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Introduction
This contribution gives some considerations for the remaining issues of PDCCH design on URLLC.
Discussion
DCI format(s) for URLLC
The following agreements related to DCI alignment procedure were achieved during the last meeting [1]. 
Agreement
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]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 



Figure 1: DCI size alignment

These steps aim to satisfy DCI budget requirements. But it is still open that how to differentiate DCI formats if the size of Rel-16 DCI format 0_2/1_2 is equal to the size of Rel-15 DCI format 0_1/1_1. 
As shown in Figure 1, in step 2 and step 2a, one zero padding bit is added to DCI 0_1/1_1/0_2/1_2 in case DCI format(s) size is same as that of fallback DCI in USS. However, there is probability that the DCI 0_2 size is equal to DCI 0_1 size, or DCI 1_2 size is equal to DCI 1_1 size. And they may lead to misunderstanding of DCI formats. Two solutions can be considered:
· Option1: 1 bit is added to differentiate DCI format 0_1/1_1 and the DCI format 0_2/1_2. 
· Option2: One zero-padding bit is added to one DCI format when two DL/UL DCI formats are with same size.  

In step 4, if not satisfy DCI budgets, DCI format 0_0 and 1_0 in USS are aligned with DCI format 0_0 and 1_0 in CSS. And the padding bit is removed from DCI format 0_1/1_1/0_2/1_2 if it is added in step 2 and 2a.
In step 4a, if still not satisfy DCI budgets, DCI format 0_2 and 1_2 are aligned to the bigger DCI size. However, if DCI format 0_2 and 1_2 are aligned to DCI 1_2 size which is a bigger size (M4), the size of DCI format 0_2 may equal to DCI format 0_1, and they cannot be distinguished. On the other side, if DCI format 0_2 and 1_2 are aligned to DCI 0_2 size which is a bigger size (M3), the size of DCI format 1_2 may equal to DCI format 1_1, and they cannot be differentiated.
Three options can be considered:
· Option1: 1 bit is added to differentiate DCI format 0_1/1_1 and the DCI format 0_2/1_2. 
· Option2: After step 4a, if DCI format 0_2 and 1_2 are aligned to DCI 1_2 size and the size of DCI format 0_2 equals to DCI format 0_1, one zero-padding bit can be appended to DCI format 0_1. If DCI format 0_2 and 1_2 are aligned to DCI 0_2 size and the size of DCI format 1_2 equals to DCI format 1_1, zero padding bit can be appended to DCI format 1_1.
· Option3: After step 4a, if DCI format 0_2 and 1_2 are aligned to DCI 1_2 size and the size of DCI format 0_2 equals to DCI format 0_1, 1 zero padding bit can be appended to DCI format 0_2 and 1_2. If DCI format 0_2 and 1_2 are aligned to DCI 0_2 size and the size of DCI format 1_2 equals to DCI format 1_1, zero padding bit can be appended to DCI format 0_2 and 1_2.

In step 4b, if still not satisfy DCI budgets, DCI format 0_1 and 1_1 are aligned to a bigger DCI size. However, if DCI format 0_1 and 1_1 are aligned to DCI 1_1 size which is a bigger size (M2), the size of DCI format 0_2 may equal to DCI format 0_1, and they cannot be distinguished. On the other side, if DCI format 0_1 and 1_1 are aligned to DCI 0_1 size which is a bigger size (M1), the size of DCI format 1_2 may equal to DCI format 1_1, and they cannot be differentiated.
Similar three options can be applied to solve the problems:
· Option1: 1 bit is added to differentiate DCI format 0_1/1_1 and the DCI format 0_2/1_2. 
· Option2: After step 4b, if DCI format 0_1 and 1_1 are aligned to DCI 1_1 size and the size of DCI format 0_2 equals to DCI format 0_1, 1 zero padding bit can be appended to DCI format 0_1. If DCI format 0_1 and 1_1 are aligned to DCI 0_1 size and the size of DCI format 1_2 equals to DCI format 1_1, zero padding bit can be appended to DCI format 1_1.
· Option3: After step 4b, if DCI format 0_1 and 1_1 are aligned to DCI 1_1 size or the size of DCI format 0_2 equals to DCI format 0_1, 1 zero padding bit can be appended to DCI format 0_2 and 1_2. If DCI format 0_1 and 1_1 are aligned to DCI 0_1 size and the size of DCI format 1_2 equals to DCI format 1_1, zero padding bit can be appended to DCI format 0_2 and 1_2.

Above all, during the DCI alignment procedure, two DL DCI formats cannot be equal size and two UL DCI formats cannot be equal size. One simple way is one additional flag bit in each DCI format to distinguish each format as Option 1 above. It means 1 bit to distinguish DL and UL, 1 new flag bit for DCI 0_1/1_1 and DCI 0_2/1_2. But this method is more payload cost, since this bit can be saved if two DL DCI formats are not equal or two UL DCI formats are not equal.
The other options such option 2 and option 3, are done through zero padding bit to differential each DL DCI formats or UL DCI formats. The judgements should be done before the ending of DCI alignment. The other alternative is done after each step e.g. step 2a, step 4a, and step 4b. Either method can work. 
Proposal 1. UE should be able to differential DCI 0_2 and DCI 0_1, or DCI 1_2 and DCI 1_1 when they are simultaneously configured.
Proposal 2. In order to differential DCI 0_2 and DCI 0_1, or DCI 1_2 and DCI 1_1
· Option 1: 1 additional bit in DCI to differentiate DCI format 0_1/1_1 and the DCI format 0_2/1_2
· Option 2: 1 zero padding bit can be appended to DCI formats in DCI alignment procedure when two DL DCI formats or two UL DCI formats are with equal size.

