3GPP TSG RAN WG1 #100bis			R1-2002255
e-Meeting, April 20th – 30th, 2020

[bookmark: Source]Agenda item:	7.2.5.1
Source: 	Spreadtrum Communications
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Title: 	Remaining issues of PDCCH enhancements for URLLC
[bookmark: DocumentFor]Document for:	Discussion and decision
Introduction
This contribution gives some considerations for the remaining issues of PDCCH design on URLLC [1].
DCI format(s) for URLLC
DCI size alignment
For three questions discussed in DCI size alignment, we support the optional 1, which is one zero-padding bit is added to the DCI format 0_2/1_2 or DCI format 0_1/1_1.
Question 1: How to distinguish DCI format 0_2/1_2 and DCI format 0_0/1_0? 
· Option 1: One zero-padding bit is added to the new DCI formats to differentiate the new DCI formats monitored in USS and Rel-15 fallback DCI formats monitored in another USS.   
Question 2: How to distinguish DCI format 0_2/1_2 monitored in USS and DCI format 0_1/1_1 in another USS? 
· Option 1: One zero-padding bit is added to DCI format 0_1/1_1 to differentiate the new DCI formats monitored in USS and Rel-15 non-fallback DCI formats monitored in another USS.   
Question 3: How to distinguish DCI format 0_2/1_2 and DCI format 0_1/1_1 monitored in the same USS if they are configured? 
· Option 1: One zero-padding bit is added to DCI format 0_1/1_1 to differentiate the new DCI formats and Rel-15 non-fallback DCI formats monitored in the same USS.   
The main concern for Option 1 of Question 1/2/3 is gNB can configure different size of DCI format 0_2/1_2 with DCI format 0_0/1_0 and DCI format 0_1/1_1 in USS. It is useless to discuss these differential solutions. However, we have already supported the zero-padding bit in Rel-15 to differential DCI format 0_1/1_1 and DCI format 0_0/1_0, since they can have the same payload size. Furthermore, considering many RRC parameters were introduced in Rel-16 to configure the size of each field in DCI format 0_2/1_2, there would be more possibility that DCI format 0_2/1_2 and 0_0/1_0 have the same size, and DCI format 0_2/1_2 and 0_1/1_1 have the same size.  So the Option 1 for question 1/2/3 can provide more flexibility from this aspect. 
Proposal 1. Support the following Options for DCI size alignment:
· Option 1: One zero-padding bit is added to the new DCI formats to differentiate the new DCI formats monitored in USS and Rel-15 fallback DCI formats monitored in another USS.   
· Option 1: One zero-padding bit is added to DCI format 0_1/1_1 to differentiate the new DCI formats monitored in USS and Rel-15 non-fallback DCI formats monitored in another USS.   
· Option 1: One zero-padding bit is added to DCI format 0_1/1_1 to differentiate the new DCI formats and Rel-15 non-fallback DCI formats monitored in the same USS.   

PUCCH resource determination for reduced size of PRI field 
PRI field in DCI format 1_2 can be configured as 0/1/2/3 bits. 
-	PUCCH resource indicator – 0 or 1 or 2 or 3 bits determined by higher layer parameter Numberofbits-forPUCCHresourceindicator-ForDCIFormat1_2
One open issue is how to determine the PUCCH resource when it is without PRI. This issue raised by many contributions and two options can be for further study.
Option 1: defined as the first PUCCH resource configured in the set
Option 2: using a first CCE index to determine the PUCCH resource
Clearly, Option 1 is the easier solution and also used for bit width of PRI field is 1 or 2 bits, as well as other fields in DCI format 0_2/1_2 which bit widths are less than corresponding fields in DCI 0_1/1_1. 
Proposal 2. PUCCH resources corresponding to a PUCCH resource allocation field with 0 bits are the first configured PUCCH resources. 
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 values for span patterns (4, 3) and (7, 3) were not decided yet. 
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]As discussed offline in the previous meetings, 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. We would like to adopt 36 as C value for combination (4, 3) according to the proposals of larger non-overlapped CCE numbers from many companies. It may provide more reliable PDCCH transmissions per span.
Proposal 3. The value of C for combination (4, 3) for 15 kHz and 30 kHz is 36. The value of C for combination (2, 2) for 15 kHz and 30 kHz is 16.

Maximum number of monitored PDCCH candidates per span
For maximum number of monitored PDCCH candidates per span, enhancing the number of blind decoding is not essential for URLLC traffic, at least not as important as CCE limits. Many contributions proposed to increase the capability of monitored PDCCH candidates. But we had no chance to discuss this issue during the previous meetings. Considering the balance of PDCCH capacity and UE complexity of PDCCH monitoring, the values of BDs limits per span in the following table can be considered.
Proposal 4. 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
	10
	24
	36

