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At the previous meeting (RAN1#104-e) [1], it was agreed to choose one of three alternatives for multi-slot PDCCH monitoring capability definition shown as follow:
	Agreement:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· Alt 1: A fixed pattern of N slots. 
· Alt 2: Use the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span) as the baseline to define the new capability
· FFS: Values of X and Y and units in which they are defined 
· FFS: Whether number of slots within which the number of monitoring occasions is counted is needed and if needed, the value of the number of slots
· Alt 3: A sliding window of N slots for defining multi-slot PDCCH monitoring capability. 
· FFS: Increments in which sliding occurs
· Specific numbers for X, Y and N may depend on UE capability and gNB configuration
· Examples: 
· N = [4] slots for 480 kHz SCS and N = [8] slots for 960 kHz SCS
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS


Feature lead proposal A1-5 progressed the discussion but was finally not agreed due to lack of time:
Modified Feature Lead Proposal A1-5:
Proposed modification of agreement:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· Alt 1: Use a fixed pattern of slot groups as the baseline to define the new capability. 
· Each slot group consists of X slots
· Slot groups are consecutive and non-overlapping
· The capability indicates the BD/CCE budget within Y consecutive [symbols or slots] in each slot group
· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X
· FFS: Restrictions on location of the Y [symbols or slots] within a slot group, e.g. the Y [symbols or slots] always start at the first slot within a slot group
· FFS: Capability definition within a slot if Y is in the unit of slots
· Alt 2: Use an (X, Y) span as the baseline to define the new capability
· X is the minimum time separation between the start of two consecutive spans
· The capability indicates the BD/CCE budget within a span of at most Y consecutive [symbols or slots] 
· Y <= X
· FFS: Exact values of X and Y and units in which they are defined (e.g., symbols, slots), including cases where a span is longer than one slot or crosses a slot boundary. 
· FFS: What is a span pattern, how it is defined and whether it is supported. If it is supported, whether number of slots within which the span pattern is repeated is needed, and if needed, the value of the number of slots. 
· Alt 3: Use a sliding window of X slots as the baseline to define the new capability. 
· The capability indicates the BD/CCE budget within the sliding window
·  The sliding unit of the sliding window is [1] slot.
· FFS: Capability definition within a slot
Specific numbers for X, Y may depend on UE capability and gNB configuration
In this contribution, we focus on the multi-slot PDCCH monitoring enhancement including the monitoring capability definition, SS configuration enhancement, cross-carrier scheduling enhancement with new SCSs.
[bookmark: _Ref129681832]Discussion
Multi-slot PDCCH monitoring capability
In the last meetings, multi-slot PDCCH monitoring is agreed for new SCSs with three alternatives for monitoring capability definition. 
There are several interpretations for Alt-1, one interpretation is that capability indicates the BD/CCE budget within N slots, or Y consecutive slots per X slots with Y=X, as shown in Figure 1 Alt-1 (a). In comparison, per slot capability defined in Rel-15 allows that the BD/CCE budget can be allocated anywhere within the fixed pattern. During the discussion, there were proposals to further restrict the PDCCH monitoring capability within Y [symbols or slots] in the fixed pattern of [N or X] slots. The Y [symbols or slots] can be located either at the beginning of fixed pattern X or N slots as plotted in Alt-1(b), or can be flexibly located at any slot of the fixed pattern as plotted in Alt-1 (c). Alt-1c will lead to uneven BD/CCE allocation in a unit period considering a gap between two adjacent MOs less than X slots or N slots, just as the red box illustrates, which increases the dropping rate of PDCCH candidates. Therefore, an additional restriction should be defined for search space (SS) configuration to ensure detected BD/CCEs not exceed the capability defined. To avoid the scenario demonstrated by Figure 1 Alt-1 (c) for a fixed pattern, Alt-3 was proposed, which define the capability within a window with a floating start point, while the length of the window is X slots or N slots. If the X-slot window slides in the unit of slot, this is equivalent to defining UE capability per slot as in Rel-15, which either results in increased BD/CCE budgets or reduced aggregation level for each monitoring occasion in a slot.
[image: ]
[bookmark: _Ref68012702]Figure 1. PDCCH monitoring capability definition alternatives
Alt-2 is modified from the capability definition per span introduced in Rel-16 URLLC WI. In Rel-16, a span  is defined as a number of consecutive symbols in a slot where the UE is configured to monitor PDCCH, whose maximum value is up to Y, and the minimum gap between two consecutive spans is X symbols within and across slot boundaries. If extending such concept for multi-slot PDCCH monitoring, one way is to replace X symbols in Rel-16 with X slots, and the capability is defined within Y consecutive symbols or X slots, as demonstrated in Figure 1 Alt-2. It will require considerable standard efforts for 480 kHz and 960 kHz SCS considering only capability for 15 kHz SCS and 30 kHz SCS have been specified for URLLC usage. By considering the tradeoff of flexibility and standard effort, we prefer defining multi-slot PDCCH monitoring capability as Alt 1-b, i.e. a fixed pattern of Y consecutive symbols or slots located at the first several symbols or slots within X slots.
Observation 1:  For multi-slot PDSCH scheduling with 480 kHz and 960 kHz SCS, it is sufficient to configure a search space in a fixed pattern of Y consecutive [symbols or slots] located at the first several [symbols or slots] within X (N) slots. It is therefore sufficient to define the UE multi-slot PDCCH monitoring capability based on either the fixed pattern of X (N) slots or based on the fixed pattern of Y [symbols or slots].
In FR2, slot-level PDCCH monitoring is supported in terms of the capability on the maximum number of monitored PDCCH candidates and maximum number of non-overlapped CCEs as shown in Table 1 and Table 2 [2]. Typically, up to three OFDM symbols in one slot are configured for slot-level PDCCH monitoring. In those symbols, UE blindly decodes the PDCCH candidates with different CCE aggregation levels.
[bookmark: _Ref67392773]Table 1. Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20


