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1 Introduction

On RAN #80, a SI [1] was approved for NR URLLC including following objectives: 

· Higher reliability (up to 1E-6 level), higher availability, time synchronization down to the order of a few µs where the value can be 1 or a few us depending on frequency range, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)

· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 

· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements

· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.

· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gNB), (for existing TTI durations)
On RAN1 #AH1901, following agreements were achieved [2]: 

Agreements:

For the DCI format scheduling Rel-16 NR URLLC, 

· Support potential reduction of the number of bits for at least one of the following fields compared to Rel-15 DCI 

· Frequency domain resource assignment

· Time domain resource assignment

· Modulation and coding scheme

· HARQ process number

· Redundancy version 

· PUCCH resource indicator
· PDSCH-to-HARQ_feedback timing indicator

· Downlink assignment index

· Note: Reduction of other fields are not precluded 

· Down-select one of the following options for the DCI format size – targeting down-selection in RAN1#96 (not to be captured in the TR for now)

· Option 1: Fixed DCI size targeting a reduction of 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI
· Option 2: aligned with Rel-15 fallback DCI

· Option 3: configurable DCI size with the limitation as below  

· Minimum DCI size should target 10~16 bits reduction compared to the DCI format size of Rel-15 fallback DCI

· Maximum size should be equal to the DCI format size of Rel-15 fallback DCI

· Option 4: DCI with 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)

· Option 5: no introduction of new DCI format due to this SI
· Note: The DCI format may be impacted by other objectives in this study item and/or the following work item, e.g. PDCCH repetition mechanism and/or UCI enhancement, or may be impacted by objectives in other study item and/or work item, e.g. multi-TRP transmission from Rel-16 work item   

This is a revision of R1-1900680 and in this version, details of information fields of the new DCI format for URLLC are discussed, some can be reduced while some not in the current fallback DCIs can be added for more flexible scheduling. Additionally, increased PDCCH monitoring capability is discussed. 
2 New DCI format
Taking the tight latency requirement into consideration, in most cases there could be only one chance for retransmission (two attempts in total). With or without the chance of retransmission, the PDCCH reliabilities could be very different, we think an existing DCI format can be used when there is at least one remaining chance of retransmission, and a new DCI format is required when there is no chance for retransmission. 

The existing fallback DCIs are expected to be enhanced in two aspects, one is to reduce the overall payload size so that the control signalling overhead and the PDCCH blocking rate can be reduced, and the other is to add some new information fields without increasing the overall payload size so that the URLLC scheduling could be more flexible. For either aspect, some existing information fields in the fallback DCIs need to be reduced. 
2.1
Fields can be reduced
Frequency domain resource assignment

The FDRA (frequency domain resource assignment) size depends on BWP and RBG sizes. Considering first, the corresponding PDSCH/PUSCH scheduled by this new DCI format targets a very high reliability, and second, the PDSCH/PUSCH is scheduled with short transmission duration, a large allocation in frequency domain is normally required and a bigger RBG can be configured without causing too much efficiency degradation. The FDRA size can be reduced by configuring a bigger RBG. 

Time domain resource assignment

As said above, the URLLC PDSCH/PUSCH normally is scheduled with short transmission duration and packet sizes of a URLLC service are less variable, it is reasonable to configure a small number of entries of the TDRA table. For some specific cases, fixed time domain resource assignment could be possible and as a result, the TDRA field may even be avoided in the new DCI format.    
Modulation and coding scheme
Considering first the very high reliability, and second the inaccurate CSI report due to bursty interference caused by short and sporadic URLLC transmissions, a conservative MCS is normally used, and as a result, a small number of entries of the MCS table is acceptable. The exact number of entries of the MCS table can be pre-configured on top of the selected table. 
HARQ process number
Considering first high throughput is not the main objective of URLLC, and second, the HARQ round trip time is short, less HARQ processes are acceptable. The exact number can be pre-configured. 

