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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
2.1 Multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS
2.1.1. Multi-slot PDCCH monitoring capability definition

At the previous RAN1 meetings, it has been discussed that how to specify the multi-slot PDCCH monitoring capability for the operation with larger SCS. The following three alternatives have been identified, in which Alt-1 has been revised at RAN1#106-e meeting.

	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 slots in each slot group
· The location of the Y slots within the X slots is maintained across different slot groups
· Further discuss down-selection of Y within 1<=Y<=X/2 (both in units of slot) when X>1
· FFS: Further definition of capabilities
· FFS: The following issues for the search space configuration discussion
· Whether a slot group is aligned with a slot boundary
· Restrictions on location of the Y slots within a slot group, e.g. whether to restrict the location of a SS to be within the first Y slots within a slot group
· FFS: What the UE capability defines for monitoring within the Y slots
· 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


Alt 1 is in general to define a fixed pattern of slot groups, each of which includes X slots. In a slot group, Y slots are defined as locations available for actual SS configurations for the UE. Besides, Alt 2 is similar to span-based PDCCH monitoring capability supported for URLLC feature. A span gap of X slots and a span of Y slots are defined, where X is the minimum time separation between the start of two consecutive spans of Y slots. The difference between Alt 1 and Alt 2 is whether X slots and Y slots are fixed or floating, while even in Alt 1, X/Y slots are fixed or not is still FFS. Alt 3 is equivalent to Alt 2 with X=Y, where floating window is defined for a slot group of X slots. It can achieve more flexibility on NW operation for SS configuration, while too much BD burden can be imposed. 
For the down-selection of the alternatives above on the definition of the multi-slot PDCCH monitoring capability, we believe the following aspects should be considered: 
· How to restrict the location of Y slots so that the number of BDs/CCEs do not exceed their per-multi-slot budgets in any slot group
It was the first issue identified in this agenda at the beginning of Rel-17 WI phase. Multi-slot PDCCH monitoring capability is basically to make sure that the number of BDs/CCEs are reasonable for UEs. However, there would be some cases where UEs need to perform too many blind decodings in practical. For instance, if Alt 1 is chosen, we use a fixed pattern of slot groups, each of which consists of X slots, and Y consecutive slots in the X slots are defined as potential SS locations. Depending on the location of Y slots within a slot group of X slots, certain two sets of Y slots could be too close each other, which may impose UEs to more BDs from the last half of an earlier slot group to the first half of the latter slot group. 
However, this issue is now not critical in the discussion as even if Alt 1 is chosen, a countermeasure to solve this issue is identified already, that is, restriction(s) of Y slots location. Although Alt 3 was proposed as it resolves this issue naturally, it has an unavoidable drawback of its potential BD burden to be imposed on UEs due to the much flexibility available for NW configuration. Thus, even though no clear agreement, the discussion in RAN1 now focuses on whether to support Alt 1 or Alt 2, for which we are supportive. In the comparison of Alt 1 and Alt 2, this issue is not a critical decision factor in our view. 
· Flexibility on the configuration of each search space type
There are several types of SS supported in NR: Type0/0A/1/2/3 CSS and USS. USS configuration can be dedicated to each UE, while CSS configuration is shared by multiple UEs. Thus, if only a limited number of slots can be valid for Y in a slot group, NW will struggle to configure SS for UEs appropriately, especially when Alt 1 is supported. If the locations of X slots and Y slots are fixed and shared among UEs, as CSS may have to be shared among the UEs as well, the location available for USS will also be automatically restricted. This issue could be more significant when the value of Y is smaller, e.g., Y=1. 
On the other hand, in FG3-1, which is a mandatory Rel-15 UE feature, the locations of some SS types are not restricted at all as described in 38.822 as follows:
2) CSS and UE-SS configurations for unicast PDCCH transmission per BWP per cell
· …
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot
· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within a slot
As specified in FG3-1, the monitoring occasion for type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS is restricted within first 3 symbols of a slot, while the monitoring occasion for the other SS types (i.e., type 1 CSS without dedicated RRC configuration, type 0, 0A, and 2 CSS) can be configured in any symbols within a slot. Whether this direction is reused or not should be clarified further. If it is applied to multi-slot monitoring capability here, the issue on Alt 1 can be mitigated since the restricted SS types are limited. However, in this case, BD burden imposed on UEs could be sometimes significant due to Type0/0A/2/1 without dedicated RRC configuration CSS, which may be hard to support for UEs. 
Another issue, which is specific to Type0-PDCCH CSS, is that currently it is specified as two consecutive slots in any cases when SSB-CORESET#0 multiplexing pattern 1 is configured. Since the support of pattern 1 was agreed already, this issue is worth discussing in the current situation. Similar to the issue mentioned above, it is dependent on how to treat Type0/0A/2/1 without dedicated RRC configuration CSS. 
The issues above may not be critical when we take Alt 2 as it naturally avoids them by its definition based on its flexibility. However, it was argued by some companies that the necessity of such flexibility is questionable, rather harmful for the implementation and for specification impact. 

