3GPP TSG RAN WG1 Meeting #100bis-e	R1-2001545
E-meeting, April 20 - April 30, 2020

Item:	7.2.5.1
Source:	Huawei, HiSilicon
Title:	Corrections on PDCCH enhancement for URLLC
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
During Rel-16, a Work Item for eURLLC was carried out. As part of it, enhancements for PDCCH have been introduced, i.e. new DCI formats and enhanced monitoring capabilities. However, some of these enhancements still have open issues left, like the maximum number of blind decodes and non-overlapping CCEs to be supported. In this contribution we firstly address the remaining open issues and then also propose a correction for DCI size alignment to the current specification.
[bookmark: _Ref129681832]Discussion on remaining open issues
Number of blind decodes per span
[bookmark: OLE_LINK3]In 38.213, the maximum number of blind decodes for enhanced PDCCH monitoring is still open for sub-carrier spacing 15 kHz and 30 kHz. 
Table 1 below shows how the maximum numbers of blind decodes have been captured in the current specification of 38.213. 
[bookmark: _Ref32402748]Table 1 – Maximum number of BD for enhanced PDCCH monitoring as being captured in 38.213
	Table 10.1-2A provides the maximum number of monitored PDCCH candidates, , per span for a UE in a DL BWP with SCS configuration  for operation with a single serving cell.
Table 10.1-2A: Maximum number  of monitored PDCCH candidates in a span of a span pattern (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per span pattern  and per serving cell 

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

	0
	M01
	M02
	M03

	1
	M11
	M12
	M13






In the agreement from RAN1#99, the number of blind decodes is still open and M1, M2 and M3 represent the maximum numbers per span for different combinations (X, Y). The corresponding agreement is shown below. Accordingly, the parameters M01, M02, M03, M11, M12 and M13 have been captured in the specification as placeholders until the final numbers are agreed.
	Agreement from RAN1#99
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



The agreement from RAN1#99 above gives guidance on the selection of values for M1, M2 and M2, i.e.:
· 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 
Below we discuss when the same maximum number of blind decodes is associated with every span for a given SCS and span pattern (X, Y). 
Following the agreement from RAN1#99, for enhanced Rel-16 monitoring, the total number of blind decodes per slot shall not be less than the Rel-15 limits (i.e. not less than 44 BDs per slot for 15 kHz SCS and not less than 36 BDs per slot for 30 kHz SCS). If the same maximum number of blind decodes shall be applied for each span, then at least the numbers shown in Table 3 below have to be supported.
[bookmark: _Ref32403722]Table 3 – Minimum requirement on BDs per span when the same maximum limit is used for each span in a given span pattern (deduced from agreement in RAN1#99)
	#BDs/span @ 15 kHz
	#BDs/span @ 30 kHz
	#BDs/slot @ 15 kHz
(44 BDs is the Rel-15 limit)
	#BDs/slot @ 30 kHz
(36 BDs is the Rel-15 limit)

	M01= 7
	M11=6
	7 spans*7 = 49 
	7 spans * 7 = 42

	M02= 15
	M12=12
	3 spans* 15 =  45
	3 spans * 12 = 36

	M03=22
	M13=18
	2 spans * 22 = 44
	2 spans * 18 = 36 (36)



The table above shows the numbers that at least have to be supported when following the agreement from RAN1#99. To simplify the specification effort, we firstly propose M01=M11, M02=M12 and M03=M13, i.e. same maximum number of PDCCH candidates for the same (X, Y) regardless the subcarrier spacing. Additionally, we suggest that the values should be slightly increased compared to the minimum requirement shown in Table 3. This gives some more scheduling flexibility, which could be needed, if a span contains both USS and CSS. In Table 4 below, we propose our numbers. 
[bookmark: _Ref30767600]Table 4 – Option 1 - proposed values for M01, M02, M03, M11, M12 and M13, if all spans within a span pattern shall have the same maximum number of Blind Decodes
	#BDs/span @ 15 kHz
	#BDs/span @ 30 kHz
	#BDs/slot @ 15 kHz
(44 BDs is the Rel-15 slot limit)
	#BDs/slot @ 30 kHz
(36 BDs is the Rel-15 slot limit)

