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1 [bookmark: _Ref1160581]Introduction
During RAN1 #AH1901 meeting, the following agreement was made [1]:
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
Accordingly, in this contribution, we present our views on DCI design for Rel-16 eURLLC targeting down-selection of one of the five options for DCI format design identified in Jan19 AH meeting, with supporting explanations. Further, we present our views on potential enhancements to the PDCCH monitoring and number of non-overlapped CCEs for channel estimation, compared to those of Rel-15. 
2 On Design of eURLLC DCI format
Five options has been defined during RAN1 AH1901 meeting, regarding the handling of control signaling for eURLLC scenarios, as detailed in Section 1.
In the following table, we present our detailed views on potential benefits and drawbacks, as well as the overall assessment for each of the options. 

	DCI design option
	Advantages
	Disadvantages
	Overall assessment 

	Option 1
	· Reduces DL control overhead
· Achieves higher PDCCH reliability 
· Helps improve PDCCH blocking 
	· Very limited flexibility and thus, applicability
· Increases #DCI format size to be monitored if a UE is configured to monitor both Rel-15 non-fallback DCI and the compact DCI
· There are trade-offs between the improved blocking performance and reduction in dynamic scheduling flexibility
· May result in larger data blocking due to the only option of very coarse frequency domain scheduling
	· There is no clear need from any of DL control overhead/efficiency, and PDCCH reliability/blocking aspects to mandate such small DCI payload
· Benefits from a compact DCI format towards improving PDCCH reliability or blocking performance, as against the loss in scheduling flexibility, are marginal
· Given the compromise to scheduling efficiency and limited applicability, this option is not sufficiently motivated

	Option 2
	· No impact on #BDs and DCI size budget
· There is some chance to include some fields from Rel-15 non-fallback DCI compared to option 1.
· Provides a new design from a functionality perspective, as fallback DCI does not support some features

	· No benefit of reducing control overhead compared to other options
· Cannot improve PDCCH reliability compared to Rel-15 PDCCH
· There is no chance to help improve PDCCH blocking
· The way further details of configuration are defined, e.g., whether it corresponds to the CSS or UE-specific SS,  impacts DCI format sizes relative to the non-fallback DCI size (even if aligned to fallback)
	· The main benefit from such enforced size alignment, in terms of managing # DCI format sizes and #BDs, can also be handed by options 3 and 4, along with other advantages they provide.
· Such forceful size alignment, imposes an artificial limitation without any clear need (when there is no need for DCI size reduction, the design should benefit from additional features, in terms of scheduling flexibility, or more enhanced features, etc.)

	Option 3
	· Imposing less restrictions compared to Option 2, i.e., it is possible to reduce the size, but the maximum size cannot exceed the fallback size
· May achieve all the potential benefits from option 1 and option 2 by appropriate gNB configuration
	· Provides limited flexibility compared to option 4 
· Limiting the maximum size to Rel-15 fallback DCI format size is artificial – even the Rel-15 non-fallback DCI format size can be smaller by a few bits than Rel-15 fallback DCI size in some cases.
	Compared to Option 4, Option 3 is only imposing an artificial limitation without any clear need and/or benefit

	Option 4
	· Provides possibility to align with the size of the Rel-15 fallback DCI (including possible zero padding if any)
· Provides full flexibility
· Achieves all potential benefits from option 1/2/3/5 by appropriate gNB configuration
	· None identified
	· Option 4 provides full flexibility, as well as all potential benefits from option 1/2/3/5 by appropriate gNB configuration

	Option 5
	· No impact on #BDs and DCI size budget

	· Does not allow for reduction in DCI format size to realizing better system spectral efficiency via reduced DL control OH and improved blocking performance.
	· Option 5 can be realized through Option 4, and brings no clear benefit/value on its own 



