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Introduction
In RAN1 #103-e, the RAN1-part study on the NR operation in a frequency regime between 52.6GHz and 71GHz was finalized. During the study, potentially issues with physical signal and channel designs related to the adoption of new high numerologies, i.e., 480kHz and 960kHz, have been identified and summarized in TR 38.808 [1]. In RAN #90-e, the WID was revised based on the outcomes of the RAN1 study [2].
For PDCCH monitoring aspect, the following enhancements have been suggested for the WI:
· 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 RAN1 #104-e, based on proposals from different companies, some candidate definitions for the multi-slot PDCCH monitoring capability and associated parameters have been identified:
	Agreement:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· Alt 1: A fixed pattern of N slots. 
· Alt 2: Use the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span) as the baseline to define the new capability
· FFS: Values of X and Y and units in which they are defined 
· FFS: Whether number of slots within which the number of monitoring occasions is counted is needed and if needed, the value of the number of slots
· Alt 3: A sliding window of N slots for defining multi-slot PDCCH monitoring capability. 
· FFS: Increments in which sliding occurs
· Specific numbers for X, Y and N may depend on UE capability and gNB configuration
· Examples: 
· N = [4] slots for 480 kHz SCS and N = [8] slots for 960 kHz SCS
· X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS


In this contribution, we present our views on the multi-slot PDCCH monitoring capability design and further PDCCH monitoring enhancement for NR operation in the frequency regime between 52.6GHz and 71GHz.
Discussion
[bookmark: _Ref61821711][bookmark: _Ref68262011]Multi-slot PDCCH monitoring capability
In RAN1 #104-e, the following proposals, in relation to the multi-slot PDCCH monitoring capability, have been drafted by the FL for continued discussion in RAN1 #104bis-e [3]:
	Modified Feature Lead Proposal A1-1:
Conclude that for 120 kHz SCS, no multi-slot UE capability for PDCCH monitoring is needed.

Modified Feature Lead Proposal A1-2:
Supported value(s) X in multi-slot UE capability for PDCCH monitoring
· For 480 kHz: 4 slots, for 960 kHz: 8 slots.
· FFS: if supported, additional smaller values (including 1 slot)
· Additional larger values are not supported

Modified Feature Lead Proposal A1-5:
Proposed modification of agreement:
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
· 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: Capability definition within a slot if Y is in the unit of slots
· 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. 
· 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: Capability definition within a slot
· Specific numbers for X, Y may depend on UE capability and gNB configuration


In this section, we present our views on each of the draft proposals above.