Increased PDCCH monitoring capability
C value
The maximum number of non-overlapped CCEs for a DL BWP with SCS configuration  that a UE is expected to monitor corresponding PDCCH candidates per span (7, 3) is 56 was agreed. The value for span patterns (4, 3) and (7, 3) were not decided yet. 
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
As discussed offline, from the UE side, increasing the number of non-overlapping CCEs by a factor of 2 for each slot is suitable. That is for PDCCH monitoring span (4, 3) and (2, 2), C value is 32 and 16 respectively. 
Proposal 3. The value of C for combination (4, 3) for 15 kHz and 30 kHz is 32. The value of C for combination (2, 2) for 15 kHz and 30 kHz is 16.
PDCCH overbooking and PDCCH dropping
In last meeting, the PDCCH overbooking and dropping was agreed to be performed on a per span basis. An essential part of the PDCCH candidate dropping is the all spans or a partial part of spans are allowed to be overbooked. If every spans needs to be evaluated whether the number of configured candidates either exceeds the CCE or the BD limit, it introduces a lot of extra work for UE. For example, if PDCCH monitoring span pattern is (2, 2), a UE needs to do the evaluation seven times per slot, which is almost 7 times more tasks comparing with slot based PDCCH overbooking and dropping. So some reasonable and controllable simplification should be defined.
From our side of view, the most possible PDCCH monitoring spans that may be overbooked are spans with common PDCCH monitoring occasions. So we support that PDCCH overbooking and PDCCH dropping are not performed in all spans in a slot, and can be only performed in the span(s) with the presence of CSS.
Proposal 4. 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(s) with the presence of CSS.

Maximum number of monitored PDCCH candidates per span
As explained in previous contributions [2], enhancing the number of blind decoding is not essential for URLLC traffic, at least not as important as CCE limits. So we prefer to keep the maximum number of PDCCH blind decoding in one slot unchanged compared with Rel-15 BD limits per slot. In order to support PDCCH candidate dropping per monitoring span, the BDs limits per span can be equally distributed per spans in one slot.
Proposal 5. The maximum number of monitored PDCCH candidates per span is
	
	Maximum number  of monitored PDCCH candidates per span pattern  and per serving cell 

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	6
	11
	22

	1
	5
	9
	18



UE capability
When UE reports its PDCCH monitoring capability is case 2, it was agreed that pdcch-BlindDetectionCA-R16 can be smaller than 4, but has not decide its minimum value. Considering Case 2 is the capability on the number of CCs with Rel-16 monitoring capability, it can report the value equal to or larger than 1.
When UE reports its PDCCH monitoring capability is case 3, two values for capability on the number of CCs with Rel-15 monitoring capability and Rel-16 monitoring capability. It can report pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 equal to or larger than 1 separately. And (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) can be smaller than 4.
In summary, we have the following proposal:
Proposal 6. 
· Case 2: Capability on the number of CCs with Rel-16 monitoring capability only
· pdcch-BlindDetectionCA-R16 can be smaller than 4, and equal to or larger than 1.
· Case 3: Capability on the number of CCs with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· Each of pdcch-BlindDetectionCA-R16 and pdcch-BlindDetectionCA-R15 can be smaller than 4, and equal to or larger than 1
· (The minimum of pdcch-BlindDetectionCA-R15 + The minimum of pdcch-BlindDetectionCA-R16) is not larger than 4
· FFS (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) can be smaller than 4  

[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we have the following observations and proposals.
Proposal 1. UE should be able to differential DCI 0_2 and DCI 0_1, or DCI 1_2 and DCI 1_1 when they are simultaneously configured.
Proposal 2. In order to differential DCI 0_2 and DCI 0_1, or DCI 1_2 and DCI 1_1
· Option 1: 1 additional bit in DCI to differentiate DCI format 0_1/1_1 and the DCI format 0_2/1_2
· Option 2: 1 zero padding bit can be appended to DCI formats in DCI alignment procedure.
Proposal 3. The value of C for combination (4, 3) for 15 kHz and 30 kHz is 32. The value of C for combination (2, 2) for 15 kHz and 30 kHz is 16.
Proposal 4. 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 the presence of CSS.
Proposal 5. The maximum number of monitored PDCCH candidates per span is
	
	Maximum number  of monitored PDCCH candidates per span pattern  and per serving cell 

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	6
	11
	22

	1
	5
	9
	18


Proposal 6. 
· Case 2: Capability on the number of CCs with Rel-16 monitoring capability only
· pdcch-BlindDetectionCA-R16 can be smaller than 4, and equal to or larger than 1.
· Case 3: Capability on the number of CCs with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· Each of pdcch-BlindDetectionCA-R16 and pdcch-BlindDetectionCA-R15 can be smaller than 4, and equal to or larger than 1
· (The minimum of pdcch-BlindDetectionCA-R15 + The minimum of pdcch-BlindDetectionCA-R16) is not larger than 4
· FFS (the minimum of pdcch-BlindDetectionCA-R15 + the minimum of pdcch-BlindDetectionCA-R16) can be smaller than 4  
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