	M01= 8
	M11=8
	7 spans * 8 = 56
	7 spans * 8 = 56

	M02= 18
	M12=18
	3 spans * 18 = 54
	3 spans * 18 = 54

	M03=28
	M13=28
	2 spans * 28 = 56
	2 spans * 28 = 56



If even more BDs should be provided, e.g. for a span that also contains CSS, the method above could be modified. One can take advantage of that when allocating the same maximum number of BDs for each span, then spans that only contain USS might have unnecessarily high numbers of BDs available. An alternative possibility would be to allow more BDs in spans that contain CSS but to restrict the blind decodes on spans that only contain USS. The details of this method are discussed in [1]. 
Based on the above discussion, we make the following proposal:
Proposal 1: The maximum number of BDs per span is determined according to:
· All spans in a given pattern, have the same limit on the maximum of blind decodes.
· M01=M11=8, M02=M12=18, M03=M13=28
Number of non-overlapping CCEs per span
The maximum numbers of non-overlapping CCEs per span have not been decided yet. Consequently, placeholders have been used in 38.213 for the (2, 2) and (4, 3) span patterns:
Table 5 - Maximum number of non-overlapping CCEs captured in 38.213
	Table 10.1-3A provides 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 for operation with a single serving cell.
Table 10.1-3A: Maximum number  of non-overlapped CCEs in a span of a span pattern (X, Y) for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of non-overlapped CCEs per span pattern  and per serving cell 

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

	0
	C01
	C02
	56

	1
	C11
	C12
	56






During the RAN1#99 meeting most companies would have agreed to 24 CCEs for (2, 2) and 32 CCEs for (4, 3). One company on the other hand required higher CCE limits, i.e. 48 non-overlapping CCEs per span for a (2, 2) configuration. This would increase the Rel-15 numbers almost by a factor of 7 and is not feasible for implementation. Additionally, one needs also to consider that in a (2, 2) configuration the UE should expect 7 valid DCIs for scheduling PDSCH and 7 valid DCIs for PUSCH. But in case of such high numbers of non-overlapping CCEs, a lot of the processing power would be required just for channel estimation which would not leave much margin to also perform the data processing. 
Our proposal is to apply the numbers below, they are a good compromise between scheduling flexibility and implementation cost.
Table 6 – Proposed maximum numbers of non-overlapping CCEs per span
	Span configuration
	#non-overlapping CCEs / span for 15 kHz and 30 kHz

	(2, 2)
	28

	(4, 3)            
	36



Proposal 2: For enhanced PDCCH monitoring, RAN1 should select the following limits for the number of non-overlapping CCEs per monitoring span:
· C01=C11 = 28, C02=C12=36
PDCCH candidate overbooking and dropping
Span(s) for PDCCH overbooking/dropping
In the RAN1#100-e meeting, PDCCH overbooking and candidate dropping has been discussed [2]. Furthermore, three options as shown below were provided. They need to be down selected based on further study.
	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
o   Alt. 1: All span(s) with CSS present within a slot, including type-3 CSS
o   Alt. 2: All span(s) with CSS present within a slot, except for type-3 CSS
o   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;
o    Alt. 1: the value of X is 1
o   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. 



