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1. Introduction
In this contribution, we discuss and provide views on the PDCCH monitoring enhancements to support NR in the frequency range from 52.6 GHz to 71 GHz.

2. Multi-slot PDCCH monitoring
· (X,Y) combinations for multi-slot PDCCH monitoring
In the last meeting, it was agreed to support the following combinations for multi-slot PDCCH monitoring.
	· 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


Among the supported combinations, X=8 for 960 kHz and X=4 for 480 kHz are the mandatorily supported X values for multi-slot PDCCH monitoring operations. These values can maintain the PDCCH monitoring burden of the UE at a level similar to that of the 120 kHz SCS since the slot-group length and BD/CCE limit for them are the same as for 120 kHz SCS. In addition, for 960 kHz SCS, there is an optionally supported X, i.e., X=4, which can allow more diverse and flexible monitoring operation than what the mandatory X can do. However, for 480 kHz SCS, whether additional X other than X=4 is supported has not been decided yet. For a flexible multi-slot monitoring operation like 960 kHz, support for additional optional X may be required. It should be noted that X=2 for 480 kHz and X=4 for 960 kHz share the same absolute time and their BD/CCE budget could be the same. These mean that the UE supporting X=4 of 960 kHz can support X=2 for 480 kHz without additional burden. From our point of view, there seems to be no critical issue to support an optional X for 480 kHz SCS. With X=2 for 480 kHz, a possible combination (X,Y) can be (2,1).
Proposal #1: Support (X,Y)=(2,1) as an optional combination for 480 kHz SCS.

Single slot monitoring, i.e., X=1, is not in line with the purpose of introducing multi-slot monitoring and it requires a slot based operation at the UE side. For 480/960 kHz SCS, many aspects were already designed with multi-slot based operation instead of a single-slot, e.g., most timeline parameters, multi-slot monitoring, scheduling, and so on. Due to the short slot duration for these SCSs, the slot based operation may cause an additional implementation burden on the UE. Moreover, supporting slot based monitoring removes the complexity reduction benefits of multi-slot monitoring and the low BD/CCE budget that can be expected will result in low aggregation levels and high blocking probabilities when scheduling. In this regard, we do not support slot based monitoring for 480/960 kHz. 
Proposal #2: Do not support X=1, i.e., single slot monitoring, for 480 kHz and 960 kHz SCS.

For multi-slot monitoring operation, the length X of the slot-group becomes the criterion for BD/CCE budget management. For example, for 960 kHz SCS, the UE has the BD budget of 20 per X=8 slots or 10 per X=4 slots. If the slot-based monitoring is not supported for 480/960 kHz SCS (we do not prefer single-slot monitoring for these SCS), multi-slot monitoring becomes a mandatory monitoring operation including IDLE mode. Since UE assumption on the (X,Y) can affect BD/CCE budget handling within X slots, the default (X,Y) combination should be specified in the specification for when any combinations (X,Y) are not indicated by gNB (or not reported by UE). At the last meeting, RAN1 agreed to have a mandatorily supporting (X,Y) combinations for 480 kHz and 960 kHz SCS, i.e., (4,1) for 480 kHz and (8,1) for 960 kHz. These can be the default (X,Y) combination for each SCS, respectively. We propose to adopt the following text proposal (highlighted in yellow) to Clause 10 in TS 38.213 specification.
Proposal #3: Adopt the following text proposal in TS 38.213 Clause 10, to specify the default (X,Y) combination for multi-slot PDCCH monitoring. 
	============ Start of Text Proposal for TS 38.213 [1] ==================
10	UE procedure for receiving control information
<< Other parts are omitted >>
If a UE monitors PDCCH on a cell according to combination , the UE can monitor PDCCH for Type1-PDCCH CSS set provided by dedicated higher layer signalling, Type3-PDCCH CSS sets, and USS sets in any slot of the  slots, and the UE can monitor PDCCH for Type0/0A/2-PDCCH CSS set and Type1-PDCCH CSS set provided in SIB1 in any slot of the  slots. The UE determines the number of monitored PDCCH candidates and the number of non-overlapped CCEs for combination  based on all search space sets within the  slots, as applicable according to the search space set configurations, and maximum corresponding values are provided in Table 10.1-2B and Table 10.1-3B, respectively. =(4,1) or (8,1) applies for SCS configuration μ=5 or μ=6, respectively, unless the UE indicates a capability to monitor PDCCH according to other combinations.
<< Other parts are omitted >>
============ End of Text Proposal for TS 38.213 ==================



