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1. Introduction
[bookmark: _GoBack]In RAN1#107b-e meeting[1], the following agreements were made regarding multi-slot PDCCH monitoring capability: 
	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.



In this contribution, the remaining issues on search space configuration, multiple (X,Y) combinations, dropping rule, search space set group switching and Cross-carrier scheduling for up to 71GHz operation are discussed. 
2. Discussion on PDCCH monitoring enhancements
2.1. Search space configuration
In RAN1#107b-e meeting, it was agreed that monitoringSlotPeriodicityAndOffset-r17, duration-r17, monitoringSymbolsWithinSlot and monitoringSlotsWithinSlotGroup-r17 will be applied to the search space configuration of multi-slot PDCCH monitoring. There are two remaining issues on search space configuration of multi-slot PDCCH. One issue is about the value of offset O for the search space configuration of multi-slot. It has been agreed in the last meeting that the value range for the offset O is {0.. Xp-1} slots where Xp is the value of the periodicity. Based on this agreement, the value of the offset O can be configured as one of the values in {0.. Xp-1}, which reused the method specified in Rel-15/ Rel-16. 
Another issue is about the definition of duration-r17. In Rel-15/16, the duration is used to configure the number of consecutive slots that a SearchSpace lasts in every periodicity. This description can be applied for duration-r17 as well. In addition, there are two potential options for explanations of monitoringSlotsWithinSlotGroup-r17.
Option-1:
· For 480kHz SCS, if the value of duration-r17 is N, the number of consecutive 4-slots group is N/4 that a SearchSpace lasts in every periodicity. For the monitoringSlotsWithinSlotGroup-r17, only the first four most significant (left) bits are applicable and can be used to configure the slot for PDCCH monitoring that a SearchSpace lasts in every 4-slots.
· For 980kHz SCS, if the value of duration-r17 is N, the number of consecutive 8-slots group is N/8 that a SearchSpace lasts in every periodicity. For the monitoringSlotsWithinSlotGroup-r17, all the 8 bits are applicable and can be used to configure the slot for PDCCH monitoring that a SearchSpace lasts in every 8-slots.
According to the option-1, if the first symbol for PDCCH monitoring in a periodicity is shown as Figure 1, the parameters for search space set configuration of multi-slot PDCCH monitoring for 480kHz SCS should be configured as following,

SearchSpace ::=                         SEQUENCE {
  ....
    monitoringSlotPeriodicityAndOffset-r17      CHOICE {
        sl16                                    INTEGER (0)}

duration-r17                              INTEGER (8) 

monitoringSlotsWithinSlotGroup-r17        BIT STRING(10000000)
                                          
    monitoringSymbolsWithinSlot               BIT STRING (10000000000000)                                      

  ....}



[bookmark: _Ref78184451]Figure 1: Search space set configuration for Option1 

Option-2:
· For 480kHz and 960kHz SCS, if the value of duration-r17 is N, the number of consecutive 8-slots group is N/8 that a SearchSpace lasts in every periodicity. For the monitoringSlotsWithinSlotGroup-r17, all the 8 bits are applicable and can be used to configure the slot for PDCCH monitoring that a SearchSpace lasts in every 8-slots.
According to the option-2, if the first symbol for PDCCH monitoring in a periodicity is shown asFigure 2, the parameters for search space set configuration of multi-slot PDCCH monitoring should be configured as following,

SearchSpace ::=                         SEQUENCE {
  ....
    monitoringSlotPeriodicityAndOffset-r17      CHOICE {
        sl16                                    INTEGER (0)}

duration-r17                              INTEGER (8) 

monitoringSlotsWithinSlotGroup-r17        BIT STRING(10001000)
                                          
    monitoringSymbolsWithinSlot               BIT STRING (10000000000000)                                      

  ....}



[bookmark: _Ref95506458]Figure 2: Search space set configuration for Option 2 
The difference between option 1 and option 2 is how to use the monitoringSlotsWithinSlotGroup-r17 for 480kHz. It was agreed in the RAN1#107b-e meeting that the configured duration for 480 kHz is restricted to be an integer multiple of 4 slots at least for Group(1) SS. If option 2 is adopted and the value of duration is 12, the number of consecutive 8-slots group will be 1.5(12/8) that is not a integer. This may bring complexity to the definition of the specification. 
Proposal 1：For search space set configuration of multi-slot PDCCH monitoring, the following definition is suggested:
· Offset: the value of offset can be configured as one of the value in {0 .. Xp-1}
· Duration: It is used to configure the number of consecutive slots that a SearchSpace lasts in every periodicity. For 480kHz SCS, if the value of duration-r17 is N, the number of consecutive 4-slots group is N/4 that a SearchSpace lasts in every periodicity. For 960kHz SCS, if the value of duration-r17 is N, the number of consecutive 8-slots group is N/8 that a SearchSpace lasts in every periodicity.
· monitoringSlotsWithinSlotGroup-r17: For 480kHz SCS, only the first four most significant(left) bit are applicable and can be used to configure the slot for PDCCH monitoring that a SearchSpace lasts in every 4-slots. For 960kHz SCS, all the 8 bits are applicable and can be used to configure the slot for PDCCH monitoring that a SearchSpace lasts in every 8-slots.
2.2. Multiple (X,Y) combinations
In Rel 16, span-based PDCCH monitoring capability was introduced. Multiple (X,Y) combinations were defined for span-based PDCCH monitoring capability and the maximum number of BD/CCE of each combination is provided in Table 1. If a UE indicates a capability to monitor PDCCH according to multiple (X,Y) combinations and a configuration of search space sets to the UE for PDCCH monitoring on a cell results to a separation of every two consecutive PDCCH monitoring span that is equal or larger than the value of X for multiple combinations (X,Y), the UE will monitor PDCCH according to the combination (X,Y), from the multiple combinations (X,Y), that is associated with the largest maximum number of BD/CCE. The above mentioned method is defined as (X,Y) combination determination for PDCCH monitoring capability when the UE indicates a capability with multiple combinations (X,Y) .
Table 1: The maximum number of BD/CCE in a span for combination (X,Y) and per serving cell
	
