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[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, e.g. a new DCI format 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 corrections for PDCCH enhancement.
[bookmark: _Ref129681832]Discussion
Resolving open issues
Number of blind decodes per span
Text in 38.213
In 38.218, the maximum number of blind decodes for enhanced PDCCH monitoring is still open for sub-carrier spacing 15 kHz and 30 kHz. In this section we discuss two options to close this open issue. Option 1 is simpler for the specification, but would result in less scheduling flexibility, while Option 2 requires slightly more specification effort but gives better performance for spans that contain both CSS and USS. Table 1 below shows how the maximum numbers of blind decodes have been captured in the current specification of 28.213. 
[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



Table 10.1-3 provides the maximum number of non-overlapped CCEs, [image: ], for a DL BWP with SCS configuration [image: ] that a UE is expected to monitor corresponding PDCCH candidates per slot for operation with a single serving cell.



Discussion of text in 38.213
Due to lack of time, RAN1 could not agree during the Rel-16 WI on the number of blind decodes per span. 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 span patterns. The corresponding agreement is shown below. Accordingly, the parameters M01, M02, M03, M11, M12 and M13 have been captured in the specification (see Table 1 above) 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 
Furthermore, it should also be decided if the values for M apply for USS only or also for CSS. This is not captured in the agreement, but during the RAN1 discussion in Rel-16 both options were discussed without conclusion.
Option 1 – M values apply to all spans, regardless their included search space types
One possibility is to define the same maximum limit of BDs per span for a given span pattern, regardless if the span contains USS only or USS and/or CSS. 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 2 below have to be supported.
[bookmark: _Ref32403722]Table 2 – Minimum requirement on BDs per span when the same maximum limit is used for each span in a given span pattern
	#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)



To simplify the specification effort, we propose M01=M11, M02=M12 and M03=M13. Additionally, we suggest that the values should be slightly increased compared to the minimum requirement shown in Table 2. This gives some more scheduling flexibility, which could be needed, if a span contains both USS and CSS. In Table 3 below, we propose our numbers. 
[bookmark: _Ref30767600]Table 3 – 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



The scheme of Option 1 is illustrated below in Figure 1, the same maximum number of BDs is applicable for every span.
	[image: ]


[bookmark: _Ref32483347]Figure 1 – Option 1 – Each span has the same maximum #BDs, of regardless if it contains USS and/or CSS  

However, the question is if the numbers in Table 3 already are sufficient for a span that contains USS and CSS? In this case the total number of blind decodes could be made larger, to provide more scheduling flexibility. On the other hand, for spans that only contain USS the numbers in Table 3 might be unnecessarily high. Therefore, we discuss the alternative Option 2 below:
Option 2 – M values apply only to spans that contain USS-only
During Rel-16 it has been observed by some companies that an evenly distributed limit on BDs over all spans within a given span pattern has bad impact on the performance unless the maximum number of #BDs per slot is increased significantly, however the latter might be very challenging from the implementation perspective. To simply use the same maximum number of BDs in all spans for the given span pattern might therefore not be the best approach. 
Another method would be to allow different limits per span within the given span pattern, depending on if the span only contains USS or also CSS. This could be done as explained in the following example for SCS = 15 kHz and a (2, 2) span pattern, and as shown in Figure 2 below: A slot limit, M_slot, is defined in addition to the span-based limits M. The span based limit M is only applied to spans that only contain USS. If, for example 6 spans only have USS, and M = 5, then 6*5 = 30 BDs are available for spans that only have USS and the remaining “M_slot-30” BDs can then be used for the spans that contain CSS. This gives more scheduling flexibility for a span that contains both CSS and USS compared to Option 1, while for URLLC, the number of BDs for spans that only have USS still is sufficient. The scheduling flexibility is increased and potential performance problems from Option 1 could be overcome. As another example for (2, 2), if e.g. 2 spans would contain CSS and then only 5 spans would contain just USS, then, 5*5 = 25 BDs would be spent on the spans that only contain USS. The remaining 44-25 = 19 BDs can be used together for the spans that contain both CSS and USS. 
The scheme of Option 2 is illustrated below in Figure 2, the same maximum number of BDs is applicable for every span that only contain USS.
	[image: ]


[bookmark: _Ref32405906]Figure 2 - Each span that only contains USS has M BDs available, a slot limit is defined, and remaining BDs are used for spans that contain CSS  