As described in the table above, full flexibility can be achieved if the eURLLC DCI is designed with configurable fields, i.e., Option 4 above. Such design, allows to introduce new fields enabling the URLLC required features, as well as optimizing the exiting fields to better suit the characteristics of eURLLC traffic. Particularly, DCI fields can be modified, reinterpreted, added or removed compared to eMMB to better match the URLLC requirements, and enable eURLLC-specific features. 
Note: Whether or not a new DCI format is introduced following Option 4 is a secondary point and can be determined as part of normative specification work depending on the exact details of updates to bit-fields, monitoring configuration, etc.
In Annex, some optimization of DCI fields’ payloads is discussed, where further related details can be found in [7].
Overall, we have the following proposal regarding the eURLLC DCI design.
Proposal 1
· Adopt Option 4, wherein optimization of the fields in DCI payloads, as well as modification/reinterpretation/addition/removal of the fields are enabled to achieve full flexibility, and better match the eURLLC requirements.
3 PDCCH Monitoring enhancements 
As discussed earlier, URLLC services introduce new requirements as well as new traffic profiles. Accordingly, enhancements may be required, to better adapt to such characteristics and requirements. PDCCH monitoring enhancements can help realizing such adaptations, e.g., to achieve more flexibility in scheduling opportunities. Certainly, increased capabilities in numbers of BDs or numbers of CCEs for channel estimation can straightforwardly improve scheduling flexibility. However, they also incur significant UE complexity and power consumption. Thus, careful consideration is needed towards achieving an optimal balance between scheduling flexibility and improved blocking performance against UE complexity and power consumption. In this regard, solutions that facilitate appropriate trade-off between performance, power consumption, and device complexity should be pursued.
On the other hand, one key aspect to note is given the likely use of relatively higher ALs for PDCCH transmission targeting URLLC reliabilities, the impact from the constraint on CCEs for channel estimation may be the primary bottleneck (i.e., not necessarily the number of BDs). As such, such PDCCH monitoring enhancements may focus on characterization of minimum requirements on CCEs for PDCCH channel estimation. Particularly, increasing the number of non-overlapping CCEs may be necessary for certain use cases.
Furthermore, considering URLLC use cases, it may be considerable to 
Proposal 2: 
· RAN1 to further study PDCCH monitoring enhancements to better adapt to traffic characteristics of URLLC service, with focus on characterization of minimum requirements on CCEs for channel estimation.
4 Conclusions 
In this contribution, we discussed details on whether/how to realize PDCCH enhancements for Rel-16 eURLLC. Based on the discussion and analysis, we have the following proposals:
Proposal 1
· Adopt Option 4, wherein optimization of the fields in DCI payloads, as well as modification/reinterpretation/addition/removal of the fields are enabled to achieve full flexibility, and better match the eURLLC requirements.
Proposal 2: 
· RAN1 to further study PDCCH monitoring enhancements to better adapt to traffic characteristics of URLLC service, with focus on characterization of minimum requirements on CCEs for channel estimation.
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Annex
Summary of different DCI format options
Tables below, summarize the DCI formats and sizes, based on the fallback and non-fallback formats. The new format based on modified fallback DCI, presented in purple color, is mainly based on the design in #92b, with some updates based on recent discussions and progress in RAN1 [7]. 
In the DCI designs based on the fallback/non-fallback DCIs presented in orange/blue colors, respectively, the fields from fallback/non-fallback DCIs are preserved, and the smallest bit-width for each field suitable for URLLC cases are considered, within the range of the allowed values for the existing fallback/non-fallback format. For example, the time domain resource allocation field for DL/UL is within 0-4 bits in the existing design, and in the tables it is captured as mentioned 1-2 bits.
In the last column presented in green color, the design based on modified non-fallback DCI is shown, adjusted for URLLC scenarios. This can result in introduction of a new DCI format, which requires handling of the new DCI size in addition to the exiting size, in order to maintain the DCI size and BD budgets.
In the tables, the items in red color, represent the fields which were proposed by some companies for the new design, and are not present in the existing DCI formats.
Table A1: New DL DCI format based on modified FB DCI (in purple), FB (in orange), non-FB (in blue), and reduced non-FB (in green)
	DCI for DL assignment
	Modified FB DCI
	FB DCI
	Non-FB DCI
	Reduced non-FB DCI

