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1. Introduction
In RAN1#106-e meeting [1], the following agreements were made regarding multi-slot PDCCH monitoring capability: 
	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:
Revise prior agreement including modifications to Alt. 1 as follows:
· 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 slots in each slot group separately
· The location of the Y slots within the X slots is maintained across different slot groups
· Further discuss down-selection of Y within 1<=Y<=X/2 (both in units of slot) when X>1
· FFS: Restrictions on location of the Y slots within a slot group, e.g. the Y slots always start at the first slot within a slot group
· FFS: Further definition of capabilities
· FFS: The following issues for the search space configuration discussion
· Whether a slot group is aligned with a slot boundary
· Restrictions on location of the Y slots within a slot group, e.g. whether to restrict the location of a SS to be within the first Y slots within a slot group
· FFS: What the UE capability defines for monitoring within the Y slots

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.



In this contribution, the issues on PDCCH monitoring enhancements, such as multi-slot PDCCH monitoring capability, Type0-PDCCH CSS set, search space configuration, search space set group switching and Multi-beam aspect and Cross-carrier scheduling for up to 71GHz operation were discussed. 
2. Discussion on PDCCH monitoring enhancements
2.1. Multi-slot PDCCH monitoring capability
It was agreed to use Alt.1 as the baseline to define multi-slot PDCCH monitoring capability. However, there are still some remaining issues that need to be further discussed.
Alt 1: Use a fixed pattern of slot groups as the baseline to define the new capability. 
For Alt 1, a fixed pattern of slot groups consists of X slots where the PDCCH monitoring occasions can be configured within Y consecutive slots/symbols of slot groups. The capability can provide the maximum number of BD/CCE within a fixed pattern of slot groups for a UE for operation with a single serving cell. During the previous discussion, it has been observed that Y=X may cause the number of back-to-back MOs in adjacent slot groups exceeds maximum number of BD/CCE budget, and then it can’t be checked by UE. Thus, it is reasonable to assume the value of Y is less than X. Furthermore, the relationship between slot group, slot boundary and the location of the Y consecutive slots within the slot group should be further clarified.


[bookmark: _Ref83814794]Figure 1: The relationship between the start of slot group and the slot boundary
The slot group is used to define a PDCCH monitor capability that is the maximum of BD/CCE budget supported by the UE within a period of time. In our opinion, the starting point of the slot group doesn’t need to be restricted to start from the slot boundary. For example, as is shown in Figure 1, the slot group can start from a certain symbol within the slot when the search space is configured at this symbol that may be not in the slot boundary. When the start of slot group can start from any symbols within the slot, it enables more flexible symbol level configuration, which is aligned with that of the span definition of monitoring at least. 
Proposal 1：For the fixed pattern of slot group definition, the starting point of the slot group doesn’t need to be restricted to the slot boundary.

For the location of Y consecutive slots within the slot group, there are two alternatives as follows.
· Alt 1-1: The Y [slots] always start from the first symbol within a slot group
· Alt 1-2: The Y [slots] can start from any symbol within a slot group


[bookmark: _Ref79103626]Figure 2：The location of the Y within the slot group
It has been known that each slot groups are consecutive and non-overlapping. If Alt 1-1 is supported, the Y always starts from the first symbol of the slot group. If Alt 1-2 is supported, the Y can start from a certain symbol that may be not the first symbol of the slot group. For example, Y can start from the third symbol of the slot group, as is shown in Figure 2(Alt 1-2). However, Alt 1-2 may bring more complexity to the definition of the multi-slot PDCCH monitoring capability. Besides, if the starting point of the slot group does not need to be restricted to the slot boundary, the flexibility comes with the moving Y slots shall be take advantage anyway. Then extra benefit of Alt 1-2 is not clear. Therefore, it is recommended that the location of the Y should always start from the first symbol within a slot group.
Proposal 2: For the fixed pattern of slot group definition, the location of the Y should always start from the first symbol within a slot group.