	1
	8
	18
	28



Span(s) for PDCCH overbooking/dropping 
In previous meetings, 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 span 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. The number of CSS occasions in a slot is limited. 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 limited span numbers. According to the options from RAN1-100e, we prefer Option 2 Alt 2.
Proposal 5. For PDCCH overbooking/dropping:
· Option 2：PDCCH overbooking/dropping is only performed in at most X span(s) within a slot;
· Alt. 2: X is UE capability
UE capability for minimum value of pdcch-BlindDetectionCA-R15/R16
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 decided 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 to be equal or larger than 2 and pdcch-BlindDetectionCA-R16 to be equal 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. The minimum value of pdcch-BlindDetectionCA-R15 is 2 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
Scale the monitoring capability when the number of CCs configured is larger than the reported capability 
After RAN1 100e meeting, we still have some remaining open issues on how to handle the CA case when the reported capability is less than the actual configured number of CCs, including the definition of aligned spans and non-aligned spans, and  further optimization for non-aligned spans cases.
Aligned spans
Span patterns are quite different from numerology, which is simple to say they are same or different. But Span patterns may start from different symbols or monitoring locations may be different or some empty spans are within span patterns. All these cases make it difficult to descript span patterns across serving cells are aligned or non-aligned. 
From our sight of view, if span patterns are aligned, the start symbols of each spans across all the  downlink cells are the same. Every span from one serving cell is full overlap or non-overlap with any spans from the other  downlink cells. So this is an aligned spans case.
[image: cid:image006.png@01D5EBF3.37DA4790]
For the spans on all downlink cells from the  downlink cells are aligned, the following WA was achieved as shown below. We propose to confirm the WA.
Proposal 7. Aligned span: Every span from one serving cell is full overlapped or non-overlapped with any spans from the other  downlink cells.
Proposal 8. Confirm the WA for aligned span.
Working assumption:
If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs per span on the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on all downlink cells from the  downlink cells are aligned, where

· is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.
If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates per span on the active DL BWP(s) of scheduling cell(s) from the serving cells if the spans on all downlink cells from the  downlink cells are aligned, where

· is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by. 
Non-aligned span
If span patterns are non-aligned, at least one span of a DL cell are partially overlapped with other spans from the  downlink cells.
Proposal 9. Non-aligned span: At least one span of a DL serving cell is partially overlapped with other spans from the  downlink cells.
For non-aligned span case, we agree with the proposal#1 and #2 from [2] and propose to make them agreements.
Proposal 10. Agree with the proposal#1 and #2 from [2] and propose to make them agreements
If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than non-overlapping CCEs for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

· [image: cid:image014.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image017.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of  , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.   
If a UE is configured with  downlink cells with Rel-16 PDCCH monitoring capability with an associated combination (X, Y) and SCS configuration µ, where , the UE is not required to monitor more than PDCCH candidates for any set of spans across the active DL BWP(s) of scheduling cell(s) from the downlink cells if the spans on different downlink cells from the  downlink cells are not aligned, with at most one span per scheduling cell for each set, where

· [image: cid:image029.png@01D5F088.C5CC80B0]is the number serving cells configured with Rel-16 PDCCH monitoring capability with SCS configuration j. 
· If a UE is configured with multiple carriers with a mix of Rel-15 and Rel-16 PDCCH monitoring capability,  is replaced by[image: cid:image030.png@01D5F088.C5CC80B0]. 
· The associated combination (X, Y) is the combination (X, Y) associated with largest maximum number of , if the UE indicates a capability to monitor PDCCH according to multiple (X, Y) combinations and a configuration of search space sets to the UE results in a span pattern with a separation of any two consecutive PDCCH monitoring spans that is equal to or larger than the value of X for two or more of the (X, Y) combinations.  

[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Conclusion
In this contribution, we have the following observations and proposals.
Proposal 1. Support the following Options for DCI size alignment:
· Option 1: One zero-padding bit is added to the new DCI formats to differentiate the new DCI formats monitored in USS and Rel-15 fallback DCI formats monitored in another USS.   
· Option 1: One zero-padding bit is added to DCI format 0_1/1_1 to differentiate the new DCI formats monitored in USS and Rel-15 non-fallback DCI formats monitored in another USS.   
· Option 1: One zero-padding bit is added to DCI format 0_1/1_1 to differentiate the new DCI formats and Rel-15 non-fallback DCI formats monitored in the same USS.   
Proposal 2. PUCCH resources corresponding to a PUCCH resource allocation field with 0 bits are the first configured PUCCH resources. 
Proposal 3. The value of C for combination (4, 3) for 15 kHz and 30 kHz is 36. The value of C for combination (2, 2) for 15 kHz and 30 kHz is 16.
Proposal 4. 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
	[bookmark: _GoBack]10
	24
	36

	1
	8
	18
	28


Proposal 5. For PDCCH overbooking/dropping:
· Option 2：PDCCH overbooking/dropping is only performed in at most X span(s) within a slot;
· Alt. 2: X is UE capability
Proposal 6. The minimum value of pdcch-BlindDetectionCA-R15 is 2 and the minimum value of pdcch-BlindDetectionCA-R16 is 1
Proposal 7. Aligned span: Every span from one serving cell is full overlapped or non-overlapped with any spans from the other  downlink cells.
Proposal 8. Confirm the WA for aligned span.
Proposal 9. Non-aligned span: At least one span of a DL serving cell is partially overlapped with other spans from the  downlink cells.
Proposal 10. Agree with the proposal#1 and #2 from [2] and propose to make them agreements
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