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Introduction
Based on the SI for RAN1 above 52.6 GHz [1] [2], an updated WID was agreed to in RAN #90-e with the following objectives [3] :
· [bookmark: _Hlk58583563][bookmark: _Hlk26996217]In addition to 120kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
· [bookmark: _Hlk58594267]Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
· [bookmark: _Hlk58595024]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.
In this contribution, we address the remaining issues for PDDCH monitoring for the new SCSs (480 kHz and 960 kHz) for NR operation between 52.6GHz and 71 GHz.
Discussion
Multi-slot Monitoring (MSM) and MSM capability indication for Rel-17
In RAN1 107-e, the following agreements were made on the multi-slot PDCCH monitoring  PDCCH framework:    

	[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
Agreement
· SS set overbooking can be allowed with multi-slot PDCCH monitoring capability same as the current specification but applied per slot group, i.e., SS set overbooking is allowed for USS in PCell and PSCell, and UE expects no overbooking for CSS in PCell and PSCell and no overbooking in SCell.
· The dropping rule for multi-slot PDCCH monitoring capability is the same as the current specification but evaluated per slot group, i.e., a UE drops UE specific search space set(s) in a slot group with higher index when SS sets are overbooked.
· Additional dropping rules are not precluded





To finalize the design, the following elements should be considered:

1. X :
a. Single-slot PDCCH monitoring for 480 kHz and 960 kHz is not supported. 
i. Supporting single slot monitoring removes the complexity reduction benefits of multi-slot monitoring. In addition, the low BD/CCE values that can reasonably be selected will result in low aggregation levels and high blocking probabilities when scheduling.
b. The configurable values for multi-slot PDCCH monitoring operation should be same as the reported X value(s). The  UE is not expected to handle a scenario in which they are different, and a UE might report its monitoring capability for more than one (X,Y) combination.
c. For each SCS 480 kHz and 960 kHz, the minimum configurable multi-slot PDCCH monitoring periodicity is the smallest value X that a UE supports when reporting its PDCCH monitoring capabilities for the corresponding SCS and are UE specific.
2. CORESET:
a. For Rel-17, there is no need to increase the CORESET duration i.e., the maximum CORESET duration ≤ 3. This is because any increase in PDCCH capacity can be done in the frequency domain. 
3. Dropping Rules: 
a. From the agreement in RAN 107-e, additional dropping rules are not precluded for PDCCH multi-slot monitoring and  should be defined to limit back-to-back SS monitoring for Group 1 and Group 2 SSs. 
b. Since the time domain location of Group (2) CSS is determined by the associated SS/PBCH block index and the monitoring occasions of Group (1) search spaces are determined by semi-static RRC configuration, it is possible that monitoring slots between Group (1) USS and Group (2) CSS search spaces are NOT aligned. In some extreme case, the back-to-back PDCCH processing for Group (1) USS and Group (2) CSS search spaces may happen. PDCCH MOs dispersed back-to-back over multiple slots may be challenging for some UE implementations and for power consumption. To mitigate this problem, a window-based approach maybe considered to determine whether or not a USS monitoring occasion is dropped or not for PDCCH monitoring. A USS PDCCH MOs dropping window (UMO-DW) maybe defined around a given MO of Group #2 CSS. The UMO-DW length can be specified or UE dependent. Note that in the case the SSs overlap, the UMO-DW may be disabled. This is illustrated in the Figure below.
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Figure 1: USS PDCCH Monitoring Occasion Dropping Window




4. Search Space configuration parameters (periodicity, offset and duration) should be defined for multi-slot PDCCH monitoring. To enable this, there are two options:
a. Option 1: the unit of “periodicity”, “offset” and “duration” should be changed to X slots, with default value X=4 for 480 kHz and X=8 for 960 kHz. An additional parameter should be defined for offset within each slot group.
b. Option 2: A restriction is placed on the configuration to ensure that it an integer multiple of X.
We prefer Option 1.

5. The following Working Assumption should be confirmed:  the BD/CCE budget for (4,2), (4,1) is half that of X=8.

Proposal 1: On the  values of X for Alt-1 and Alt-2:
· Single-slot PDCCH monitoring for 480 kHz and 960 kHz is not supported. 
· The configurable values for multi-slot PDCCH monitoring operation should be same as the reported X value(s). The  UE is not expected to handle a scenario in which they are different, and a UE might report its monitoring capability for more than one (X,Y) combination.
· For each SCS 480 kHz and 960 kHz, the minimum configurable multi-slot PDCCH monitoring periodicity is the smallest value X that a UE supports when reporting its PDCCH monitoring capabilities for the corresponding SCS and are UE specific.

Proposal 2: There is no need to increase the CORESET duration i.e., the maximum CORESET duration ≤ 3.

Proposal 3: Additional dropping rules for PDCCH multi-slot monitoring should be defined to limit back-to-back SS monitoring for Group 1 and Group 2 SSs. A window-based approach around the CSS maybe considered to determine whether or not a USS monitoring occasion is dropped or not for PDCCH monitoring

Proposal 4: Search Space configuration parameters (periodicity, offset and duration) should be defined for multi-slot PDCCH monitoring. The unit of “periodicity”, “offset” and “duration” should be changed to X slots, with default value X=4 for 480 kHz and X=8 for 960 kHz. An additional parameter should be defined for offset within each slot group.

Proposal 5: Confirm the following Working Assumption:  the BD/CCE budget for (4,2), (4,1) is half that of X=8.

Cross Carrier Scheduling 
In RAN1 #104-e, the following discussion was started but was not concluded: 

· Cross-carrier scheduling of a cell within 52.6-71 GHz from/[to] a cell outside 52.6-71 GHz is supported.
· FFS: potential limitations on the applicable SCS(s) of the scheduling and scheduled cells/BWPs.

