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1	Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]This document provides our view on remaining issues on PDCCH enhancement for Rel.16 URLLC.
2 Discussion
DCI size alignment

There is remaining issue to differentiate DCI formats if the size of the DCI format 0_2/1_2 is aligned with the size of other DCI formats. In email discussion [100e-NR-L1enh_URLLC_PDCCH-01] on remaining issues on DCI format, two alternatives as follows were identified.

Alt. 1 
· One zero-padding bit is added to DCI format 0_2/1_2 to differentiate DCI format 0_2/1_2 monitored in USS and DCI format 0_0/1_0 monitored in another USS.
· One zero-padding bit is added to DCI format 0_1/1_1 to differentiate DCI format 0_2/1_2 monitored in USS and DCI format 0_1/1_1 monitored in another USS.
· One zero-padding bit is added to DCI format 0_1/1_1 to differentiate DCI format 0_2/1_2 and DCI format 0_1/1_1 monitored in the same USS.  
Alt. 2
· A UE is not expected to monitor a first decoding candidate with DCI format 0_0/1_0 and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_0/1_0 and 0_2/1_2 have the same size.  
· A UE is not expected to monitor a first decoding candidate with DCI format 0_1/1_1 and a second candidate with DCI format 0_2/1_2, where the two decoding candidates are mapped to the same resource and the DCI formats 0_1/1_1 and 0_2/1_2 have the same size.  
No consensus was achieved in RAN1#100-e. The DCI format 0_2/1_2 could be used for both eMBB and URLLC operations depending on the RRC configurations. By RRC configuration, the size of DCI format 0_1/1_1 and DCI format 0_2/1_2 could be same size. In such case, ambiguity of the DCI format identification happens. The same size case can be avoided by gNB RRC configuration. However, UE should know whether such same size case never happen. Otherwise, UE is required to prepare the case of the same size. When BWP is switched or some parameter is changed, reconfiguration of other parameter is also necessary for size alignment. Taking into account these cases can be complex. Therefore, our first preference is Alt. 1(zero padding). However, if there is no consensus of Alt. 1, we can accept Alt. 2 also. If Alt. 2 is supported, “A UE is not expected to monitor …” should be specified in spec clearly in order to understand spec correctly.

Proposal 1: Zero padding is achieved to differentiate the size of the DCI format 0_2/1_2 and the size of other DCI formats.
· One zero-padding bit is added to DCI format 0_2/1_2 to differentiate DCI format 0_2/1_2 monitored in USS and DCI format 0_0/1_0 monitored in another USS.
· One zero-padding bit is added to DCI format 0_1/1_1 to differentiate DCI format 0_2/1_2 monitored in USS and DCI format 0_1/1_1 monitored in another USS.
· One zero-padding bit is added to DCI format 0_1/1_1 to differentiate DCI format 0_2/1_2 and DCI format 0_1/1_1 monitored in the same USS.  

[bookmark: _Hlk4692868]PDCCH dropping

Span(s) for PDCCH overbooking/dropping
In email discussion on for span(s) for PDCCH overbooking/dropping of [100e-NR-L1enh_URLLC_PDCCH-02] in RAN1 #100-e [2], there is no consensus. Chairman suggests that we take a note of the proposal below, and strongly encourage us to use the proposals to do more analysis with the hope that we can conclude in April. 

	Proposal #1: For PDCCH overbooking/dropping, down select one from the following options:
· Option 1：PDCCH overbooking/dropping is only performed in a span with CSS present
· [bookmark: _Hlk37234759]Alt. 1: All span(s) with CSS present within a slot, including type-3 CSS
· Alt. 2: All span(s) with CSS present within a slot, except for type-3 CSS
· Alt. 3: At most X span(s) with CSS present within a slot, including type-3 CSS 
·  FFS: If the number of spans with CSS present within a slot is larger than X, then PDCCH overbooking/dropping is performed in the first X spans with CSS present
· For the value of X,
· Alt.3-1: X=2 
· Alt.3-2: X=1
· Alt.3-3: X is UE capability, the candidate value for X is {1, 2, FFS}  
· Option 2：PDCCH overbooking/dropping is only performed in at most X span(s) within a slot;
· Alt. 1: the value of X is 1
· Alt. 2: X is UE capability, the candidate value for X is {1, 2, FFS}  
· Option 3: PDCCH overbooking is allowed in any span regardless of whether CSS is present in a span. 