Multi-slot PDCCH monitoring support for different SCSs
As identified during the SI phase, one of the key motivations of multi-slot PDCCH monitoring is to avoid a loss of scheduling flexibility and performance, which is caused by having to excessively reduce the number of PDCCH candidates and non-overlapped CCEs due to the short slot length associated with high SCSs, i.e., 480 and 960 kHz. However, for 120 kHz SCS, the motivation for the new PDCCH monitoring capability is weak, since the per-slot PDCCH monitoring capability has already been defined for 120kHz SCS in Rel-15. Therefore, it is preferred to maintain the legacy (Rel-15) per-slot PDCCH monitoring capability for 120kHz and confirm the FL’s proposal A1-1.
[bookmark: _Toc68261793][bookmark: _Toc68262090][bookmark: _Toc68262110][bookmark: _Toc68262150][bookmark: _Toc68262196][bookmark: _Toc68262209][bookmark: _Toc68262230][bookmark: _Toc68262263][bookmark: _Toc68262401][bookmark: _Toc68528591][bookmark: _Toc68530782][bookmark: _Toc68530831][bookmark: _Toc68552628][bookmark: _Toc68608200][bookmark: _Toc68608250][bookmark: _Toc68608262]Proposal 1: For 120kHz SCS, a new multi-slot PDCCH monitoring capability is not supported.
For high SCSs, it would be necessary to support both per-slot and multi-slot PDCCH monitoring capabilities; although the maximum number of BD/CCE is limited, per-slot PDCCH monitoring may be useful in some use cases, e.g., for serving a low-latency traffic or for channel monitoring outside a COT. As some companies pointed out in RAN1 #104-e, per-slot PDCCH monitoring is a special case of multi-slot PDCCH monitoring and can be handled in the same framework. If both per-slot and multi-slot capabilities are supported, the default capability, which is assumed when there is no dedicated RRC configuration, should be determined, particularly when 480kHz and 960kHz SCSs are considered for initial access. Noting that per-slot PDCCH monitoring would be more demanding for the high SCSs, having multi-slot PDCCH monitoring as the default capability is desirable.
[bookmark: _Ref68204547][bookmark: _Toc68261794][bookmark: _Toc68262091][bookmark: _Toc68262111][bookmark: _Toc68262151][bookmark: _Toc68262197][bookmark: _Toc68262210][bookmark: _Toc68262231][bookmark: _Toc68262264][bookmark: _Toc68262402][bookmark: _Toc68528592][bookmark: _Toc68530783][bookmark: _Toc68530832][bookmark: _Toc68552629][bookmark: _Toc68608201][bookmark: _Toc68608251][bookmark: _Toc68608263]Proposal 2: For 480kHz and 960kHz SCSs, multi-slot PDCCH monitoring is the default capability, and assumed during the idle/inactive mode operation and initial access procedure, if supported.
[bookmark: _Toc68261795][bookmark: _Toc68262092][bookmark: _Toc68262112][bookmark: _Toc68262152][bookmark: _Toc68262198][bookmark: _Toc68262211][bookmark: _Toc68262232][bookmark: _Toc68262265][bookmark: _Toc68262403][bookmark: _Toc68528593][bookmark: _Toc68530784][bookmark: _Toc68530833][bookmark: _Toc68552630][bookmark: _Toc68608202][bookmark: _Toc68608252][bookmark: _Toc68608264]Proposal 3: For 480kHz and 960kHz SCS, per-slot PDCCH monitoring (i.e., X = 1 slot) is supported as an optional UE capability during a connected mode operation.
If a UE supports both per-slot and multi-slot PDCCH monitoring (i.e., supporting more than one X values), switching between the two different PDCCH monitoring behaviors may be required. For instance, for the operation in 60GHz unlicensed band, more frequent PDCCH occasions (e.g., every slot) would be necessary so that the gNB can start transmitting PDCCH as early as possible after LBT success. On the other hand, for data transmission and reception during a COT, per-multi-slot PDCCH monitoring may be assumed at least for the power efficient operation. In Rel-16, for FR1, each BWP can be configured with either per-slot or per-span PDCCH monitoring (i.e., by configuration of monitoringCapabilityConfig-r16) and, thus, the switching between two different PDCCH monitoring behaviors is through BWP switching. Thus, if the per-span PDCCH monitoring capability is extended for high SCS as will be discussed later, the same BWP-based mechanism would directly be applied.
As an alternative switching mechanism, particularly for the unlicensed band operation, search space set group switching can be considered. In this case, each search space set group may be configured for either per-slot or multi-slot PDCCH monitoring. For example, search space set group 0 (i.e., the default group) can be configured with per-slot PDCCH monitoring and used when the UE is outside the channel occupancy time. On the other hand, search space set group 1 can be configured with multi-slot PDCCH monitoring and used during a COT. Although search space set group switching has dedicatedly been used for NR-U operation in Rel-16, the discussion on the extension for licensed band operation is in progress in Rel-17 UE power saving WI. Therefore, if supported for the licensed band operation, search space set group switching will provide more dynamic transition between per-slot and multi-slot PDCCH monitoring, both for unlicensed and licensed band operation.
[bookmark: _Toc68261796][bookmark: _Toc68262093][bookmark: _Toc68262113][bookmark: _Toc68262153][bookmark: _Toc68262199][bookmark: _Toc68262212][bookmark: _Toc68262233][bookmark: _Toc68262266][bookmark: _Toc68262404][bookmark: _Toc68528594][bookmark: _Toc68530785][bookmark: _Toc68530834][bookmark: _Toc68552631][bookmark: _Toc68608203][bookmark: _Toc68608253][bookmark: _Toc68608265]Proposal 4: For UEs supporting both per-slot and multi-slot PDCCH monitoring capabilities, support a dynamic switching mechanism between per-slot and multi-slot PDCCH monitoring capabilities.
[bookmark: _Toc68261802][bookmark: _Toc68262099][bookmark: _Toc68262119][bookmark: _Toc68262159][bookmark: _Toc68262205][bookmark: _Toc68262218][bookmark: _Toc68262239][bookmark: _Toc68262272][bookmark: _Toc68262410][bookmark: _Toc68528600][bookmark: _Toc68530791][bookmark: _Toc68530840][bookmark: _Toc68552637][bookmark: _Toc68608209][bookmark: _Toc68608259][bookmark: _Toc68608271]Observation 1: Bandwidth part switching and search space set group switching mechanisms can be considered as candidate switching mechanism between per-slot and multi-slot PDCCH monitoring.