As described above, RAN1 now focuses on down-selection between Alt.1 and Alt.2. In our view, given the discussions so far, the possible approaches for multi-slot PDCCH monitoring capability definition can be described as follows:

· Alt.1 based multi-slot PDCCH monitoring capability definition
· Alt.1-1: Alt. 1 with flexible X or Y with Y>1
· The location of either X or Y is flexible among different UEs.
· All types of SSs are configured within Y slots.
· Y is larger than one slot for scheduling flexibility and it can also address the current specification that two consecutive slots are monitored for type0-PDCCH CSS.
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Fig.1: An example for Alt.1-1 multi-slot PDCCH monitoring capability definition

· Alt.1-2: Alt. 1 with fixed X and Y with Y=1 with enhancement of type0-PDCCH CSS configuration 
· The location of both X and Y are fixed among different UEs.
· All types of SSs are configured within Y slots.
· Y is one slot and any symbols in Y slot can be the monitoring occasion. The monitored slots for type0-PDCCH CSS with SSB and CORESET multiplexing pattern 1 should be enhanced, e.g., n0 slot and n0 + X slot.
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Fig.2: An example for Alt.1-2 multi-slot PDCCH monitoring capability definition

· Alt.1-3: Alt. 1 with fixed X and Y with Y>1 with different PDCCH monitoring capability for Type1(with dedicated RRC config)/3-CSS/USS and Type0/0A/1(without dedicated RRC config)/2-CSS
· The location of both X and Y are fixed among different UEs.
· Only type1(with dedicated RRC config)/3-CSS/USS are restricted within Y slots and type0/0A/1(without dedicated RRC config)/2-CSS are not restricted in Y slot.
· The number of BD/CCE are calculated for all types of SSs jointly within X slots.
· Y is larger than one slot for scheduling flexibility.
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Fig.3: An example for Alt.1-3 multi-slot PDCCH monitoring capability definition

· Alt.1-4: Alt. 1 with fixed X and Y with Y=1 with different PDCCH monitoring capability for Type1(with dedicated RRC config)/3-CSS/USS and Type0/0A/1(without dedicated RRC config)/2-CSS 
· The location of both X and Y are fixed among different UEs.
· Only type1(with dedicated RRC config)/3-CSS/USS are restricted within Y slots and type0/0A/1(without dedicated RRC config)/2-CSS are not restricted in Y slot.
· The number of BD/CCE are calculated for all types of SSs jointly within X slots.
· Y is one slot and any symbols in Y slot can be the monitoring occasion. 
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Fig.4: An example for Alt.1-4 multi-slot PDCCH monitoring capability definition

· Alt.2 based multi-slot PDCCH monitoring capability definition
· Alt.2-1: Alt. 2 with Y>1
· All types of SSs are configured within Y slots.
· Y is larger than one slot for scheduling flexibility and it can also address the current specification that two consecutive slots are monitored for type0-PDCCH CSS.
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Fig.5: An example for Alt.2-1 multi-slot PDCCH monitoring capability definition

· Alt.2-2: Alt. 2 with Y=1 with enhancement of type0-PDCCH CSS configuration
· All types of SSs are configured within Y slots.
· Y is one slot and any symbols in Y slot can be the monitoring occasion. The monitored slots for type0-PDCCH CSS with SSB and CORESET multiplexing pattern 1 should be enhanced, e.g., n0 slot and n0 + X (+α) slot.
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Fig.6: An example for Alt.2-2 multi-slot PDCCH monitoring capability definition

Based on the above, our best preference is Alt.2-1 since it can achieve better scheduling flexibility of UE-SS for different UEs than any other alternatives and there is no need to enhance the monitored slot for type0-PDCCH CSS. On the other hand, even if Alt 1 has to be a baseline, we believe that Alt.1 should follow Rel-15 FG 3-1, i.e., type0/0A/1(without dedicated RRC config)/2-CSS are not restricted in Y slot(s) described as in Alt.1-3 or Alt.1-4 above.

