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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.
With respect to PDCCH monitoring capability enhancements, it was agreed in RAN1 #106-e
Agreement:
For reporting the multi-slot PDCCH monitoring capability, at least the following values are supported:
· X=4 slots for SCS 480 kHz
· X=8 slots for SCS 960 kHz
Agreement:
· A UE supporting 480 kHz SCS supports multi-slot PDCCH monitoring for 480 kHz SCS.
· A UE supporting 960 kHz SCS supports multi-slot PDCCH monitoring for 960 kHz SCS.
· FFS: whether to apply multi-slot PDCCH monitoring at all times and for all search spaces.
It was also agreed in RAN1 #106b-e
Agreement:
· Multi-slot PDCCH monitoring is based on slots within a slot group
· Each slot group consists of X consecutive slots
· Slot groups are consecutive and non-overlapping
· The start of the first slot group in a subframe is aligned with the subframe boundary
· The start of each slot group is aligned with a slot boundary
· Reporting the BD/CCE budget for X=4/8 slots (for 480/960 kHz resp.) is mandatory (if UE supports the corresponding SCS), and is optional for X=[2]/4 slots (for 480/960 kHz resp.)
· There is a common BD budget for all search spaces
· FFS: Search space configuration
· For Group (1) SS
· A SS is configured to be within YGroup1 consecutive slots within a slot group of X slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is based on a time offset within the slot group based on slot index n0 determined for Group (2) monitoring such that the YGroup1 slots overlap the YGroup2 slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· BD attempts for all Group (1) SSs are restricted to fall within the same YGroup1 consecutive slots
· For Group (2) SS
· A SS is configured to be within YGroup2 consecutive slots within a slot group of X slots
· The location of the YGroup2 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· The reported capability indicates the BD/CCE budget within Y=max(YGroup1, 2) slots per slot group
· Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1,YGroup2) = (4,2), (2,2), (1,[1 or 2])
· For X=4: (YGroup1,YGroup2) = (2,2), (1,[1 or 2])
· For X=2: (YGroup1,YGroup2) = (1,[1 or 2])
· Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS
· Group (2) SS: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS

In this contribution, we first explore the solutions to support multi-slot PDCCH monitoring. We then discuss other aspects of PDCCH monitoring in the FR2-2 bands.
[bookmark: _Toc67653038][bookmark: _Toc86845004]2	Discussion
[bookmark: _Toc86845005]2.1	Multi-slot PDCCH monitoring capability definition (based on RAN1#106bis-e Agreement)
In Rel-15/16, the monitoring occasions of a search space  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 
[bookmark: _Hlk52207011]For search space set , the UE determines that a PDCCH monitoring occasion(s) exists in a slot with index  in a frame with index  if 

[bookmark: _Hlk52207053][bookmark: _Hlk52207181]If this condition checks, the UE monitors PDCCH candidates for search space set  for  consecutive slots, starting from slot , and does not monitor PDCCH candidates for search space set  again until  slots later. That is, the UE monitors PDCCH candidates for search space set  in slot  satisfying the following relationship:


[bookmark: _Toc87014485]Per Rel-15/16 specs (see 38.213 Section 10.1), the UE monitors PDCCH candidates for search space set  in a slot with number  in a frame with number  if
where , , and  are the configured periodicity, offset and duration, respectively, of the search space .

In Rel-15 for slot-based PDCCH monitoring, the following UE capabilities [4] are defined with respect to which OFDM symbols within a slot shall be monitored which is related to the configuration parameter monitoringSymbolsWithinSlot:
· Mandatory UE capability (FG 3-1)
· Group (1) SSs monitored in first 3 OFDM symbols of a slot
· Group (2) SS monitored in any single span of 3-consecutive symbols in a slot
· Optional UE capability (FG 3-5), also known as Case 2 monitoring
· Group (1) SSs monitored in any OFDM symbols of a slot
where
· Group (1) consists of Type 1 CSS with dedicated RRC configuration, Type 3 CSS, UE specific SS
· Group (2) consists of Type 1 CSS without dedicated RRC configuration and Type0, 0A, and 2 CSS
[bookmark: _Toc86845006]2.1.1	Definition of slot groups for multi-slot PDCCH monitoring 
For Rel-17 480/960 kHz SCS with multi-slot PDCCH monitoring, the extensive discussion during RAN1 #106b pointed to the essential benefits of aligning the slots containing monitoring occasions within a slot group for both Group (1) and Group (2) search spaces. However, it was recognized that the monitoring occasions of Group (1) search spaces are determined by semi-static RRC configuration while the monitoring occasions of Group (2) search spaces may change when the UE changes the preferred SS/PBCH block.
A proposal was put forth during the RAN1 #106b email discussion that the monitoring slot offset of the Group (1) search spaces within the X-slot groups should be tied to the slot offset within the X-slot groups of the Group (2) search space. We show an example of defining fixed X-slot group boundaries in Figure 1. In this example, the first monitoring slot for type0 PDCCH is slot . With X=4, a monitoring slot offset within slot group can be computed as 22 mod 4 = 2. This monitoring slot offset within the slot group is then to be applied to Group (1) search spaces such that the monitoring slots of both Group (1) and Group (2) search spaces can be aligned.
[image: ]
[bookmark: _Ref86764313]Figure 1: Examples of defining fixed X-slot group boundaries. A slot offset within X-slot group based on the first monitoring slot  for the type0 PDCCH is applied to the monitoring occasions of Group (1) search spaces. This example is for X=4 and Ygroup1=1.
The proposal is consistent with the view that X-slot groups are first defined, and then the monitoring occasions of a search space may be located with offset(s) from the start of the X-slot groups that should also be fixed across different X-slot groups (until  changes). There are hence several offsets and monitoring boundaries at play. And that appeared to cause obstacle to a common language and understanding amongst the participating discussion partners.
[bookmark: _Toc87014486]For operation with 480/960 kHz SCS multi-slot PDCCH monitoring, common language and understanding is hindered by the required definitions of several offsets and monitoring boundaries, if the discussion starts with fixed X-slot group boundaries.
We understand a lot of discussion went into the following agreement during the last meeting:
· The start of the first slot group in a subframe is aligned with the subframe boundary
However, based on the discussion during the last meeting, we also observed much misalignment of understanding and views of the above-described search space offsets. The misalignment may lead to further roadblocks in finalizing the details of the multi-slot PDCCH monitoring for 480/960 kHz SCS. 
In the following, we would like to explore whether a simpler and possibly more robust approach can be considered by RAN1. This alternative approach is to consider that 
· The X-slot group grid/boundaries align with the first monitoring slot  for the type0 PDCCH (and remain fixed until  changes); and
· The monitoring occasions for Group (1) SSs are always placed at the beginning of a slot group.
To align the X-slot group boundaries with the first monitoring slot  for the type0 PDCCH, one can define a slot with index  in a frame with index  as the first slot of a X-slot group if

