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1. Introduction
In RAN1#104b-e meeting [1], the following agreements were made regarding multi-slot PDCCH monitoring capability: 
	Agreement:
Previous agreement is modified as follows:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· Alt 1: Use a fixed pattern of slot groups as the baseline to define the new capability. 
· Each slot group consists of X slots
· Slot groups are consecutive and non-overlapping
· The capability indicates the BD/CCE budget within Y consecutive [symbols or slots] in each slot group separately
· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X
· FFS: Restrictions on location of the Y [symbols or slots] within a slot group, e.g. the Y [symbols or slots] always start at the first slot within a slot group
· FFS: Further definition of capabilities
· Alt 2: Use an (X, Y) span as the baseline to define the new capability
· X is the minimum time separation between the start of two consecutive spans
· The capability indicates the BD/CCE budget within a span of at most Y consecutive [symbols or slots] 
· Y <= X
· FFS: Exact values of X and Y and units in which they are defined (e.g., symbols, slots), including cases where a span is longer than one slot or crosses a slot boundary. 
· FFS: What is a span pattern, how it is defined and whether it is supported. If it is supported, whether number of slots within which the span pattern is repeated is needed, and if needed, the value of the number of slots. 
· FFS: Further definition of capabilities
· Alt 3: Use a sliding window of X slots as the baseline to define the new capability. 
· The capability indicates the BD/CCE budget within the sliding window
·  The sliding unit of the sliding window is [1] slot.
· FFS: Further definition of capabilities
· Specific numbers for X, Y may depend on UE capability and gNB configuration
· Examples: 
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS

[bookmark: _Hlk69545768]Conclusion:
· For 120 kHz SCS, no multi-slot UE capability for PDCCH monitoring is needed.
Agreement:
· For 120 kHz SCS in 52.6-71 GHz, the BD/CCE budget is the same as that for 120 kHz in FR2.




In this contribution, the issues on PDCCH monitoring enhancements, such as multi-slot PDCCH monitoring, search space configuration, search space set group switching and Multi-beam aspect for up to 71GHz operation were discussed. 
2. Discussion on PDCCH monitoring enhancements
2.1. Multi-slot PDCCH monitoring capability 
It was agreed to define the multi-slot PDCCH monitoring capability for 480 kHz SCS and 960 kHz SCS. In RAN1#104b-e, three alternatives for defining the multi-slot PDCCH monitoring capability were 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 group consists of X slots where the PDCCH monitoring occasions can be configured within Y consecutive slots/symbols of slot group. The capability indicates 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 can’t be check by UE. Thus, it is reasonable to assume the value of Y is no more than the value of X. Furthermore, the location of the Y consecutive slots/symbols within the slot group should be further clarified and there are two alternatives as follows.
· Alt 1-1: the Y [symbols or slots] always start at the first slot within a slot group
· Alt 1-2: the Y [symbols or slots] can start at the any symbol within a slot group


[bookmark: _Ref79103626]Figure 1：The location of the Y within the slot group
It has been known that each slot groups are consecutive and non-overlapping. When Alt 1-1 is supported, the minimum time separation of two MOs configured within Y [symbols or slots] in adjacent slot groups is fixed as shown in Figure 1. While, the minimum time separation of two MOs configured within Y [symbols or slots] in adjacent slot groups in Alt 1-2 is variable, which is complex for RAN1 to determine the BD/CCE budget. Therefore, it’s recommend that the Y [symbols or slots] always start at the first slot within a slot group
Proposal 1: For the fixed pattern of slot groups, the Y [symbols or slots] should always start at the first slot within a slot group.

When the Y [symbols or slots] start at the first slot 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. At the same time, to ensure as much scheduling flexibility as possible, larger value needs to be assigned to Y. This will put less limitation on the flexibility of the network configuration. To ensure the flexibility of network for scheduling PDCCH, it is recommended that Y be equal to half of the X.
Proposal 2: For the fixed pattern of slot groups, it is recommended to define the value of Y as half of the value of the X. 