Supported value(s) of X for multi-slot PDCCH monitoring
In determining the value(s) of X, the existing per-slot PDCCH monitoring capability for 120 kHz can be the baseline. The new capability should achieve at least a similar extent of scheduling flexibility and power consumption as the 120 kHz SCS. Therefore, as stated in the FL’s proposal A1-2, X = 4 slots for 480 kHz SCS and X = 8 slots for 960 kHz SCS should be the default values. Larger values of X than those may adversely affect the performance compared to that of 120 kHz SCS and should not be supported. On the other hand, based on the UE capability, additional values smaller than X = 4 slots for 480 kHz SCS and X = 8 slots for 960 kHz SCS, e.g., {1, 2} for 480 kHz and {1, 4} for 960 kHz, may optionally be supported. In particular, X = 1 corresponds to the per-slot PDCCH monitoring capability.
[bookmark: _Toc68261797][bookmark: _Toc68262094][bookmark: _Toc68262114][bookmark: _Toc68262154][bookmark: _Toc68262200][bookmark: _Toc68262213][bookmark: _Toc68262234][bookmark: _Toc68262267][bookmark: _Toc68262405][bookmark: _Toc68528595][bookmark: _Toc68530786][bookmark: _Toc68530835][bookmark: _Toc68552632][bookmark: _Toc68608204][bookmark: _Toc68608254][bookmark: _Toc68608266]Proposal 5: For the value of X in the multi-slot PDCCH monitoring capability, the following sets are considered: 
· 480 kHz SCS: X = {1, 2, 4} slots, where 4 is the default value (supported by all UEs), while X=1 and X=2 are per UE capability,
· 960 kHz SCS: X = {1, 4, 8} slots, where 8 is the default value (supported by all UEs), while X=1 and X=4 are per UE capability.
In the same vein, not to harm the performance compared to that of 120 kHz SCS, the same number of BD/CCE limit should be considered as the starting point with X = 4 slots for 480 kHz SCS and X = 8 slots for 960 kHz SCS.
[bookmark: _Toc68261798][bookmark: _Toc68262095][bookmark: _Toc68262115][bookmark: _Toc68262155][bookmark: _Toc68262201][bookmark: _Toc68262214][bookmark: _Toc68262235][bookmark: _Toc68262268][bookmark: _Toc68262406][bookmark: _Toc68528596][bookmark: _Toc68530787][bookmark: _Toc68530836][bookmark: _Toc68552633][bookmark: _Toc68608205][bookmark: _Toc68608255][bookmark: _Toc68608267]Proposal 6: For the multi-slot PDCCH monitoring capability with X = 4 slots for 480 kHz SCS and X = 8 slots for 960 kHz SCS, the same maximum numbers of PDCCH candidates and non-overlapped CCEs as 120 kHz SCS are supported (i.e., 20 BDs and 32 CCEs).