When the UE reports multiple (X,Y) combinations for multi-slot monitoring, the UE should determine the (X,Y) combination based on the configured SS set configuration parameters (e.g., periodicity, offset, …). However, it may be ambiguous which (X,Y) the UE should assume to check BD/CCE budget if the monitoring occasions are aligned with multiple (X,Y) combinations. For example, when periodicity is configured as 8 slots to a UE reporting (4,1) and (8,1) as a preferred (X,Y) combination, the monitoring occasion may be aligned with both (4,1) and (8,1) combinations. In this case, it is not clear in which X slots the BD/CCE budget should be managed. To remove this ambiguity, an additional rule to select one (X,Y) combination may be needed. As a conservative approach, it may be reasonable to select the combination with the largest X among the reported combinations that match the monitoring occasions. 
Proposal #4: In the multi-slot monitoring, when the monitoring occasions corresponding to multiple (X,Y) combinations are configured, the UE should operate assuming the (X,Y) combination corresponding to the largest X (and Y that can be combined therewith) among the reported combinations that match the monitoring occasions.

· Search space set configuration
SS set configuration can also be set appropriately for the multi-slot monitoring. Through SS set configuration based on slot-group, PDCCH monitoring occasion could be adjusted properly and then additional power saving effects would be expected. At the last meeting, it was agreed that all search spaces for Group (1) SS (i.e., Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS) are monitored within Y slots within X slot-group. In order for the monitoring occasions to be placed at a fixed region (i.e., Y slots) for each slot-group, the SS set configuration parameters such as periodicity, offset and duration should be configured in X units (e.g., to define a new RRC parameter defined only as a multiple of X, or to reinterpret the existing RRC parameters for multi-slot monitoring). One more thing to discuss may be to determine X, which is a criterion for setting the set of values for these parameters (i.e., periodicity, offset, duration) when the UE reports multiple X. For mixed X cases, the set of values for these parameters should be based on smallest X for a UE reporting multiple X values.
Proposal #5: Consider to configure PDCCH monitoring occasions to be compliant with the slot-group (or integral multiples of X).

· SSSG switching
Regarding SSSG switching, in Rel-15/16 NR, one SSSG could be switched to another SSSG at the slot boundary after at least P_switch symbols from the switching triggering. However, for the multi-slot monitoring, if SSSG switching occurs at the slot boundary inside the slot-group rather than the slot-group boundary, the complexity of the UE may increase. For example, when a switch occurs within the X slot-group, it may operate as SSSG#0 before the switching and may operate as SSSG#1 after that. At this time, since the BD/CCE budget for 480/960 kHz SCS is checked in units of slot-group, SSSG change in the middle of slot-group may cause to increase UE complexity compared to that for the SSSG switching at slot-group boundary. In this regard, SSSG switching should be performed at the slot-group boundary.
Proposal #6: For 480 kHz or 960 kHz multi-slot monitoring, SSSG switching should be performed at the slot-group boundary after at least P_switch symbols from the switching triggering.

In Rel-16 NR-U, timer-based SSSG switching was introduced. A UE sets the timer value to the number of slots provided by searchSpaceSwitchTimer when SSSG switching is triggered from the default SS group (SSSG#0) to the other one (SSSG#1). The UE decrements the timer value by one after each slot based on the smallest SCS among all configured DL BWPs in the serving cell. The maximum value of searchSpaceSwitchTimer is 20/40/80 for 15/30/60 kHz, respectively. These are values derived from the maximum COT duration, 20 msec, for the NR-U in Rel-16. In FR2-2, RAN1 agreed P_switch values to support SSSG switching for 120/480/960 kHz as a working assumption. Since the maximum COT duration in FR2-2 was determined to be 5 msec, the maximum value of searchSpaceSwitchTimer can be defined as the number of slots corresponding to that time for each SCS. 
Proposal #7: Define 40/160/320 slots as the maximum value of searchSpaceSwitchTimer for 120/480/960 kHz SCS, respectively.

3. Multi-cell operation for multi-slot PDCCH monitoring
In this section, we discuss on multi-slot monitoring configurations for multi-cell operation.
· BD/CCE budget calculation with multiple serving cells
For carrier aggregation in Rel-15/16, when the number of DL cells to which a UE is configured is greater than the number of DL cells reported by the UE, the total number of PDCCH candidates or non-overlapped CCEs per slot or per span should be recalculated according to the following specifications (TS 38.213 clause 10.1). 
	If a UE 
-	is configured with  downlink cells for which the UE is not provided monitoringCapabilityConfig, or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability but not provided coresetPoolIndex, 
-	with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , where , and
-	a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, 
the UE is not required to monitor more than   PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells.  is replaced by if a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability.
<< Other parts are omitted >>
If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans, otherwise 
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration . If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig = r15monitoringcapability and monitoringCapabilityConfig = r16monitoringcapability,  is replaced by .