In order to support Option 2, RAN1 needs to agree the following:
· Specify a slot limit on the maximum number of blind decodes for enhanced PDCCH monitoring. 
· This slot limit could for example be the numbers for Rel-15 or higher numbers, e.g. the numbers we are proposing for Option1, i.e. 56 BDs per slot for both 15 kHz and 30 kHz SCS,
· Specify values for M01, M02, M03, M11, M12 and M13 that are applicable for spans that only contain USS
· Our proposal is: M01=M11=5, M02=M12=12, M03=M13=18
· Specify how the maximum number of blind decodes is determined for spans that contain CSS
· For example implicitly, by calculating the difference between M_slot and the maximum number of BDs allocated to spans that only have USS.  		
In Table 4 we have summarized our proposal for the M values and the slot limit.
[bookmark: _Ref30772240]Table 4 - Proposed M values for Option 2, they only apply to spans that only contain USS.
	BDs in USS-only spans @ 15 kHz SCS
	#BDs in USS-only spans @ 30 kHz SCS
	Additional #BDs for the spans that contains CSS
	M_slot @ 15 kHz
	M_slot @ 30 kHz

	M01 = 5
	M11 = 5
	M_slot - #USS_spans*5
	[M_slot_15]
	[M_slot_30]

	M02 = 12
	M12 = 12
	M_slot- #USS_spans *12
	
	

	M03 = 18
	M13 = 18
	M_slot- #USS_spans *18
	
	



Based on the above discussion, we make the following proposal:
Proposal 1: For enhanced PDCCH monitoring, to determine the maximum number of blind decodes per span, RAN1 should select one out of the following two options:
· Option 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
· Option 2: The maximum number of BDs per span is determined according to:
· M01, M11, M02, M12, M03, M13 are only applied to spans that only contain USS
· M01=M11=5, M02=M12=12, M03=M13=18
· A slot limit M_slot_0 is defined for SCS 15 kHz and M_slot_1 for SCS 30 kHz. The same slot limit is applied for all span patterns.
· E.g. M_slot_0 = M_slot_1 = [44-56] BDs
· The number of BDs available for spans that contain CSS is obtained implicitly, it is the remaining number of BDs per slot that are not already reserved for spans that only contain USS.        
Number of non-overlapping CCEs per span
Text in 38.213
The maximum numbers of non-overlapping CCEs per span have not been decided yet. Consequently, placeholder 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


A UE can indicate a capability to monitor PDCCH according to one or more of the span patterns (2, 2), (4, 3), and (7, 3) per SCS configuration of  and . If the UE indicates a capability to monitor PDCCH according to multiple span patterns and a configuration of search space sets to the UE results to a separation of two PDCCH monitoring occasions in two respective consecutive span patterns that is equal to or larger than the value of  for two or more of the multiple span patterns, the UE is expected to monitor PDCCH according to the span pattern associated with the largest maximum number of .



Discussion of text in 38.213
The agreement from RAN1#99 (shown below) leaves the maximum number of non-overlapping CCEs for further study. The numbers C01, C02, C11 and C12 shall be replaced by concrete numbers. 
	Agreement from RAN1#99
· 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



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, one needs to consider that in a (2, 2) configuration the UE also should e.g. expect 7 valid DCIs for scheduling PDSCH and 7 valid DCIs for PUSCH. But in case of such high numbers of non-overlapping CCEs, the UE would only do PDCCH monitoring and has no margin to 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
In the RAN1#99 meeting, an agreement about PDCCH overbooking and candidate dropping has been made. As part of this agreement it should be studied further if PDCCH overbooking/dropping shall or shall not be performed for all spans in the slot. The corresponding agreement is shown below:
	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