Proposal 1: For defining the multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS, 
· Support Alt.2 (extension of Rel-16 span PDCCH monitoring) as the baseline with Y larger than one slot.
· If Alt.1 is considered as the baseline, type0/0A/1(without dedicated RRC config)/2-CSS should not be restricted in Y slot(s) as in Rel-15/16 NR. 

If Alt.2 is supported for defining the multi-slot monitoring capability, one remaining issue could be 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. On the other hand, given that only two e-meetings are available for Rel-17 completion, we believe just to align similar principle as in Rel-15/16 should be prioritized for any discussion. Considering that a slot is the length of slot pattern with span-based PDCCH monitoring capability in Rel-16, just to define X slots, which is the same as span gap, as the length of slot pattern can be considered. 

Proposal 2: For defining the multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS, support X slots as the unit of span pattern when Alt.2 is supported.

2.1.2. Maximum number of monitored PDCCH candidates and non-overlapped CCEs per multi-slots

At RAN1#106-e meeting, it was agreed that X=4/8 slots are supported for 480/960 kHz SCS for multi-slot PDCCH monitoring capability. The duration of 4/8 slots for 480/960 kHz SCS are same as that of 1 slot for 120 kHz SCS. Thus, the same maximum number of monitored PDCCH candidates and non-overlapped CCEs per slot for 120 kHz SCS as below table 10.1-2 and 10.1-3 should be supported per 4/8 slots for 480/960 kHz SCS, i.e., the maximum number of monitored PDCCH candidates per 4/8/ slots for 480/960 kHz SCS should be 20 and the maximum number of non-overlapped CCEs per 4/8/ slots for 480/960 kHz SCS should be 32.

Proposal 3: For defining the multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS, 
· the maximum number of monitored PDCCH candidates per X slots and per serving cell should be 20 when X=4/8 for 480/960 kHz SCS respectively.
· the maximum number of non-overlapped CCEs per X slots and per serving cell should be 32 when X=4/8 for 480/960 kHz SCS respectively.

Table 10.1-2: Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell [2]
	
	Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20



Table 10.1-3: Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell [2]
	
	Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32



2.1.3. PDCCH overbooking and dropping rules
[bookmark: _Hlk79057913]In Rel-15/16, the SS set can be overbooked per NW configuration, and the SS set dropping rule is defined per slot/span to deal with the situation when the BD/CCE exceed their budget from UE perspective. More specifically, PDCCH candidates or non-overlapped CCEs can exceed BD/CCE limit only for USS in PCell and PSCell to allow NW to configure proper SS set locations considering all the UEs in the cells. These PDCCH overbooking rules can be reused for multi-slot PDCCH monitoring capability, i.e., for USS in PCell and PSCell, PDCCH overbooking should be allowed.
When SS set overbooking happens as a result, a UE drops search space set(s) with higher index to ensure actual PDCCH candidates or non-overlapped CCEs to be no more than their budget per slot in Rel-15/16. To extend it considering 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, how many SS set(s) is dropped may be divergent per slot, which will cause more UE complexity and specification effort in our view. Therefore, the USS set in multiple slots should be checked and dropped per slot group.

Proposal 4: 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 5: 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.

2.2 Search Space Set Group switching for 60 GHz unlicensed band operation
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 6: 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 defining the multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS, 
· Support Alt.2 (extension of Rel-16 span PDCCH monitoring) as the baseline with Y larger than one slot.
· If Alt.1 is considered as the baseline, type0/0A/1(without dedicated RRC config)/2-CSS should not be restricted in Y slot(s) as in Rel-15/16 NR. 
Proposal 2: For defining the multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS, support X slots as the unit of span pattern when Alt.2 is supported.
Proposal 3: For defining the multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS, 
· the maximum number of monitored PDCCH candidates per X slots and per serving cell should be 20 when X=4/8 for 480/960 kHz SCS respectively.
· the maximum number of non-overlapped CCEs per X slots and per serving cell should be 32 when X=4/8 for 480/960 kHz SCS respectively.
Proposal 4: 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 5: 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 6: 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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