To simplify the computation, one could define a slot group grid offset

Then, a slot with index  in a frame with index  is the first slot of a X-slot group if

[bookmark: _Hlk86764140]The monitoring slot(s) are always at the beginning of a slot group. There is no need to define floating offsets for the starting monitoring slot within a X-slot group for search spaces as in Figure 1. It is also evident that back-to-back PDCCH processing overloading can be avoided since each the beginnings of consecutive PDCCH monitoring clusters are always separated by X slots.
The example shown in Figure 2 is for defining X-slot group boundaries based on the first monitoring slot  for the type0 PDCCH. It can be seen the boundaries of X-slot groups are aligned with the first monitoring slot for type0 PDCCH via a grid offset of . Consequently, the monitoring slots of both Group (1) and Group (2) search spaces are always at the beginning of the X-slot groups. It is unnecessary to define a monitoring slot offset within the slot group for Group (1) search spaces if Ygroup1=1.
[image: ]
[bookmark: _Ref86764459]Figure 2: Example of defining X-slot group boundaries based on the first monitoring slot  for the type0 PDCCH. Monitoring occasions of all search spaces always start at the beginning of a slot group. This example is for X=4 and Ygroup1=1.
Since  and ,  is hence always divisible by X=4 for 480 kHz SCS and X=8 for 960 kHz SCS. The first X-slot group boundary in a subframe is at the start of -th slot of the subframe. That is, the X-slot groups can be as easily determined on the subframe level. The  term in the above expressions is kept such that the expression can be clearly transitioned to the search space monitoring occasion calculation presented in the next section.
In case of FR2-2 carrier aggregation where the PCell/PSCell operates with multi-slot PDCCH monitoring, it is desirable to align the monitoring occasions across the serving cells for UE energy efficiency [3]. The slot group grid of the SCell should be aligned with that of the PCell/PSCell as illustrated in Figure 3.
In cases where the PCell/PSCell does not operate with multi-slot PDCCH monitoring (e.g., FR1 + FR2-2 carrier aggregation), the slot group grid of the SCell can start from the frame/subframe boundaries (i.e., ).
[image: ]
[bookmark: _Ref87003373]Figure 3: Example of defining X-slot group boundaries based on the first monitoring slot  for the type0 PDCCH for both PCell/PSCell and SCell. Monitoring occasions of all search spaces always start at the beginning of a slot group. This example is for X=4 and Ygroup1=1.

Based on the above analysis, we propose to modify the definition of X-slot group grid as follows:
[bookmark: _Toc87014491]For operation with 480/960 kHz SCS multi-slot PDCCH monitoring with slot group size of X, the UE determines that a slot with index  in a frame with index  is the start of a X-slot group if

[bookmark: _Toc87014493]where  is the slot group grid offset. With this X-slot group grid definition, the monitoring slot(s) for all search spaces are always at the beginning of a slot group and back-to-back PDCCH processing overloading is avoided.
[bookmark: _Toc87014210][bookmark: _Toc87014494]For a 480/960 kHz SCS serving cell operating with multi-slot PDCCH monitoring with slot group size of X, the slot group grid offset is determined as

[bookmark: _Toc87014496]where  is the index of the first monitoring slot for the type0 PDCCH on the PCell/PSCell if the PCell/PSCell operates with multi-slot PDCCH monitoring and  if the PCell/PSCell does not operate with multi-slot PDCCH monitoring.

[bookmark: _Toc86845007]2.1.2	Group (1) search space configuration
To align the slots containing monitoring occasions within a slot group of size  for both Group (1) and Group (2) search spaces, the RRC configuration for Group (1) search spaces provides at least
· periodicity in terms of X-slot groups
· offset in terms of X-slot groups within the period
· duration in terms of X-slot groups within the period
· monitoringSymbolsWithinSlot
With the X-slot group boundary definition presented in the last section, the monitoring slot(s) within a X-slot group for a Group (1) search space always locate(s) at the beginning of a X-slot group. Hence, there is no need to provide a monitoring slot offset within slot group in the RRC configuration if Ygroup1 = 1.
One simple approach to enable the periodicity, offset and duration for search space configuration in unit of  slots is to reinterpret existing RRC fields monitoringSlotPeriodicityAndOffset and duration as in unit of  slots when multi-slot PDCCH monitoring is in effect. Alternatively, of course, it is also possible to define new Rel-17 RRC fields to explicitly define these quantities in units of X-slots, if so desired.
With this, the UE determines a PDCCH monitoring occasion for search space  in slot with index  in a frame with index  if 

For a slot carrying monitoring occasions for the search space, the exact monitoring symbols within the slot are determined according to the current specs based on the existing monitoringSymbolsWithinSlot field.

[bookmark: _Toc87014497]For multi-slot PDCCH monitoring with 480/960 kHz SCS, the network configures a search space with at least:
· [bookmark: _Toc87014498]periodicity in terms of X-slot groups,
· [bookmark: _Toc87014499]offset in terms of X-slot groups within the period,
· [bookmark: _Toc87014500]duration in terms of X-slot groups within the period, and
· [bookmark: _Toc87014501]monitoringSymbolsWithinSlot.
[bookmark: _Toc87014502]For operation with 480/960 kHz SCS multi-slot PDCCH monitoring with slot group size of X, existing RRC search space configuration fields
· [bookmark: _Toc87014503]monitoringSlotPeriodicityAndOffset is re-interpreted as providing the periodicity in terms of X-slot groups and offset in terms of X-slot groups within the period; 
· [bookmark: _Toc87014504]duration is re-interpreted as providing the duration in terms of X-slot groups within the period.
[bookmark: _Toc87014505]For operation with 480/960 kHz SCS multi-slot PDCCH monitoring with slot group size of X, the UE determines that a PDCCH monitoring occasion for search space  in Group (1) is in slot with index  in a frame with index  if

[bookmark: _Toc87014507]where , , and  are the configured periodicity, offset and duration of the search space  in terms of X-slot groups, and  is the slot group grid offset. 

