eURLLC UE and dynamic downlink scheduling, on the active BWP of a given serving cell, the HARQ-ACK associated with the second PDSCH with HARQ process ID x received after the first PDSCH with HARQ process ID y (x != y) can be sent before the HARQ-ACK of the first PDSCH. Specify based on the following solutions:
· Solution 1: The UE always processes the second PDSCH. The UE may or may not drop the processing of the first channel.
· Solution 2: The UE processes both the first and second PDSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first and second channels under some conditions, e.g. using the CA capability. The conditions are reported as a UE capability. If the conditions are not satisfied, the UE behavior is not defined. 
· FFS: The details of the UE capability.
· Solution 4: 
· A UE drops (terminates) the processing of the first PDSCH.
· Alt1: The UE always drops the first PDSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first channel.
· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and second PDSCHs, the gap between the two PUCCHs carrying HARQ-ACK, etc.
· The UE behavior, e.g., decision on dropping the first channel and timing capability associated with the second channel, is determined, and is fixed, after decoding the PDCCH associated with the first and the second PDSCH. 
· When the UE drops the processing of the first channel, increasing the minimum PDSCH processing procedure time (N1) of the second PDSCH by d symbols can be considered.
· FFS the value of d. 
· Dropping the processing of the first PDSCH can be done in one of the two ways:
· Alt1: dropping the processing of the first PDSCH on the same serving cell 
· Alt2: dropping the processing of a PDSCH(s) on the same cell or a different serving cell.
· The UE only expects a maximum of one OOO PDSCH-to-HARQ-ACK flow on the active BWP of a given serving cell when applicable
· FFS whether or not, out-of-order operation is allowed across PDSCHs with PDSCH-to-HARQ gap compatible with PDSCH processing time (N1) for capability X.

For a Rel. 16 UE, on the active BWP of a given serving cell, the UE can be scheduled with a second PUSCH associated with HARQ process x starting earlier than the ending symbol of the first PUSCH associated with HARQ process y (x != y) with a PDCCH that does not end earlier than the ending symbol of first scheduling PDCCH.  Specify based on the following solutions:
· Solution 1: The UE always processes the second scheduled PUSCH. The UE may or may not drop the processing of the first schedeuled PUSCH.
· If the first scheduled and second scheduled PUSCHs are not colliding in the time domain:
· Solution 2: The UE processes both the first scheduled and second scheduled PUSCHs as a UE capability with no condition.
· Solution 3: The UE processes both the first scheduled and second scheduled PUSCHs under some conditions. The conditions are reported as a UE capability.
· FFS: The details of the UE capability.
· Solution 4: 
· A UE drops (terminates) the processing of the first scheduled PUSCH.
· Alt1: The UE always drops the first scheduled PUSCH.
· Alt2: Some scheduling conditions should be defined. If not satisfied, the UE drops the processing of the first scheduled PUSCH.
· FFS how to define the scheduling conditions, e.g., based on the number of RBs, TBS, number of layers, the gap between the first and the second PUSCHs, etc.
· The UE behavior, e.g., decision on dropping the first scheduled PUSCH and timing capability associated with the second scheduled PUSCH, is determined, and is fixed, after decoding the PDCCH associated with first and the second scheduled PUSCHs. 
· When the UE drops the processing of the first scheduled PUSCH, increasing the minimum PUSCH preparation procedure time (N2) of the second PUSCH by d symbols can be  considered.
· FFS the value of d. 
· Dropping the processing of the first scheduled PUSCH can be done in one of the two ways:
· Alt1: dropping the processing of the first scheduled PUSCH on the same serving cell 
· Alt2: dropping the processing of a PUSCH(s) on the same cell or different serving cell.
· The UE only expects a maximum of one OOO PDCCH-to-PUSCH flow on the active BWP of a given serving cell when applicable.
· FFS whether or not out-of-order operation is allowed across PUSCHs with PDCCH-to-PUSCH gap compatible with PUSCH processing time (N2) for capability X.
· If the first scheduled PUSCH and the second scheduled PUSCH are colliding in the time domain, the UE drops the processing and the transmission of the first scheduled PUSCH.
· For dropping, the scheduling limitations do not apply. The UE always drops the first scheduled PUSCH.
· Other details of dropping are as those of the solution 4. 
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

In RAN#96, the following agreement was reached [4].
· Recommend both UL cancelation scheme and enhanced UL power control scheme to be specified. 

[bookmark: _GoBack]Thus, the work item should include both solutions. However in our view, a specified Rel-16 solution should aim to avoid raising the level of inter-cell interference.
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, there is no agreement on whether explicit HARQ-ACK for CG is beneficial. Thus, in our view explicit HARQ-ACK for CG should not be specified in the work item phase.
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 [7]. 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 DCI format for scheduling Rel-16 URLLC to support configurable sizes for some fields, while the maximum DCI size can be larger than Rel-15 fallback DCI, the minimum DCI size targets a reduction of 10~16 bits less than the DCI format size of Rel-15 fallback DCI. It should be possible to align the Rel-16 URLLC DCI with the size of the Rel-15 fallback DCI (including possible zero padding if any). Rel-16 URLLC DCI should avoid to result in an increase in PDSCH/PUSCH blocking probability.
· Increased PDCCH monitoring capability on at least the maximum number of non-overlapped CCEs per slot for channel estimation and the number of blind decodes per slots, for at least one SCS, subject to some restrictions
· UCI enhancements
· Specify a solution enabling more than one PUCCH for HARQ-ACK transmission within a slot. When at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE, a HARQ-ACK codebook can be identified based on some PHY indications/properties.
· Discuss further on whether Rel-16 URLLC should 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.
· PUSCH enhancements
· Specify either “mini-slot based repetitions” or “multi-segment transmission” (including considering joint design of the two methods).
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB)
· 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 both UL cancelation scheme and enhanced UL power control scheme. A specified solution should not result in an increase in the inter-cell interference level.
· 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
· Specify RAN1 solutions that are needed for supporting the features that will be introduced in the NR-IIoT WI
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