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1. Introduction
[bookmark: _GoBack]In this contribution, we discuss and provide views on the PDCCH monitoring enhancements to support NR in the frequency range from 52.6 GHz to 71 GHz.

2. Multi-slot PDCCH monitoring enhancement
· Slot-group level processing for PDCCH monitoring
	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 RAN1#106-e meeting, above agreement was drawn. The multi-slot unit PDCCH monitoring operation can reduce the implementation burden of the UE in a short symbol/slot length for 480/960 kHz and expect a power saving effect, and is well suited to the multi-PDSCH scheduling operation. In this respect, applying multi-slot monitoring to a specific time or specific SS may reduce its effectiveness. We believe that the multi-slot monitoring operation should be applied in initial access procedure as well as connected mode, and we prefer not to make an exception to a specific SS set unless a critical issues are identified.
Proposal #1: Support multi-slot PDCCH monitoring at all times and for all search spaces.

	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
· 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: 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


Three different alternatives (i.e. Alt-1, Alt-2 and Alt-3) have been considered as the baseline to define the multi-slot PDCCH monitoring capability and above agreement in RAN1#106-e meeting was drawn to revise the details of Alt-1. In the case of Alt-1 and Alt-2, multi-slot monitoring can be easily configured by extending the legacy per-slot (or per-span) monitoring behavior. This would be a quite important advantage to complete the whole feature of multi-slot monitoring in time. Meanwhile, for Alt-3, the gNB can have improved flexibility since any slot within a sliding window can be a monitoring occasion. However, this can make SS set configuration complicated because the gNB should consider all sliding windows including the slot in which MO is configured before deciding MOs in the slot. Moreover, MOs in every slot can reduce the power saving effect (and may also increase the monitoring burden by UE) which is the main advantages of multi-slot monitoring. In addition, the overbooking/dropping rules may be complicated. For example, there is an issue raised in previous meeting that the MO dropped in n-th sliding window may be dropped again in (n+1)-th window, which would intensify the ambiguity of the dropping operation. Therefore, it would be better to first remove Alt-3 from the options.
For both Alt-1 and Alt-2, SS set configurations and dropping rules can be determined simply since basic principles for them are already well established to a single slot or a single span in rel-15/16. However, Alt-2 does not allow multiple discontinuous Y slots/symbols within X slots/symbols by the definition of span in rel-16. In addition, if the duration of Y is much smaller than X, all MOs for both CSS and USS should be in small number of slots/symbols. This may reduce the gNB’s flexibility and restrict the SS set configuration especially for CSS. Therefore, we suggest that Alt-1 should be the baseline to define the BD/CCE capability for multi-slot PDCCH monitoring. One possible issue for Alt-1 has also been raised in the previous meeting, i.e., UE may have higher requirement than expectation on PDCCH monitoring in two consecutive slots across slot-group boundary. However, it may not be the problem if additional constraints for Y on PDCCH monitoring in back-to-back slots. 
In this respect, we support Alt-1 and propose some configuration/restriction related to Alt-1 to resolve the possible issues.
Proposal #2: Adopt Alt-1, with the followings
· Y location has following restrictions
· Minimum gap between the previous Y and the next Y over two consecutive X slot-groups should be guaranteed
· The start position of Y should be the same in each X slot group (i.e., not different for each X slot-group)
· The start position of Y should be configurable (i.e., not fixed location) 
· Y should be multiple slots (including single slot) with slot-level granularity
· FFS: The possibility of different positions of Y for CSS and USS

One more thing to be considered is the position of X. Using SFN, the location of X can be configured flexibly for the multi-slot monitoring for 480 kHz and 960 kHz SCS. For example, the first slot of a frame in which the SFN is equal to a (pre-defined or RRC configured) specific value may be determined as the first slot of the first X slot-group. With this, any X slot-group may be defined at intervals of X slots consecutively from the first X slot-group. Alternatively, the position of the slot-group may be determined in such a way that the X slot-group is aligned with one slot (or half slot, etc.) duration of 120 kHz SCS without a dedicated RRC configuration (e.g., a slot-group can be aligned with a slot for 120 kHz when X=4/8 for 480/960 kHz or aligned with a half of a slot for 120 kHz when X=2/4 for 480/960 kHz) or before RRC configuration.


