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1. Introduction
In RAN1#108b-e meeting[1], the following agreements were made regarding multi-slot PDCCH monitoring capability: 
	Agreement
The following TP for Clause 13 of TS38.213v17.0.0 is endorsed
---- Start of TP ----
13	UE procedure for monitoring Type0-PDCCH CSS sets
--- unchanged text omitted ---
For operation without shared spectrum channel access and for the SS/PBCH block and CORESET multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH CSS set over two slots . 
--- unchanged text omitted ---
---- End of TP ----

Conclusion
 for 480 kHz SCS is not supported for multi-slot monitoring.

Agreement
For group common DCI formats, only the following periodicities are applicable:
	
	120 kHz (same as FR2)
	480 kHz
	960 kHz

	DCI format 2_0
	sl1, sl2, sl4, sl5, sl8, sl10, sl16, sl20
	sl4, sl8, sl16, sl20, sl32, sl40, sl64, sl80
	sl8, sl16, sl32, sl40, sl64, sl80, sl128, sl160

	DCI format 2_1
	sl1, sl2, sl4
	sl4, sl8, sl16
	sl8, sl16, sl32

	DCI format 2_4
	sl1, sl2, sl4, sl5, sl8, sl10
	sl4, sl8, sl16, sl20, sl32, sl40
	sl8, sl16, sl32, sl40, sl64, sl80

	Highlighted: New periodicity values to be introduced for 480/960 kHz SCSs



Agreement
In unit of slots, the supported values for searchSpaceSwitchTimer-r17 and PDCCHSkippingDuration for 480 kHz and 960 kHz are respectively 4x and 8x of their supported values for 120 kHz.

Agreement
For multi-slot PDCCH monitoring for 480/960 kHz SCSs, the boundary of SSSG switching is always aligned with the boundary of a slot group.

Agreement
For operation with shared spectrum channel access, define 160/640/1280 slots as the maximum value of searchSpaceSwitchTimer for 120/480/960 kHz SCS, respectively.


Decision: As per email decision posted on Mar 1st,
[bookmark: _Hlk97022335]Agreement
· A UE does not expect to be configured with Rel-16 SSSG switching parameters (such as searchSpaceSwitchTimer and SearchSpaceSwitchTrigger) and Rel-17 SSSG switching parameters (such as searchSpaceSwitchTimer-r17 and searchSpaceGroupIdList-r17) per cell simultaneously.
· Note: This behaviour is reflected in a RAN2 power saving CR for 38.331 (R2-2203058) and may therefore not require additional specification text.

Working assumption
For the purpose of BD/CCE budget determination for PDCCH monitoring for , if more than one of the PDCCH monitoring  capability combinations supported by a UE comply with all configured search space sets, then the UE selects Xs and thereby  and  values corresponding to the complying combination with the largest  and  values.
Note1: This determination of Xs may be independent of the size of monitoringSlotsWithinSlotGroup discussed in the context of search space configuration


Agreement
Revise the RAN1#107bis-e agreement/working assumption:
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 that can be configured for SCS 480kHz and 960kHz:
{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 Offset O values that can be configured: {0, 4, 8,  …, } 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 XsL slots
· FFS: details of offset The configured offset is restricted to be an integer multiple of L slots
· For duration-r17
· The values represent slots
· The value range is {8, 12, …, 20476}
· If duration-r17 is absent, the UE assumes the duration in slots is equal to L
· The UE ignores duration-r17 for DCI format 2_0
· The configured duration is restricted to be an integer multiple of XsL slots at least for Group (1) SSs
· The maximum duration is one less slot group of L slots than the configured periodicity
· FFS: need to revise the definition of durationduration-r17 is the total number of slots in consecutive groups of L slots in which a Search Space can exist in every period as given by monitoringPeriodicityAndOffset-r17
· 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 bitsTwo sizes L are supported for this parameter: L=4 bits and L=8 bits
· Each bit in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot group of L slots
· The parameter monitoringSlotsWithinSlotGroup-r17 is applied in each of the L slots as determined by monitoringSlotPeriodicityAndOffset-r17 and duration-r17.
· A slot in the slot each group of L slots is configured for multi-slot PDCCH monitoring if the corresponding bit in the slot group monitoringSlotsWithinSlotGroup-r17 is set to '1'
· Note: Further configuration of the monitoring symbols in such a slot is done by monitoringSymbolsWithinSlot
· For Group (1) SSs
· The slots indicated in the bitmap should be consecutive per group of L slots
· The number of slots configured for multi-slot PDCCH monitoring per slot group of  slots should be no larger than  according to at least one of the  supported by a UE
· Working assumption: For Group (2) SSs
· For Type0/0A/2 CSS
· The slots indicated in monitoringSlotsWithinSlotGroup-r17 are not restricted to be consecutive
· The number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 can be up to L
· For Type1 CSS without dedicated RRC
· The number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 per slot group of  slots should be no larger than M, where M is FFS

Agreement
Confirm the working assumption: BD/CCE budget of 960 kHz for (Xs, Ys) = (4,2), (4,1) is half that of X=8 (i.e. 10/16).

