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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 on PDCCH monitoring enhancements. The following agreements were made in RAN1 #107bis-e:

Agreement:
For search space set configuration of multi-slot PDCCH monitoring:
· monitoringSlotPeriodicityAndOffset and duration are appended with "-r17", and
· For monitoringPeriodicityAndOffset-r17
· The values represent slots
· Add periodicity values {32,64,128,5120,10240,20480} to the existing values in monitoringSlotPeriodicityAndOffset
· Note: Total list of supported periodicity values: {1,2,4,5,8,10,16,20,32,40,64,80,128,160,320,640,1280,2560,5120,10240,20480}
· For each periodicity value Xp
· The value range for the offset O is {0 .. Xp-1} slots
· Note: There may be no need to introduce the term "Xp" in the specifications
· The configured periodicity at least for Group (1) SSs is restricted to be an integer multiple of Xs slots
· FFS: details of offset
· For duration-r17
· The values represent slots
· The value range is { 8, 12, …, 20476}
· The configured duration is restricted to be an integer multiple of Xs slots at least for Group (1) SSs
· FFS: need to revise the definition of duration
· monitoringSymbolsWithinSlot applies to each slot in a slot group configured for multi-slot PDCCH monitoring
· Note: This parameter can be directly re-used from earlier releases.
· Introduce new parameter monitoringSlotsWithinSlotGroup-r17
· Working assumption:
· The size is 8 bits
· Each bit in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot group
· A slot in the slot group is configured for multi-slot PDCCH monitoring if the corresponding bit in the slot group is set to '1'
· Note: Further configuration of the monitoring symbols in such a slot is done by monitoringSymbolsWithinSlot
· The slots indicated in the bitmap should be consecutive at least for Group (1) SSs
Conclusion
Keep r17monitoringcapability in 38.213, and work on the potential RAN1 spec impact at RAN1#108e.

Agreement
Clarify earlier agreement as follows:
· A UE capable of multi-slot monitoring mandatorily supports monitoring Group (2) SSs according to FG 3-1 within each of the Xs slots of a slot-group, such that:
· 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 each 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 each slot of the slot group.
· Continue discussion on whether or not introducing other limitation for Group (2) SSs in RAN1#108-e.

Conclusion
The SSSG switching timer is in units of slots.

Conclusion
Potential indications of UE capability related to a limited support of cross-carrier scheduling e.g. as a function of |μPDCCH − μPDSCH| can be discussed as part of the UE capability discussion.

Multi-slot PDCCH monitoring capability definition
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



It was concluded in RAN1 #107bis-e that “The SSSG switching timer is in units of slots”. One of the open questions for SSSG switching for 480/960 kHz SCSs is when to perform the SSSG switching. We think that the switching should happen always at the slot group boundary. Otherwise, there can be ambiguity e.g. in the CCE/BD budget determination.
Proposal 6: For multi-slot PDCCH monitoring for 480/960 kHz SCSs, a boundary of SSSG switching is always aligned with a boundary of a slot group.
Rel-17 PDCCH skipping
One of the discussion points in RAN1 #107bis-e was the support for SSSG switching and PDCCH skipping feature introduced in Rel-17 UE power saving enhancement WI in FR2-2 with 480 and/or 960 kHz SCS? The related working assumption (made in Rel-17 UE power saving WI) suggests to scale the timer values defined for 120 kHz by 4 and 8 for 480 and 960 kHz SCS, respectively.    
Working Assumption
· The bit length of the candidate skipping values and SSSG switching initial timer values in slots for 480kHz and 960kHz SCS are assumed to be the same as that for 120KHz SCS
We think that it makes sense to support Rel-17 PDCCH skipping feature also in FR2-2. And it makes sense to scale the values the values corresponding for 120 kHz by 4 and 8 for 480 and 960 kHz SCS, respectively (as the corresponding working assumption has been done in UE power saving AI already there is no need to do a separate agreement in this agenda item). 
When considering the PDCCH skipping for higher sub-carrier spacings, we think that the skipping duration is always extend till slot group boundary. In this case the skipping duration granularity could be same as for X, and the minimum value, to enable skipping of one ‘slot group period’, would be X-Y+1 (i.e. at the second last slot on the group, min. 2 slots). Other approach is that skipping duration is not bound by slot group, thus skipping duration could end during the multi-slot monitoring of a slot group. This requires to support durations down to one slot for 960kHz. As this would result enabling ‘sub slot-group’ skipping for 960 kHz, it may not have much practical use from UE power saving perspective. Therefore it is proposed that the skipping duration would always assumed to be extended till slot group boundary.
Proposal 7: Skipping duration is always extended till slot group boundary.
Corresponding to this it proposed to support following skipping durations 
· {2,3,4,8,12,16,…636,640,720,…,1200,1280, 1440, 1600, 1760,…,3040,3200} for 480kHz SCS 
· I.e. {2,3,[4:4:636],[640:80:1200],[1280:160:3200]} 
· {2,4,7,8,16,24,…1280,1440,1600,2400,2560,2880,3200,…,6080,6400 } for 960kHz SCS 
· I.e. {2,4,7,[8:8:1280],[1440:160:2560],[2880:320:6400]}
As discussed in RAN1 #107bis-e there are differences between Rel-16 and Rel-17 approaches: the SSSG timer configuration of Rel-16 SSSG switching is per-cell, while the SSSG timer for Rel-17 SSSG switching is per-BWP. Based on that, it makes sense to avoid simultaneous usage of Rel-16 feature (defined originally for LBT scenario) and Rel-17 feature (defined for non-LBT scenario). However, it would be more natural to make such decision in UE power saving WI. That would ensure that the agreement is not limited to FR2-2 & 480/960 kHz SCSs.
Proposal 8: Agreements related to simultaneous usage of Rel-16 SSSG switching and Rel-17 SSSG switching are done in UE power saving WI.  
Search space configuration
As said, most of the issues related to search space configuration were agreed in RAN1 #107bis-e. On top of the agreements, there were couple of FFSs and the following working assumption related to parameter monitoringSlotsWithinSlotGroup-r17. 