Definition of multi-slot PDCCH monitoring capability
As we discussed, one of the key motivations of multi-slot PDCCH monitoring is the improved scheduling flexibility by not reducing the maximum number of BD/CCEs per monitoring occasion (MO). Another important motivation, which should not be overlooked, is the enhanced power efficiency. In general, by separating two PDCCH MOs far enough, the micro-sleep opportunity increases. For example, if there is only one PDCCH MO or a span within X = 4 slots for 480 kHz SCS and X = 8 slots for 960 kHz SCS, at least the same micro-sleep opportunity as that of 120 kHz is guaranteed. Since 480 kHz or 960 kHz SCSs can support a larger bandwidth (i.e., larger portion of RF power in overall power consumption) compared to 120 kHz SCS, the same micro-sleep opportunity may be translated to a higher power saving gain. On the contrary, a larger number of MOs dispersed within X slots may adversely impact the power efficiency by requiring UE
· to keep the RF frontend blocks active for a longer time,
· to repeat ramping up and down its frontend blocks more often, and 
· to perform more FFT operation across MOs.
[bookmark: _Toc68261803][bookmark: _Toc68262100][bookmark: _Toc68262120][bookmark: _Toc68262160][bookmark: _Toc68262206][bookmark: _Toc68262219][bookmark: _Toc68262240][bookmark: _Toc68262273][bookmark: _Toc68262411][bookmark: _Toc68528601][bookmark: _Toc68530792][bookmark: _Toc68530841][bookmark: _Toc68552638][bookmark: _Toc68608210][bookmark: _Toc68608260][bookmark: _Toc68608272]Observation 2: More than one PDCCH monitoring occasion or span dispersed within a X-slot duration may adversely impact the power efficiency.
Among different alternatives summarized in FL’s proposal A1-5, Alt 1 and Alt 3 do not restrict the position and number of MOs within a X-slot window, and the gain of multi-slot scheduling is diluted. Thus, to improve power efficiency, one can pose additional restriction on the position and number of MO within the window, and they boil down to Alt 2. As such, due to the clear advantage in power efficiency, it is desirable to support Alt 2.
For further details of Alt 2, the first up to 3 symbols within a slot can be used for MOs, at least for UE-specific search space sets, Type 1 common search space set with dedicated RRC configuration, and Type 3 common search space set; unlike the cases of SCSs smaller than or equal to 120 kHz, the motivation and benefit of sub-slot-level PDCCH monitoring is not clear. Furthermore, in the FL’s proposal for Alt 2, it is FFS whether the repetition of the same span pattern over a number of slots is needed. The FFS is based on the view that Alt 2 is an extension of Rel-15 PDCCH monitoring capability, i.e., FG 3-5b (pdcch-MonitoringAnyOccasionsWithSpanGap). However, in our view, Alt 2 should be regarded as an extension of Rel-16 per-span PDCCH monitoring capability, i.e., FG 11-2 (pdcch-Monitoring-r16), and the notion of the repeated span pattern is not relevant. To clarify, the same definition of span in Rel-16 should be used (Section 10 in TS 38.213):
· A span is a number of consecutive symbols in a slot where the UE is configured to monitor PDCCH.
· A span starts at a first symbol where a PDCCH MO starts and ends at a last symbol where a PDCCH MO ends, where the number of symbols of the span is up to Y.

[bookmark: _Ref68205303][bookmark: _Toc68261799][bookmark: _Toc68262096][bookmark: _Toc68262116][bookmark: _Toc68262156][bookmark: _Toc68262202][bookmark: _Toc68262215][bookmark: _Toc68262236][bookmark: _Toc68262269][bookmark: _Toc68262407][bookmark: _Toc68528597][bookmark: _Toc68530788][bookmark: _Toc68530837][bookmark: _Toc68552634][bookmark: _Toc68608206][bookmark: _Toc68608256][bookmark: _Toc68608268]Proposal 7: For the definition of multi-slot PDCCH monitoring capability, Alt 2 is supported with the following modification:
· Alt 2: Use an (X, Y) span as the baseline to define the new capability
· X is the minimum time separation in symbols between the start of two consecutive spans
· The capability indicates the BD/CCE budget within a span of at most Y consecutive symbols 
· A span is placed within the first 3 OFDM symbols of a slot for USS and CSS with dedicated RRC configuration
· The following combinations of (X, Y) are supported:
· 480 kHz SCS: (14, 3), (28, 3), (56, 3)
· 960 kHz SCS: (14, 3), (56, 3), (112, 3)

Common search space set enhancement
In Proposal 2, it is proposed to assume multi-slot PDCCH monitoring as the default capability. This implies that, while the UE is monitoring common search spaces during idle/inactive mode operation or initial access procedure, multi-slot PDCCH monitoring should be applied. Further, in Proposal 7, it is proposed to adopt Alt 2 definition of the multi-slot PDCCH monitoring. These two proposals may lead to the following potential issues:
Issue 1: The current design of search space set #0 (i.e., Type0 PDCCH CSS) for SSB-CORESET multiplexing pattern 1 requires the UE to monitor PDCCH over two consecutive slots. This requirement is not compliant with the default multi-slot PDCCH monitoring capability and a new design is needed.
Issue 2: When the UE monitors CSSs (e.g., Type0/0A/1/2 PDCCH CSSs) during the connected mode operation, Alt 2 definition requires that the MOs for CSS and USS should either be aligned in the same Y-symbol span, or be separated by at least X symbols. As identified during the discussion in RAN1 #104-e, this would be too restrictive in some cases. For example, the network may prefer to stagger different UEs’ USS MOs over X slots as shown in Figure 1 to distribute the control channel overhead. However, since the CSS MO is common for all UEs, it may not be possible to align the CSS MO with all UEs’ span. In the example in Figure 1, where the USS MOs are configured per (X, Y) = (56, 3), UE1’s CSS and USS MOs coincide in the same span and it can monitor both the CSS and USS. However, UE2, UE3, and UE4 cannot monitor both CSS and USS MOs since the minimum separation of X = 56 symbols is not satisfied between CSS and USS MOs.