We support Option 1 - Alt 1 in above. PDCCH overbooking and PDCCH dropping are only performed in the span with CSS including type-3 CSS present. For spans with only USS, gNB can configure the number of CCEs/BDs up to the limit. However, for making progress, if UE complexity is not big concern, we can accept Option 3 with full flexibility. 


Proposal 2: (Option 1- Alt1) PDCCH overbooking/dropping is only performed in a span with CSS present. All span(s) with CSS present within a slot, including type-3 CSS.

PDCCH dropping in a span
In email discussion on PDCCH dropping in a span of [100e-NR-L1enh_URLLC_PDCCH-02] in RAN1 #100-e [2], there is no consensus. Chairman suggests that we take a note of the proposal below, and strongly encourage us to use the proposals to do more analysis with the hope that we can conclude in April.
	Proposal #2: PDCCH candidate dropping in a span, down select one from the following options:
· Option 1 (i.e. original option 2): If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring all PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j, i.e. no partial dropping in any search space set 
· Option 2 (i.e. original option 3): If the number of non-overlapping CCE for channel estimation of the configured PDCCH candidates to monitor in some monitoring span j exceeds the CCE limit per monitoring span of the span j, UE can skip monitoring some PDCCH candidates in the search space sets with highest search space set indices in span j until the number of non-overlapping CCE of remaining PDCCH candidates to monitor in the monitoring span j does not exceed the CCE limit per monitoring span for span j.



We support Option 1. Finer granularity in dropping is not necessary. For the search space of URLLC, gNB can configure separate search space for each UE to reduce blocking probability. Then, the number of candidates in a search space is not so large in the search space of URLLC. If the number of candidates is large, the probability of false alarm is also increased. Then, when CSS and USS for URLLC are overlapped, the search space for URLLC would not be dropped and another search space would be dropped. This drooping rule is mainly used for the search space of eMBB. In Option 1, PDCCH candidates dropping rules in Rel-15 could be re-used.  In order to support Option 2, more complicated rule should be specified.

Proposal 3: Support Option 1. No partial dropping in any search space set.

 PDCCH monitoring capability
The per-CC limit on the maximum number of non-overlapping CCEs per monitoring span for (2, 2) and (4, 3) 
FL proposed following two options as the starting point for discussion.
	[bookmark: OLE_LINK5]Proposal #1: For limit C on the maximum number of non-overlapping CCEs for channel estimation per PDCCH monitoring span, 
· Option 1：
· 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 18. 
· Option 2：
· For the value of C for combination (4, 3) for 15 kHz and 30 kHz, UE can report one of following values as a UE capability:
· 32  
· 48  
· For the value of C for combination (2, 2) for 15 kHz and 30 kHz, UE can report one of following values as a UE capability:
· 16
· 32 



For URLLC, it is not necessary to have large number of candidates since the search space could be separated for each UE. Therefore, the number of C is not necessary to be very large. If there are two capabilities, UE capability with larger number of C might be not implemented. Therefore, we support Option 1.

Proposal 4: 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 18.

The per-CC limit on the maximum number of monitored PDCCH candidates per monitoring span
FL proposed following two options as the starting point for discussion.
	Proposal #2: For limit M on the maximum number of monitored PDCCH candidates per monitoring span, 
· Option 1：
· For 15 kHz,
· The value of M03 for combination (7, 3) is 44 
· The value of M02 for combination (4, 3) is 28 
· The value of M01 for combination (2, 2) is 12 
· For 30 kHz,
· The value of M13 for combination (7, 3) is 36 
· The value of M12 for combination (4, 3) is 24 
· The value of M11 for combination (2, 2) is 10
· Option 2：
· For 15 kHz,
· UE can report one of following values for combination (7, 3) as a UE capability:
· 44  
· 28  
· UE can report one of following values for combination (4, 3) as a UE capability:
· 30  
· 18  
· UE can report one of following values for combination (2, 3) as a UE capability:
· 18  
· 10  



As same as the number of C, the number of M is not necessary to be very large. If there are two capabilities, UE capability with larger number of C might be not implemented. Therefore, we support Option 1.