The main concern with performing PDCCH overbooking and dropping in all spans is that it results in a huge computational overhead. The increased implementation complexity can be seen from the following aspects. 
First, different search space sets can have different periodicities. That means that the numbers of required CCEs and BDs can differ from slot to slot. For each slot it needs to be re-evaluated whether the BD/CCE limits are exceeded or not and PDCCH candidate dropping needs to be performed accordingly. This information is available upon RRC configuration and could in theory be calculated for all slots in advance. However, the largest configurable search space set periodicities are extremely long and the overbooking/dropping pattern will be different in different slots for a very long period until the pattern starts to repeat. Therefore, a pre-calculation is not feasible for the implementation since it would require far too much memory.
Second, in Rel-16, it was agreed that the counting and dropping is done per span in order to avoid that the number of the monitored PDCCH candidates and/or non-overlapping CCE exceeds the UE capability per span. In worst case, the above mentioned operations have to be performed 7 times during one slot. The UE complexity is already increased by supporting more overlapping CCEs and potentially also more PDCCH candidates. If it is even further increased due to more BD/CCE counting, it can then reduce the PDSCH/PUSCH processing capabilities. 
In Rel-15, the BD/CCE limits are defined per slot and the BD/CCE counting and dropping are also performed on a slot basis. When a search space set with multiple PDCCH monitoring occasions within a slot is configured, if the BD/CCE limit is exceeded in the first span where the search space set locates, the whole search space set is dropped, not only in this span but also in all the remaining spans within the slot. In other words, the search space set in the remaining spans in a slot is not necessary to be included in the BD/CCE counting in this case. However, in Rel-16, the search space sets in the remaining spans in a slot still need to be taken into account for applying the PDCCH dropping rule in these spans. 
Based on the above discussion it becomes clear that the computational complexity would be increased significantly if PDCCH overbooking and dropping would be performed in all spans. This situation should be avoided. We therefore prefer that PDCCH candidate overbooking and dropping only is performed in a limited number of spans.
Another related question was, if overbooking and dropping not applies to all spans in a slot, if it should only be performed in spans where CSS with/without type-3 CSS is present. In Rel-15, if the UE supports the FG3-5, the monitoring occasion of type1 CSS with dedicated RRC configuration and type-3 CSS can be any OFDM symbol(s) of a slot. In the worst case, the PDCCH overbooking/dropping may be performed in every span in a slot if the PDCCH overbooking/dropping is only done in spans where CSS including or excluding type3-CSS. Such a situation should be avoided.
Based on the above discussion, in order to avoid a significant increase of the UE complexity, our proposal on the remaining issue is therefore Alt.3-3 in Option 1 where X is {1, 2}. 
Proposal 3: PDCCH overbooking and dropping is performed at most for X span(s) with CSS present within a slot, including type-3 CSS. 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. X is UE capability, the candidate value for X is {1, 2}.
How to perform PDCCH dropping in a span
In the RAN1#100-e meeting[1], it was discussed whether to introduce more rules for concrete operations for PDCCH dropping in order to keep as many PDCCH candidates as possible until the limit per span is reached. Furthermore, the following two options were provided for down selection:
	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.



For the PDCCH dropping, the PDCCH candidates and non-overlapping CCEs have to be counted if they exceed the specified limits. The UE has to carry out the following comparisons:
· Counting required PDCCH candidates: two candidates will be considered as one if, they are in same CORESET, they are mapped to the same CCEs, they are scrambled with the same scrambling sequence and they are having the same DCI size.
· Counting required non-overlapping CCEs for channel estimation: two CCEs will be counted as one CCE for channel estimation, if they belong to the same CORESET and if they are occupying the same CCEs with the same start symbol.
In the previous section, we have discussed the implementation complexity of PDCCH overbooking/dropping and that multiple comparisons have to be performed repeatedly per span. Another aspect is that for Rel-16 PDCCH monitoring, it is also likely that the #BDs/#CCEs are increased compared to Rel-15. This may add to the overall costs when more condition checks are introduced. Regarding Option 2 above, with a proper gNB configuration, the benefits of such an approach would be minimal (if any) compared to Option 1. In general, it is possible by gNB configuration to maintain more PDCCH candidates after PDCCH mapping and it is not necessary to introduce more condition checks for the PDCCH dropping rule. Moreover, if we apply Option 2, additional solutions on how to determine which PDCCH candidates to drop need to be further studied, such as the order of dropping according to the aggregation level, or the PDCCH candidate index. This may add unnecessary complexity to the UE and would require more standard efforts. In our view, Option 1 is a good compromise between network flexibility and UE complexity and should be supported.
[bookmark: _GoBack]Proposal 4: 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.
PDCCH monitoring for carrier aggregation
Minimum number of supported carriers for R15/R16 monitoring
For carrier aggregation, it must be decided whether the minimum capability should still be 4 CCs for a UE that is supporting the mixed monitoring case, i.e. monitoring some CCs according to Rel-15 and some other CCs according to Rel-16. The following agreement was achieved during RAN1#99: 
	Agreement from RAN1#99
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 