	Maximum number of BD/CCE in a span for combination  and per serving cell 

	
	(2, 2)
	(4, 3)
	(7, 3)

	0
	14 /18
	28 /36
	44 /56

	1
	12 /18
	24 /36
	36 /56



In RAN1#107-e meeting, it has been agreed that multiple combinations (X,Y) were supported, including (4,1),(4,2) for 480 kHz SCS and (8,1), (8,4), (4,2), (4,1) for 960 kHz SCS. One remaining issue is how to determine the combination (X,Y) for PDCCH monitoring capability if a UE indicates a capability with multiple combinations (X,Y) of 480 kHz/960 kHz. A potential solution is to reuse the (X,Y) combination determination method of Rel 16. For 480kHz/960kHz, if the UE indicate a capability to monitor PDCCH according to multiple combinations (X,Y) and a configuration of search space sets results to a separation of every two consecutive Y slots of slot groups is equal or larger than a value of X from multiple combinations (X,Y), the UE will monitor the PDCCH according to the combination (X,Y) that is associated with the largest maximum number of BD/CCE. For example, if the UE indicates a capability with combination (8,1) and combination (4,1) for 960kHz SCS, and a configuration of search space sets results in a minimal separation of 9 slots between two Group(1) SSs in two consecutive slot groups, the UE will monitor PDCCH according to the BD/CCE limit of combination (8,1). If a configuration of search space sets results in a minimal separation of 7 slots between two Group(1) SSs in two consecutive slot groups, the UE will monitor PDCCH according to the BD/CCE limit of combination (4,1).
Proposal 2: For 480kHz/960kHz, if the UE indicates a capability to monitor PDCCH according to multiple combinations (X,Y) and a configuration of search space sets results in a separation of every two consecutive Y slots of slot groups is equal or larger than a value of X from multiple combinations (X,Y), the UE will monitor the PDCCH according to the combination (X,Y) that is associated with the largest maximum number of BD/CCE.

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 3: It can be up to gNB implementation to avoid the overbooking issue across different slot groups.
2.4. Search space set group switching


[bookmark: _Ref78217153]Figure 4: Search space group switching for 60GHz NR-U
The search space group set switching was introduced in Rel-16 NR-U with 15 kHz SCS, 30 kHz SCS and 30 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. In RAN1#107bis-e discussion, it is generally the common understanding that the legacy SSSG switching mechanism should be reused for the 120 kHz SCS, 480 kHz SCS and 960 kHz SCS in 60GHz NR-U. Also the following was agreed
	Conclusion
The SSSG switching timer is in units of slots.


The next issue is the switching boundary. To simplify the behavior and reduce specification effort, it is suggested to align the boundary with the boundary of a slot group.
Proposal 4:  The SSSG switching boundary is aligned with the boundary of a slot group.
2.5. Cross-carrier scheduling
In the RAN1#107bis-e, the maximum difference of SCS of cross-carrier scheduling, i.e.,, has been discussed. In the Rel-16, the maximum difference of SCS is equal to 3. However, 480 kHz SCS and 960 kHz SCS have been supported for 52.6-71GHz. We believe the maximum difference of SCS of cross-carrier scheduling should be expanded to support of new SCS, and there is no motivation to limit the difference of SCS of cross-carrier scheduling.
Proposal 5：In order to better support cross-carrier scheduling of the new SCS, i.e. 480 kHz and 960 kHz, the difference of SCS of cross-carrier scheduling should not be limited.
Conclusion 
This contribution discussed the PDCCH enhancements for the support of NR operation up to 71 GHz. We have the following proposals,
Proposal 1：For search space set configuration of multi-slot PDCCH monitoring, the following definition is suggested:
· Offset: the value of offset can be configured as one of the value in {0 .. Xp-1}
· Duration: It is used to configure the number of consecutive slots that a SearchSpace lasts in every periodicity. For 480kHz SCS, if the value of duration-r17 is N, the number of consecutive 4-slots group is N/4 that a SearchSpace lasts in every periodicity. For 980kHz SCS, if the value of duration-r17 is N, the number of consecutive 8-slots group is N/8 that a SearchSpace lasts in every periodicity.
· monitoringSlotsWithinSlotGroup-r17: For 480kHz SCS, only the first four most significant(left) bit are applicable and can be used to configure the slot for PDCCH monitoring that a SearchSpace lasts in every 4-slots. For 980kHz SCS, all the 8 bits are applicable and can be used to configure the slot for PDCCH monitoring that a SearchSpace lasts in every 8-slots.

Proposal 2: For 480kHz/960kHz, if the UE indicate a capability to monitor PDCCH according to multiple combinations (X,Y) and a configuration of search space sets results to a separation of every two consecutive Y slots of slot groups is equal or larger than a value of X from multiple combinations (X,Y), the UE will monitor the PDCCH according to the combination (X,Y) that is associated with the largest maximum number of BD/CCE.

Proposal 3: It can be up to gNB implementation to avoid the overbooking issue across different slot groups.

Proposal 4:  The SSSG switching boundary is aligned with the boundary of a slot group .
Proposal 5：In order to better support cross-carrier scheduling of the new SCS, i.e. 480 kHz and 960 kHz, the difference of SCS of cross-carrier scheduling should not be limited.
Reference
[1] 3GPP TSG RAN WG1 Meeting RAN1 #107b-e chairman notes, 17th - 25th January 2022.
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