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1. Introduction
At the RAN#90-e meeting, an updated work item description [1] on supporting NR from 52.6 GHz to 71 GHz was approved, which includes the following objective: 
	Physical layer aspects including [RAN1]:
· In addition to 120 kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
…
· Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
…



In this contribution, we discuss the impact on PDCCH monitoring with 480 and 960 kHz SCSs to support NR from 52.6 GHz to 71 GHz.

2. PDCCH monitoring enhancement
2.1Multi-slot PDCCH monitoring capability
At RAN1 #104bis-e meeting, it has been discussed on how to specify the multi-slot PDCCH monitoring capability and the following alternatives have been agreed.

	Agreement:
· Alt 1: Use a fixed pattern of slot groups as the baseline to define the new capability. 
· Each slot group consists of X slots
· Slot groups are consecutive and non-overlapping
· The capability indicates the BD/CCE budget within Y consecutive [symbols or slots] in each slot group separately
· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X
· FFS: Restrictions on location of the Y [symbols or slots] within a slot group, e.g. the Y [symbols or slots] always start at the first slot within a slot group
· FFS: Further definition of capabilities
· Alt 2: Use an (X, Y) span as the baseline to define the new capability
· X is the minimum time separation between the start of two consecutive spans
· The capability indicates the BD/CCE budget within a span of at most Y consecutive [symbols or slots] 
· Y <= X
· FFS: Exact values of X and Y and units in which they are defined (e.g., symbols, slots), including cases where a span is longer than one slot or crosses a slot boundary. 
· FFS: What is a span pattern, how it is defined and whether it is supported. If it is supported, whether number of slots within which the span pattern is repeated is needed, and if needed, the value of the number of slots. 
· FFS: Further definition of capabilities
· Alt 3: Use a sliding window of X slots as the baseline to define the new capability. 
· The capability indicates the BD/CCE budget within the sliding window
·  The sliding unit of the sliding window is [1] slot.
· FFS: Further definition of capabilities
· Specific numbers for X, Y may depend on UE capability and gNB configuration
· Examples: 
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS



At the previous meetings, RAN1 discussed down-selection among the three alternatives above.
To define the multi-slot PDCCH monitoring capability, the followings need to be addressed in our view: 
1. The number of BD/CCE should not exceed the specified budget in any slot group.
2. CSS and USS can be configured in different symbols/slots in a slot group.
For the first requirement, it can be realized by Alt.3 obviously since Alt.3 checks the number of BD/CCE with sliding the window of X slots. This is the motivation why Alt.3 is proposed and it requires no restrictions on SS location. However, such flexibility on SS configuration may cause the UE complexity such as dynamic SS dropping which need to be discussed carefully if Alt.3 is supported. Furthermore, if SSs are distributed to multiple slots in a slot group, UE blind decoding burden can increase for 480/960 kHz SCS. This requirement/concern can be solved by Alt.1 and Alt.2 with restriction on the SS location, e.g., Y should be no larger than 2 slot when X is 4 slot.
For the second requirement, it needs to be considered for Alt.1/2 to avoid the case Y value is so small that there  is no room to configure CSS and USS in different symbols/slots in a slot group according to the first requirement. This requirement can be achieved depending on the configuration of Y value, e.g., Y should be more than 1 slot when X is 8 slot.

In addition to the definition of multi-slot PDCCH monitoring capability, the exact values of X and Y for Alt.1/2 have been discussed.
For X value(s), to ensure the same duration of 1 slot for 120 kHz SCS, 4/8 slots for 480/960 kHz SCS should be supported as X for multi-slot PDCCH monitoring capability. In addition, to support the same framework of single slot PDCCH monitoring capability which can be supported depending on the UE capability even in 52.6 – 71 GHz, a value 1 should also be supported for both 480 and 960 kHz SCS.
For Y value(s) of Alt.1/2, as discussed above, SS configuration flexibility and UE BD burden are trade-off and it depends on which Y value can be supported with the UE capability, e.g., if the combination of X=4 slot and Y=1 slot is applied, it can provide the same PDCCH monitoring as the case when the first 3 symbols in a slot are the monitoring occasion with 120 kHz SCS which can be supported by a UE FG3-1, however, SS configuration is limited in the one slot. Thus, to take a balance of SS configuration flexibility and UE BD burden, multiple Y values should be defined for each X value respectively. In addition, if Y is defined in unit of slot, which symbols can be MO should be discussed and the symbols in the slot(s) can be different between CSS and USS.