Case 1 is the Rel-15 minimum PDCCH monitoring capability for CA, i.e. 4 CCs. The same reasons why 4 CCs have been selected for Case1 could also be valid for Case 2, thus 4 CCs should also be supported for Case 2, at least for some UEs.   For Case 3, in our view, a UE that is capable to perform mixed monitoring according Rel-15 in some cells and according to Rel-16 in some other cells, should still be designed to handle 4 CCs in total. If e.g. 2 of the CCs would be configured with monitoring according to Rel-16, then there should be 2 remaining CCs that still could be configured with control channel monitoring according to Rel-15. This is a very important scenario for carrier aggregation and the support of URLLC/eMBB in the UE. We do not see any motivation for further restrictions. Therefore, it is reasonable that the “minimum of pdcch-BlindDetectionCA-R15 + minimum of pdcch-BlindDetectionCA-R16 = 4.”
Proposal 5: The UE supports the following number of CCs
· Rel-16 monitoring only (Case 2): pdcch-BlindDetectionCA-R16 = 4
· Mixed Rel-15 and Rel-16 monitoring (Case 3): Minimum of pdcch-BlindDetectionCA-R15 + minimum of pdcch-BlindDetectionCA-R16 = 4
Scaling PDCCH monitoring capability if the number of configured CCs is larger than the reported capability
For scaling the maximum numbers of non-overlapped CCEs and monitored PDCCH candidates when the UE is configured with more cells than its PDCCH monitoring capability for CA, aligned spans and non-aligned spans across CCs were discussed in RAN1#100-e.The following working assumption [3] was made for aligned spans:
	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. 
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.



Spans across different CCs can be considered to be aligned, when the same combination (X, Y) and the same SCS configuration is used in the CCs, and the spans with the same index across the cells are allocated on the same symbols within the slot. In Figure 1, Span (1, 1) refers to the first span in the CC#1, and similarly the span (2, 2) means the second span in the CC#2. Even empty spans could appear because of different periodicities for the different PDCCH MOs. An example case for aligned spans is illustrated in Figure 1 below.


[bookmark: _Ref36650484]Figure 1 - Aligned-spans across CCs. The same combination (X, Y) and the same SCS is configured on all CCs. CCs 
Proposal 6: Confirm the working assumption on scaling PDCCH monitoring capability for aligned-span case for CA.
In the previous meeting, several non-aligned-span cases were provided and it seemed difficult to agree how to scale the PDCCH monitoring capability among non-aligned spans across different cells.
In our view, a good compromise between implementation complexity and scheduling flexibility would be to define sets of cells for the same SCS with aligned spans in the same set. With the formulas below, M_total and C_total could be calculated for each set:

, 


, where the  denotes the number of cells from the cell set with same numerology, same (X, Y) and that are satisfying the aligned-span condition. 
The working assumption on the already agreed case of aligned spans is also covered by the above formula. In this case, there would be only one set of cells for a given SCS with a certain combination (X, Y). We therefore make the following proposal for the non-aligned case: 
Proposal 7: M_total and C_total are calculated for each set of cells by the following formulas, where each cell within the same set has the same SCS, the same (X, Y) and is satisfying the condition of aligned-spans. 