In Rel-15 the PDCCH overbooking and dropping is performed once per slot. For this functionality the number of required BDs and non-overlapping CCEs per slot have to be counted and if they exceed the specified limits, PDCCH candidates have to be dropped. The UE has to carry out the following comparisons:
· Counting required Blind Decodes: two candidates will be considered as one BD 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
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. A pre-calculation is therefore not feasible for the implementation since it would require far too much memory.
In Rel-15, the CCE/BD limits are defined per slot and consequently the CCE/BD counting and PDCCH dropping are also performed on a slot basis. In Rel-16, on the other hand, the counting and dropping is done per span. In worst case, the above mentioned operations have to be performed 7 times during one slot. This increases the implementation cost significantly and should be avoided. The UE complexity is already increased by supporting more overlapping CCEs. If it is even further increased due to more BD/CCE counting, it can then reduce the PDSCH/PUSCH processing capabilities. We therefore prefer that PDCCH candidate overbooking and dropping is not performed in all spans.
It should also be further studied, if overbooking and dropping not applies to all spans in a slot, if it should only be performed in spans where CSS is present. In principle, we are fine with such approach, at least when CSS only is present in 1 or 2 spans. A problem would occur, though, for group common search space which could be configured in any span. These spans should also be excluded for the same complexity reasons as they are explained above. 
Based on this discussion, our proposal on the remaining FFS is therefore that PDCCH overbooking and PDCCH dropping are not necessarily performed in all spans, it should only be carried out in spans that contain at least one of Type0-CCS, Type0A-CCS, Type1-CSS or Type2-CSS. Candidate overbooking and dropping should not be performed on spans that only contain USS and/or group-common CSS.         
We are therefore making the following proposal:
Proposal 3: PDCCH overbooking and dropping is not necessarily performed in all spans in the slot. It is only performed in spans that contain at least one of the following search space types: Type0-CSS, Type0A-CSS, Type1-CSS or Type2-CSS.
PDCCH monitoring for carrier aggregation
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. In Case-2, when the UE is monitoring the PDCCH only according to Rel-16, the complexity is increased. Therefore, it is allowed to support less than 4 CCs as the monitoring capability. For Case 3, 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 prepared to handle 4 CCs only with Rel-15 in case the network decides to configure it that way. If then e.g. 2 of the CCs could also be configured with Rel-16 then the remaining 2 other CCs should still be configurable with Rel-15. We do not see any need for further restrictions. Therefore, it is reasonable that the “minimum of pdcch-BlindDetectionCA-R15 + minimum of pdcch-BlindDetectionCA-R16 = 4.”
Proposal 4: Minimum of pdcch-BlindDetectionCA-R15 + minimum of pdcch-BlindDetectionCA-R16 = 4
Corrections on span definition
Span definition
Text in 38.213 
The following text has been captured in 38.213, section 10. In our view, it does not describe the monitoring spans correctly.  
	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.



Discussion of text on span definition in 38.213
In the following the text from the specification is analyzed and modifications are suggested when necessary. 
	#
	Original text in 38.213
	Comment
	Suggested change

	1
	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. 
	The text from 38.213 says that the span pattern is per slot. This is ambiguous. The wording “per slot” could be interpreted that different span patterns can be applied in different slots. But this is not the case. According to 38.822, the same pattern shall be applied in every slot. From 38.822: “The same span pattern repeats in every slot”.
	A span pattern is a time configuration within a slot and the same pattern is valid for all slots for PDCCH monitoring on an active DL BWP of a serving cell.

	2
	A span pattern is defined by a pair of numbers of symbols  with .
	Ok. No change needed.
	A span pattern is defined by a pair of numbers of symbols  with .

	3
	 is a minimum number of consecutive symbols between first symbols of two PDCCH monitoring occasions
	X is not necessarily the minimum distance between the first monitoring occasions of two consecutive spans. Instead, X defines the minimum distance between the start of two consecutive spans. Sometimes, for some slots and depending on the configuration, the start of a span can be empty. This is dependent on how the MOs are set up. The span pattern has to be the same in all slots, but the MOs can be configured with different periodicities. Therefore, for some slots, the first symbol of a span will be occupied with a MO, but this is not necessarily the case in all slots.   Instead it can be written that X is the minimum number of consecutive symbols between configurable monitoring occasions of two respective consecutive spans.
	 is the minimum number of consecutive symbols required between first symbols of two configurable PDCCH monitoring occasions in two respective consecutive spans.

	4
	in two respective consecutive span patterns
	X is not the distance between two span patterns, it is the distance between two spans. Suggest to remove “patterns”
	

	5
	and defines a span
	X does not define a span. It defines the minimum distance between the start of the consecutive spans. Suggest to remove the part “and defines a span”
	

	6
	and  is a number of consecutive symbols for PDCCH monitoring occasions

	It should not be said that Y is the number of consecutive symbols for PDCCH monitoring occasions, but the number of consecutive symbols that define the span duration. Not all of the Y symbols do need to contain a PDCCH monitoring occasion.
	and  is a number of consecutive symbols and defines a span duration. Monitoring occasions have to be fully contained in one span, they cannot cross span boundaries.


	7
	within the  symbols, starting from the first symbol of the  symbols,
	Y defines the duration of the span. It is unclear when it is written “starting from the X symbols”, because X is the minimum number of symbols that have to be between the start of two consecutive spans, i.e. there is only one value X defined and reported by the UE, Y does not always starts from this minimum value X, but from the beginning of the next span.
	

