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Introduction
[bookmark: _Hlk510705081]The work item on supporting NR from 52.6 GHz to 71 GHz was approved at RAN#90-e (see a later revision in [1]). Before that, 3GPP carried out a study on required changes to NR using existing DL/UL waveform to support operation between 52.6 GHz and 71GHz [2]. This contribution deals with the following objectives of the WID:
· 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.

The 3GPP work item is almost done from RAN1 point of view. In this contribution, we discuss the remaining open issues. 

The following agreements were made in RAN1 #107-e:

Agreement:
· For Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS
· A SS is monitored within Y consecutive slots within a slot group of X slots
· The Y consecutive slots can be located anywhere within the slot group of X slots
· Note: There is no requirement to align the Y consecutive slots across UEs or with slot n0
· The location of the Y consecutive slots within the slot group of X slots is maintained across different slot groups
· BD attempts for all Group (1) SSs are restricted to fall within the same Y consecutive slots
· For Group (2) SS: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS
· SS monitoring locations can be anywhere within a slot group of X slots, with the following exception
· BD attempts for Type0-CSS for SSB/CORESET 0 multiplexing pattern 1, and additionally for Type0A/2-CSS if searchSpaceId = 0, occur in slots with index n0 and n0+X0, where n0 is as in Rel-15, X0=4 for 480 kHz SCS and X0=8 for 960 kHz SCS.
· Supported combinations of (X,Y)
· A UE capable of multi-slot monitoring mandatorily supports
· For SCS 480 kHz: (X,Y) = (4,1)
· For SCS 960 kHz: (X,Y) = (8,1)
· A UE capable of multi-slot monitoring optionally supports
· For SCS 480 kHz: (X,Y) = (4,2)
· For SCS 960 kHz: (X,Y) = (8,4), (4,2), (4,1)
· Working assumption: BD/CCE budget for (4,2), (4,1) is half that of X=8
· A UE capable of multi-slot monitoring mandatorily supports the following PDCCH monitoring within Y slots
· For Y>1: FG3-1 (monitoring Group (1) SSs in the first 3 OFDM symbols of each of the Y slots)
· For 960 kHz SCS For Y=1: FG3-5b with set1 = (7, 3)
· [FL Note: The first number is the minimum gap in symbols between the start of two spans, the second number is the span duration in symbols (cf. TS 38.822)]
· For 480 kHz SCS For Y=1: FG3-5b with set2 = (4, 3) and (7, 3) with a modification with maximum two monitoring spans in a slot
· [FL Note: The first number is the minimum gap in symbols between the start of two spans, the second number is the span duration in symbols (cf. TS 38.822)]
· The following supersedes FG3-5b and FG3-1 definition:
· Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per slot group of X slots per scheduled CC for FDD
· Processing one unicast DCI scheduling DL and 2 unicast DCI scheduling UL per slot group of X slots per scheduled CC for TDD


Agreement
· The following limits apply for multi-slot monitoring within the group of X slots
· The maximum number of monitored PDCCH candidates per X=4 slots for a DL BWP with 480 kHz SCS configuration for a single serving cell is 20.
· The maximum number of monitored PDCCH candidates per X=8 slots for a DL BWP with 960 kHz SCS configuration for a single serving cell is 20.
· The maximum number of non-overlapped CCEs per X=4 slots for a DL BWP with 480 kHz SCS configuration for a single serving cell is 32.
· The maximum number of non-overlapped CCEs per X=8 slots for a DL BWP with 960 kHz SCS configuration for a single serving cell is 32.
· Note: Search spaces monitoring within the group of X slots will be additionally defined

Multi-slot PDCCH monitoring capability definition
As said, the multi-slot PDCCH monitoring capability framework was agreed in RAN1#107-e including the maximum number of BDs /CCEs supported for a single serving cell with 480/960 kHz SCSs. The agreements include the following working assumption: “BD/CCE budget for (4,2), (4,1) is half that of X=8”.
We propose to convert the working assumption to an agreement. At the same time, we should agree the exact values for the BD/CCE budgets for different multi-slot PDCCH monitoring scenarios. We provide a proposal for the values in Table 1.