According to this, the serving cells with the same PDCCH monitoring type can be grouped together for the BD/CCE limit calculation. That is, the serving cells for slot-based monitoring and span-based monitoring are treated as separate groups when calculating the BD/CCE limit. If three different monitoring operations are processed as separate groups in a CA situation including multi-slot monitoring, the number of cases becomes complicated, which may increase the complexity of the UE. Meanwhile, RAN1 agreed that X=4/8 for 480/960 kHz SCS (resp.) is supported as mandatory and other values of X as optional. For X=4/8 for 480/960 kHz, the absolute time of the slot-group and the BD/CCE limit per X=4/8 are the same as those for 120 kHz. In this case, when the multi-slot monitoring is configured with multiple serving cells with X=4/8 slots for 480/960 kHz, the BD/CCE limit calculation for cells with these SCS can be calculated as if they are cells with 120 kHz SCS. With this, BD/CCE limit calculation for CA can be simplified even in a situation where multi-slot monitoring is added. Additionally, the number of DL cells for multi-slot monitoring may be reported by pdcch-BlindDetectionCA, whose value indicates total the number of DL cells for both slot based monitoring and multi-slot based monitoring. Through this, the UE will be able to further simplify BD/CCE calculation for the multi-cell operation.
Proposal #8: When a UE is configured with DL cells greater than the reported number of DL cells, consider followings for BD/CCE budget calculation,
· For a serving cell with mandatory X (i.e., X=4/8 for 480/960 kHz), BD/CCE budget is calculated by transforming the serving cell to the cell with 120 kHz SCS.
· For a serving cell with optional X (e.g., X=4 for 960 kHz), BD/CCE budget is calculated by grouping the serving cell with other cells having the same PDCCH monitoring type including multi-slot-based capability.

4. Conclusions
In this contribution, PDCCH monitoring enhancements to support NR from 52.6 GHz to 71 GHz were discussed. The derived proposals are as follows,
Proposal #1: Support (X,Y)=(2,1) as an optional combination for 480 kHz SCS.
Proposal #2: Do not support X=1, i.e., single slot monitoring, for 480 kHz and 960 kHz SCS.
Proposal #3: Adopt the following text proposal in TS 38.213 Clause 10, to specify the default (X,Y) combination for multi-slot PDCCH monitoring. 
	============ Start of Text Proposal for TS 38.213 [1] ==================
10	UE procedure for receiving control information
<< Other parts are omitted >>
If a UE monitors PDCCH on a cell according to combination , the UE can monitor PDCCH for Type1-PDCCH CSS set provided by dedicated higher layer signalling, Type3-PDCCH CSS sets, and USS sets in any slot of the  slots, and the UE can monitor PDCCH for Type0/0A/2-PDCCH CSS set and Type1-PDCCH CSS set provided in SIB1 in any slot of the  slots. The UE determines the number of monitored PDCCH candidates and the number of non-overlapped CCEs for combination  based on all search space sets within the  slots, as applicable according to the search space set configurations, and maximum corresponding values are provided in Table 10.1-2B and Table 10.1-3B, respectively. =(4,1) or (8,1) applies for SCS configuration μ=5 or μ=6, respectively, unless the UE indicates a capability to monitor PDCCH according to other combinations.
<< Other parts are omitted >>
============ End of Text Proposal for TS 38.213 ==================


Proposal #4: In the multi-slot monitoring, when the monitoring occasions corresponding to multiple (X,Y) combinations are configured, the UE should operate assuming the (X,Y) combination corresponding to the largest X (and Y that can be combined therewith) among the reported combinations that match the monitoring occasions.
Proposal #5: Consider to configure PDCCH monitoring occasions to be compliant with the slot-group (or integral multiples of X).
Proposal #6: For 480 kHz or 960 kHz multi-slot monitoring, SSSG switching should be performed at the slot-group boundary after at least P_switch symbols from the switching triggering.
Proposal #7: Define 40/160/320 slots as the maximum value of searchSpaceSwitchTimer for 120/480/960 kHz SCS, respectively.
Proposal #8: When a UE is configured with DL cells greater than the reported number of DL cells, consider followings for BD/CCE budget calculation,
· For a serving cell with mandatory X (i.e., X=4/8 for 480/960 kHz), BD/CCE budget is calculated by transforming the serving cell to the cell with 120 kHz SCS.
· For a serving cell with optional X (e.g., X=4 for 960 kHz), BD/CCE budget is calculated by grouping the serving cell with other cells having the same PDCCH monitoring type including multi-slot-based capability.
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