[bookmark: _Ref67392778]Table 2. Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32


It can be observed from the tables that the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs are 20 and 32 per slot for 120 kHz SCS, respectively. For 480 kHz and 960 kHz, on one hand, taking both complexity of blind detection and PDCCH coverage into consideration, we can define a maximum number of non-overlapped CCEs no less than 16 per N slots, or within Y [symbols or slots] per X slots, where Y means the number of symbols or slots for PDCCH monitoring within X slots to ensure the highest aggregation level. For example, the capability can be same with that of 120 kHz per X slots for new SCSs, to keep the same capability within a time unit, with proper consideration of Y. On the other hand, shorter symbol duration for 480 kHz and 960 kHz require less BD/CCE budget to make sure the PDCCH can be detected successfully in time. For example, the maximum number of non-overlapped CCEs can be 24 for 480 kHz, and 16 for 960 kHz. 
Proposal 1: For multi-slot PDCCH monitoring, support the BD/CCE budget defined within first Y consecutive [symbols or slots] per fixed X consecutive slots:
· for 480 kHz SCS: N or X is 4 slots, Y = 12 symbols (or 1 slot if Y is in the unit of slot)
· for 960 kHz SCS: N or X is 8 slots, Y = 24 symbols (or 2 slots if Y is in the unit of slot)
Search Space enhancement
The time domain parameters of search space set configuration should be revised to adapt to the multi-slot PDCCH monitoring. The time domain parameters include periodicity, offset, duration, and monitoring symbols within slot.
Table 3. Search space set configuration
SearchSpace ::=                         SEQUENCE {
searchSpaceId                           SearchSpaceId,
controlResourceSetId                    ControlResourceSetId                                        
monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
}                                                                                                   
duration                                INTEGER (2..2559)                                           
monitoringSymbolsWithinSlot             BIT STRING (SIZE (14))                                      
…
Periodicity: with multi-slot PDCCH monitoring, the unit of the periodicity should be multiple slots instead of slot. Periodicities of multi-slot can be achieved by configuration restriction; however, current periodicities are not flexible for multi-slot PDCCH monitoring if the unit is simply changed from slot to multi-slots. As shown in Table 4, under the existing configuration sets and units, a periodicity equal to 8 or 16 can’t be configured for multi-slot PDCCH monitoring in units of 4 slots, and a periodicity equal to 4 or 8 can’t be configured for multi-slot PDCCH monitoring in units of 8 slots. Therefore, new periodicities should be added to enhance the flexibility of multi-slot PDCCH monitoring. For example, as is shown in Table 4, periodicities of 32 and 64 slots can be added, which is equivalent to periodicities of 4 and 8 multi-PDCCH monitoring span with eight slots.
Table 4. Periodicities with different units
	Periodicity
(slot)
	Periodicity
(in units of 4 slots)
	Periodicity
(in units of 8 slots)