Further discussion on the selection of the number of slot(s) within a X-slot group for monitoring Group (1) search spaces is provided in the next section. To avoid PDCCH load congestion, it is necessary for the network to distribute Group (1) search spaces for different UEs across the temporal space contained in the Ygroup1 slot(s) within a X-slot group. This can be achieved by either
· Support intra-slot PDCCH monitoring capability with Ygroup1 = 1 as per Rel-15 FG 3-5 (any OFDM symbols of a slot); or
· Support Ygroup1 ≥ 2 with intra-slot PDCCH monitoring according as per Rel-15 FG 3-1 (first 3 OFDM symbols of a slot).
If RAN1 agrees on Ygroup1 ≥ 2, a new RRC field extraSlotOffsetWithinSlotGroup can be introduced to configure additional slot offset within a slot group, . With this, the UE determines a PDCCH monitoring occasion for search space  in slot  in a frame with number  if

If Ygroup1 is always restricted to be no more than 2, the new RRC field extraSlotOffsetWithinSlotGroup can be a binary value or simpler (since  if extraSlotOffsetWithinSlotGroup is not provided in the search space configuration).

[bookmark: _Toc87014508]If Ygroup1 ≥ 2, for operation with 480/960 kHz SCS multi-slot PDCCH monitoring with slot group size of X, if the UE is provided with a configuration of an additional slot offset within a slot group, , for a search space , the UE determines that a PDCCH monitoring occasion for search space  in Group (1) is in slot with index  in a frame with index  if

[bookmark: _Toc87014510]where , , and  are the configured periodicity, offset and duration of the search space  in terms of X-slot groups, and  is the slot group grid offset.

[bookmark: _Toc86845009]2.1.3	Selection of Ygroup1 value for Group (1) search spaces
In designing the Rel-17 multi-slot PDCCH monitoring solutions, both aspects shall hence be addressed jointly:
· In which and in how many slot(s) of a multi-slot span shall PDCCH be monitored?
· In which OFDM symbols of a monitored slot shall PDCCH be monitored?
It should be emphasized these two aspects need to be addressed jointly for a prospective solution. For example, if a solution is adopted whereby all monitoring is concentrated within a single slot of an X-slot window (not our preference), then there needs to be flexibility to configure USS and CSS in different spans within the slot. For such a solution monitoring as per Rel-15 FG 3-1 would be far too restrictive. On the other hand, if there is network flexibility to configure a UE to monitor in different slots of an X-slot window (e.g., CSS and USS in different slots), then monitoring as per Rel-15 FG 3-1 would probably be sufficient.
[bookmark: _Toc87014511]In defining a solution for Rel-17 multi-slot PDCCH monitoring, both intra- and inter-slot monitoring aspects shall be addressed jointly:
· [bookmark: _Toc87014512]In which and in how many slot(s) of a multi-slot span shall PDCCH be monitored?
· [bookmark: _Toc87014513]In which OFDM symbols of a monitored slot shall PDCCH be monitored?

Case of Ygroup1 ≤ 1 slot
If PDCCH monitoring is restricted to one slot within each X-slot window, it becomes necessary to utilize more OFDM symbols in the slot to multiplex different UEs on CORESETs with different time locations as illustrated in Figure 4 below. A UE will need to be able to monitor CSS in one CORESET and USS in a different CORESET that are not necessarily contiguous in time, either. That is, intra-slot Case 2 monitoring capability  support (Rel-15 FG 3-5) will be mandatory if Ygroup1 ≤ 1 slot. This is because the UE may also need to monitor the CSS and USS in the same slot and the SS may be separated by more than three OS span allowed in intra-slot Case 1-2.

[bookmark: _Toc87014514]For multi-slot PDCCH monitoring with 480/960 kHz SCS, it is mandatory for the UE to support intra-slot PDCCH monitoring capability Case 2 (Rel-15 FG 3-5) if Ygroup1 ≤ 1 slot.
 [image: ]
[bookmark: _Ref87014661]Figure 4: Multi-slot PDCCH monitoring according to Ygroup1 ≤ 1 slot, assuming Case 2 monitoring (Rel-15 FG 3-5) within a slot.
Case of Ygroup1 > 1 slot
If more than one slot within each X-slot window is available for the network to distribute the USS for different UEs across different slots, PDCCH load congestion can be avoided while accounting for the latency requirements of the UEs. This is illustrated in Figure 5. Furthermore, with additional PDCCH resource across multiple slots, intra-slot monitoring capability according to Rel-15 FG 3-1 can be set as the minimum requirement.

[bookmark: _Toc87014515]For multi-slot PDCCH monitoring with 480/960 kHz SCS, intra-slot PDCCH monitoring capability according to Rel-15 FG 3-1 can be considered as the minimum UE requirement if Ygroup1 > 1 slot.
 [image: ]
[bookmark: _Ref87014675]Figure 5: Multi-slot PDCCH monitoring according to Ygroup1 = 2 slots, assuming FG 3-1  monitoring within a slot.
[bookmark: _Toc86845010]2.1.4	USS PDCCH overbooking and dropping on a PCell/PSCell
In NR Rel-15 specs, the network ensures the number of monitored PDCCH candidates and the number of non-overlapped CCEs for configured CSS sets per slot do not exceed the UE capabilities per slot. PDCCH monitoring overbooking is not supported for an SCell:
A UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH candidates and non-overlapped CCEs per slot that exceed the corresponding maximum numbers per slot.
For same cell scheduling or for cross-carrier scheduling where a scheduling cell and scheduled cell(s) have DL BWPs with same SCS configuration  , a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot.
For multi-slot PDCCH monitoring with 480/960 kHz SCS, both principles should be applied. 
[bookmark: _Toc87014516]For multi-slot PDCCH monitoring with 480/960 kHz SCS, the network ensures:
· [bookmark: _Toc87014517]the number of monitored PDCCH candidates and the number of non-overlapped CCEs for configured CSS sets within a slot group for a PCell/PSCell do not exceed the UE capabilities per slot group; and
· [bookmark: _Toc87014518]PDCCH monitoring overbooking is not supported for an SCell.

