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Introduction
[bookmark: _Ref378529477]In RAN #80, a new study item on Physical layer enhancements for NR URLLC was approved.  The objective of the study item is to investigate different URLLC L1 improvements to further improve reliability/latency. In the RAN1#95 meeting, the following agreements were made.
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   
· 

In this contribution, we provide detailed analysis of PDCCH enhancements for NR URLLC.
Motivation for PDCCH Enhancements for NR URLLC
In this section we provide mathematical analysis for PDCCH reliability. Let  PR is the reliability or the probability  of correct reception of the NR URLLC packet at the application layer. Then for downlink packets transmission, the PR depends on 
a. Probability of correct reception of downlink control channel
b. Probability of correct reception of PDSCH 
c. Probability of correct reception of HARQ-ACK

Since these three events are independent dent from the network point of view, the ioint probability of correct reception at the application layer is given by


[image: ]

Where Pdci is the probability of error for DCI, Ppdsch is the probability of transport block error for PDSCH and PHARQ-ACK is the probability of error for HARQ-ACK 
Since we are interested in the probability of error for downlink control channel Pdci   
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Since Pdci is the probability and can’t be greater than unity, from the above equation we can conclude that


                  [image: ]

Similarly

                                [image: ]

Hence to satisfy the above equation

                                     [image: ]

Table 1 shows the Pdci           for a given Ppdsch. It can be observed that for a reasonable performance to meet the NR URLLC target requirements the PDCCH performance has to be enhanced significantly. 


Table 1 Required probability of block error rate for PDCCH for downlink data transmission
	PR in percentage

	                                     Pdci      


	
	                    Ppdsch

	
	0.1
	0.01
	0.001
	0.0001
	0.00001
	0.000001
	0.0000001

	99.9999
	NA
	NA
	NA
	NA
	NA
	NA
	0.0000009

	99.999
	NA
	NA
	NA
	NA
	NA
	0.000009
	0.0000099

	99.99
	NA
	NA
	NA
	NA
	0.00009
	0.000099
	0.0000999



From the observations in the TR for URLLC, we noted that for majority of the cases, the Release 15 PDCCH satisfies the URLLC requirements.  In addition, the having scheduling restriction on the URLLC services is not beneficial from deployment point of view, we prefer to Option 5 for Release 16. This is because the fall back DCI (around 40 bits) is already compact and we don’t see any need for another DCI design.

· 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

Proposal :   We propose not to introduce new DCI format for NR URLLC Release 16 

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution we described our views on PDCCH enhancements for NR URLLC.
[bookmark: _Ref450342757]Based on our observations, we have the following proposal:
Proposal :   We propose not to introduce new DCI format for NR URLLC Release 16 
[bookmark: _GoBack]
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