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[bookmark: _Toc67653037][bookmark: _Toc86845003]1	Introduction
A revised WID [1] was approved in RAN #90 to extend NR operation up to 71GHz considering, both licensed and unlicensed operation. Among other items, the WID "Extending current NR operation to 71 GHz" includes the following RAN1 objective:
Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
The following agreements were reached in RAN1 #107-e:
Agreement
· The following limits apply for multi-slot monitoring within the group of X slots
· The maximum number of monitored PDCCH candidates per X=4 slots for a DL BWP with 480 kHz SCS configuration for a single serving cell is 20.
· The maximum number of monitored PDCCH candidates per X=8 slots for a DL BWP with 960 kHz SCS configuration for a single serving cell is 20.
· The maximum number of non-overlapped CCEs per X=4 slots for a DL BWP with 480 kHz SCS configuration for a single serving cell is 32.
· The maximum number of non-overlapped CCEs per X=8 slots for a DL BWP with 960 kHz SCS configuration for a single serving cell is 32.
· Note: Search spaces monitoring within the group of X slots will be additionally defined

[bookmark: _Hlk88187306]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

In this contribution, we discuss further details of implementing the above agreements. We discuss missing essential search space configuration capabiltities to enable the agreed multi-slot PDCCH monitoring in the FR2-2 bands.
[bookmark: _Toc67653038][bookmark: _Toc86845004]2	Discussion
2.1	Specifications implementation of Multi-slot PDCCH monitoring agreements
A large part of the multi-slot PDCCH monitoring agreements from RAN1 #107-e was captured in the specs CR approved in RAN #94-e. For instance, the basic  multi-slot behaviors and the updated definitions of the searchSpaceZero for 480 and 960 kHz SCS are implemented in TS 38.213 CRs. However, the rest of the mandatory capablitis and behaviors for 480 and 960 kHz SCS is still not captured in the specs.
2.1.1	Default/mandatory capabilities
For 480 kHz SCS, the DL support FG 24-4 should therefore be updated to capture the agreed mandatory support of  capabilities and behaviors:
· 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
· A UE capable of multi-slot monitoring mandatorily supports
· For SCS 480 kHz: (X,Y) = (4,1)
· 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
· 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
[bookmark: _Hlk90382023]Similarly, for 960 kHz SCS, the DL support FG 24-5 should be updated to capture the agreed mandatory support of  capabilities and behaviors
· 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
· A UE capable of multi-slot monitoring mandatorily supports
· For SCS 960 kHz: (X,Y) = (8,1)
· For 960 kHz SCS For Y=1: FG3-5b with set1 = (7, 3)
· 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
We provide further details on the above proposed changes in the companion contribution on UE features [2].
2.1.2	Default behaviors
According to the RAN1 #107-e agreement:
· 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.
In the approved 38.213 CR [3], it is stated that 
If a UE is provided monitoringCapabilityConfig for a serving cell, the UE obtains an indication to monitor PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs 
· per slot, as in Tables 10.1-2 and 10.1-3, if monitoringCapabilityConfig = r15monitoringcapability, or 
· per span, as in Tables 10.1-2A and 10.1-3A, if monitoringCapabilityConfig = r16monitoringcapability
· [bookmark: _Hlk90305785]per group of  slots according to combination , as in Tables 10.1-2B and 10.1-3B, if monitoringCapabilityConfig = r17monitoringcapability
If the UE is not provided monitoringCapabilityConfig, the UE monitors PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs per slot. 
In the approved 38.213 CR [3], it is further stated that 
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.
It is noted that prior to dedicated configuration, e.g., during initial access, the UE is not yet provided with monitoringCapabilityConfig. This is based on the fact that the parameter monitoringCapabilityConfig is defined only in PDCCH-Config for UE-specific configurations, but is not defined in PDCCH-ConfigCommon for cell-specific PDCCH configuration [4]. As shown in the highlighted text above, this would imply that the UE shall perfom per-slot PDCCH monitoring for Type0/0A/2-PDCCH CSS set and Type1-PDCCH CSS set provided in SIB1. This clearly contradicts the RAN1 #107-e agreement in which per-slot group monitoring is always performed for 480/960 kHz. It also contradicts the highlighted text above.
Two possible solutions for 480 kHz SCS can be considered:
· Option A is to introduce r17monitoringcapability indication in PDCCH-ConfigCommon in the TR 38.331 for 480 kHz SCS only.
· Option B is to introduce default r17monitoringcapability indication for 480 kHz SCS in TR 38.213.
Our preference is Option B. This is similar to how searchSpaceZero definitions for 480 and 960 kHz SCS are captured in TR 38.213. For example, the highlighted text could be amended as follows:
If the UE is not provided monitoringCapabilityConfig, the UE monitors PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs per slot, unless the SCS configuration  in which case the UE monitors PDCCH per group of  slots according to combination  in Tables 10.1-2B and 10.1-3B.
We point out that no change is needed for 960 kHz SCS since standalone operation is not supported.
[bookmark: _Toc92719274]Default r17monitoringcapability of  for 480 kHz SCS before dedicated RRC configuration needs to be captured in the specs. RAN1 discusses which of the following options to adopt:
- Option A: introduce r17monitoringcapability indication in PDCCH-ConfigCommon in the TR 38.331 for 480 kHz SCS only.
- Option B: introduce default r17monitoringcapability indication for 480 kHz SCS in TR 38.213
Another issue is that the parameter monitoringCapabilityConfig has been extended with a new value r17monitoringcapability by the 38.213 spec editor; however, this has not been captured in the RRC parameter spreadsheet that was sent to RAN2 after RAN1#107-e. Hence we make the following additional proposal.
[bookmark: _Toc92719275]Inform RAN2 that the value range for the existing parameter monitoringCapabilityConfig has been extended with new value r17monitoringcapability. A note can be added to the RRC parameter spreadsheet for RAN2 to update the field description as follows:
monitoringCapabilityConfig
Configures either Rel-15 PDCCH monitoring capability or Rel-16 PDCCH monitoring capability for PDCCH monitoring on a serving cell. Value r15monitoringcapablity enables the Rel-15 monitoring capability, and value r16monitoringcapablity enables the Rel-16 PDCCH monitoring capability. Value r17monitoringcapablity enables the Rel-17 PDCCH monitoring capability only applicable to 480 and 960 kHz SCS (see TS 38.213 [13], clause 10.1).
2.2	Missing essential search space configuration possibilities for multi-slot PDCCH monitoring
In Rel-15/16, the monitoring occasions of a search space s are configured via the following three RRC fields:
SearchSpace ::=                         SEQUENCE {
…                                      
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)) 
…
which defines
· a PDCCH monitoring periodicity of  slots and a PDCCH monitoring offset of  slots, by monitoringSlotPeriodicityAndOffset
· a duration of  slots indicating a number of slots that the search space set  exists by duration 
· a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the CORESET within a slot for PDCCH monitoring, by monitoringSymbolsWithinSlot 
With the existing mechanism, a search space for 120 kHz SCS can, for example, be configured such that it is monitored in the second 10 slots out of every radio frame (80 slots) using
monitoringSlotPeriodicityAndOffset = (sl80, 10)
duration = 10
This is illustrated in the upper part of Figure 1.
[image: ]
[bookmark: _Ref90374232]Figure 1 Examples of search space configurations for 120 and 480 kHz SCS.
However, a similar placement of monitoring occasions once every slot for the 480 kHz SCS case as illustrated in the lower part of Figure 1 cannot be done using the existing search space configuration fields. Indeed, the periodicity part of the existing monitoringSlotPeriodicityAndOffset could be set to 4 to achieve monitoring once  every  slots. However, since the existing offset and duration fields are both with respect to the periodicity, the configured values would need to be less than 4, meaning that the desired pattern with 10 monitoring locations separated by 4 symbols each would not be achieved. 
Therefore, there is a need to remedy the existing search space configuration shortfalls for 480 and 960 kHz SCS serving cells. The following configuration parameters are needed:
· periodicity in terms of -slot groups
· offset in terms of -slot groups within the period
· duration in terms of -slot groups within the period
· monitoringSlotsWithinSlotGroup, denoted by the set of 
This parameter is needed to support the RAN1 agreement that, the   consecutive slots can be located anywhere within the slot group of  slots.
· monitoringSymbolsWithinSlot (no change from current specs)
There are two possible solutions to implement the above parameters.
· Option A is to reinterpret existing RRC fields monitoringSlotsPeriodicityAndOffset and duration as in unit of  slots. With this option, only one new field monitoringSlotsWithinSlotGroup will need to be introduced.
· Option B is to explicitly introduce new RRC field extensions based on slot groups .
The bit string size of monitoringSlotsWithinSlotGroup-r17 can be set to 8 to support both 480 and 960 kHz SCS. For a 480 kHz SCS serving cell, the last four bits are discarded. Depending on if Y = 1, 2, or 4 is configured, the bit string would have 1, 2, or 4 consecutive positions set to '1', respectively.
The two options are compared in the following table on the next page where the required new RRC parameters are highlighted in yellow and the new text in the associated field descriptions is in red.