In NR Rel-15 specs, the UE first allocates the monitoring occasions of configured CSS sets in a slot. The monitoring occasions of a USS set , starting with the lowest USS set index, in a slot are allocated for monitoring by the UE only if 
· The addition of the number of PDCCH candidates in USS set  does not cause UE BD capability to be exceeded; and
· The addition of the additional number of non-overlapping CCEs for monitoring USS set  considering the already allocated PDCCH candidates for monitoring does not cause UE CCE capability to be exceeded.
Once a USS set  is found to trigger against either of the above UE capability limits, the UE terminates the monitoring occasion allocation procedure. Consequently, all USS sets with index  are not monitored by the UE.
For multi-slot PDCCH monitoring with 480/960 kHz SCS, the same principles should be applied.
[bookmark: _Toc87014519]For multi-slot PDCCH monitoring with 480/960 kHz SCS on a PCell/PScell, the UE first allocates the monitoring occasions of all configured CSS sets in a slot group.
· [bookmark: _Toc87014520]The monitoring occasions of a USS set , starting with the lowest USS set index, in a slot group are allocated for monitoring by the UE only if (1) the addition of the number of PDCCH candidates in USS set , and (2) the addition of the additional number of non-overlapping CCEs for monitoring USS set  considering the already allocated PDCCH candidates for monitoring do not cause UE BD/CCE capabilities per slot group to be exceeded.
· [bookmark: _Toc87014521]Once a USS set  is found to trigger against either of the above UE capability limits per slot group, the UE terminates the monitoring occasion allocation procedure. Consequently, all monitoring occasions of all USS sets with index  for the slot group are not monitored by the UE.
[bookmark: _Toc87014522]As in Rel-15/16 procedure, this monitoring occasion allocation for a slot group is to be performed for each slot group independently (of the preceding or subsequent slot group).

[bookmark: _Toc86845011]2.1.5	Group (2) search space configuration and selection of Ygroup2 value 
According to the current NR specs, if during cell search a UE determines from MIB that a CORESET for Type0-PDCCH CSS set is present, the UE determines a number of consecutive resource blocks and a number of consecutive symbols for the CORESET of the Type0-PDCCH CSS set from controlResourceSetZero in pdcch-ConfigSIB1, and determines PDCCH monitoring occasions from searchSpaceZero in pdcch-ConfigSIB1, included in MIB. A UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots starting from slot   determined from the SS/PBCH block index. 
If a UE is provided a zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set as described in clause 13, and the UE is provided a C-RNTI, the UE monitors PDCCH candidates only at monitoring occasions associated with a SS/PBCH block, where the SS/PBCH block is determined by the most recent of
· a MAC CE activation command indicating a TCI state of the active BWP that includes a CORESET with index 0, as described in [6, TS 38.214], where the TCI-state includes a CSI-RS which is quasi-co-located with the SS/PBCH block, or
· a random access procedure that is not initiated by a PDCCH order that triggers a contention-free random access procedure
Two issues have been discussed in RAN1 
· Alignment of monitoring slots between Group (1) and Group (2) search spaces to avoid back-to-back PDCCH processing overloading.
· The number of monitoring slots for Group (2) search spaces.
For the alignment issue, the back-to-back PDCCH processing overloading issue can be avoided using the monitoring occasion determination procedure for Group (1) search spaces described in the preceding sections. There is no need to resort to an alternative solution based on CSS zone, in which substantial changes to Group (2) search spaces are needed.
For the second issue, several changes to the existing Group (2) search space and initial access protocols and procedures had been proposed by some sources. For instance, it has been proposed that Type0-PDCCH should be monitored in slot  and slot . But the system has to repeat the Type0-PDCCH and associated PDSCH carrying SIB1 in all slots between slot  and slot  or in all slots between slot  and slot  such the UE can choose one of them to process if it coincides with the UE’s USS monitoring occasion. That is, to support 64 SSB beams, it becomes necessary for the gNB to transmit the Type0-PDCCH and PDSCH carrying SIB1 64x4=256 times for the 480 kHz SCS instead of 64 times for the 120 kHz SCS. This introduces large waste to the system capacity and network energy efficiency just so the UE can avoid processing PDCCH in one slot (slot ) every 20 ms. We don’t agree this is a sensible engineering practice.
Furthermore, as described in the previous section, the UE allocates monitoring occasions for the CSS sets first. Hence, the PDCCH processing loads for monitoring Group (2) search spaces in the first two slots of a slot group (every 20 ms) are already accounted for. If there is not enough BD/CCE budget left for monitoring the USS set(s) in this slot group, the UE does not need to monitor these USS set(s) (which achieves the core objective of the CSS proposal but based on the same principle used in existing monitoring occasion allocation procedure). There is no back-to-back PDCCH processing overloading issue just because Group (2) search spaces need to be monitored in the first two consecutive slots of a slot group (every 20 ms).
In summary, existing proposed changes to Group (2) search space and initial access protocols and procedures deviate substantially from the system design principles embodied in Rel-15 NR. In our view, such significant and wide-ranging changes to the fundamental NR design for initial access is not justified. In some extreme cases, the changes introduce large negative impacts to the system capacity and network energy efficiency. In contrast, the solutions presented in the previous sections to align Group (1) search spaces with Group (2) search spaces prove as effective in avoiding PDCCH processing overloading and helping UE energy efficiency without negative consequences to the network operation.

[bookmark: _Toc87014523]For multi-slot PDCCH monitoring with 480/960 kHz SCS, configuration of Group (2) search spaces follows Rel-16 specs.
[bookmark: _Toc87014524]For multi-slot PDCCH monitoring with 480/960 kHz SCS, monitoring occasions of Group (2) search spaces are within Ygroup2 = 2 consecutive slots within a slot group.