	1
	-
	-

	2
	-
	-

	4
	1
	-

	5
	-
	-

	8
	2
	1

	10
	-
	-

	16
	4
	2

	20
	5
	-

	32
	8
	4

	40
	10
	5

	64
	16
	8

	80
	20
	10

	160
	40
	20

	320
	80
	40

	640
	160
	80

	1280
	320
	160

	2560
	640
	320


Within each slot group composed of X slots or N slots, search space should be configured at the first several slots or symbols, to make sure the allocated BD/CCEs matches the capability definition. Moreover, considering the unchanged maximum PRBs for new SCSs and number of slots scheduled by one DCI is increased, the number of UEs co-scheduled by the single DCI will be far more than that of single slot scheduling of 120 kHz, if same requirement on throughput is assumed, leading to a large requirement on PDCCH capacity.  It is difficult to accommodate all PDCCHs in a single CORESET. Thus, search space of different UEs could be TDM-ed within the first several slots or symbols, as demonstrated in Figure 2 with 480 kHz as an example. Each UE is configured with a search space associated with a CORESET of two symbols (can be replaced by M symbols). The starting symbol of a search space for different UEs can be configured through monitoringSymbolsWithinSlot in SearchSpace. For example, the start symbol of PDCCH monitoring for UE i(i=0,1,2,3) is M*mod(i,4).
[image: ]
[bookmark: _Ref68018795]Figure 2. TDM-ed search space for different UE within a monitoring span
Proposal 2: The time domain parameters of search space set configuration should be enhanced to adapt to the multi-slot PDCCH monitoring by
· changing the unit of duration to multi-slot, where search space is located at the first several slots or symbols of each multi-slot within the duration
· adding new periodicities to increase the flexibility of search space set configuration
· search space of different UE are TDM-ed within the first several S slots or symbols
Cross-carrier scheduling
For cross-carrier scheduling, a gap in unit of PDCCH symbols between PDSCH and PDCCH are defined in FR2 for PDSCH resource allocation, which is associated with the SCS of PDCCH as shown in Table 5. All of them have close relation with PDCCH processing time and time duration of a PDCCH symbol. So the detailed values of these parameters for new SCSs should be defined too. And scaled values for Npdsch when the SCSs of PDCCH and PDSCH are different can be applied for the new SCSs as a start point, which are 56 and 112 for 480 kHz and 960 kHz respectively. 
[bookmark: _Ref68102302]Table 5. Npdsch as a function of the subcarrier spacing of the scheduling PDCCH
	µPDCCH
	Npdsch [symbols]

	0
	4

	1
	5

	2
	10

	3
	14


Proposal 3: Scaled value based on the ratio of PDCCH SCS to 120 kHz can be defined for the gap between PDSCH and PDCCH as a start point, when the SCSs of PDSCH and PDCCH are different.
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, we discuss the PDCCH monitoring enhancement for the new SCSs. Specifically, the definition and specification impacts of multi-slot PDCCH monitoring are considered, and we have the following observation and proposals:
Observation 1:  For multi-slot PDSCH scheduling with 480 kHz and 960 kHz SCS, it is sufficient to configure a search space in a fixed pattern of Y consecutive [symbols or slots] located at the first several [symbols or slots] within X (N) slots. It is therefore sufficient to define the UE multi-slot PDCCH monitoring capability based on either the fixed pattern of X (N) slots or based on the fixed pattern of Y [symbols or slots].

Proposal 1: For multi-slot PDCCH monitoring, support the BD/CCE budget defined within first Y consecutive [symbols or slots] per fixed X consecutive slots:
· for 480 kHz SCS: N or X is 4 slots, Y = 12 symbols (or 1 slot if Y is in the unit of slot)
· for 960 kHz SCS: N or X is 8 slots, Y = 24 symbols (or 2 slots if Y is in the unit of slot)
[bookmark: _GoBack]Proposal 2: The time domain parameters of search space set configuration should be enhanced to adapt to the multi-slot PDCCH monitoring by
· changing the unit of duration to multi-slot, where search space is located at the first several slots or symbols of each multi-slot within the duration
· adding new periodicities to increase the flexibility of search space set configuration
· search space of different UE are TDM-ed within the first several S slots or symbols
Proposal 3: Scaled value based on the ratio of PDCCH SCS to 120 kHz can be defined for the gap between PDSCH and PDCCH as a start point, when the SCSs of PDSCH and PDCCH are different.
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