Agreement
· For serving cells configured with 480 or 960 kHz SCS, the serving cells with the same SCS and [image: ] value are grouped together to determine a total BD/CCE budget for that group and the per-cell BD/CCE budget within the group.
· Support UE capability signaling for 4 additional cases :
· Case 4: Capability on the number of CCs with Rel-17 monitoring capability only 
· Range of pdcch-BlindDetectionCA-R17: {[4, 5, …, , 16]}
· Case 5: Capability on the number of CCs with Rel-15 monitoring capability and Rel-17 monitoring capability on different serving cells 
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17 and pdcch-BlindDetectionCA-R15: {[1, 2, …, 15]} 
· Range of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R17: {[4, 5, …, 16]}
· Case 6: Capability on the number of CCs with Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells 
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17 and pdcch-BlindDetectionCA-R16: {[1, 2, …, 15]} 
· Range of pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17: {[3, 4, …, 16]}
· Case 7: Capability on the number of CCs with Rel-15 monitoring capability , Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells 
· pdcch-BlindDetectionCA-R15 for Rel-15 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R16 for Rel-16 PDCCH monitoring capability
· pdcch-BlindDetectionCA-R17 for Rel-17 PDCCH monitoring capability
· Range of pdcch-BlindDetectionCA-R17, pdcch-BlindDetectionCA-R16, and pdcch-BlindDetectionCA-R15: {[1, 2, …, 15]} 
· Range of pdcch-BlindDetectionCA-R15 + pdcch-BlindDetectionCA-R16 + pdcch-BlindDetectionCA-R17 : {[4, 5, …, 16]}
· For the case with Rel-15 monitoring capability, Rel-16 monitoring capability and Rel-17 monitoring capability on different serving cells (case 7) or any combination of 2 of the capabilities (i.e. case 5, and case 6), the UE will report one or more combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16, pdcch-BlindDetectionCA-R17) as UE capability. If UE reports more than one combination of (pdcch-BlindDetectionCA-R15, pdcch-BlindDetectionCA-R16, pdcch-BlindDetectionCA-R17), as in Rel-16, the gNB configures which combination for the UE to use for scaling PDCCH monitoring capability if the number of CCs configured is larger than the reported capability.
· FFS: Extension to NR-DC scenario



In this contribution, the remaining issues on search space configuration, Search space group switching, dropping rule for up to 71GHz operation are discussed. 
2. Discussion on PDCCH monitoring enhancements
2.1. Search space configuration
In RAN1#108-e meeting, RAN1 has reached an agreement regarding the search space configuration of multi-slot PDCCH monitoring. The remaining issue is that how to define the number of slots configured for Type1 CSS without dedicated RRC within per slot group. In the e-mail discussion of last meeting, it was clarified that ‘any of ’ in the following bullet means that monitoring occasions are limited to be within a single span of three consecutive OFDM symbols within a slot considering all configured Group (2) SS sets in the slot. It means that each slot only has a single span for configured Group(2) SS.
	- 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


Considering the flexibility of configured Group(2) SS sets in the slot group, it has achieved an consensus that each configured Group(2) SS sets should be limited to be monitored no more than once across multiple slots within a slot group. For the Type0/0A/2 CSS with  , the UE only monitors in the slot that correspond to its preferred SSB, and those monitoring occasion are usually separated more than  slots where   is the number of slot in one slot group. However, the search space configuration for the Type 1- CSS without dedicated RRC configuration still requires limitation to ensure that the MO is no more than one within a slot group. In our view, the number of slots configured for type 1 CSS without dedicated RRC configuration in monitoringSlotsWithinSlotGroup-r17  per slot group of X_s slots should be no larger than 1.

Proposal 1: The number of slots configured for type 1 CSS without dedicated RRC configuration in monitoringSlotsWithinSlotGroup-r17 per slot group of X_s slots should be no larger than 1.