When Y [slots] start at the first symbol within a slot group, as long as the valued of Y is no more than half of the value of X, the issue about back-to-back MOs in adjacent slot groups can be avoided. On the other hand, if Y can be configured with larger value, the network will have more scheduling flexibility. Thus, it is recommended that Y can be equal to half of the X to achieve the tradeoff between scheduling flexibility and back-to-back MOs issue.
Proposal 3: For the fixed pattern of slot group definition, it is recommended to at least include Y= ½ X as one configuration for (X,Y) pair for both 480KHz and 960KHz. 

In the last meeting, the additional value of the X other than X=4 slots for SCS 480 kHz and X=8 slots for SCS 960 kHz has been discussed. For the X=1 slot for SCS 480 kHz/ SCS 960 kHz, the number of supported BD/CCE will be too small and the performance of PDCCH will be affected. In additional, the duration of X=4 slots for 480 kHz or X=8 slots for 960 kHz is equal to one slot of 120 kHz, which is small enough to meet the delay requirement of most use cases. In our view, the motivation to support X=1 slot for SCS 480 kHz/ SCS 960 kHz is not strong, and it may introduce extra complexity for the PDCCH monitoring capability of UE. Similar to X=1 slot for SCS 480 kHz/ SCS 960 kHz, the benefit of supporting X= 2 slot for SCS 480 kHz and X= {2, 4} slot for SCS 960 kHz is not clear. Therefore, it is recommended that the additional value of the X other than X=4 slots for SCS 480 kHz and X=8 slots for SCS 960 kHz should not be down prioritized in the Rel-17.
Proposal 4：For the fixed pattern of slot group definition, the additional value of the X other than X=4 slots for SCS 480 kHz and X=8 slots for SCS 960 kHz should be down prioritized in the Rel-17.
2.2. Type0-PDCCH CSS sets
For the Type0-PDCCH CSS set, the UE requires to monitor two consecutive slots for the CORESET of the Type0-PDCCH CSS. When Y at least equals to 2 slots, this requirement will be satisfied without any specification change. If Y=1 slot, then the requirement of two consecutive slots monitoring cannot be satisfied because at most UE can monitor one slot per slot group.  Note Y=1 slot is a configuration not very useful. Therefore, to avoid specification change, Y>1 slot should be required.  
One remaining issue is that whether the multi-slot PDCCH monitoring capability can be the default capability for 480 kHz SCS and 960 kHz SCS. Note previously we suggest not to support per slot monitoring capability definition in Rel-17. If this is the case, then the issue is moot. However, if RAN1 decide to support also support per-slot monitoring, then the default capability, which is assumed when there is no dedicated RRC configuration, should be determined. This is required for certain scenarios, for example during 480 KHz SCS initial access. Considering that per-slot PDCCH monitoring would be more demanding for the high SCSs, having multi-slot PDCCH monitoring as the default capability is desirable. 
Proposal 5：It is recommended that Y > 1 slot to avoid complex changes for Type0-PDCCH CSS set monitoring rules.
Proposal 6：It is recommended to define multi-slot monitoring capability as the default monitoring capability.
2.3. Search space configuration
In NR, a UE monitors a set of PDCCH candidates in one or more CORESETs according to corresponding search space configuration. The monitoring occasion can be configured by the following RRC parameters.
· monitoringSlotPeriodicityAndOffset: Used to configure the periodicity and offset for PDCCH monitoring, the unit of configuration is slot
· duration: Used to configure the number of consecutive slots that a SearchSpace lasts in every occasion.
· monitoringSymbolsWithinSlot: Used to configure PDCCH MO within the slot. The size of this parameter is 14 bit and each bit represents a symbol in a slot. If the value of one bit is 1, the OFDM symbol corresponding to this bit is a PDCCH monitoring occasion.
In Rel-15/16, the parameter monitoringSlotPeriodicityAndOffset is used to configure the periodicity and offset of the search space. When the multi-slot PDCCH monitoring capability is supported, the value of this parameter should modified to the integer of the X-slots to avoid the search space exceeding the PDCCH monitoring capability of UE. The parameter duration indicates the number of consecutive slots for PDCCH monitoring occasions within the search space set configuration periodicity. For example, duration =2 means that MOs are located in two consecutive slots. For 480 kHz SCS and 960 kHz SCS, the unit of the duration should be extended from per slot to X-slots indicating a number of consecutive multi-slot that the search space exist, as shows in Figure 4. 

