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1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
In RAN1#99 meeting, PDCCH enhancements for URLLC are discussed. Some agreements are achieved as following [1]:
Agreements:
For DCI size alignment,
· Step1: Align the DCI size for DCI format 0_2 and DCI format 1_2 if the number of DCI sizes exceed the DCI size budget
· Step2: If the DCI size budget is still exceeded after Step1, Align the DCI size for DCI format 0_1 and DCI format 1_1 
Working assumption:
When the UE is configured with two HARQ-ACK codebooks at least for the case when only one of the two DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)

Agreements:
PDCCH monitoring can be configured based on either Rel-15 capability (i.e. per slot based capability) or Rel-16 capability (i.e. per span based capability) on a serving cell 
· gNB configures which capability is used
· For Rel-16 PDCCH monitoring capability,
· The limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot, each span can cover CSS and/or USS
· PDCCH dropping is performed in a span if needed   
· PDCCH overbooking and PDCCH dropping are only allowed on PCell and PSCell
· FFS PDCCH overbooking and PDCCH dropping are not performed in all spans in a slot
· PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present 
· The maximum number of monitored PDCCH candidates per span is
· M1 per span for (2, 2)
· M2 per span for (4, 3)
· M3 per span for (7, 3)
· Note: 
· The total number of monitored PDCCH candidates is not smaller than the limit per slot in Rel-15
· The value of M1, M2 and M3 can be different and SCS dependent 
· Note: PDCCH overbooking and PDCCH dropping are not performed per slot

Agreement
· Support separate UE capability signaling of the supported combination (X, Y, ) 
· The support of each (X, Y, ) can be reported separately for different minimum processing capability. 
· The value of C for combination (7, 3) for 15 kHz and 30 kHz is 56.
· The value of C for combination (4, 3) for 15 kHz and 30 kHz is [FFS]. 
· The value of C for combination (2, 2) for 15 kHz and 30 kHz is [FFS]. 
· FFS: Different values for 15kHz and 30kHz