Proposal 1: For the multi-slot PDCCH monitoring capability, X and Y should be defined as follows:
· X = 1, 4 for 480 kHz SCS and X = 1, 8 for 960 kHz SCS should be supported.
· Multiple Y values can be defined for each X value respectively.
· E.g., For 480 kHz SCS: (X, Y) = (1, 1), (4, 1), (4, 2).
· E.g., For 960 kHz SCS: (X, Y) = (1, 1), (8, 2), (8, 3), (8, 4).
· If Y is defined in unit of slot, which symbols can be MO should be discussed.

Based on the discussion above, the requirements for multi-slot PDCCH monitoring capability can be fulfilled by all of Alt.1/2/3, and we should focus on the discussion on how to define multi-slot PDCCH monitoring capability with Alt.1 and Alt.2 to avoid the possible UE complexity or standardization efforts for Alt.3.

Proposal 2: For defining the multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS, down-selection from Alt.1 and Alt.2 should discussed further.

One difference between Alt.1 and Alt.2 is the definition of X. For Alt.1, X is defined as the number of slots which composes a slot group and the time separation between the start of two Y symbols/slots should be fixed as X. On the other hand, for Alt.2, X is defined as the minimum time separation between the start of two consecutive spans and this means that the time separation between the start of two Y symbols/slots can be larger than X. Accordingly, Alt.2 can provide better scheduling flexibility than Alt.1.
Therefore, for further down-selection between Alt.1 and Alt.2, Alt.2 which can provide better scheduling flexibility than Alt.1 and can be achieved by extending Rel-16 span PDCCH monitoring definition is preferable.

Proposal 3: For defining the multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS, Alt.2 should be supported as the baseline.

If Alt.2 is supported for defining the multi-slot monitoring capability, there would be some follow-up issues. One is the span pattern, which defines the monitoring occasion in a slot, and the pattern is repeated among all the slots in Rel-15/16 NR. Since the span length would be larger than the one in Rel-15/16 (i.e., more than 1 slot), whether to repeat the span pattern among all the slot groups may need to be discussed to have more flexibility on span pattern configuration. For example, if the span pattern is not repeated and UE supports multiple combinations of (X, Y), UE needs to check which (X, Y) combination(s) is/are applicable for every slot group then UE burden may increase. On the other hand, in such case, UE can adopt different (X, Y) value for each slot group, which can enable to increase the total number of monitored CCEs since UE can apply maximum number of BDs/CCEs more flexible.

Proposal 4: At least the following aspects should be considered to discuss whether to specify the span pattern and repeat the pattern for all the slot groups if Alt.2 is supported as multi-slot PDCCH monitoring capability definition.
· UE burden for checking which (X, Y) combination is applicable.
· Whether applying different (X, Y) values for each slot group is beneficial.

2.2  PDCCH overbooking and dropping rules
[bookmark: _Hlk79057913]In Rel-15/16, the SS set is allowed to be overbooked and the SS set dropping rules not to exceed the BD/CCE budget for slot/span are specified. To provide the details of the SS set overbooking in the current specification, it is allowed that PDCCH candidates or non-overlapped CCEs exceeds BD/CCE limit only for USS in PCell and PSCell, i.e., UE expects no overbooking for CSS and CSS/USS in SCell. These PDCCH overbooking rules can be reused for multi-slot PDCCH monitoring capability.
For USS, SS dropping rule is specified that a UE drops remaining search space set(s) with higher index if SS set(s) are overbooked. If the SS dropping rule is extended for multi-slot PDCCH monitoring capability, at least the rule for the case when a SS set is configured across multiple slots in a slot group needs to be discussed. If SS set(s) is checked and dropped slot by slot, haw many SS set(s) in which slot in a multi-slot is dropped should be discussed. Therefore, to avoid the complexity of the dropping rule or standardization effort, the USS set in multiple slots should be checked and dropped as a whole.