 
[bookmark: _Ref78183789][bookmark: _Ref79137257]Figure 3: The unit of the duration：Slot (right) and Multi-slot (left)
In Rel-15/16, the parameter monitoringSymbolsWithinSlot indicates the distribution of MOs within each slot and the length of bitmap is 14. For 480 kHz SCS and 960 kHz SCS, the bitmap with 14bit is not sufficient to indicate the distribution of MO within X-slots. We suggest adding a new bitmap indicating the slots that the search space exists within the multi-slot by monitoringSlotWithinMulti-Slot. Thus, the first symbol of the CORESET within multi-slot for PDCCH monitoring can be jointly indicated by the monitoringSymbolsWithinSlot and monitoringSlotWithinMulti-Slot. It should be noted when the search space exists in multiple slots within multi-slot, the distribution of MOs within each slot is the same.
For example, if the UE is provided the following parameter by SearchSpace, the PDCCH monitoring will be as shown in Figure 5:
· monitoringSlotPeriodicityAndOffset: the periodicity of search space set is 16 slots and the offset is 0.
· duration: the unit of the duration is the multi-slot, the value of the duration is 2. 
· monitoringSymbolsWithinSlot: the bitmap of the first symbol MO within each slot is 10001000000000.
· monitoringSlotWithinMulti-slot: the bitmap of the slots that the search space exists is 1100.
· The same span pattern repeats in every slot.

 
[bookmark: _Ref78184451]Figure 4: Search space set configuration for 480 kHz SCS
[bookmark: _GoBack]Proposal 7：For 480 kHz SCS and 960 kHz SCS, the search space configuration can be enhanced as follows.
· Modifying the value of monitoringSlotPeriodicityAndOffset to the integer of the X-slots.
· Extending the unit of duration from slot to X-slots indicating a number of consecutive multi-slot that the search space exists.
· Adding a new bitmap monitoringSlotWithinMulti-slot indicating the slot that the search space exists within the multi-slot.
2.4. Search space set group switching


[bookmark: _Ref78217153]Figure 5: Search space group switching for 60GHz NR-U
The search space group set switching was introduced in Rel-16 NR-U with 15 kHz SCS, 30 kHz SCS and 30 kHz SCS for dynamic switching between different search spaces. Before the gNB obtains the COT, the frequent monitoring enable the gNB to transmit DCI as soon as possible if gNB’s LBT is successful. However, frequent monitoring is not conducive to power saving of the UE during the COT. When the search space group set switching is configured, the gNB can indicate to UE switching between a search space with long periodicity and a search space with short periodicity to meet different scheduling requirements. Therefore, we suggest the legacy SSSG switching mechanism should be reused for the 120 kHz SCS, 480 kHz SCS and 960 kHz SCS in 60GHz NR-U, as shown in Figure 6.
Proposal 8: The Legacy SSSG switching mechanism should be reused for the 120 kHz SCS, 480 kHz SCS and 960 kHz SCS in 60 GHz NR-U.
It has been agreed that the BD/CCE budget for 120 kHz SCS in 52.6-71 GHz is the same as that for 120 kHz in FR2. Thus, we believe 120 kHz SCS in 52.6-71 GHz doesn’t support the monitoring capability of the span defined in Rel-16 just like 120 kHz in FR2. The PDCCH monitoring capability for 120 kHz SCS is the baseline for study of the PDCCH monitoring capability for 480 kHz SCS and 960 kHz SCS. The motivation to support single slot PDCCH monitoring capability for 480 kHz SCS and 960 kHz SCS out of the COT is not clear. It is not necessary to enhance the SSSG switching to support dynamic switching between single slot PDCCH capability and multi-slot PDCCH capability for 480 kHz SCS and 960 kHz SCS.
Proposal 9: SSSG switching is not required to be enhanced to support the switching between single slot PDCCH capability and multi-slot PDCCH capability 480 kHz SCS and 960 kHz SCS.