In this contribution, we share our view on PDCCH enhancements for URLLC.
2. DCI format for URLLC
2.1. DCI size differentiation between DCI Format 0_2/1_2 and DCI Format 0_1/1_1
In DCI size alignment procedure, DCI size alignments between DCI Format 0_0 and DCI Format 1_0 in CSS and USS are performed in STEP 0 and STEP 1, respectively. Then DCI sizes of Format 0_1 and Format 1_1 are differentiated with DCI size of Format 0_0/1_0 in STEP 2, and DCI sizes of Format 0_2 and Format 1_2 are differentiated with DCI size of Format 0_0/1_0  in STEP 2A. 
A UE can be configured with monitoring for DCI Format 0_1/1_1 and DCI Format 0_2/1_2 in USS. In that case, DCI size differentiation among Format 0_1, Format 1_1, Format 0_2 and Format 1_2 should be required. Because after the size differentiation operation, DCI sizes of Format 0_1 (or Format 1_1) and Format 0_2 (or Format 1_2) may be equal. For example, gNB can configure the different DCI sizes between Format 0_2 (or Format 1_2) and Format 0_0/1_0. If DCI size of Format 0_2 (or Format 1_2) is larger than DCI Format 0_0/1_0 with only 1 bit and if DCI size of Format 0_1 (or Format 1_1) equals DCI size of Format 0_0/1_0. After the size differentiation operation, DCI size of Format 0_1 (or Format 1_1) may equal the DCI size of Format 0_2 (or Format 1_2). In USS, UE may not determinate which DCI is scheduled if the same DCI size occurs.  
Thus, DCI sizes differentiation among Format 0_1 (or Format 1_1) and Format 0_2 (or Format 1_2) should be added in DCI size alignment procedure as STEP 2B. If DCI size of Format 0_1 or Format 1_1 equals the DCI size of Format 0_2 or Format 1_2, 1 padding bit is added in Format 0_1 or Format 1_1 until any DCI sizes of Format 0_1 and Format 1_1 are is different with one of Format 0_2 and Format 1_2. 
[bookmark: _Ref23879696]Proposal 1: STEP 2B is added in DCI size alignment for differentiating DCI size of Format 0_1 and Format 1_1 with DCI size of Format 0_2 and Format 1_2:
· If the size of DCI Format 0_2 monitored in a UE-specific search space equals that of a DCI Format 0_1 monitored in a UE-specific search space, one bit of zero padding shall be appended to DCI Format 0_1.
· If the size of DCI Format 1_2 monitored in a UE-specific search space equals that of a DCI Format 1_1 monitored in a UE-specific search space, one bit of zero padding shall be appended to DCI Format 1_1.
2.2. Field size alignment
In RAN1#99 meeting, the WA was achieved on the alignment of bit width of the some fields when a DCI format schedule PDSCH corresponding to the two HARQ-ACK codebooks. 
It has been agreed that all Rel-16 parameters in PUCCH configuration related to HARQ-ACK feedback can be separately configured for different HARQ-ACK codebooks. On the other hand, a DCI format (from the formats 0_1/1_1/0_2/1_2) can be used to schedule PDSCH with different HARQ-ACK codebook priorities or PUSCH with different priorities.
Considering the PUCCH resources are also separately configured for HARQ-ACK codebooks. The bit width of PRI field needs to be aligned in a DCI format configured to support two HARQ-ACK codebooks. Thus, PRI also should be included in the WA. 
The WA should be updated as following: 
· When the UE is configured with two HARQ-ACK codebooks and for the case when any of DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment.  
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
· PRI
Proposal2: Confirm WA assumption with the following updates:
· When the UE is configured with two HARQ-ACK codebooks and for the case when any of DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
· PRI
3. Increased PDCCH monitoring capability
According to evaluation results from SI stage, PDCCH with 16 CCEs are required to satisfy reliability requirement. Considering URLLC service with the sporadic arrival character and the lower latency requirement, seven monitoring spans and at least 16 non-overlapped CCEs per span should be supported by UE capability within a slot for URLLC. 
For span combination (7,3), it has been agreed that the number of CCEs equals 56. Thus, 112 CCEs is monitored within one slot. In Rel-15, the same number of CCEs within a slot is defined. For Rel-16, the difference of capabilities on the supported CCEs for different span combination within one slot should not be excessive.    
For UE supporting URLLC service, UE may detect fallback DCI on CSS and URLLC/eMBB DCI on USS. Taken span combination (2,2) as an instance, it should be provided at least 16 CCEs within a monitoring occasion for URLLC DCI. Additional 8 CCEs are assumed for DCI detection on CSS and eMBB DCI on USS. On the other hand, PDCCH monitoring on CSS and PDCCH monitoring for eMBB service on USS can be configured by TDM manner. Therefore, 24 CCEs for span combination (2,2) for PDCCH monitoring is reasonable.
For span combination (4,3), the monitoring capability can be in the range between span combination (2,2) and span combination (7,3). 48 CCEs for PDCCH monitoring is suggested for span combination (4,3).
[bookmark: _Ref20235308]Table 1  the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span
	
	X
	Y
	C

	
	
	
	µ=0
	µ=1

	Span combination (2,2)
	2
	2
	24
	24

	Span combination (4,3)
	4
	3
	48
	48 



[bookmark: _Ref20907596]Proposal 3: Table 1 can be considered for the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span.
For span combination (7,3), the monitoring CCE number is double compared to CCE number in Rel-15 within a slot. We assume that the number of BDs per span follow the same principle, i.e. 44/36 BDs per span for span combination (7,3) for 15kHz and 30kHz SCS. For span combination (4,3) and span combination (2,2), the number of BDs is determined by approximately linear scaling. The PDCCH monitoring capability of BDs is listed in Table 2.   

Table 2 the maximum number of monitored PDCCH candidates per span
	
	X
	Y
	M

	
	
	
	µ=0
	µ=1

	Span combination (2,2)
	2
	2
	18
	14

	Span combination (4,3)
	4
	3
	36
	28

	Span combination(7,3)
	7
	3
	44
	36



Proposal 4: Table 2 can be considered for the maximum number of monitored PDCCH candidates per span.
 