Table 1. Proposed valus for BD / CCE budget per slot
	SCS
	(X,Y)
	BD budget per X slots
	CCE budget per X slots

	480 kHz
	(4,1)
	20
	32

	480 kHz
	(4,2)
	
	

	960 kHz
	(8,1)
	
	

	960 kHz
	(8,4)
	
	

	960 kHz
	(4,1)
	10
	16

	960 kHz
	(4,2)
	
	



Proposal 1: The maximum number of monitored PDCCH candidates per X slots for a single serving cell is 20
· For SCS 480 kHz: (X,Y) = (4,1)
· For SCS 480 kHz: (X,Y) = (4,2)
· For SCS 960 kHz: (X,Y) = (8,1)
· For SCS 960 kHz: (X,Y) = (8,4)

Proposal 2: The maximum number of non-overlapped CCEs per X slots for a single serving cell is 32
· For SCS 480 kHz: (X,Y) = (4,1)
· For SCS 480 kHz: (X,Y) = (4,2)
· For SCS 960 kHz: (X,Y) = (8,1)
· For SCS 960 kHz: (X,Y) = (8,4)

Proposal 3: The maximum number of monitored PDCCH candidates per X slots for a single serving cell is 10
· For SCS 960 kHz: (X,Y) = (4,1)
· For SCS 960 kHz: (X,Y) = (4,2)

Proposal 4: The maximum numberof non-overlapped CCEs per X slots for a single serving cell is 16
· For SCS 960 kHz: (X,Y) = (4,1)
· For SCS 960 kHz: (X,Y) = (4,2)

Search space group switching
For search space group switching, the following working assumption was made in RAN1#107-e.



Working assumption
The following values are adopted as minimum value of  for 120/480/960 kHz
· Support only search space set group switching processing capability 1 with the following values

	
	Minimum  value for
 UE processing capability 1 [symbols]

	3
	40

	5
	160

	6
	320




The working assumption is well inline with the principle applied widely for all the processing times (i.e., apply the same absolute time for all SCSs: 120 kHz, 480 kHz and 960 kHz). Based on that we just propose to convert the working assumption to an agreement.

Proposal 5: Support only search space set group switching processing capability 1 with the following values
	
	Minimum  value for
 UE processing capability 1 [symbols]

	3
	40

	5
	160

	6
	320




Search space configuration
An open issue related to mult-slot PDCCH monitoring is how to configure PDCCH search spaces (SS group (1)) such that they would support multi-slot PDCCH capabilities shown in Figure 1
· X= number of slots in the slot group (orange)
· Y= slot(s) with monitoring occasions for SS group (1). Figure 1 shows all possible locations for Y.
· Based on the agreement made in RAN1#107-e, the location of the Y consecutive slots within the slot group of X slots is maintained across different slot groups.

Observation 1: SS group (1) should be configured in such that all monitoring occasions fall in predefined symbols of Y slots

[image: ]
Figure 1 Visualization of multi-slot PDCCH capabilities based on RAN1 #107-e agreements


The existing search space configuration is described in TS 38.331 (Shown below). The key parameter is monitoringSlotPeriodicityAndOffset, which defines both
· Montoring-periodicity-PDCCH-slot; and
· Montoring-offset-PDCCH-slot.

[image: ]


When considering the applicability of current periodicyt/offset configuration for multi-slot PDCCH monitoring, it can be noted that it works correctly if 
· Montoring-periodicity (slots) is an integer multiple of X (slots); and
· Montoring-offset-PDCCH-slot is configured in such that it overlaps with Y slots

Based on that, we propose to keep the current SS configuration principle (i.e. slot-based configuration). It is noted that the other option (i.e. X-based configuration) might have impacts also in other RAN1 specs (esp. TS 38.213).

Table 2 shows the proposed monitoring periodicity in terms of slots and slot groups. The left column shows the RRC signalled periodicity (+ associated slot offset) according to the current parameter (monitoringSlotPeriodicityAndOffset). The right columns shows the actual periodicity in terms of slot groups. Table 2 is defined in the following way:
· Keep slot periodicites multiple of X slots (i.e. 4 slots for 480 kHz and 8 slots for 960 kHz)
· Consider periodicities not multiple of 4 or 8 slots, for SCS of 480 and 960 kHz as invalid configuration options.
· Add periodicities to match monitoringSlotPeriodicities (in terms of absolute time) available for 120 kHz SCS, corresponding to X times the periodicity in 120 kHz SCS case.
Proposal 6: Keep the current Search space configuration principle (i.e. slot based configuration for monitoring periodicity and offset)
Proposal 7: Redesing monitoringSlotPeriodicityAndOffset in TS 38.331 for 480/960 kHz SCSs​
· Consider monitoring periodicity (slots) resulting in non-integer monitoring periodicity (slot groups) as invalid
· Add values to support all periodicitis available for 120 kHs SCS
· Introduce periodicites shown in Table 2 in TS 38.331.