Proposal 5: The SS set overbooking can be allowed with multi-slot PDCCH monitoring capability same as the current specification, i.e., SS set overbooking is allowed for USS in PCell and PSCell and UE expects no overbooking for CSS and CSS/USS in SCell.
Proposal 6: The dropping rule for multi-slot PDCCH monitoring capability can be the same as the current specification, i.e., a UE drops UE specific search space set(s) with higher index when SS sets are overbooked and expects there is no overbooking for CSS sets. In addition, if USS set is configured across multiple slots in a slot group, USS set should be checked and dropped as a whole.

2.3 Search Space Set Group switching
In Rel-16 NR-U, SSSG switching was introduced to change the PDCCH monitoring periodicity between inside and outside the COT for the sake of energy saving. For the same reason as NR-U, SSSG switching is beneficial for operation with shared spectrum of 60 GHz band. Accordingly, SSSG switching should be supported for 52.6-71 GHz frequency band operation considering the operation with shared spectrum in 60 GHz band.
In the current specification, the SSSG switching time  is specified for 15/30/60 kHz SCS. To support the SSSG switching, at least  should be discussed for 120/480/960 kHz SCS.
In addition, some companies proposed at the previous meeting that single-slot PDCCH monitoring capability and multi-slot PDCCH monitoring capability can be switched associated with SSSG configuration. This function can be supported, however, the SSSG switching for high SCS and single-slot and multi-slot capability switching associated with SSSG configuration should be discussed separately.

[bookmark: _Hlk79054602]Proposal 7: SSSG switching should be supported for 120/480/960 kHz SCS.
· At least search space set group switching time   should be defined.

3 Conclusion
In this contribution, we discussed on PDCCH monitoring enhancements to support NR from 52.6 GHz to 71 GHz and we made the following proposals:

Proposal 1: For the multi-slot PDCCH monitoring capability, X and Y should be defined as follows:
· X = 1, 4 for 480 kHz SCS and X = 1, 8 for 960 kHz SCS should be supported.
· Multiple Y values can be defined for each X value respectively.
· E.g., For 480 kHz SCS: (X, Y) = (1, 1), (4, 1), (4, 2).
· E.g., For 960 kHz SCS: (X, Y) = (1, 1), (8, 2), (8, 3), (8, 4).
· If Y is defined in unit of slot, which symbols can be MO should be discussed.
Proposal 2: For defining the multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS, down-selection from Alt.1 and Alt.2 should discussed further.
Proposal 3: For defining the multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS, Alt.2 should be supported as the baseline.
Proposal 4: At least the following aspects should be considered to discuss whether to specify the span pattern and repeat the pattern for all the slot groups if Alt.2 is supported as multi-slot PDCCH monitoring capability definition.
· UE burden for checking which (X, Y) combination is applicable.
· Whether applying different (X, Y) values for each slot group is beneficial.
Proposal 5: The SS set overbooking can be allowed with multi-slot PDCCH monitoring capability same as the current specification, i.e., SS set overbooking is allowed for USS in PCell and PSCell and UE expects no overbooking for CSS and CSS/USS in SCell.
Proposal 6: The dropping rule for multi-slot PDCCH monitoring capability can be the same as the current specification, i.e., a UE drops UE specific search space set(s) with higher index when SS sets are overbooked and expects there is no overbooking for CSS sets. In addition, if USS set is configured across multiple slots in a slot group, USS set should be checked and dropped as a whole.
Proposal 7: SSSG switching should be supported for 120/480/960 kHz SCS.
At least search space set group switching time   should be defined.
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