	8
	and defines a span gap.

	Y does not define a span gap, but a span duration. 
It has not been mentioned that a PDCCH monitoring occasion is not allowed to cross span boundaries. This should be added.
	



In the following, two possible definitions are presented. One of them should be chosen for the span definition. The first one is according to the analysis above and based on the current wording in the specification. The second option is copied from the relevant text from 38.822. In our view, the wording of the first proposal is more compact and we prefer it, but re-using the text from 38.822 also has its advantages since it could help avoiding ambiguity issues between different 3GPP documents.
Proposal 5: The span definition in 38.213, section 10 should be corrected. RAN1 should adopt one of two definitions below instead:
· Definition A: A span pattern is a time configuration within a slot and the same pattern is valid for all slots 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 the minimum number of consecutive symbols required between first symbols of two configurable PDCCH monitoring occasions in two respective consecutive spans and  is a number of consecutive symbols and defines a span duration. Monitoring occasions have to be fully contained in one span, they cannot cross span boundaries.
· Definition B (copied the relevant text from 38.822): There is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols of a slot. Spans do not overlap. Every span is contained in a single slot. The same span pattern repeats in every slot. The separation between consecutive spans within and across slots may be unequal but the same (X, Y) limit must be satisfied by all spans.  Every monitoring occasion is fully contained in one span. In order to determine a suitable span pattern, first a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of any slot is part of a monitoring occasion, b(l)=0 otherwise. The first span in the span pattern begins at the smallest l for which b(l)=1. The next span in the span pattern begins at the smallest l not included in the previous span(s) for which b(l)=1. The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration. A particular PDCCH monitoring configuration meets the UE capability limitation if the span arrangement satisfies the gap separation for at least one (X, Y) in the UE reported candidate value set in every slot, including cross slot boundary.
[bookmark: _Ref32572724]Correction on DCI size alignment
According to the DCI size alignment procedure shown in section 7.3.1.0[2], we note that both DCI formats 0_1/1_1 and format 0_2/1_2 follow the same DCI format padding procedure with respect to DCI formats 0_0/1_0, so the size of DCI format 0_1 would be the same as that of DCI format 0_2. How the UE would be able to differentiate between DCI format 0_1 and DCI format 0_2 if they are configured to have the same size has not been decided yet. The same issue also exists between DCI format 1_1 and DCI format 1_2.
To minimize the specification effort, a similar DCI format padding procedure as for DCI format 0_0/1_0 could be considered. Thus, if the size of DCI format 0_2 equals that of a DCI format 0_1, one bit of zero padding shall be appended to DCI format 0_2. And if the size of DCI format 1_2 equals that of a DCI format 1_1, one bit of zero padding shall be appended to DCI format 1_2.
Proposal 6: The following procedure could be used to differentiate between formats DCI format 0_1 and DCI format 0_2:
-If the size of DCI format 0_2 equals that of a DCI format 0_1, one bit of zero padding shall be appended to DCI format 0_2. 
Proposal 7: The following procedure could be used to differentiate between formats DCI format 1_1 and DCI format 1_2:
-If the size of DCI format 1_2 equals that of a DCI format 1_1, one bit of zero padding shall be appended to DCI format 1_2.
The corresponding text proposal for Proposal 6 and Proposal 7 is shown in the following.
[bookmark: _Toc19798773][bookmark: _Toc26467244][bookmark: _Toc29326605][bookmark: _Toc29327755]--------------------------------------------Start of text proposal--------------------------------------------------------

7.3.1.0	DCI size alignment
If necessary, padding or truncation shall be applied to the DCI formats according to the following steps executed in the order below:
Step 0:

-	Determine DCI format 0_0 monitored in a common search space according to clause 7.3.1.1.1 where  is the size of the initial UL bandwidth part.

-	Determine DCI format 1_0 monitored in a common search space according to clause 7.3.1.2.1 where  is given by
-	the size of CORESET 0 if CORESET 0 is configured for the cell; and
-	the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.
-	If DCI format 0_0 is monitored in common search space and if the number of information bits in the DCI format 0_0 prior to padding is less than the payload size of the DCI format 1_0 monitored in common search space for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_0 until the payload size equals that of the DCI format 1_0.
-	If DCI format 0_0 is monitored in common search space and if the number of information bits in the DCI format 0_0 prior to truncation is larger than the payload size of the DCI format 1_0 monitored in common search space for scheduling the same serving cell, the bitwidth of the frequency domain resource assignment field in the DCI format 0_0 is reduced by truncating the first few most significant bits such that the size of DCI format 0_0 equals the size of the DCI format 1_0.
Step 1:

-	Determine DCI format 0_0 monitored in a UE-specific search space according to clause 7.3.1.1.1 where  is the size of the active UL bandwidth part.