	Option A: reinterpret 
	Option B: introduce new fields for slot group monitoring

	
    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)
    }                                        OPTIONAL,   -- Cond Setup
    duration      INTEGER (2..2559)          OPTIONAL,   -- Need R
    monitoringSymbolsWithinSlot
                  BIT STRING (SIZE (14))     OPTIONAL,   -- Cond Setup

SearchSpaceExt-r17 ::=  SEQUENCE {
monitoringSlotsWithinSlotGroup-r17
              BIT STRING (SIZE (8))     OPTIONAL   -- Need S
}

	
    monitoringSymbolsWithinSlot
                  BIT STRING (SIZE (14)) OPTIONAL,   -- Cond Setup

SearchSpaceExt-r17 ::=  SEQUENCE {
    monitoringSlotGroupPeriodicityAndOffset-r17  CHOICE {
        sg1       NULL,
        sg2       INTEGER (0..1),
        sg4       INTEGER (0..3),
        sg5       INTEGER (0..4),
        sg8       INTEGER (0..7),
        sg10      INTEGER (0..9),
        sg16      INTEGER (0..15),
        sg20      INTEGER (0..19),
        sg40      INTEGER (0..39),
        sg80      INTEGER (0..79),
        sg160     INTEGER (0..159),
        sg320     INTEGER (0..319),
        sg640     INTEGER (0..639),
        sg1280    INTEGER (0..1279),
        sg2560    INTEGER (0..2559)
    }                                    OPTIONAL,   -- Might need Cond SetupX
durationSlotGroup-r17
                  INTEGER (2..2559)      OPTIONAL,   -- Might need Cond SetupX

monitoringSlotsWithinSlotGroup-r17
                  BIT STRING (SIZE (8))  OPTIONAL   -- Might need Cond SetupX  
}

	monitoringSlotPeriodicityAndOffset
Slots, or if a UE monitors PDCCH on a cell according to a slot group combination (,) (see TS 38.213 [13], clause 10), slot groups for PDCCH Monitoring configured as periodicity and offset. If the UE is configured to monitor DCI format 2_1, only the values 'sl1', 'sl2' or 'sl4' are applicable. If the UE is configured to monitor DCI format 2_0, only the values ′sl1′, ′sl2′, ′sl4′, ′sl5′, ′sl8′, ′sl10′, ′sl16′, and ′sl20′ are applicable (see TS 38.213 [13], clause 10). If the UE is configured to monitor DCI format 2_4, only the values 'sl1', 'sl2', 'sl4', 'sl5', 'sl8' and 'sl10' are applicable.
For IAB-MT, If the IAB-MT is configured to monitor DCI format 2_1, only the values 'sl1', 'sl2' or 'sl4' are applicable. If the IAB-MT is configured to monitor DCI format 2_0 or DCI format 2_5, only the values ′sl1′, ′sl2′, ′sl4′, ′sl5′, ′sl8′, ′sl10′, ′sl16′, and ′sl20′ are applicable (see TS 38.213, clause 10).
	monitoringSlotPeriodicityAndOffset
Slots for PDCCH Monitoring configured as periodicity and offset. If the UE is configured to monitor DCI format 2_1, only the values 'sl1', 'sl2' or 'sl4' are applicable. If the UE is configured to monitor DCI format 2_0, only the values ′sl1′, ′sl2′, ′sl4′, ′sl5′, ′sl8′, ′sl10′, ′sl16′, and ′sl20′ are applicable (see TS 38.213 [13], clause 10). If the UE is configured to monitor DCI format 2_4, only the values 'sl1', 'sl2', 'sl4', 'sl5', 'sl8' and 'sl10' are applicable.
For IAB-MT, If the IAB-MT is configured to monitor DCI format 2_1, only the values 'sl1', 'sl2' or 'sl4' are applicable. If the IAB-MT is configured to monitor DCI format 2_0 or DCI format 2_5, only the values ′sl1′, ′sl2′, ′sl4′, ′sl5′, ′sl8′, ′sl10′, ′sl16′, and ′sl20′ are applicable (see TS 38.213, clause 10).
If a UE monitors PDCCH on a cell according to a slot group combination (,) (see TS 38.213 [13], clause 10), the UE shall ignore this field.

	
	monitoringSlotGroupPeriodicityAndOffset-r17
Slot groups for PDCCH Monitoring configured as periodicity and offset, which are provided with units of slot groups.

