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1. [bookmark: OLE_LINK1][bookmark: OLE_LINK2]Introduction 
In RAN1 Ad-Hoc 1901, we concluded that:
Conclusion:
· PDCCH repetition is not considered further in this study item

And we made the following agreement:

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 contribution discusses some considerations on the options for DCI format size.  

2. Discussions
It should firstly be noted that typically in a WI, the DCI format and DCI size are discussed towards the end of the WI when all the features are agreed and therefore, it is clear what fields are required in a DCI.  Deciding on the DCI format & size BEFORE the WI has even started is basically putting the cart before the horse.  Imposing a DCI format or size at this point introduce unnecessary constraints to the DCI design which will lead to suboptimal design of the feature.  In the SI phase, it is sufficient to evaluate the gain that can be achieved when the DCI size is reduced below 40 bits and list down potential fields that may be reduced.  
Observation 1: Deciding on the DCI format and DCI size BEFORE the start of the WI is putting the cart before the horse since it isn’t clear at this point which features are required and how they would function.
Observation 2: Imposing a DCI format or size at this point introduce unnecessary constraints to the DCI design which will lead to suboptimal design of the feature.

We will evaluate the options based on Observation 1 and Observation 2.
Option 1 proposes to reduce the DCI size by 10 to 16 bits and to fix the DCI size. This basically imposes unnecessary restriction on the design of the feature, which may impact the scheduling flexibility and also hinders introductions of new fields that may be useful or essential, e.g. repetition of PUSCH or PDSCH.  As noted, we typically do not start a WI by drawing red lines on the DCI format before even knowing what the features are.  Hence, Option 1 should be ruled out.
Observation 3: Option 1 where the DCI size for URLLC is fixed and reduced by 10 to 16 bits prevents the introduction of new fields that may be essential for URLLC which will lead to a feature with sub-optimal performance.

Option 2 and Option 5 proposed no reduction to the DCI size from Rel-15.  The majority of companies found that the existing Rel-15 DCI size of 40 bits can meet the URLLC requirements [1] as noted in the following agreed observations in RAN1 Ad-Hoc 1901:
Observation:
For carrier frequency 700MHz with antenna configuration of 2 Tx/2 Rx, channel model of TDL-C 300 ns, 20 MHz and a CORESET with 2 symbols, five sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999% at the 5%-tile SINR geometry, and two sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) cannot meet the reliability of 99.9999% at the 5%-tile SINR geometry.

Observation:
For carrier frequency 4 GHz with antenna configuration of 4 Tx/4 Rx, channel model of TDL-C 300 ns and a CORESET with 1 or 2 symbols, 12 sources show that Rel-15 NR PDCCH (e.g. DCI payload size 40 bits and AL=16) can meet the reliability of 99.9999% at the 5%-tile SINR geometry.

However, as the WI progresses, features will be defined and new fields in the DCI are likely to be introduced.  Hence, the DCI format and size are likely to change.  Option 2 of fixing the size to 40 bits (aligning with Rel-15 fallback DCI) imposes unnecessary restriction to the introduction of new fields.  Similarly, Option 5 of not introducing any new DCI format would also restrict the design of the feature.
Observation 4: Although Option 2 (aligning with Rel-15 fallback DCI) and Option 5 (no new DCI format) meets the URLLC reliability requirement, they impose restriction to the introduction of new DCI fields that may be identified in the WI phase.

[bookmark: _GoBack]Option 3 allows the DCI size to be reduced but imposes a maximum size of 40 bits.  It should be appreciated that although the SI evaluates the reliability at 5-percentile SNR, we expect majority of the URLLC UEs to operate better than this SNR.  Hence, for these UEs, it may be beneficial to configure additional fields that would enhance URLLC operation since these UEs with better SNR can meet the URLLC reliability even with slightly larger DCI size.
Observation 5: Option 3 allows the reduction of DCI size but imposing a maximum DCI size restricts the introduction of new DCI fields and also restrict the flexibility of configuring the DCI fields for URLLC UE operating in good SNR.

Option 4 allows the DCI size to be reduced but does not impose a maximum DCI size.  This does not restrict the design of the feature during WI phase and allows new fields to be introduced when they are identified.  Not imposing a maximum DCI size also allows flexibility in configuring the DCI which may be beneficial for UEs with higher SNR.
Observation 6: Option 4 allowing the DCI size to be reduced without any restriction on the maximum size allows new DCI fields to be introduced without restriction and full flexibility in configuring the fields required for URLLC operation especially for UEs that are in good SNR.
Proposal 1: On the DCI format and size for Rel-16 eURLLC use Option 4, i.e.:
· 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)


3. Conclusion
In this contribution we discuss the options for DCI format and sizes and we observe the following:
Observation 1: Deciding on the DCI format and DCI size BEFORE the start of the WI is putting the cart before the horse since it isn’t clear at this point which features are required and how they would function.
Observation 2: Imposing a DCI format or size at this point introduce unnecessary constraints to the DCI design which will lead to suboptimal design of the feature.
Observation 3: Option 1 where the DCI size for URLLC is fixed and reduced by 10 to 16 bits prevents the introduction of new fields that may be essential for URLLC which will lead to a feature with sub-optimal performance.
Observation 4: Although Option 2 (aligning with Rel-15 fallback DCI) and Option 5 (no new DCI format) meets the URLLC reliability requirement, they impose restriction to the introduction of new DCI fields that may be identified in the WI phase.
Observation 5: Option 3 allows the reduction of DCI size but imposing a maximum DCI size restricts the introduction of new DCI fields and also restrict the flexibility of configuring the DCI fields for URLLC UE operating in good SNR.
Observation 6: Option 4 allowing the DCI size to be reduced without any restriction on the maximum size allows new DCI fields to be introduced without restriction and full flexibility in configuring the fields required for URLLC operation especially for UEs that are in good SNR.

We therefore propose the following:
Proposal 1: On the DCI format and size for Rel-16 eURLLC use Option 4, i.e.:
· 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)
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