	Header/Identifier for DCI format
	1
	1
	1
	1

	Frequency-domain PDSCH resources
	5-7
	13
	13
	5

	Time-domain PDSCH resources
	1-2
	4
	1-2
	1-2

	VRB-to-PRB mapping
	0
	0
	0
	0

	Modulation and coding scheme
	2-3
	5
	5
	2-3 

	Redundancy version
	0
	2
	2
	0-1

	New data indicator
	1
	1
	1
	1

	HARQ process number
	1-3
	4
	4
	1-3

	Downlink Assignment Index
	2
	2
	2
	0

	TPC command for PUCCH
	2
	2
	2
	2

	PUCCH resource indicator
	2
	3
	3
	2

	PDSCH-to-HARQ feedback timing indicator
	3
	3
	3
	3

	Carrier indicator
	0
	0
	0
	0

	Rate-matching indicator
	0
	0
	0 
	0 

	BWP indicator
	0
	0
	0
	0

	PRB bundling size indicator
	0
	0
	0
	0

	ZP CSI-RS trigger
	0
	0
	0
	0

	CBGFI
	0
	0
	0
	0

	CBGTI
	0
	0
	0
	0

	Antenna port(s)
	0
	0
	4
	1-2

	TCI (Transmission Configuration
Indication)
	0
	0
	0
	0

	SRS request
	0
	0
	2
	0-1

	DMRS sequence initialization
	0
	0
	1
	1

	ACSI
	0
	0
	0
	0

	Repetition indicator
	1-2
	0
	0
	1-2

	Rank indicator
	0
	0
	0
	0

	DL PI indication
	0
	0
	0
	0

	Num of info bits
	21-28
	40
	44-45
	21-29

	RNTI / CRC
	24
	24
	24
	24

	Num of info bits incl. CRC/RNTI
	45-52
	64
	68-69
	45-53

	
	
	
	
	

	[bookmark: _GoBack]Total
	45-52
	64
	68-69
	45-53



Table A2: New UL DCI format based on modified FB DCI (in purple), FB (in orange), non-FB (in blue), and reduced non-FB (in green)
	DCI for DL assignment
	Modified FB DCI
	FB DCI
	Non-FB DCI
	Reduced FB DCI

	Identifier for DCI formats
	1
	1
	1
	1

	Frequency domain resource assignment
	5-7
	13
	13
	5-7

	Time domain resource assignment
	1-2
	1-2
	1-2
	1-2

	Frequency hopping flag
	1
	1
	1
	1

	Modulation and coding scheme
	2-3
	5
	5
	4  

	Redundancy version
	0
	2
	2
	0-1

	New data indicator
	1
	1
	1
	1

	HARQ process number
	1-3
	4
	4
	1-3

	TPC command for scheduled PUSCH
	2
	2
	2
	2

	UL/SUL indicator
	0
	0
	1
	1

	Carrier indicator
	0
	0
	0
	0

	BWP indicator
	0
	0
	0
	0

	DAI
	0
	0
	1
	0-1

	Precoding information and number
of layers
	0
	0
	0
	0

	CBGTI
	0
	0
	0
	0

	SRI (SRS resource indicator )
	0
	0
	0
	0

	PTRS-DMRS association
	0
	0
	0
	0

	Antenna ports
	0
	0
	2
	0

	SRS request
	0
	0
	2
	0-1

	CSI request
	0
	0
	0-1
	0-1

	beta_offset indicator
	0
	0
	0
	0

	DMRS sequence initialization
	0
	0
	0
	0

	Waveform indicator
	0
	0
	0
	0

	Rank indicator
	0
	0
	0
	0

	Repetition indicator
	1-2
	0
	0
	1-2

	Number of information bits
	15-22
	30-31
	36-38
	18-28

	RNTI / CRC
	24
	24
	24
	24

	Number of information bits incl. CRC/RNTI
	39-46
	54-55
	60-62
	42-52

	
	
	
	
	

	Total
	39-46
	54-55
	60-62
	42-52



Regarding the FDRA fields, the way the corresponding bit-widths are derived is according to the following tables:

Table A3: Bit-width of FD RA type 0 under Configuration 2 in different system bandwidths @ 15 kHz SCS
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	RBG size
	4
	8
	16
	16

	FD RA bit-width (bits)
	7
	7
	5
	7



Table A4: Bit-width of FD RA (modified) type 1 in different system bandwidths @ 15 kHz SCS
	System bandwidth
	5MHz
	10MHz
	15MHz
	20MHz

	K
	1
	1
	1
	1

	FD RA bit-width (bits)
	9
	11
	12
	13

	K
	4
	8
	16
	16

	FD RA bit-width (bits)
	5
	5
	4
	5



7

