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

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




Agreement
· SS set overbooking can be allowed with multi-slot PDCCH monitoring capability same as the current specification but applied per slot group, i.e., SS set overbooking is allowed for USS in PCell and PSCell, and UE expects no overbooking for CSS in PCell and PSCell and no overbooking in SCell.
· The dropping rule for multi-slot PDCCH monitoring capability is the same as the current specification but evaluated per slot group, i.e., a UE drops UE specific search space set(s) in a slot group with higher index when SS sets are overbooked.
· Additional dropping rules are not precluded.


In this contribution, the remaining issues on PDCCH monitoring enhancements, such as dropping rule, multiple (X,Y) combinations, search space configuration, search space set group switching and Cross-carrier scheduling for up to 71GHz operation, are discussed. 
2. Discussion on PDCCH monitoring enhancements
2.1. 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 1. In our view, the SS overbooking across different slot groups can be avoided by gNB implementation. No additional dropping rule is needed to solve this problem.


[bookmark: _Ref92564408]Figure 1: SS overbooking across different slot groups
Proposal 1: It can be up to gNB implementation to avoid the overbooking issue across different slot groups.
2.2. Multiple (X,Y) combinations
In Rel 16, span-based PDCCH monitoring capability was introduced. Multiple (X,Y) combinations was defined for span-based PDCCH monitoring capability and the maximum number of BD/CCE of each combination is provided in the 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) .
[bookmark: _Ref92568430][bookmark: _Ref92568421]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 that 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 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 PDCCH monitoring capability of 480 kHz/960kHz, if a UE indicates a capability with multiple (X, Y) combinations, the (X,Y) combination determination method of Rel 16 can be reused.
2.3. Search space configuration
In NR, a UE monitors a set of PDCCH candidates in one or more CORESETs according to corresponding search space configuration. The monitoring occasion can be configured by the following RRC parameters.
· monitoringSlotPeriodicityAndOffset: Used to configure the periodicity and offset for PDCCH monitoring, the unit of configuration is slot 1slot.
· duration: Used to configure the number of consecutive slots that a SearchSpace lasts in every occasion.
· monitoringSymbolsWithinSlot: Used to configure PDCCH MO within the slot. The size of this parameter is 14 bits and each bit represents a symbol in a slot. If the value of one bit is 1, the OFDM symbol corresponding to this bit is a PDCCH monitoring occasion.
In Rel-15/16, the parameter monitoringSymbolsWithinSlot indicates the distribution of MOs within each slot and the length of bitmap is 14. For 480 kHz SCS and 960 kHz SCS, the bitmap with 14 bits is not sufficient to indicate the distribution of MO within X-slots. There are two candidate schemes to address this issue as follows,
· Scheme #1: Adding an additional slot level bitmap monitoringSlotWithinMulti-slot indicating the slot that the search space exists within the multi-slot.
· Scheme #2: Extending the bitwidth of the parameter monitoringSymbolsWithinSlot in higher layer parameter searchspace to 14* X bits.
For the scheme# 1, an additional slot level bitmap need to be added to the higher layer parameter searchspace, which has high compatibility with the current spec. The scheme #2 extends the bitwidth of the monitoringSymbolsWithinSlot in the current spec to 14* X bits, which results to higher signaling overhead. From the perspective of signaling overhead and compatibility, we suggest adding a new bitmap indicating the slots that the search space exists within the multi-slot by monitoringSlotWithinMulti-Slot. The first symbol of the CORESET within multi-slot for PDCCH monitoring can be jointly indicated by the monitoringSymbolsWithinSlot and monitoringSlotWithinMulti-Slot. For example, if the UE is provided the following parameter by SearchSpace, the PDCCH monitoring will be as shown in Figure 2:
· monitoringSlotPeriodicityAndOffset: The periodicity of search space set is 16 slots and the offset is 0.
· duration: The unit of the duration is still slot, the value of the duration is 8. Note the definition of duration can be reused if the configured value is the multiples of X-slot.
· monitoringSlotWithinMulti-slot: The bitmap of the slots that the search space exists is 1000.
· monitoringSymbolsWithinSlot: The bitmap of the first symbol MO within each slot is 10000000000000.


[bookmark: _Ref78184451]Figure 2: Search space set configuration for 480 kHz SCS
Proposal 3：For 480 kHz SCS and 960 kHz SCS, the search space configuration can be defined as follows.
· Duration: The unit of the duration is still slot. 
· Adding a new bitmap monitoringSlotWithinMulti-slot indicating the slot that the search space exists within the multi-slot.

[bookmark: _GoBack]If a UE may indicate a capability with multiple combinations of  (X, Y), the search space configuration of 480kHz/960kHz is related to the value of X. Thus, how to indicate the value of X for search space configuration of 480kHz/960kHz require to be further studied.
There are three candidate schemes to determine the value of X for search space configuration as follows,
· Scheme #1: Adding a new IE for configuring the value of X for in the higher later parameter SearchSpace.
· Scheme #2: Determining the smallest value of X from multiple combinations of (X, Y) reported by UE as the value of X.
· Scheme #3: Defining a default value for the value of X, such as X= 4 slots for both 480 kHz/960 kHz.
Proposal 4：When the UE indicates a capability with multiple  combinations of (X, Y) for 480 kHz/960 kHz , RAN1 needs further study the following schemes to determine the value of  X for search space configuration, such as:
· Scheme #1: Adding a new IE for configuring the value of X for in the higher layer parameter SearchSpace.
· Scheme #2: Determining the smallest value of X from multiple combinations of (X, Y) reported by UE as the value of X.
· Scheme #3: Defining a default value for the value of X, such as X= 4 slots for both 480 kHz/960 kHz.
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 enable 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. Therefore, we suggest the legacy SSSG switching mechanism should be reused for the 120 kHz SCS, 480 kHz SCS and 960 kHz SCS in 60GHz NR-U, as shown in Figure 3.
Proposal 5: The Legacy SSSG switching mechanism should be reused for the 120 kHz SCS, 480 kHz SCS and 960 kHz SCS in 60 GHz NR-U.
2.5. Cross-carrier scheduling
In the RAN1#106-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 6：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: It can be up to gNB implementation to avoid the overbooking issue across different slot groups.
Proposal 2: For PDCCH monitoring capability of 480 kHz/960kHz, if a UE indicates a capability with multiple (X, Y) combinations, the (X,Y) combination determination method of Rel 16 can be reused.
Proposal 3：For 480 kHz SCS and 960 kHz SCS, the search space configuration can be defined as follows.
· Duration: The unit of the duration is still slot. 
· Adding a new bitmap monitoringSlotWithinMulti-slot indicating the slot that the search space exists within the multi-slot.
Proposal 4：When the UE indicates a capability with multiple  combinations of (X, Y) for 480 kHz/960 kHz , RAN1 needs further study the following schemes to determine the value of   X for search space configuration, such as:
· Scheme #1: Adding a new IE for configuring the value of X for in the higher layer parameter SearchSpace.
· Scheme #2: Determining the smallest value of X from multiple combinations of (X, Y) reported by UE as the value of X.
· Scheme #3: Defining a default value for the value of X, such as X= 4 slots for both 480 kHz/960 kHz.
Proposal 5: The Legacy SSSG switching mechanism should be reused for the 120 kHz SCS, 480 kHz SCS and 960 kHz SCS in 60 GHz NR-U.
Proposal 6：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.
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