[bookmark: _Toc86845012]2.1.5	Selection of X values for multi-slot PDCCH monitoring
Since the beginning of the WI, progress in the multi-slot PDCCH monitoring designs has been slow. It was only agreed in the last RAN1 meeting that a UE supporting 480/960 SCS also supports multi-slot PDCCH monitoring for at least
· X=4 slots for SCS 480 kHz
· X=8 slots for SCS 960 kHz
However, further details of operating these two cases are still in progress.
· Details of multi-slot PDCCH monitoring are still not finalized.
· In designing the Rel-17 multi-slot PDCCH monitoring solutions, both aspects of
· In which slot(s) of a multi-slot span shall PDCCH be monitored?
· In which OFDM symbols of a monitored slot shall PDCCH be monitored?
need to be addressed jointly. 
For example, if a solution is adopted whereby all monitoring is concentrated within a single slot of an X-slot window (not our preference), then there needs to be flexibility to configure USS and CSS in different spans within the slot. For such a solution PDCCH monitoring according to Rel-15 FG 3-1 would be far too restrictive and Case 2 monitoring (Rel-15 FG 3-5) would be necessary. On the other hand, if there is network flexibility to configure a UE to monitor in different slots of an X-slot window (e.g., CSS and USS in different slots), then PDCCH monitoring according to Rel-15 FG 3-1 would be sufficient.
Therefore, we believe it is important for RAN1 to prioritize finalizing these design details:
· Minimum supported values of Y for the respective X?
· What symbols within the Y slots for PDCCH monitoring?
· The BD/CCE budget for the X-slot window has not seen finalized in RAN1. With the end of the WI approaching, more discussion is urgently needed in this area. 
In addition to the support of X=4 for 480 kHz SCS and X=8 for 960 kHz SCS, several companies proposed the support of per-slot PDCCH monitoring as well as multi-slot PDCCH monitoring other than these two cases as optional UE capabilities. In our view, this distracts and slows down RAN1 from finalizing the core multi-slot PDCCH monitoring designs. Therefore, we propose
[bookmark: _Toc87014525]For operation with 480/960 kHz SCS, multi-slot PDCCH monitoring other than X=4 for 480 kHz SCS and X=8 for 960 kHz SCS is deferred until RAN1 completes the details of multi-slot PDCCH monitoring with X=4 for 480 kHz SCS and X=8 for 960 kHz SCS including at least
(1) Details of multi-slot PDCCH monitoring?
(2) The minimum supported values of Y for the respective X values?
(3) What symbols within the Y slots for PDCCH monitoring?
(4) The BD/CCE budget requirement for the X-slot window?

During the RAN1 #106e email discussion, several companies pointed out that, for per-slot PDCCH monitoring, only two aspects out of the above list need to be clarified and defined:
· What symbols within a slot for PDCCH monitoring?
· The BD/CCE budget requirement for a slot?
Companies thus proposed that per-slot PDCCH monitoring can be discussed in parallel to the above two multi-slot PDCCH monitoring cases. 
Intra-slot PDCCH monitoring case 2 (Rel-15 FG 3-5) capability was introduced to support mini slots (Type B PDSCH mapping) for the existing FR1/FR2 bands. However, as the following table shows, the slot duration for 480/960 kHz SCS is very short to start with. The 480/960 kHz SCS slot duration is in fact comparable to or even shorter than the duration of a 3-symbol mini-slot in 120 kHz SCS. Therefore, it is our view that there is no need to have such flexible monitoring within a slot.
	SCS [kHz]
	120
	480
	960

	Slot duration [μs]
	125
	31.25
	15.63

	Duration of 3 symbols [μs]
	26.8
	
	



The central issue for per-slot PDCCH monitoring is hence the BD/CCE budget for a slot, which has not seen any progress in RAN1. Therefore, we propose that if per-slot PDCCH monitoring is discussed, the discussion must start with the BD/CCE budget. Furthermore, we observe that in Rel-15, the CCE budget is 32 for 120 kHz, which is enough to cover (with a small margin) the requirements for monitoring Type0-PDCCH CSS (7 BDs / 28 CCEs). Hence, if optional per-slot monitoring is supported for 480/960 kHz, the BD/CCE budget can be no less than the 120 kHz value. Note further that companies motivated the introduction of the optional per-slot PDCCH monitoring on the basis of URLLC applications requiring very low latency. UEs supporting such URLCC applications should be expected to be equipped with enhanced and accelerated processing capabilities.
[bookmark: _Toc87014526]For operation with 480/960 kHz SCS, if the optional per-slot PDCCH monitoring is discussed, the discussion in RAN1 should start with defining the BD/CCE budget for a slot while ensuring that Rel-15 Type0-PDCCH monitoring requirements can be met.

In our view, the following three PDCCH monitoring cases are sufficient for operation with 480/960 kHz SCS:
· X=4 for 480 kHz SCS
· X=8 for 960 kHz SCS
· Optional per-slot monitoring for 480/960 kHz SCS for URLLC use cases
The same scheduling frequency and granularity as a 120 kHz SCS cell can be achieved with X>1 multi-slot PDCCH monitoring for 480/960 kHz SCS. For applications with low latency requirements, per-slot PDCCH monitoring with 480/960 kHz SCS can meet the same low latency achievable with mini-slots on a 120 kHz SCS cell. Furthermore, RAN1 has only agreed processing latency requirements on N1/N2/N3/Z1/Z2/Z3 for 480/960 kHz SCS that are multiples of the processing latency requirements for 120 kHz SCS. There has been no evidence or evaluation results to indicate the additional benefits of introducing other window sizes other than the above three PDCCH monitoring cases for 480/960 kHz SCS. Therefore, we propose
[bookmark: _Toc87014527]Multi-slot PDCCH monitoring window sizes X>1 other than X=4 for 480 kHz SCS and X=8 for 960 kHz SCS are not supported for Rel-17.