· Introduce new parameter monitoringSlotsWithinSlotGroup-r17
· Working assumption:
· The size is 8 bits
· Each bit in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot group
· A slot in the slot group is configured for multi-slot PDCCH monitoring if the corresponding bit in the slot group is set to '1'
· Note: Further configuration of the monitoring symbols in such a slot is done by monitoringSymbolsWithinSlot
· The slots indicated in the bitmap should be consecutive at least for Group (1) SSs
 
We think that this is a good working assumption, and propose to convert it to an agreement. However, it would be good to clarify the operation with “duration”. This is also inline with the FFS point “FFS: need to revise the definition of duration”

We think that duration should be seen as total length consecutive slots configured by monitoringSlotsWithinSlotGroup-r17. 
· If duration ≤ 8, UE considers up-to “duration” bits as valid bits in the bitmap
· If duration >8, UE creates a new bitmap by repeating the monitoringSlotsWithinSlotGroup-r17, and considers up-to “duration” bits as valid bits in the new bitmap.   


Figure 1 shows an example according to this principle
· Offset = 4 slots
· Periodicity = 16 slots
· monitoringSlotsWithinSlotGroup-r17 = [0 1 1 0 0 1 1 0]
· duration  = 16 slots

Another FFS point based on RAN1#107bis-e relates to “details of offset”. The agreement states: “The value range for the offset O is {0 .. Xp-1} slots”. However, based on the example shown in Figure 1, it makes sense to align the offset with slot group boundary. This will align monitoringSlotsWithinSlotGroup-r17 also with the slot group boundaries. Based on that, the necessary value range for offset is  {0, 4, 8,  …, Xp-1} slots.


 [image: ]
Figure 1. Example according to agreement made in RAN1# 107bis-e.

Proposal 9: Confirm the following working assumtion
· Introduce new parameter monitoringSlotsWithinSlotGroup-r17
· Working assumption:
· The size is 8 bits
· Each bit in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot group
· A slot in the slot group is configured for multi-slot PDCCH monitoring if the corresponding bit in the slot group is set to '1'
· Note: Further configuration of the monitoring symbols in such a slot is done by monitoringSymbolsWithinSlot
· The slots indicated in the bitmap should be consecutive at least for Group (1) SSs

Proposal 10: revise the definition of duration in the following way:
· If duration ≤ 8, UE considers up-to “duration” bits as valid bits in the bitmap
· If duration >8, UE creates a new bitmap by repeating the monitoringSlotsWithinSlotGroup-r17, and considers up-to “duration” bits as valid bits in the new bitmap.   

Proposal 11: revise the value range for offset as:
· value range for offset is  {0, 4, 8,  …, Xp-1} slots.


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 proposals: 

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: For multi-slot PDCCH monitoring for 480/960 kHz SCSs, a boundary of SSSG switching is always aligned with a boundary of a slot group.
Proposal 7: Skipping duration is always extended till slot group boundary.
Proposal 8: Agreements related to simultaneous usage of Rel-16 SSSG switching and Rel-17 SSSG switching are done in UE power saving WI.  
Proposal 9: Confirm the following working assumtion
· Introduce new parameter monitoringSlotsWithinSlotGroup-r17
· Working assumption:
· The size is 8 bits
· Each bit in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot group
· A slot in the slot group is configured for multi-slot PDCCH monitoring if the corresponding bit in the slot group is set to '1'
· Note: Further configuration of the monitoring symbols in such a slot is done by monitoringSymbolsWithinSlot
· The slots indicated in the bitmap should be consecutive at least for Group (1) SSs


Proposal 10: revise the definition of duration in the following way:
· If duration ≤ 8, UE considers up-to “duration” bits as valid bits in the bitmap
· If duration >8, UE creates a new bitmap by repeating the monitoringSlotsWithinSlotGroup-r17, and considers up-to “duration” bits as valid bits in the new bitmap.   

Proposal 11: revise the value range for offset as:
· value range for offset is  {0, 4, 8,  …, Xp-1} slots.
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