	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 


Above agreement was made in RAN1#106-e meeting to define the base of the X values for 480 kHz and 960 kHz SCS. Additional X values lower than 4 for 480 kHz or 8 for 960 kHz should be supported for better flexible scheduling. Candidate values could be X=[2] for 480 kHz and X=[2,4] for 960 kHz. For X=1, we think this is single-slot monitoring behavior, which is not in line with the purpose of introducing multi-slot monitoring. Therefore, the discussion on the additional value of X should be made with the exception of X=1. At least, we believe that the discussion on X=1 and other additional values should be separated.
In order to support various monitoring situations, Y should also be able to have different values depending on X. Multiple values of Y can be reported as UE capability and the gNB can configure an appropriate Y for each X. For this reason, we can think of an operation that can configure X and Y based on UE capability if multiple values are supported. In addition, it may also be necessary to set the lower and upper bound of Y. As a lower bound, Y=1 (which is the minimum value per slot) is considered appropriate. And Y=X/2 can be a proper upper bound for each X to avoid the back-to-back monitoring issue. Values in between need to be further discussed to support flexible multi-slot monitoring operation.
Proposal #3: Consider to configure X and Y (i.e. duration) based on UE capability if multiple values are supported
· X=2 for 480kHz and X=2,4 for 960kHz
· Y should be determined with respect to X
· At least, Y=1 and Y=X/2 should be supported for all X. 
· Others values are FFS.

Regarding the PDCCH monitoring per slot-group, USS overbooking and dropping procedure may also be enhanced. Basically, if the total number of BDs (or CCEs) exceeds the corresponding maximum number, the same principle as in Rel-15 can be reused, i.e. a USS set(s) with the highest SS set index(es) is dropped. In addition, since BD/CCE budget would be handled in unit of slot-group, additional dropping rules may be considered, e.g., by applying dropping rules in slot-by-slot manner within a slot group or by applying dropping rules considering all SS set indexes in all slots within a slot group. 
Proposal #4: How to perform SS set dropping due to overbooking should be further discussed for multi-slot monitoring.

· Search space set configuration
SS set configuration can also be set appropriately for the slot-group. Through SS set configuration based on slot-group, PDCCH monitoring occasion could be adjusted properly (e.g., restricted), and then, additional power saving effects would be expected. For slot-group based PDCCH monitoring, specifically, periodicity could be configured to a value larger than X (or a multiple of X) slots and duration could be configured with respect to X (or Y) slots. Moreover, it can be discussed how to handle the case where the configured slot-group boundary does not exactly match to the union of PDCCH MOs based on SS set configurations. In this case, USS dropping could be enhanced with the unaligned region to reduce the number of blind detection effectively. 
Proposal #5: Consider to configure PDCCH monitoring occasions to be compliant with the slot-group (or multiple of slot-groups), by using search space set configuration parameters (e.g., periodicity, offset, and duration). 

Regarding SSSG switching, in Rel-15/16 NR, one SSSG could be switched to another SSSG at the slot boundary after at least P_switch symbols from the switching triggering. However, if SSSG switching is introduced for multi-slot monitoring in Rel-17, SSSG switching should be performed at the slot-group boundary in order to be compliant with the slot-group. In addition, it may be necessary to discuss the appropriate P_switch values for 480 kHz and 960 kHz.
Proposal #6: For 480 kHz or 960 kHz multi-slot monitoring, SSSG switching should be performed at the slot-group boundary, if supported. 

· Multi-slot monitoring for SSB/CORESET#0 multiplexing pattern 1
For SSB/CORESET#0 multiplexing with pattern 1, PDCCH monitoring of Type0-PDCCH CSS set for each SSB index is achieved in two consecutive slots, slot  and slot . To avoid PDCCH monitoring over two shortened consecutive slots, PDCCH monitoring over two consecutive slot-groups can be considered for 480kHz and 960kHz. For a given slot index  for Type0-PDCCH CSS set monitoring, the next MO can be located in slot index  where M corresponds to the size of slot-group. The slot-group for this case can be determined differently than the slot-group for other types of SS set (e.g., USS). In addition, the size of slot-group can be configured by MIB/SIB1 or be predefined for each SCS, e.g., M=4 for 480 kHz, M=8 for 960 kHz.
Proposal #7: Multi-slot monitoring of Type0-PDCCH CSS for SSB/CORESET#0 multiplexing pattern 1 should be considered for 480 kHz or 960 kHz SCS.

3. Multi-beam and multi-cell related enhancement
In this section, we discuss on multi-beam and/or multi-cell operation related enhancement for FR2-2.
· Beam-dependent GC-PDCCH (DCI format 2_0) configuration
In Rel-16 NR-U, several fields such as RB set indicator, CO duration and SS set group switching trigger were introduced to DCI format 2_0, in addition to SFI. However, for FR2-2 in Rel-17 where the use of directional beams may be essential, it can be worth considering the beam dependent GC-PDCCH configuration. In other words, it may be beneficial to give a spatial relation for a beam to which information of DCI format 2_0 is applied. One simple conceivable method is to define some fields in DCI format 2_0 separately for each beam. For example, RB set indicator and CO duration could be configured separately for each beam, but SFI could be configured as beam agnostic. Alternatively, a new field can be additionally introduced in DCI format 2_0 to indicate the availability of each beam. In this method, UE receiving DCI format 2_0 may determine the channel availability for each beam through a combination of the new field and existing fields (i.e., RB set indicator and CO duration). 
Proposal #8: Consider per beam indication of available RB set, CO duration, and/or SS set switching by using DCI format 2_0.