In RAN1 107-e, the following conclusion was made:

	There seems to be no consensus on introducing a capability for a potential limitations on |μPDCCH − μPDSCH| for cross-carrier scheduling.



To support cross carrier scheduling, one outstanding issue has to do with the maximum number of carriers that can be simultaneously scheduled from a single carrier given the increase in data rates for the new SCS. This can be defined as a UE capability.

Proposal 6: for cross-carrier scheduling, the max number of CCs that can be scheduled from a single CC is reported as UE capability.

DCI Design related to channel Access
Search Space Set Group Switching
Search Space Set Group Switching was introduced in Rel-16 NR-U for power saving. It operates on CSS Type 3 and USS and allows the UE to switch between two groups of search space sets to either increase or decrease the UE search space set monitoring to save power as needed e.g. within and outside a COT in unlicensed access. 

The following WA made in RAN1 #107-e should be confirmed:

Working assumption
The following values are adopted as minimum value of [image: ][image: ] for 120/480/960 kHz
· Support only search space set group switching processing capability 1 with the following values

	[image: ]
	Minimum [image: ][image: ] value for
 UE processing capability 1 [symbols]

	3
	40

	5
	160

	6
	320




In Rel-16, the switching boundary and the timer decrement value are on the order of slots. In the case of MSM PDCCH monitoring, as the PDCCH may be on the order of multiple slots, both the switching boundary and the timer decrements (captures in searchSpaceSwitchTimer) can be modified to be on the order of multi-slots as needed. Alternatively, the values can be modified to account for the change in SCSs and the effect of MSM. 
The effect of MSM on the transition boundary and the time unit of multiple slots (4 slot) is illustrated in Figure 2.
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[bookmark: _Ref68624864]Figure 2: Example of SSSG switching with multi-slot monitoring limitations

Proposal 7: The following WA made in RAN1 #107-e should be confirmed:

Working assumption
The following values are adopted as minimum value of [image: ][image: ] for 120/480/960 kHz
· Support only search space set group switching processing capability 1 with the following values

	[image: ]
	Minimum [image: ][image: ] value for
 UE processing capability 1 [symbols]

	3
	40

	5
	160

	6
	320




Proposal 8: Consider the effect of the change in SCS and of MSS PDCCH monitoring on the searchSapce SwitchTimer and boundary for SSSG switching.
 
DCI format 2-0 design
In R16 NR-U, DCI format 2-0 is enhanced to carry channel access related information: RB allocation, COT duration and search space set switching indication. While RB allocation information may not be needed depending on LBT bandwidth discussion, the COT duration and SSSG switching should be supported.  

COT duration and SSSG switching information should be sent at the beginning of the COT as shown in Fig.1. However, current design of DCI format 2-0 transmission limit to one beam per slot. Therefore, it takes multiple slots to finish the beam sweeping transmission of DCI format 2-0. For example, with 120KHz SCS and 32 beams, it takes 4ms to finish beam sweeping. Considering maximum COT duration is 5ms defined by EN 302 567, more efficient transmission scheme of DCI format 2-0 is needed.  

Proposal 9: Consider enhancement of DCI 2-0 transmission to signal COT duration and SS adaptation at the beginning of the COT.
Conclusion
In this contribution, we have discussed PDCCH monitoring enhancements for NR between 52.6GHz and 71 GHz and have the following proposals:
Proposal 1: On the  values of X for Alt-1 and Alt-2:
· Single-slot PDCCH monitoring for 480 kHz and 960 kHz is not supported. 
· The configurable values for multi-slot PDCCH monitoring operation should be same as the reported X value(s). The  UE is not expected to handle a scenario in which they are different, and a UE might report its monitoring capability for more than one (X,Y) combination.
· For each SCS 480 kHz and 960 kHz, the minimum configurable multi-slot PDCCH monitoring periodicity is the smallest value X that a UE supports when reporting its PDCCH monitoring capabilities for the corresponding SCS and are UE specific.

Proposal 2: there is no need to increase the CORESET duration i.e., the maximum CORESET duration ≤ 3.


Proposal 3: Additional dropping rules for PDCCH multi-slot monitoring should be defined to limit back-to-back SS monitoring for Group 1 and Group 2 SSs. A window-based approach around the CSS maybe considered to determine whether or not a USS monitoring occasion is dropped or not for PDCCH monitoring

Proposal 4: Search Space configuration parameters (periodicity, offset and duration) should be defined for multi-slot PDCCH monitoring. The unit of “periodicity”, “offset” and “duration” should be changed to X slots, with default value X=4 for 480 kHz and X=8 for 960 kHz. An additional parameter should be defined for offset within each slot group.

Proposal 5: Confirm the following Working Assumption:  the BD/CCE budget for (4,2), (4,1) is half that of X=8.

Proposal 6: for cross-carrier scheduling, the max number of CCs that can be scheduled from a single CC is reported as UE capability

Proposal 7: The following WA made in RAN1 #107-e should be confirmed:

Working assumption
The following values are adopted as minimum value of [image: ][image: ] for 120/480/960 kHz
· Support only search space set group switching processing capability 1 with the following values

	[image: ]
	Minimum [image: ][image: ] value for
 UE processing capability 1 [symbols]

	3
	40

	5
	160

	6
	320




Proposal 8: Consider the effect of the change in SCS and of MSS PDCCH monitoring on the searchSapceSwitchTimer and boundary for SSSG switching.


Proposal 9: Consider enhancement of DCI 2-0 transmission to signal COT duration and SS adaptation at the beginning of the COT.
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