[bookmark: _Toc67653044][bookmark: _Toc86845013]2.1.6	UE BD/CCE capability for multi-slot PDCCH monitoring for MBB applications
In this section, we first provide estimate of UE per-slot PDCCH processing capabilities for 480 and 960 kHz SCS for MBB applications. We then discuss the PDCCH processing capabilities for multiple slots.
With short OFDM symbol durations associated with large SCSs, the amount of time for UE and gNB to perform several critical operations can become quite challenging. Consider the UE PDCCH processing capabilities specified in Section 10.1 of TS 38.213 in terms of number of blind decodes in Table 10.1-2 and number of CCEs in Table 10.1-3. For both sets of PDCCH processing capabilities, the quantities shrink exponentially with SCS (value of µ). 
As a first step to start the processing timeline discussion, we fit simple formulae to the Rel-15 processing capabilities as the benchmarks for NR operation in 52.6 to 71 GHz. The Rel-15 PDCCH processing capabilities per slot can be fitted to simple formulae to obtain initial benchmarks for further discussion. Using the minimum mean absolute deviation fitting, the fitted PDCCH processing capabilities per slot are shown as follows:

[bookmark: _Hlk61353668]The formula was optimized to minimize the mean absolute deviation from the Rel-15 values. The fitted formulae clearly exhibit exponential reduction in UE PDCCH processing capabilities with higher numerologies as can be further observed in Figure 6. Since  for  and  are identical, the fitting uses a nominal  to pair with  as input.
[image: ]
[bookmark: _Ref60921413][bookmark: _Hlk61354178]Figure 6: Extrapolated  and  values per slot for MBB applications
The extrapolated UE PDCCH processing capabilities in Figure 6 are tabulated in  Table 1 as a function of SCS. The numbers indicate there may be doubts on whether the UE operating with a SCS such as 960 kHz SCS can support even one AL-16 PDCCH considering the need to configure a number of common and UE specific search spaces with various aggregation levels.
[bookmark: _Ref60824877] Table 1: Extrapolated  and  values per slot for MBB applications
	SCS [kHz]
	15
	30
	60
	120
	480
	960

	
	44
	36
	22
	20
	
	

	BD Estimate
	44
	34
	26
	20
	12
	9

	
	
	
	
	
	
	

	SCS [kHz]
	15*20.5 (Nominal, used for fitting)
	60
	120
	480
	960

	
	56
	48
	32
	
	

	CCE Estimate
	56
	40
	32
	20
	16



In the following, we discuss two possible solutions to define bundled UE PDCCH processing capabilities when PDCCH monitoring per multiple slots is deployed.
The potential reduction of UE PDCCH processing capabilities per slot shown previously presents difficulties to maintain the same scheduling framework and flexibility as Rel-15 NR. It would impose substantial negative impacts to Rel-17 NR operation in 52.6 – 71 GHz if the UE PDCCH processing capabilities per multi-slot monitoring period remain as restrictive when the UE is configured to monitor the PDCCH every  slots. Therefore, it will be beneficial for NR operation in 52.6 – 71 GHz to scale UE PDCCH processing capabilities per -slots with the window size :


With this first capability scaling solution, it is in principle possible to support any window size. However, it may be difficult or impractical for UE implementation to optimize the hardware and software timelines to support various required UE processing capabilities associated with arbitrary flexible window sizes. It will be beneficial for RAN1 to narrow down the window size values to those beneficial to system operations such that the specs and implementation are not over-burdened.
Toward narrowing down the supported PDCCH monitoring window values, a second possible solution is to maintain the same scheduling framework and capacity as a 120 kHz SCS system for larger SCS with PDCCH monitoring per multiple slots. For instance, PDCCH monitoring every  slots can be deployed for 480 kHz SCS. The UE PDCCH processing capabilities per 4-slot monitoring window can then be defined as


Similarly, the UE PDCCH processing capabilities per 8-slot monitoring window for 960 kHz SCS can then be defined as


In other words, the UE capability for BD/CCE per X-slot window for a larger SCS (480 or 960 kHz) with the same duration as a slot with 120 kHz SCS is the same as the per-slot capability for 120 kHz SCS.
Figure 7 shows the BD and CCE budgets per B slots for Capability Scaling Solutions 1 and 2 assuming X = 4 for 480 kHz and X = 8 for 960 kHz. It can be further discussed what values to define within the range provided by these two solutions.
[bookmark: _Hlk83807501][image: Chart, line chart
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[bookmark: _Ref68084604]Figure 7: BD and CCE budgets per slot and scaled values per B-slots (B = 4 for 480 kHz and B = 8 for 960 kHz). 
With Rel-17 work approaching closing, RAN1 should strive to progress in the multi-slot PDCCH processing capabilities for 480/960 kHz SCS. Toward this end, we propose to adopt the second approach for Rel-17 multi-slot PDCCH processing capabilities for 480/960 kHz SCS.

[bookmark: _Toc87014528][bookmark: _Ref79163691]RAN1 agrees to the following multi-slot PDCCH processing capability values for 480/960 kHz SCS to progress the Rel-17 specification effort: 
· [bookmark: _Toc87014529]480 kHz SCS with X=4:  and .
· [bookmark: _Toc87014530]960 kHz SCS with X=8:  and .