· BD/CCE capability in carrier aggregation
For carrier aggregation in rel-15/16, if a UE is configured with DL cells greater than the number of BD capable cells (reported by pdcch-BlindDetectionCA), the total number of PDCCH candidates or non-overlapped CCEs per slot or per span should be recalculated according to the following specifications in 38.213 clause 10.1.
	If a UE 
-	is configured with  downlink cells for which the UE is not provided monitoringCapabilityConfig, or is provided monitoringCapabilityConfig-r16 = r15monitoringcapability but not provided coresetPoolIndex, 
-	with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cell(s) using SCS configuration , where , and
-	a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, 
the UE is not required to monitor more than   PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells.  is replaced by if a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig-r16 = r15monitoringcapability and monitoringCapabilityConfig-r16 = r16monitoringcapability.
<< omitted >>
If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig = r16monitoringcapability and with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , and with  of the  downlink cells using combination  for PDCCH monitoring, where , a DL BWP of an activated cell is the active DL BWP of the activated cell, and a DL BWP of a deactivated cell is the DL BWP with index provided by firstActiveDownlinkBWP-Id for the deactivated cell, the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs
-	per set of spans on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  symbols, if the union of PDCCH monitoring occasions on all scheduling cells from the  downlink cells results to PDCCH monitoring according to the combination  and any pair of spans in the set is within  symbols, where first  symbols start at a first symbol with a PDCCH monitoring occasion and next  symbols start at a first symbol with a PDCCH monitoring occasion that is not included in the first  symbols 
-	per set of spans across the active DL BWP(s) of all scheduling cells from the  downlink cells, with at most one span per scheduling cell for each set of spans, otherwise 
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration . If a UE is configured with downlink cells for which the UE is provided both monitoringCapabilityConfig = r15monitoringcapability and monitoringCapabilityConfig = r16monitoringcapability,  is replaced by .


These operation can be reused (or with simple modification) for 480 kHz and 960 kHz when multi-slot PDCCH monitoring is applied and X (or Y) for each cell or each SCS are (timely) aligned. However, if X(or Y) value is the same but its location is not aligned for each numerology or for each cell (or if X,Y values are different across serving cells), it may be uncertain whether above operation could be reused as it is. To figure out the uncertainty, it should be investigated how to handle BD/CCE capabilities of multi-slot monitoring for carrier aggregation.
Proposal #9: It is necessary to study how to handle BD/CCE capability when the number of configured DL cells is greater than .

4. Conclusions
In this contribution, PDCCH monitoring enhancements to support NR from 52.6 GHz to 71 GHz were discussed. The derived proposals are as follows,
Proposal #1: Support multi-slot PDCCH monitoring at all times and for all search spaces.
Proposal #2: Adopt Alt-1, with the followings
· Y location has following restrictions
· Minimum gap between the previous Y and the next Y over two consecutive X slot-groups should be guaranteed
· The start position of Y should be the same in each X slot group (i.e., not different for each X slot-group)
· The start position of Y should be configurable (i.e., not fixed location) 
· Y should be multiple slots (including single slot) with slot-level granularity
· FFS: The possibility of different positions of Y for CSS and USS
Proposal #3: Consider to configure X and Y (i.e. duration) based on UE capability if multiple values are supported
· X=2 for 480kHz and X=2,4 for 960kHz
· Y should be determined with respect to X
· At least, Y=1 and Y=X/2 should be supported for all X. 
· Others values are FFS.
Proposal #4: How to perform SS set dropping due to overbooking should be further discussed for multi-slot monitoring.
Proposal #5: Consider to configure PDCCH monitoring occasions to be compliant with the slot-group (or multiple of slot-groups), by using search space set configuration parameters (e.g., periodicity, offset, and duration). 
Proposal #6: For 480 kHz or 960 kHz multi-slot monitoring, SSSG switching should be performed at the slot-group boundary, if supported. 
Proposal #7: Multi-slot monitoring of Type0-PDCCH CSS for SSB/CORESET#0 multiplexing pattern 1 should be considered for 480 kHz or 960 kHz SCS.
Proposal #8: Consider per beam indication of available RB set, CO duration, and/or SS set switching by using DCI format 2_0.
Proposal #9: It is necessary to study how to handle BD/CCE capability when the number of configured DL cells is greater than .