-	Determine DCI format 1_0 monitored in a UE-specific search space according to clause 7.3.1.2.1 where  is the size of the active DL bandwidth part. 
-	For a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in DCI format 0_0 in UE-specific search space for the SUL is not equal to the number of information bits in DCI format 0_0 in UE-specific search space for the non-SUL, a number of zero padding bits are generated for the smaller DCI format 0_0 until the payload size equals that of the larger DCI format 0_0.
-	If DCI format 0_0 is monitored in UE-specific search space and if the number of information bits in the DCI format 0_0 prior to padding is less than the payload size of the DCI format 1_0 monitored in UE-specific search space for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_0 until the payload size equals that of the DCI format 1_0.
-	If DCI format 1_0 is monitored in UE-specific search space and if the number of information bits in the DCI format 1_0 prior to padding is less than the payload size of the DCI format 0_0 monitored in UE-specific search space for scheduling the same serving cell, zeros shall be appended to the DCI format 1_0 until the payload size equals that of the DCI format 0_0
Step 2:
-	Determine DCI format 0_1 monitored in a UE-specific search space according to clause 7.3.1.1.2.
-	Determine DCI format 1_1 monitored in a UE-specific search space according to clause 7.3.1.2.2.
-	For a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_1 for the SUL is not equal to the number of information bits in format 0_1 for the non-SUL, zeros shall be appended to smaller format 0_1 until the payload size equals that of the larger format 0_1.
-	If the size of DCI format 0_1 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_1.
-	If the size of DCI format 1_1 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_1.
Step 2A:
-	Determine DCI format 0_2 monitored in a UE-specific search space according to clause 7.3.1.1.3.
-	Determine DCI format 1_2 monitored in a UE-specific search space according to clause 7.3.1.2.3. 
-	For a UE configured with supplementaryUplink in ServingCellConfig in a cell, if PUSCH is configured to be transmitted on both the SUL and the non-SUL of the cell and if the number of information bits in format 0_2 for the SUL is not equal to the number of information bits in format 0_2 for the non-SUL, zeros shall be appended to smaller format 0_2 until the payload size equals that of the larger format 0_2.
-	[If the size of DCI format 0_2 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_2.]
-	[If the size of DCI format 1_2 monitored in a UE-specific search space equals that of a DCI format 0_0/1_0 monitored in another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_2.]
Step 2B:
-     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 another UE-specific search space, one bit of zero padding shall be appended to DCI format 0_2.
-     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 another UE-specific search space, one bit of zero padding shall be appended to DCI format 1_2.
Step 3:
-	If both of the following conditions are fulfilled the size alignment procedure is complete
-	the total number of different DCI sizes configured to monitor is no more than 4 for the cell 
-	the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell
Step 4:
-	Otherwise 
Step 4A:
-	Remove the padding bit (if any) introduced in step 2 and step 2A and step 2B above.

-	Determine DCI format 1_0 monitored in a UE-specific search space according to clause 7.3.1.2.1 where  is given by
-	the size of CORESET 0 if CORESET 0 is configured for the cell; and
-	the size of initial DL bandwidth part if CORESET 0 is not configured for the cell.

-	Determine DCI format 0_0 monitored in a UE-specific search space according to clause 7.3.1.1.1 where  is the size of the initial UL bandwidth part. 
-	If the number of information bits in the DCI format 0_0 monitored in a UE-specific search space prior to padding is less than the payload size of the DCI format 1_0 monitored in UE-specific search space for scheduling the same serving cell, a number of zero padding bits are generated for the DCI format 0_0 monitored in a UE-specific search space until the payload size equals that of the DCI format 1_0 monitored in a UE-specific search space.
-	If the number of information bits in the DCI format 0_0 monitored in a UE-specific search space prior to truncation is larger than the payload size of the DCI format 1_0 monitored in UE-specific search space for scheduling the same serving cell, the bitwidth of the frequency domain resource assignment field in the DCI format 0_0 is reduced by truncating the first few most significant bits such that the size of DCI format 0_0 monitored in a UE-specific search space equals the size of the DCI format 1_0 monitored in a UE-specific search space. 
*** Unchanged text is omitted ***
---------------------------------------------End of text proposal--------------------------------------------------------