2.2. Search space group switching
The search space group set switching was introduced in Rel-16 NR-U with 15 kHz SCS, 30 kHz SCS and 60 kHz SCS for dynamic switching between different search spaces. Before the gNB obtains the COT, the frequent monitoring enables the gNB to transmit DCI as soon as possible if gNB’s LBT is successful. However, frequent monitoring is not conducive to power saving of the UE during the COT. When the search space group set switching is configured, the gNB can indicate to UE switching between a search space with long periodicity and a search space with short periodicity to meet different scheduling requirements. 
An working assumption was achieved in the last meeting as following, if more than one of the PDCCH monitoring capability combinations are supported by a UE , the BD/CCE budget for is determined by the PDCCH monitoring capability combinations which can comply with all configured search space sets and correspond to the largest  and  values. 
	Working assumption
For the purpose of BD/CCE budget determination for PDCCH monitoring for , if more than one of the PDCCH monitoring  capability combinations supported by a UE comply with all configured search space sets, then the UE selects Xs and thereby  and  values corresponding to the complying combination with the largest  and  values.
Note1: This determination of Xs may be independent of the size of monitoringSlotsWithinSlotGroup discussed in the context of search space configuration


Considering the search space group switching, there are two interpretations about the ‘all configured search space sets’ in the working assumption：
· Interpretation#1: the search space sets configured in all SSSGs.
· Interpretation#2: the search space sets configured in per SSSG.
· 

· [bookmark: _Ref101172875]Figure 1: Search space group switching for 960 kHz
Assuming one case for 960kHz SCS that the configured search space set group#1 before the SSSG switching point#1 complies PDCCH monitoring combination (4,1) and the configured search space set group #2 after the SSSG switching point#1 complies PDCCH monitoring combination (8,1) as shown in Figure 1. If interpretation#1 is adopt, the BD/CCE budget before the SSSG switching point#1 and after the SSSG switching point#2 is determined by the PDCCH monitoring (4,1) combination. It means the configured search space sets with more than 8 slots periodic after SSSG switching should be also limited by the BD/CCE budget of the PDCCH monitoring (4,1) combination. If interpretation#2 is adopt, the BD/CCE budget before and after the SSSG switching point#1 is determined by the PDCCH monitoring (4,1) combination BD/CCE and the PDCCH monitoring (8,1) combination, respectively. In our view, interpretation#2 is more reasonable, since the configured search space sets in SSSG#1 and SSSG#2 are located before/after the SSSG switching point respectively and will never located in the same time. 
Proposal 2:The working assumption on BD/CCE budget determination for PDCCH monitoring for  is for per SSSG.
The next issue is that whether SSSG switching between different PDCCH monitoring capability combinations can be supported. For the SSSG with no more than 8 slots periodic, the PDCCH monitoring(4,1)/(4,2) combination can bring more scheduling flexibility. For the SSSG with more than 8 slots periodic, the PDCCH monitoring(8,1)/(8,2) has lager BD/CCE budget. Considering two SSSG correspond to different periodic, if SSSG switching between different PDCCH monitoring capability combinations is supported, both of the benefit for scheduling flexibility and  lager BD/CCE budget can be obtained by the network.
Proposal 3: SSSG switching between different PDCCH monitoring capability combinations can be supported.

2.3. Dropping rules
In RAN1#107-e meeting, the definition for multi-slot PDCCH monitoring capability was agreed. The remaining issue on SS overbooking across different slot groups requires further study. Since Group (2) SS monitoring locations can be anywhere within a slot group, the total number of BD/ CCE for those Group(2) SSs within the current slot group and SSs within the next slot group may exceed the BD/ CCE budgets for a slot group, as shown in Figure 3. In our view, the SS overbooking across different slot groups can be avoided by gNB implementation. No additional dropping rule is needed.


[bookmark: _Ref95506499]Figure 3: SS overbooking across different slot groups
Proposal 4: It can be up to gNB implementation to avoid the overbooking issue across different slot groups.
Conclusion 
This contribution discussed the PDCCH enhancements for the support of NR operation up to 71 GHz. We have the following proposals,
[bookmark: _GoBack]Proposal 1: The number of slots configured for Type 1 CSS without dedicated RRC configuration in monitoringSlotsWithinSlotGroup-r17 per slot group of X_s slots should be no larger than 1.
Proposal 2:The working assumption on BD/CCE budget determination for PDCCH monitoring for  is for per SSSG.
Proposal 3: SSSG switching between different PDCCH monitoring capability combinations can be supported.
Proposal 4: It can be up to gNB implementation to avoid the overbooking issue across different slot groups.
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