2.2	Multi-slot PDCCH monitoring capability definition (Option B-FL1 discussed in RAN1#106bis-e)
Another multi-slot PDCCH monitoring capability definition was discussed extensively and supported by several companies during the RAN1 #106b-e discussion is 
· Option B-FL1
· The reported capability indicates the BD/CCE budget within X slots
· For Group (1) SS
· A SS is configured to be within Y consecutive slots within a slot group of X slots
· The location of the Y consecutive slots can be anywhere within a slot group of X slots
· FFS: Details of RRC configuration of Group (1) SSs (periodicity, offset, duration), e.g., based on X-slot granularity, and configured time offset within a slot group of X slots
· The location of the Y consecutive slots within a 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
· A SS is configured as per Rel-15, and monitoring locations with respect to slot groups are unrestricted
· BD attempts for Group (2) SSs occur in slots with index n0 and n0 + 1 as per Rel-15
· To be decided in in RAN1#106bis-e or RAN1#107-e
· Supported values of Y
· Option 1: Y=1 slot and optionally as well Y=X/2 consecutive slots
· Option 2: both Y=1 slot and Y=X/2 consecutive slots
· Option 3: both Y=1 slot and Y=X/2 consecutive slots are supported, FFS a default Y or which Y is mandatory/optional 
· Which OFDM symbols can be configured for monitoring within the YGroup1/YGroup2 slot(s) (i.e., SS parameter monitoringSymbolsWithinSlot)
This multi-slot PDCCH monitoring capability definition is a direct extension of the Rel-15 mandatory PDCCH monitoring capability for UEs (FG 3-1) [4], a clear distinction is made between SS with RRC configuration and those without:
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and UE-SS, the monitoring occasion is within the first 3 OFDM symbols of a slot.
· 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 a slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, Types 0, 0A, and 2 CSS configurations within any single span of three consecutive OFDM symbols within a slot.
On a Rel-15 PCell/PSCell, the BD/CCE budget for a slot is first allocated for monitoring CSS located within the slot, with the remaining budget utilized for monitoring USS according to ascending USS index. That is, in order to receive CSS within a slot, some or all USS of the same slot may be dropped. However, the presence of a CSS within a slot, regardless of where such a CSS locates within the slot (particularly for type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS), has no impact on the BD/CCE budget for the next slot.
Several companies have proposed that multi-slot PDCCH monitoring should be the “default” capability and can be assumed even during the idle/inactive mode operation and initial access procedure operations with 480/960 kHz SCS. As we have discussed above in Section 2.1.5, existing proposed changes to Group (2) search space and initial access protocols and procedures deviate substantially from the system design principles embodied in Rel-15 NR. In some extreme cases, the changes introduce large negative impacts to the system capacity and network energy efficiency. Such significant and wide-ranging changes to the fundamental NR design for initial access is not justified.
For Rel-17 operation in the FR2-2 range, maintaining the same initial access procedures and IDLE mode operations is beneficial to reducing implementation complexity and shortening time to market. Hence, the same NR system design principle that the Rel-15 UEs are required to support more flexible monitoring occasions in initial access and in the IDLE mode should be followed for a more streamlined Rel-17 specs. With Option B-FL1 as a direct extension of Rel-15 mandatory UE capability to the multi-slot monitoring case, the BD/CCE budget for an X-slot window is first allocated for monitoring CSS located within the X-slots, with the remaining budget utilized for monitoring USS according to ascending USS index. The presence of type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS within an X-slot window, regardless of where such a CSS locates within the X-slot window, has no impact on the BD/CCE budget for the next X-slot window. This is still a solution preferred by several companies for Rel-17 multi-slot PDCCH monitoring if RAN1 does not converge on the compromised solution discussed in Section 2.1.

[bookmark: _Toc87014531]Multi-slot PDCCH monitoring definition Option B-FL1 from the feature lead summary is adopted for Rel-17 multi-slot PDCCH monitoring with 480/960 kHz SCS if RAN1 does not converge on the compromised solution discussed in Section 2.1.

[bookmark: _Toc86845014]2.3	Other PDCCH monitoring issues
[bookmark: _Toc86845015]2.3.1	Cross-carrier scheduling
It has been discussed in RAN1 whether to impose a limitation on cross-carrier scheduling:
Cross-carrier scheduling of a cell within 52.6-71 GHz from/to a cell outside 52.6-71 GHz is supported, at least for |μPDCCH − μPDSCH| ≤ k.
In the most recent RAN plenary (RAN#93-e), the WID was updated with the following FR1 + FR2-2 band combinations:
· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 1). 
· For the case of FR2-2 DC or CA with an anchor in FR1 the following three example band combinations shall be considered:
· n79 + Nx 
· n77 + Nx 
· n41 + Nx 
· where Nx is the 57-71 GHz band for unlicensed operation and the [66-71] GHz for licensed operation. 
· RAN4 to further discuss the need for single or multiple bands relevant for FR2-2 licensed/unlicensed operation.
Given that bands n41, n78, and n79 in FR1 are defined in 38.101-1 for both 15 and 30 kHz, |μPDCCH − μPDSCH| for cross-carrier scheduling from FR1 to FR2-2 can take values as large as 5 and 6 for 480 and 960 kHz SCS, respectively. Hence, if k is limited to 3, then cross carrier scheduling from FR1 to FR2-2 would not be supported at all, which is contrary to the spirit of the WID. On the other hand, limiting to k = 4 would mean that cross-carrier scheduling would at least be supported from FR1 with 30 kHz SCS to FR2-2 with 480 kHz. Hence, we believe that k should be no less than 4, and k = 5 should not be precluded without strong contrary evidence.
[bookmark: _Toc87014532]From cross-carrier scheduling of a serving cell from another cell of different numerologies is supported at least for |μPDCCH − μPDSCH| ≤ 5.

2.3.2	Search space set group switching
In Rel-16, search space set group (SSSG) switching was introduced for handle the necessary LBT procedures for shared spectrum access in the FR-1. Many sources had discussed support of SSSG switching for 480/960 kHz SCS cells. Some sources considered the support as a natural extension of the Rel-16 functionalities and an explicit agreement of support may not be needed. All that is needed is the definition of a proper minimum switching time. Other sources considered the potential complications if different SSSGs are configured with different slot group sizes.
Our view is that there is no need to spend valuable RAN1 time on additional changes or enhancements. Furthermore, if only X=4 for 480 kHz SCS and X=8 for 960 kHz SCS are supported, the functionality of the SSSG switching is also straightforward for 480/960 kHz SCS.
[bookmark: _Toc87014533]Enhancements to Rel-16 search space set group (SSSG) switching is of low priority for Rel-17 NR operation in the above 52.6 GHz range. The Rel-16 functionality can be supported for a 480/960 kHz SCS cell without additional enhancement if RAN1 can agree on the corresponding minimum switching times. 

[bookmark: _Toc67653048][bookmark: _Toc86845016]Conclusion
In this paper we made the following observations: 
1. Per Rel-15/16 specs, the UE monitors PDCCH candidates for search space set  in a slot with number  in a frame with number  if
where , , and  are the configured periodicity, offset and duration, respectively, of the search space .
1. For operation with 480/960 kHz SCS multi-slot PDCCH monitoring, common language and understanding is hindered by the required definitions of several offsets and monitoring boundaries, if the discussion starts with fixed X-slot group boundaries.