	duration
Number of consecutive slots, or if a UE monitors PDCCH on a cell according to a slot group combination (,) (see TS 38.213 [13], clause 10), slot groups that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If the field is absent, the UE applies the value 1 slot, except for DCI format 2_0. The UE ignores this field for DCI format 2_0. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).
For IAB-MT, duration indicates number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If the field is absent, the IAB-MT applies the value 1 slot, except for DCI format 2_0 and DCI format 2_5. The IAB-MT ignores this field for DCI format 2_0 and DCI format 2_5. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).
	duration
Number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If the field is absent, the UE applies the value 1 slot, except for DCI format 2_0. The UE ignores this field for DCI format 2_0. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).
For IAB-MT, duration indicates number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If the field is absent, the IAB-MT applies the value 1 slot, except for DCI format 2_0 and DCI format 2_5. The IAB-MT ignores this field for DCI format 2_0 and DCI format 2_5. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).
If a UE monitors PDCCH on a cell according to a slot group combination (,) (see TS 38.213 [13], clause 10), the UE shall ignore this field.

	
	durationSlotGroup-r17
Number of consecutive slot groups that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If this field is not provided, the UE applies the value 1 slot group.

	monitoringSlotsWithinSlotGroup-r17
The first  bits indicate the slot(s) that a SearchSpace locates within a slot group in the slot groups configured for a slot group combination (,) monitoring (see TS 38.213 [13], clause 10) based on Option A: monitoringSlotPeriodicityAndOffset and duration; or Option B: monitoringSlotGroupPeriodicityAndOffset-r17, durationSlotGroup-r17. The first/leftmost (most significant) bit corresponds to the first slot within the slot group, the second bit corresponds to the second slot within the slot group, and so on. Value 1 indicates that the UE shall monitor the corresponding slot. The network may configure up to  consecutive ones. If this field is not provided, the UE monitors the SearchSpace in the first slot of a monitored slot group for the SearchSpace.

	monitoringSymbolsWithinSlot 
The first symbol(s) for PDCCH monitoring in the slots configured for PDCCH monitoring (see monitoringSlotPeriodicityAndOffset and duration, or, if a UE monitors PDCCH on a cell according to a slot group combination (,) (see TS 38.213 [13], clause 10), monitoringSlotGroupPeriodicityAndOffset-r17, durationSlotGroup-r17 and monitoringSlotsWithinSlotGroup-r17). The most significant (left) bit represents the first OFDM in a slot, and the second most significant (left) bit represents the second OFDM symbol in a slot and so on. The bit(s) set to one identify the first OFDM symbol(s) of the control resource set within a slot. If the cyclic prefix of the BWP is set to extended CP, the last two bits within the bit string shall be ignored by the UE or IAB-MT. 
For DCI format 2_0, the first one symbol applies if the duration of CORESET (in the IE ControlResourceSet) identified by controlResourceSetId indicates 3 symbols, the first two symbols apply if the duration of CORESET identified by controlResourceSetId indicates 2 symbols, and the first three symbols apply if the duration of CORESET identified by controlResourceSetId indicates 1 symbol. 
See TS 38.213 [13], clause 10. 
For IAB-MT: For DCI format 2_0 or DCI format 2_5, the first one symbol applies if the duration of CORESET (in the IE ControlResourceSet) identified by controlResourceSetId indicates 3 symbols, the first two symbols apply if the duration of CORESET identified by controlResourceSetId indicates 2 symbols, and the first three symbols apply if the duration of CORESET identified by controlResourceSetId indicates 1 symbol. 
See TS 38.213 [13], clause 10. 




	Conditional Presence
	Explanation

	Setup
	This field is mandatory present upon creation of a new SearchSpace. It is optionally present, Need M, otherwise.

	Setup2
	This field is mandatory present when a new SearchSpace is set up, if the same SearchSpace ID is not included in searchSpacesToAddModListExt-r16 of the parent IE with the field searchSpaceType-r16 included. Otherwise it is optionally present, Need M.

	Setup3
	This field is mandatory present when a new SearchSpace is set up, if the same SearchSpace ID is not included in searchSpacesToAddModListExt (without suffix) of the parent IE with the field searchSpaceType (without suffix) included.  Otherwise it is optionally present, Need M.

	SetupX
	This field is mandatory present upon creation of a new SearchSpace if PDCCH monitoring on a cell according to a slot group combination (,) is configured.

	SetupOnly
	This field is mandatory present upon creation of a new SearchSpace. It is absent, Need M, otherwise.

	SetupOnly2
	In PDCCH-Config, the field is optionally present upon creation of a new SearchSpace and absent, Need M upon reconfiguration of an existing SearchSpace.
In PDCCH-ConfigCommon, the field is absent.