Proposal 5: For limit M on the maximum number of monitored PDCCH candidates per monitoring span are follows.
· For 15 kHz,
· The value of M03 for combination (7, 3) is 44 
· The value of M02 for combination (4, 3) is 28 
· The value of M01 for combination (2, 2) is 12 
· For 30 kHz,
· The value of M13 for combination (7, 3) is 36 
· The value of M12 for combination (4, 3) is 24 
· The value of M11 for combination (2, 2) is 10

Capability on the number of CCs with Rel-16 monitoring capability
In the RAN1#99 meeting, the following agreement was made:
	Agreement
UE reports its PDCCH monitoring capability for the following cases:
· Case 1: Capability on the number of CCs with Rel-15 monitoring capability only
· This capability already exists in Rel-15
· Case 2: Capability on the number of CCs with Rel-16 monitoring capability only
· pdcch-BlindDetectionCA-R16 can be smaller than 4
· 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
· (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  
· pdcch-BlindDetectionCA-R15 and pdcch-BlindDetectionCA-R16 for the above three cases can be reported separately




For FFS points, FL proposed follows [3].
	Proposal #3: Further study the following two options for the number of CCs with Rel-15 monitoring capability and Rel-16 monitoring capability on different serving cells 
· Option 1：Minimum of pdcch-BlindDetectionCA-R15 + Minimum of pdcch-BlindDetectionCA-R16 = 4
· Option 2：The minimum value of pdcch-BlindDetectionCA-R15 is 2 and the minimum value of pdcch-BlindDetectionCA-R16 is 1




In FLS [3], Option 1 means that UE can support the combination of (#Rel-16, #Rel-15) as (4, 0), (3, 1), (2, 2), (1, 3) (0, 4).
The capability of minimum value of pdcch-BlindDetectionCA-R15 in case 3 is not necessary to be limit to 2CCs. Therefore, we support Option 1. 

Proposal 6: Minimum of pdcch-BlindDetectionCA-R15 + Minimum of pdcch-BlindDetectionCA-R16 = 4. UE can support the combination of (#Rel-16, #Rel-15) as (4, 0), (3, 1), (2, 2), (1, 3) (0, 4).

3	Conclusion 
Here we summarize proposals.
Proposal 1: Zero padding is achieved to differentiate the size of the DCI format 0_2/1_2 and the size of other DCI formats.
· One zero-padding bit is added to DCI format 0_2/1_2 to differentiate DCI format 0_2/1_2 monitored in USS and DCI format 0_0/1_0 monitored in another USS.
· One zero-padding bit is added to DCI format 0_1/1_1 to differentiate DCI format 0_2/1_2 monitored in USS and DCI format 0_1/1_1 monitored in another USS.
· One zero-padding bit is added to DCI format 0_1/1_1 to differentiate DCI format 0_2/1_2 and DCI format 0_1/1_1 monitored in the same USS.  
Proposal 2: (Option 1- Alt1) PDCCH overbooking/dropping is only performed in a span with CSS present. All span(s) with CSS present within a slot, including type-3 CSS.
Proposal 3: Support option 1. No partial dropping in any search space set.
Proposal 4: 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 18.

Proposal 5: For limit M on the maximum number of monitored PDCCH candidates per monitoring span are follows.
· For 15 kHz,
· The value of M03 for combination (7, 3) is 44 
· The value of M02 for combination (4, 3) is 28 
· The value of M01 for combination (2, 2) is 12 
· For 30 kHz,
· The value of M13 for combination (7, 3) is 36 
· The value of M12 for combination (4, 3) is 24 
· The value of M11 for combination (2, 2) is 10
Proposal 6: Minimum of pdcch-BlindDetectionCA-R15 + Minimum of pdcch-BlindDetectionCA-R16= 4. UE can support the combination of (#Rel-16, #Rel-15) as (4, 0), (3, 1), (2, 2), (1, 3) (0, 4).
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