, 


, where the denotes the number of cells from the cell set with same numerology, same (X, Y) and that are satisfying aligned-span condition.  
[bookmark: _Ref37410468]Corrections on DCI size alignment
According to the feature lead summary in last meeting[4], in the current TS 38.212, the DCI size alignment procedure is extended due to the introduction of DCI format 0_2/1_2 with a few places in bracket due to lack of explicit agreements, The remaining issue is how to distinguish the following cases.
Case 1: Fallback DCI format (0_0, 1_0) and new DCI format (0_2, 1_2)
Case 2: Non-fallback DCI format (0_1, 1_1) and new DCI format (0_2, 1_2) in same or different USS
For these two cases, RAN1 did not achieve consensus because some companies think one zero-padding bit should be added, but others think it can be controlled by the gNB and nothing needs to be specified. It seems both options have their own valid point. However, to achieve progress and to reduce the specification effort, we could support option 2, thus 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, and 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. 
Proposal 8: 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.  
Proposal 9: 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.
Conclusions
In the contribution we discuss remaining open issues and corrections for enhanced PDCCH monitoring.
Resolving open issues
The first open issue is to determine the number of blind decodes per span. 
Proposal 1: The maximum number of BDs per span is determined according to:
· All spans in a given pattern, have the same limit on the maximum of blind decodes.
· M01=M11=8, M02=M12=18, M03=M13=28
The next open issue is to specify the maximum number of non-overlapping CCEs. 
Proposal 2: For enhanced PDCCH monitoring, RAN1 should select the following limits for the number of non-overlapping CCEs per monitoring span:
· C01=C11 = 28, C02=C12=36
The third issue to be resolved is related to PDCCH candidate overbooking and dropping. This is a complex function for the UE implementation. In Rel-15 the dropping is performed only once per slot. In Rel-16, if the dropping needs to be performed in all spans, then the UE complexity would be significantly increased. This should be avoided. A further increase in complexity and specification effort would come from if partial dropping would be allowed in search space sets. Therefore, we are making the following two proposals.
Proposal 3: PDCCH overbooking and dropping is performed at most for X span(s) with CSS present within a slot, including type-3 CSS. 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. X is UE capability, the candidate value for X is {1, 2}.
Proposal 4: 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.
The next open issue we discuss in this paper is the UE capability for PDCCH monitoring in case of carrier aggregation, when a UE is capable to perform mixed monitoring according Rel-15 in some cells and according to Rel-16 in some other cells. For pure Rel-15 monitoring, at least 4 CCs have to be supported. This should also be the case for Rel-16 monitoring. And for mixed monitoring, if e.g. 2 of the CCs are configured with Rel-16 then the remaining 2 other CCs should still be configurable with Rel-15. Therefore, we are making the following proposal:
Proposal 5: The UE supports the following number of CCs
· Rel-16 monitoring only (Case 2): pdcch-BlindDetectionCA-R16 = 4
· Mixed Rel-15 and Rel-16 monitoring (Case 3): Minimum of pdcch-BlindDetectionCA-R15 + minimum of pdcch-BlindDetectionCA-R16 = 4
When the UE is configured with more cells than its PDCCH monitoring capability, the total number of monitored CCEs and PDCCH candidates is scaled. In RAN1#100-e, a working assumption had been made for the case of aligned spans across CCs.
Proposal 6: Confirm the working assumption on scaling PDCCH monitoring capability for aligned-span case for CA.
In RAN1#100-e it was not possible to converge on a view how to handle non-aligned spans. Concerns were raised on one hand about the implementation complexity and on the other hand about configuration restrictions. In our view a good compromise could be achieved by dividing the CCs with the same SCS and the same (X, Y) into multiple sets, where the spans within each set are aligned.  
Proposal 7: M_total and C_total are calculated for each set of cells by the following formulas, where each cell within the same set has the same SCS, the same (X, Y) and is satisfying the condition of aligned-spans. 

, 


, where the denotes the number of cells from the cell set with same numerology, same (X, Y) and that are satisfying aligned-span condition.  
Finally, a correction on DCI size alignment is proposed.
Proposal 8: 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.  
Proposal 9: 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.
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