For Rel-16 PDCCH monitoring capability, the same the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span is the same across different spans within a slot and each span can cover CSS and/or USS.
For PDCCH monitoring per span, PDCCH overbooking in each span can be avoided by gNB configuration. In the case of CSS configuration with larger periodicity, PDCCH monitoring capability may be wasted in span including only USS. Therefore, PDCCH overbooking is meaningful for Rel-16 URLLC UE and PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present
In Rel-15, when BDs/CEs overbooking happens, UE would drop all PDCCH candidates in a UE-specific search space set with the highest search space set ID. Similarly, in Rel-16, when overbooking and PDCCH dropping are performed in a span, UE would drop all PDCCH candidates in a UE-specific search space set with the highest search space set ID.
[bookmark: _Ref20910707]Proposal 5: For overbooking, PDCCH dropping is performed in a span.
· PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present 
· If overbooking occurs in a span, UE drop USS with highest search space set ID in the span
4. Text Proposal
In 38.213 spec, span patterns are described as below font with blue colour:
‘A span pattern is a time configuration within a slot and per slot for PDCCH monitoring on an active DL BWP of a serving cell. A span pattern is defined by a pair of numbers of symbols  with .  is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective consecutive span patterns and defines a span, and  is a number of consecutive symbols for PDCCH monitoring occasions within the  symbols, starting from the first symbol of the  symbols, and defines a span gap. ’
In the above mentioned, X should be modified by ‘defines a span gap’ and Y should be modified by ‘defines a span’. This is aligned with span definition in UE feature 3-5b.

--------------------------------------------------------- Start of TP -----------------------------------------
[bookmark: _Toc12021485][bookmark: _Toc20311597]10	UE procedure for receiving control information
……
A span pattern is a time configuration within a slot and per slot for PDCCH monitoring on an active DL BWP of a serving cell. A span pattern is defined by a pair of numbers of symbols  with .  is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective consecutive span patterns and defines a span gap, and  is a number of consecutive symbols for PDCCH monitoring occasions within the  symbols, starting from the first symbol of the  symbols, and defines a span gap.
……
-------------------------------------------------------------------- End of TP ---------------------------------------------------

5. Conclusion
In the contribution, we have some investigations on URLLC PDCCH enhancement, and propose that,
Proposal 1: STEP 2B is added in DCI size alignment for differentiating DCI size of Format 0_1 and Format 1_1 with DCI size of Format 0_2 and Format 1_2:
· If the size of DCI Format 0_2 monitored in a UE-specific search space equals that of a DCI Format 0_1 monitored in a UE-specific search space, one bit of zero padding shall be appended to DCI Format 0_1.
· If the size of DCI Format 1_2 monitored in a UE-specific search space equals that of a DCI Format 1_1 monitored in a UE-specific search space, one bit of zero padding shall be appended to DCI Format 1_1
Proposal2: Confirm WA assumption with the following updates:
· When the UE is configured with two HARQ-ACK codebooks and for the case when any of DCI formats (1_1 and 1_2 for DL, 0_1 and 0_2 for UL), configured to support two HARQ-ACK codebooks, is configured to be monitored by the UE, the bit width of the following fields is the maximum of the bit widths for the two configurations corresponding to the two HARQ-ACK codebooks. The necessary number of most significant zero bits can be added to a field to achieve the alignment. 
· PDSCH-to-HARQ_feedback timing indicator 
· Beta offset indicator 
· DAI
· CBGTI & CBGFI (if configured for the low priority HARQ-ACK codebook for DCI format 1_1 and DCI format 0_1)
· PRI
Proposal 3: Table 1 can be considered for the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span.
Table 1 the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span 
	
	X
	Y
	C

	
	
	
	µ=0
	µ=1

	Span combination (2,2)
	2
	2
	24
	24

	[bookmark: _GoBack]Span combination (4,3)
	4
	3
	48
	48 



Proposal 4: Table 2 can be considered for the maximum number of monitored PDCCH candidates per span.
Table 2 the maximum number of monitored PDCCH candidates per span
	
	X
	Y
	M

	
	
	
	µ=0
	µ=1

	Span combination (2,2)
	2
	2
	18
	14

	Span combination (4,3)
	4
	3
	36
	28

	Span combination(7,3)
	7
	3
	44
	36



Proposal 5: For overbooking, PDCCH dropping is performed in a span.
· PDCCH overbooking and PDCCH dropping are only performed in the span with CSS present 
· If overbooking occurs in a span, UE drop USS with highest search space set ID in the span
Text Proposal in 38.213 
--------------------------------------------------------- Start of TP -----------------------------------------
10	UE procedure for receiving control information
……
A span pattern is a time configuration within a slot and per slot for PDCCH monitoring on an active DL BWP of a serving cell. A span pattern is defined by a pair of numbers of symbols  with .  is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions in two respective consecutive span patterns and defines a span gap, and  is a number of consecutive symbols for PDCCH monitoring occasions within the  symbols, starting from the first symbol of the  symbols, and defines a span gap.
……
--------------------------------------------------------------------------------------------End of TP ------------------------------------------------------------
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