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Introduction
It was agreed in RAN1#87 that grant free is supported for UL URLLC for latency consideration.  In RAN1 NR Ad Hoc, UL grant free transmission resource configuration and retransmission were agreed as follows,
Agreements:
· 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 

Agreements:
· Blocking probability of DL control channel should be taken into account in NR-PDCCH design

Agreements:
· Take into account following targets/use-cases to design mini-slots:
· Support of very low latency including URLLC for certain slot lengths
· Target slot lengths are at least 1ms, 0.5ms
· Support of finer TDM granularity of scheduling for the same/different UEs within a slot
· Especially if TRP uses beam-sweeping (e.g., above 6GHz).
· NR-LTE co-existence
· Note that this use case also exists for slot-based scheduling
· Forward compatibility towards unlicensed spectrum operation
· FFS until phase II
· Take the following into account for designing slot-level channels/signals/procedures:
· Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs
· At least one of DMRS format/structure/configuration for slot-level data channel is re-used for mini-slot-level data channel
· At least one of DL control channel format/structure/configuration for slot-level data scheduling is designed to be applicable to mini-slot-level data scheduling
· At least one of UL control channel format/structure/configuration for slot-level UCI feedback is designed to be applicable to mini-slot-level UCI feedback
· Take the following into account as starting point for designing mini-slot-level channels/signals/procedures:
· Possible occurrence of mini-slot/slot transmission(s) occupying resources scheduled for ongoing slot transmission(s) of a given carrier for the same/different UEs
· DMRS for mini-slot-level data channel is just a re-use of that for slot-level data channel
· DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling
· UL control channel for mini-slot-level UCI feedback is just a re-use of that for slot-level UCI feedback
· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines for a slot
· Scheduling/HARQ timelines for a mini-slot can be based on scheduling/HARQ timelines shorter than those for a slot
· FFS: exact timelines
· FFS: One mini-slot does not contain symbols for different link directions (i.e., DL-only or UL-only)

This paper discusses NR system design aspect to achieve high reliability for URLLC service.
High Reliability URLLC Services

URLLC services need to be reliable at physical layer with the reliability requirements of BLER at 10-5 in [2].  URLLC services also have demanded U-plane latency requirements of 1ms.   In order to achieve high reliability URLLC service under the constraint of low latency, URLLC traffic would be transmitted based on mini-slot based scheduling and resource allocations in [6],[7].   Aspects in achieving high reliability of URLLC services with mini-slot based scheduling and resource allocations are as follows,
· HARQ operation - The number of retransmission in HARQ operation would be limited, such as one retransmission for 15 kHz SCS in dynamic TDD.  

· DL HARQ operation – The reliability of A/N feedback on PUCCH is critical to DL HARQ operation.  For mini-slot based scheduling, short-duration PUCCH would be configured.  A miss-detection of HARQ-ACK or false alarm would trigger higher layer retransmission.   This would increase the delay dramatically and fail in meeting the latency requirement.     In order to minimize the A/N feedback delay with high reliability, short-duration PUCCH channel for URLLC should have the miss-detection and false alarm requirements higher than those of general PUCCH performance requirements.     

Proposal 1:  	Short-duration PUCCH channel should have higher miss-detection and false alarm performance requirement for carrying URLLC HARQ-ACK .  

· UL HARQ operation - For UL URLLC with grant free transmission, autonomous retransmission is supported with the number of retransmission configurable by the network.   Autonomous retransmission would use the pre-configured resource for grant free transmission.   In order to support high reliability of retransmission, gNB might relocated the resource of retransmission through UL grant over-write.

 Proposal 2:  URLLC UL HARQ with grant free transmission and autonomous retransmission should support gNB resource relocation of retransmission by UL grant over-write.   

· Scheduling and MCS assignment – The MCS assignment is determined by the CSI feedback from UE.  With HARQ operation, the CQI is computed with target BLER at 10%.   In order to achieve high reliability with limited retransmission, the MCS assignment for URLLC should be proportional adjusted with BLER target to be 10-3 to 10-4.  This will ensure the final target of BLER at 10-5 after one retransmission.   

Proposal 3:  Scheduler should adjust the MCS assignment with BLER target at around 10-3 or 10-4 for each transmission to achieve URLLC reliability requirement at BLER at 10-5.

· URLLC Channel coding scheme – URLLC traffic will be scheduled to transmit by mini-slot based scheduler.   The number of OFDM symbols for mini-slot would be short, such as 1 OFDM symbol as proposed in [6][7].  URLLC traffic is characterized by small packets less than 100 bytes.  In order to achieve low target BLER at 10-5, the channel coding scheme should support low channel coding rate, such as 1/6, with extra channel coding protection. 

Proposal 4: Coding rate of 1/6 should be supported for URLLC channel coding scheme.  
· DL control channel – it was agreed in RAN1 NR Ad hoc that DL control channel for URLLC should support compact DCI , high aggregation level, and low blocking probability.   Since URLLC resource allocation is based on mini-slot scheduling, the control channel and search space design for mini-slot should be efficient with high availability.  It was agreed in RAN1 NR Ad Hoc that DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling.   Thus, general DCI design should consider compact grant with low blocking probability for both slot-based and mini-slot-based scheduling.  
 
Proposal 5: General DCI design should consider compact grant with low blocking probability for both slot-based and mini-slot-based scheduling.  

Conclusion
This paper analyzes NR system design in support high reliability of URLLC services.   We have the following proposal
· Proposal 1:  Short-duration PUCCH channel should have higher miss-detection and false alarm performance requirement for carrying URLLC HARQ-ACK.  
· Proposal 2:  URLLC UL HARQ with grant free transmission and autonomous retransmission should support gNB resource relocation of retransmission by UL grant over-write.   
· Proposal 3:  Scheduler should adjust the MCS assignment with BLER target at around 10-3 or 10-4 for each transmission to achieve URLLC reliability requirement at BLER at 10-5.
· Proposal 4: Coding rate of 1/6 should be supported for URLLC channel coding scheme.  
· Proposal 5: General DCI design should consider compact grant with low blocking probability for both slot-based and mini-slot-based scheduling.  
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