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. Two options are presented. In the first one, the same number of blind decodes is used for every span, regardless if the span only contains USS or USS and/or CSS. A possible drawback with option 1 could be that the scheduling flexibility becomes too small in spans that contain USS and CSS. In option 2, the maximum number of blind decodes per span are applicable only for spans that only contain USS. An additional slot limit for enhanced PDCCH monitoring is defined and the remaining BDs per slot, which have not been reserved for USS-only spans, can be used for spans that contain CSS. Option 2 requires slightly more specification effort but could offer more scheduling flexibility. We are making the following proposal to determine the maximum number of blind decodes:
[bookmark: _GoBack]Proposal 1: For enhanced PDCCH monitoring, to determine the maximum number of blind decodes per span, RAN1 should select one out of the following two options:
· Option 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
· Option 2: The maximum number of BDs per span is determined according to:
· M01, M11, M02, M12, M03, M13 are only applied to spans that only contain USS
· M01=M11=5, M02=M12=12, M03=M13=18
· A slot limit M_slot_0 is defined for SCS 15 kHz and M_slot_1 for SCS 30 kHz. The same slot limit is applied for all span patterns.
· E.g. M_slot_0 = M_slot_1 = [44-56] BDs
· The number of BDs available for spans that contain CSS is obtained implicitly, it is the remaining number of BDs per slot that are not already reserved for spans that only contain USS.        
The next open issue is to specify the maximum number of non-overlapping CCEs. 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. We are making the following proposal on 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 the 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. Therefore, we are making the following proposal.
Proposal 3: PDCCH overbooking and dropping is not necessarily performed in all spans in the slot. It is only performed in spans that contain at least one of the following search space types: Type0-CSS, Type0A-CSS, Type1-CSS or Type2-CSS.
The last 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. If e.g. 2 of the CCs could also be 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 4: Minimum of pdcch-BlindDetectionCA-R15 + minimum of pdcch-BlindDetectionCA-R16 = 4
Corrections:
The first correction is about the span definition in 38.213. In our view it does not capture correctly how monitoring spans have been defined in the UE feature list. We provide two alternative definitions to correct the current description. One is a modification based on the current wording and the other one is copying the relevant text from 38.822.
Proposal 5: The span definition in 38.213, section 10 should be corrected. RAN1 should adopt one of two definitions below instead:
· Definition A: A span pattern is a time configuration within a slot and the same pattern is valid for all slots 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 the minimum number of consecutive symbols required between first symbols of two configurable PDCCH monitoring occasions in two respective consecutive spans and  is a number of consecutive symbols and defines a span duration. Monitoring occasions have to be fully contained in one span, they cannot cross span boundaries.
· Definition B (copied the relevant text from 38.822): There is a minimum time separation of X OFDM symbols (including the cross-slot boundary case) between the start of two spans, where each span is of length up to Y consecutive OFDM symbols of a slot. Spans do not overlap. Every span is contained in a single slot. The same span pattern repeats in every slot. The separation between consecutive spans within and across slots may be unequal but the same (X, Y) limit must be satisfied by all spans.  Every monitoring occasion is fully contained in one span. In order to determine a suitable span pattern, first a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of any slot is part of a monitoring occasion, b(l)=0 otherwise. The first span in the span pattern begins at the smallest l for which b(l)=1. The next span in the span pattern begins at the smallest l not included in the previous span(s) for which b(l)=1. The span duration is max{maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration. A particular PDCCH monitoring configuration meets the UE capability limitation if the span arrangement satisfies the gap separation for at least one (X, Y) in the UE reported candidate value set in every slot, including cross slot boundary.
The second correction is about DCI size alignment. It must be decided how to distinguish DCI format 0_2 from 0_1 and also DCI format 1_1 from 1_2 when they are configured to have the same size. We are making the following two proposals and the corresponding text proposal is given in section 2.2.2.
Proposal 6: The following procedure could be used to differentiate between formats DCI format 0_1 and DCI format 0_2:
-If the size of DCI format 0_2 equals that of a DCI format 0_1, one bit of zero padding shall be appended to DCI format 0_2. 
Proposal 7: The following procedure could be used to differentiate between formats DCI format 1_1 and DCI format 1_2:
-If the size of DCI format 1_2 equals that of a DCI format 1_1, one bit of zero padding shall be appended to DCI format 1_2.
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