Proposal 8: UE considers configured SS group (1) monitoring occasions outside the Y slots as invalid 




Table 2. Monitoring-periodicity (slots and slot groups).
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Beam-specific indication in DCI format 2_0
During RAN1#107e, it was discussed whether DCI format 2_0 is used to indicate remaining CO duration, available RB set and search space group switching (SSGS) in a beam-specific manner. These fields were introduced for Rel-16 NR unlicensed operation. CO duration and search space group switching are relevant parameters also for 60 GHz beam-based channel access and e.g. for the channel access type change discussed above. On other hand, the meaning of available RB set is unclear at 60 GHz. Hence, we see it reasonable to support possibility to signal these value in a beam-specific manner. We recognize also that it is a late phase of WI to introduce a new signalling.
Support for beam-specific configurations of DCI format 2_0 is not possible in FR2 currently. Although a UE can be indicated a change of active-TCI, DCI format 2_0 PDCCH candidates and payload location remain the same and thus cannot be beam specific. Hence, new field indicating the beams that are relevant for the CO duration and SSGS should be introduced. Given the large number of possible beams and combinations of beams served during the COT, considerable compression of information is needed. One possible is to introduce a beam groups: UE’s TCI states are associated via UE-specific RRC to a certain beam group (which may be seen e.g. as a set of SSB beams) and a bitmap of beam group indicators is introduced to DCI format 2_0.             
Proposal 9: Beam-specific indication of remaining COT duration and search space group switching in DCI format 2_0 can be supported.
· Indicatation can be e.g. a bitmap of beam group indications, where UE’s TCI states are associated to a beam group via RRC signalling.


Conclusion
In this contribution we have discussed the PDCCH monitoring enhancements to support operation between 52.6 GHz and 71 GHz. Based on the discussion we make the following observations and proposals: 

Observation 1: SS group (1) should be configured in such that all monitoring occasions fall in predefined symbols of Y slots

Proposal 1: The maximum number of monitored PDCCH candidates per X slots for a single serving cell is 20
· For SCS 480 kHz: (X,Y) = (4,1)
· For SCS 480 kHz: (X,Y) = (4,2)
· For SCS 960 kHz: (X,Y) = (8,1)
· For SCS 960 kHz: (X,Y) = (8,4)

Proposal 2: The maximum number of non-overlapped CCEs per X slots for a single serving cell is 32
· For SCS 480 kHz: (X,Y) = (4,1)
· For SCS 480 kHz: (X,Y) = (4,2)
· For SCS 960 kHz: (X,Y) = (8,1)
· For SCS 960 kHz: (X,Y) = (8,4)


Proposal 3: The maximum number of monitored PDCCH candidates per X slots for a single serving cell is 10
· For SCS 960 kHz: (X,Y) = (4,1)
· For SCS 960 kHz: (X,Y) = (4,2)

Proposal 4: The maximum numberof non-overlapped CCEs per X slots for a single serving cell is 16
· For SCS 960 kHz: (X,Y) = (4,1)
· For SCS 960 kHz: (X,Y) = (4,2)

Proposal 5: Support only search space set group switching processing capability 1 with the following values
	
	Minimum  value for
 UE processing capability 1 [symbols]

	3
	40

	5
	160

	6
	320



Proposal 6: Keep the current Search space configuration principle (i.e. slot based configuration for monitoring periodicity and offset)
Proposal 7: Redesing monitoringSlotPeriodicityAndOffset in TS 38.331 for 480/960 kHz SCSs​
· Consider monitoring periodicity (slots) resulting in non-integer monitoring periodicity (slot groups) as invalid
· Add values to support all periodicitis available for 120 kHs SCS
· Introduce periodicites shown in Table 2 in TS 38.331.

Proposal 8: UE considers configured SS group (1) monitoring occasions outside the Y slots as invalid. 

Table 2. Monitoring-periodicity (slots and slot groups).
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Proposal 9: Beam-specific indication of remaining COT duration and search space group switching in DCI format 2_0 can be supported.
· Indicatation can be e.g. a bitmap of beam group indications, where UE’s TCI states are associated to a beam group via RRC signalling.
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