Alt 2: Use (X, Y) span as baseline to define the new capability. 


[bookmark: _Ref78275069]Figure 2: Use span to define the new capability
The main difference between Alt 1 and Alt 2 is that the span does not need to start at the boundary of the slot, as shown in Figure 2. The span can start from any symbol within a slot where PDCCH monitoring occasion starts. The X is minimum time separation between two consecutive spans. Y is the number of consecutive symbols configured for CORESET in a span where UE is configured for PDCCH monitoring. In Rel-16, combinations (2, 2), (4, 3) and (7, 3) of span with 15 kHz SCS and 30 kHz SCS was supported for URLLC mini-slot scheduling. Regarding the value of Y, 2 symbols and 3 symbols are supported in Rel-16 where the value of X is always smaller than 1 slot. The UE for operation in 52.6GHz-71GHz should at least support X=4 slots for 480 kHz SCS and X=8 slots for 960 kHz SCS. There shall be some limitation for the scheduling flexibility of the network, especially when Y is small comparing with X. To ensure the flexibility of network for scheduling PDCCH and avoid the issue about back-to-back MOs, Y equal to half of X is the best choice. We noticed this is true for both Alt 1 and Alt 2.
Proposal 3: For the (X, Y) span, it is recommended to define the value of Y as half of the value of the X. 

Alt 3: Use a sliding window of N slot to define the new capability.


[bookmark: _Ref67870726]Figure 3: Using sliding window to define the new capability
[bookmark: _Hlk68263071]The length of the sliding window could be 4 slots and 8 slots for 480 kHz SCS and 960 kHz SCS respectively, and the sliding unit of sliding window is 1 slot, as shown in Figure 3. The sliding window can define UE PDCCH monitoring capability within any consecutive N slots. If overbooking of PDCCH candidates is allowed, UE requires to iterative accounting of the number of PDCCH blind decoding within the sliding window and some search space may be discarded because the manimum number of monitored PDCCH candidate is exceeded. There is no distinct advantage of sliding window for PDCCH monitoring but apparent drawback in UE complexity in iterative calculating the total number of PDCCH monitoring within the window.   
Observation 1: PDCCH monitoring capability by sliding window of N-slot has no distinct advantage of increasing the number of monitored PDCCH candidate or scheduling flexibility. When overbooking calculation is involved, the sliding window of N-slot for PDCCH monitoring has the apparent drawback of extra complexity associated with each sliding window.   

2.2. 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 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-slot indicating a number of consecutive multi-slot that the search space exist, as shows in Figure 4. 

 
[bookmark: _Ref78183789][bookmark: _Ref79137257]Figure 4: 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-slot. 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.

 
[bookmark: _Ref78184451]Figure 5: Search space set configuration for 480 kHz SCS
Proposal 4：For 480 kHz SCS and 960 kHz SCS, the search space configuration can be enhanced as follows.
· Extending the unit of duration from slot to X-slot 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.

2.3. Search space set group switching


[bookmark: _Ref78217153]Figure 6: 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 5: 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.
[bookmark: _GoBack]Proposal 6: 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.

2.4. 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 7：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.

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 groups, the Y [symbols or slots] should always start at the first slot within a slot group.
Proposal 2: For the fixed pattern of slot groups, it is recommended to define the value of Y as half of the value of the X. 
Proposal 3: For the (X,Y) span, it is recommended to define the value of Y as half of the value of the X. 
Observation 1: PDCCH monitoring capability by sliding window of N-slot has no distinct advantage of increasing the number of monitored PDCCH candidate or scheduling flexibility. When overbooking calculation is involved, the sliding window of N-slot for PDCCH monitoring has the apparent drawback of extra complexity associated with each sliding window.   
Proposal 4：For 480 kHz SCS and 960 kHz SCS, the search space configuration can be enhanced as follows.
· Extending the unit of duration from slot to X-slot 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 5: 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 6: 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 7：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.
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