In our view, Option A is an easier way forward for Rel-17 NR operation up to 71 GHz. For example, the monitoring occasions for the 480 kHz SCS as illustrated in the lower part of Figure 1 can be configured with
monitoringSlotPeriodicityAndOffset = (sl80, 10)
duration = 10
monitoringSlotsWithinSlotGroup-r17 = ’01000000’

In addition to the above two options, some sources discussed extending monitoringSymbolsWithinSlot to support monitoringSlotsWithinSlotGroup. For example, such an approach will have something like
monitoringSymbolsWithinSlotGroup-r17    BIT STRING (SIZE (112))
In our view, this approach is undesirable since it requires more than five times the number of bits to signal than either option A or option B.

[bookmark: _Toc92719276]A new RRC parameter monitoringSlotsWithinSlotGroup-r17 needs to be introduced to support RAN1 agreement that, the  consecutive slots can be located anywhere within the slot group of  slots.
[bookmark: _Toc92719277]RAN1 discusses how to remedy the existing search space configuration shortfalls for 480 and 960 kHz SCS serving cells based on the following two options:
- Option A: reinterpret existing RRC fields monitoringSlotPeriodicityAndOffset and duration as in unit of  slots;
- Option B: explicitly introduce new RRC field extensions based on slot groups.

2.3	Multi-slot PDCCH monitoring capabilities for carrier aggregation
and  are used but not defined in the approved 38.213 CR [3]:
The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration  in a slot if the UE is not provided monitoringCapabilityConfig for the primary cell or if the UE is provided monitoringCapabilityConfig = r15monitoringcapability for the primary cell, or in the first span of each slot if the UE is provided monitoringCapabilityConfig = r16monitoringcapability for the primary cell, or in a group of  slots for a corresponding combination  if the UE is provided monitoringCapabilityConfig = r17monitoringcapability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided coresetPoolIndex for first CORESETs, or is provided coresetPoolIndex with value 0 for first CORESETs, and is provided coresetPoolIndex with value 1 for second CORESETs, and if  or , the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring. In the following pseudocode, if the UE is provided monitoringCapabilityConfig = r16monitoringcapability for the primary cell,and are replaced by and  respectively, and and are replaced by and  respectively. In the following pseudocode, if the UE is provided monitoringCapabilityConfig = r17monitoringcapability for the primary cell,and are replaced by and  respectively, and and are replaced by and  respectively.
The quantities can be defined following the same Rel-15 PDCCH monitoring capability allocation for carrier aggregation cases:
· If the number of cells configured with combination of   is no more than than ,  and .
· If the number of cells configured with combination of   is more than than , the number of blind decodes  is distributed to  based on a weighting of number of cells with numerology  among all cells configured with combination of  ; and the total number of available channel estimation CCEs  is distributed to  based on a weighting of number of cells with numerology  among all cells configured with combination of  . Both quantities are still upper bounded by  and , respectively.

and  should be defined in TS 38.213 following the same PDCCH monitoring capability allocation for carrier aggregation cases for the case of per-slot monitoring.

2.4	Remaining working assumptions
The two working assumptions
Working assumption: BD/CCE budget for (4,2), (4,1) is half that of X=8
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



have been captured and approved in TR 38.213 [3]. In our view, both can be considered confirmed.

[bookmark: _Toc67653048][bookmark: _Toc86845016]Conclusion
In this paper we made the following observations: 

Based on the discussion in the previous sections we propose the following:
Proposal 1	Default r17monitoringcapability of  for 480 kHz SCS before dedicated RRC configuration needs to be captured in the specs. RAN1 discusses which of the following options to adopt: 
- Option A: introduce r17monitoringcapability indication in PDCCH-ConfigCommon in the TR 38.331 for 480 kHz SCS only. 
- Option B: introduce default r17monitoringcapability indication for 480 kHz SCS in TR 38.213
Proposal 2	Inform RAN2 that the value range for the existing parameter monitoringCapabilityConfig has been extended with new value r17monitoringcapability. A note can be added to the RRC parameter spreadsheet for RAN2 to update the field description as follows:
Proposal 3	A new RRC parameter monitoringSlotsWithinSlotGroup-r17 needs to be introduced to support RAN1 agreement that, the  consecutive slots can be located anywhere within the slot group of  slots.
Proposal 4	RAN1 discusses how to remedy the existing search space configuration shortfalls for 480 and 960 kHz SCS serving cells based on the following two options: 
- Option A: reinterpret existing RRC fields monitoringSlotPeriodicityAndOffset and duration as in unit of  slots; 
- Option B: explicitly introduce new RRC field extensions based on slot groups.
Proposal 5	and  should be defined in TS 38.213 following the same PDCCH monitoring capability allocation for carrier aggregation cases for the case of per-slot monitoring.
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