Based on the discussion in the previous sections we propose the following:
1. For operation with 480/960 kHz SCS multi-slot PDCCH monitoring with slot group size of X, the UE determines that a slot with index  in a frame with index  is the start of a X-slot group if

where  is the slot group grid offset. With this X-slot group grid definition, the monitoring slot(s) for all search spaces are always at the beginning of a slot group and back-to-back PDCCH processing overloading is avoided.
For a 480/960 kHz SCS serving cell operating with multi-slot PDCCH monitoring with slot group size of X, the slot group grid offset is determined as

where  is the index of the first monitoring slot for the type0 PDCCH on the PCell/PSCell if the PCell/PSCell operates with multi-slot PDCCH monitoring and  if the PCell/PSCell does not operate with multi-slot PDCCH monitoring.
For multi-slot PDCCH monitoring with 480/960 kHz SCS, the network configures a search space with at least:
· periodicity in terms of X-slot groups,
· offset in terms of X-slot groups within the period,
· duration in terms of X-slot groups within the period, and
· monitoringSymbolsWithinSlot.
For operation with 480/960 kHz SCS multi-slot PDCCH monitoring with slot group size of X, existing RRC search space configuration fields
· monitoringSlotPeriodicityAndOffset is re-interpreted as providing the periodicity in terms of X-slot groups and offset in terms of X-slot groups within the period; 
· duration is re-interpreted as providing the duration in terms of X-slot groups within the period.
For operation with 480/960 kHz SCS multi-slot PDCCH monitoring with slot group size of X, the UE determines that a PDCCH monitoring occasion for search space  in Group (1) is in slot with index  in a frame with index  if

where , , and  are the configured periodicity, offset and duration of the search space  in terms of X-slot groups, and  is the slot group grid offset. 
If Ygroup1 ≥ 2, for operation with 480/960 kHz SCS multi-slot PDCCH monitoring with slot group size of X, if the UE is provided with a configuration of an additional slot offset within a slot group, , for a search space , the UE determines that a PDCCH monitoring occasion for search space  in Group (1) is in slot with index  in a frame with index  if

where , , and  are the configured periodicity, offset and duration of the search space  in terms of X-slot groups, and  is the slot group grid offset.
In defining a solution for Rel-17 multi-slot PDCCH monitoring, both intra- and inter-slot monitoring aspects shall be addressed jointly:
· In which and in how many slot(s) of a multi-slot span shall PDCCH be monitored?
· In which OFDM symbols of a monitored slot shall PDCCH be monitored?
For multi-slot PDCCH monitoring with 480/960 kHz SCS, it is mandatory for the UE to support intra-slot PDCCH monitoring capability Case 2 (Rel-15 FG 3-5) if Ygroup1 ≤ 1 slot.
For multi-slot PDCCH monitoring with 480/960 kHz SCS, intra-slot PDCCH monitoring capability according to Rel-15 FG 3-1 can be considered as the minimum UE requirement if Ygroup1 > 1 slot.
For multi-slot PDCCH monitoring with 480/960 kHz SCS, the network ensures:
· the number of monitored PDCCH candidates and the number of non-overlapped CCEs for configured CSS sets within a slot group for a PCell/PSCell do not exceed the UE capabilities per slot group; and
· PDCCH monitoring overbooking is not supported for an SCell.
For multi-slot PDCCH monitoring with 480/960 kHz SCS on a PCell/PScell, the UE first allocates the monitoring occasions of all configured CSS sets in a slot group.
· The monitoring occasions of a USS set , starting with the lowest USS set index, in a slot group are allocated for monitoring by the UE only if (1) the addition of the number of PDCCH candidates in USS set , and (2) the addition of the additional number of non-overlapping CCEs for monitoring USS set  considering the already allocated PDCCH candidates for monitoring do not cause UE BD/CCE capabilities per slot group to be exceeded.
· Once a USS set  is found to trigger against either of the above UE capability limits per slot group, the UE terminates the monitoring occasion allocation procedure. Consequently, all monitoring occasions of all USS sets with index  for the slot group are not monitored by the UE.
As in Rel-15/16 procedure, this monitoring occasion allocation for a slot group is to be performed for each slot group independently (of the preceding or subsequent slot group).
For multi-slot PDCCH monitoring with 480/960 kHz SCS, configuration of Group (2) search spaces follows Rel-16 specs.
For multi-slot PDCCH monitoring with 480/960 kHz SCS, monitoring occasions of Group (2) search spaces are within Ygroup2 = 2 consecutive slots within a slot group.
For operation with 480/960 kHz SCS, multi-slot PDCCH monitoring other than X=4 for 480 kHz SCS and X=8 for 960 kHz SCS is deferred until RAN1 completes the details of multi-slot PDCCH monitoring with X=4 for 480 kHz SCS and X=8 for 960 kHz SCS including at least
(1) Details of multi-slot PDCCH monitoring?
(2) The minimum supported values of Y for the respective X values?
(3) What symbols within the Y slots for PDCCH monitoring?
(4) The BD/CCE budget requirement for the X-slot window?
For operation with 480/960 kHz SCS, if the optional per-slot PDCCH monitoring is discussed, the discussion in RAN1 should start with defining the BD/CCE budget for a slot while ensuring that Rel-15 Type0-PDCCH monitoring requirements can be met.
Multi-slot PDCCH monitoring window sizes X>1 other than X=4 for 480 kHz SCS and X=8 for 960 kHz SCS are not supported for Rel-17.
RAN1 agrees to the following multi-slot PDCCH processing capability values for 480/960 kHz SCS to progress the Rel-17 specification effort: 
· 480 kHz SCS with X=4:  and .
· 960 kHz SCS with X=8:  and .
Multi-slot PDCCH monitoring definition Option B-FL1 from the feature lead summary is adopted for Rel-17 multi-slot PDCCH monitoring with 480/960 kHz SCS if RAN1 does not converge on the compromised solution discussed in Section 2.1.
From cross-carrier scheduling of a serving cell from another cell of different numerologies is supported at least for |μPDCCH − μPDSCH| ≤ 5.
Enhancements to Rel-16 search space set group (SSSG) switching is of low priority for Rel-17 NR operation in the above 52.6 GHz range. The Rel-16 functionality can be supported for a 480/960 kHz SCS cell without additional enhancement if RAN1 can agree on the corresponding minimum switching times. 
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