Redundancy version
As discussed above, there might be only one chance of retransmission for each TB, so the set of RV sequence can be reduced, for instance, 1 bit of RV to indicate between RV 0 and RV 2.  RV 0 can be used for the initial transmission or the retransmission (chase combining) while RV 2 can only be used in the retransmission (increased redundancy). 
Observation 1: some information fields in the Rel-15 fallback DCIs can be simplified by configuring a coarse granularity/step without impacting the scheduling flexibility too much. 
2.2
Fields can be added
Dynamic HARQ-less repetition

Dynamic HARQ-less repetition is not supported but it could be very useful, for instance, when the channel quality is changed or a different number of resources are available, the gNB can schedule a proper number of repetitions. Another example is to support a combination of HARQ based retransmission and HARQ-less repetition as illustrated in Figure 1, the initial transmission can use HARQ based retransmission for better efficiency and if NACK is received, the gNB can switch to HARQ-less repetition for better reliability in a limited time. Obviously such combination provides the flexibility for the gNB to balance between efficiency and reliability.  In NR Rel-15, the number of repetitions is upper layer configured with parameter aggregationFactorDL > 1. Since it is upper layer configured, it is impossible to support dynamical HARQ-less repetition. 
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Figure 1 Combination of HARQ based retransmission and automatic repetition

To support dynamic HARQ-less repetition, one straightforward way is to include the parameter in DCI so that the gNB can control the number of repetitions dynamically. Currently, it is already supported by LTE URLLC, and LTE DCI format 7-1A includes a 2-bit repetition number field which indicates one number from set {1, 2, 3, a configurable number}. 

Additionally CSI, MIMO, CA, and rate matching related parameters can be added to the new DCI format to enable the URLLC scheduling more flexibility. 

Proposal 1: following information fields can be considered to be added to the new DCI format:

· A repetition number to support dynamic HARQ-less repetition
· Fields to support CA/MIMO/CSI/Rate Matching, etc.

2.3
Option can be supported
It is preferred that the new DCI format can be smaller than the Rel-15 fallback DCI so that the PDCCH blocking rate can be improved when needed. At the same time, a new DCI format with the sizes of some fields reduced may impact the scheduling flexibility, so it is also preferred that the gNB can have the flexibility to switch the DCI format when needed. Without increasing the number of BDs, the size of the new DCI format can be aligned with the Rel-15 fallback DCI so the gNB can flexibly select which format to use. 
To sum up, both Option 3 and Option 4 can be considered and we do not see a reason to limit the maximum size to not exceed that of a fallback DCI so Option 4 is slightly preferred.    
Proposal 2: it is proposed to support Option 4 for the new DCI format.   
3 Increased PDCCH monitoring capacities
To reduce the latency, DCIs need to be monitored more frequently so that a randomly arrived packet can be scheduled with a reduced queuing latency. It was discussed before that at least 3 monitoring periods in a slot is needed to meet the target latency requirement with 15 KHz SCS assumed. UEs may support eMBB service and URLLC service simultaneously, and the number of BDs supported by the existing capability is not enough. Considering that the DCI needs to achieve a very high reliability and a high AL is normally required, a UE needs to process more CCEs within a given period so the number of CCEs needs to be enhanced. 

As known, LTE already supports more BDs and CCEs when sTTI was introduced, and at least the same capability should be supported by NR.  
Proposal 3: it is proposed to introduce another UE processing capability with more BDs and CCEs. 

4 Conclusion
In this contribution, reliability of PDCCH is analyzed and a number of enhancements were discussed and proposed for consideration. 
Based on above discussions, we have the following proposals: 

Observation 1: some information fields in the Rel-15 fallback DCIs can be simplified by configuring a coarse granularity/step without impacting the scheduling flexibility too much. 
Proposal 1: following information fields can be considered to be added to the new DCI format:

· A repetition number to support dynamic HARQ-less repetition
· Fields to support CA/MIMO/CSI/Rate Matching, etc.

Proposal 2: it is proposed to support Option 4 for the new DCI format.   
Proposal 3: it is proposed to introduce another UE processing capability with more BDs and CCEs.  
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