2.5. Multi-beam aspect
In Rel-16, the DCI format 2_0 is used for indicating the slot format, COT duration, available RB set and search space group switching to a group of UEs. The UEs within the group should monitor the Type-3 PDCCH CSS on the indicated beam direction according to the TCI state of the associated CORESET. There are proposals to enhance DCI format 2_0 to indicate COT duration, available RB set and search space group switching in a beam specific manner. In our opinion, the beam management related enhancement of DCI format 2_0 can be further studied in the Rel-18 to ensure a unified solution with all other related issues.
Proposal 10：The enhancement of DCI format 2_0 can be further studied in the Rel-18 to ensure a unified solution with all beam management issues.

2.6. Cross-carrier scheduling
In the RAN1#106-e, the maximum difference of SCS of cross-carrier scheduling, i.e, , has been discussed. In the Rel-16, the maximum difference of SCS is equal to 3. However, 480 kHz SCS and 960 kHz SCS have been supported for 52.6-71GHz. We believe the maximum difference of SCS of cross-carrier scheduling should be expanded to support of new SCS, and there is no motivation to limit the difference of SCS of cross-carrier scheduling.
Proposal 11：In order to better support cross-carrier scheduling of the new SCS, i.e. 480 kHz and 960 kHz, the difference of SCS of cross-carrier scheduling should not be limited.
Conclusion 
This contribution discussed the PDCCH enhancements for the support of NR operation up to 71 GHz. We have the following proposals,
Proposal 1：For the fixed pattern of slot group definition, the starting point of the slot group doesn’t need to be restricted to the slot boundary.
Proposal 2: For the fixed pattern of slot group definition, the location of the Y should always start from the first symbol within a slot group.
Proposal 3: For the fixed pattern of slot group definition, it is recommended to at least include Y= ½ X as one configuration for (X,Y) pair for both 480KHz and 960KHz.  
Proposal 4：For the fixed pattern of slot group definition, the additional value of the X other than X=4 slots for SCS 480 kHz and X=8 slots for SCS 960 kHz should be down prioritized in the Rel-17.
Proposal 5：It is recommended that Y > 1 slot to avoid complex changes for Type0-PDCCH CSS set monitoring rules.
Proposal 6：It is recommended to define multi-slot monitoring capability as the default monitoring capability.
Proposal 7：For 480 kHz SCS and 960 kHz SCS, the search space configuration can be enhanced as follows.
· Modifying the value of monitoringSlotPeriodicityAndOffset to the integer of the X-slots.
· Extending the unit of duration from slot to X-slots indicating a number of consecutive multi-slot that the search space exists.
· Adding a new bitmap monitoringSlotWithinMulti-slot indicating the slot that the search space exists within the multi-slot.
Proposal 8: The Legacy SSSG switching mechanism should be reused for the 120 kHz SCS, 480 kHz SCS and 960 kHz SCS in 60 GHz NR-U.
Proposal 9: SSSG switching is not required to be enhanced to support the switching between single slot PDCCH capability and multi-slot PDCCH capability 480 kHz SCS and 960 kHz SCS.
Proposal 10：The enhancement of DCI format 2_0 can be further studied in the Rel-18 to ensure a unified solution with all beam management issues.
Proposal 11：In order to better support cross-carrier scheduling of the new SCS, i.e. 480 kHz and 960 kHz, the difference of SCS of cross-carrier scheduling should not be limited.
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