[bookmark: _Ref68206910]Figure 1: Configuration example of USS and CSS MOs.

To address the issues, two cases may be considered.
Case 1) 480 kHz and 960 kHz SCSs are only for SCells and not used for initial access related signals/channels
A candidate outcome of the on-going discussion in AI 8.2.1 is supporting 480kHz and 960kHz only for SCells. In this case, there is no need for UE to monitor CSSs on a cell with 480kHz or 960kHz SCS and the two issues are not quite relevant. Some CSSs, such as Type1 and Type3 CSS, can still be dedicatedly configured per UE, to align with USS.
Case 2) 480 kHz and 960 kHz SCSs are also for PCell
This case is relevant to the two issues raised above, and different approach would be considered to address the issues.
Alt 1: New search space set #0 (Type0 CSS) design
As discussed in Issue 1 above, for SSB-CORESET multiplexing pattern 1, the existing Type0 CSS requires the UE to monitor two consecutive slots, slot  and slot , which is not compliant with multi-slot PDCCH monitoring. Thus, to address the issue, a new design of Type0 CSS may require the UE to monitor two non-consecutive slots, i.e., slot  and slot , where  is the default value of X, i.e.,  for 480 kHz and  for 960 kHz. Similar design enhancement can further be discussed for other SSB-CORESET multiplexing pattens.
To address Issue 2, the PDCCH transmission in a CSS MO would be repeated over multiple consecutive slots. For example, in addition to the enhancement discussed above, the same or equivalent PDCCH (and the associated PDSCH) may be repeated over slots , , …, and . It should be noted that the repetition assumes the same QCL-TypeD property, and different from the existing beam sweeping transmission of CSS. Thus, the network can configure different UE’s USS so that at least one occasion of the CSS repetition overlaps with the USS MO, and the UE only monitors CSS MO that overlap with its USS MO. Furthermore, the repetition of CSS may have additional benefit of cell coverage enhancement.
Alt 2: New CSS prioritization rule
In Rel-15, when the MOs of different CORESETs overlap in time, a prioritization rule is applied. For example, when a CSS MO overlaps with a USS MO with a different QCL-TypeD property, monitoring of the CSS MO is prioritized. To address Issue 2, the CSS prioritization can be extended so that the UE prioritize CSS over USS, not only when they overlap, but also when they are non-overlapping but closely located. 
For instance, the prioritization rule may be augmented with a notion of CSS zone. As illustrated in Figure 2, windows of X1 and X2 slots (or symbols) may be placed before and after the CSS MO, respectively, to define a CSS zone. If a USS MO falls within the CSS zone, the UE may be expected to prioritize CSS MO and drop the USS MO. From UE’s perspective, among the multiple CSS MOs with different QCL-TypeD properties (i.e., up to  different beams), only one or a few of them are actually monitored and associated with CSS zones. The UE and network may agree on the CSS MOs that are actually monitored based on another rule or signaling, which may include:
· A MAC CE activation command indicating a TCI state for the CORESET associated with the CSS (i.e., CORESET #0),
· An SSB identified by a recent random access procedure by the UE, which is not initiated by a PDCCH order, or
· Active TCI states of the active BWP, which includes CSI-RSs quasi-co-located with SSBs.
During the connected mode operation, monitoring of CSS is relatively infrequent and thus the actual blockage event of PDCCH transmission in USS would be rare. Also, even though the USS is cancelled by the aforementioned CSS prioritization, the UE can receive a scheduling grant with C-RNTI within the CSS MO via DCI format 0_0/1_0. Therefore, the impact of the extended CSS prioritization rule can be kept marginal.
Since there could be many different alternatives than the two discussed above, it would be desirable to extend the discussion in RAN1 and specify any enhancement of the common search space design.
[bookmark: _Toc68261800][bookmark: _Toc68262097][bookmark: _Toc68262117][bookmark: _Toc68262157][bookmark: _Toc68262203][bookmark: _Toc68262216][bookmark: _Toc68262237][bookmark: _Toc68262270][bookmark: _Toc68262408][bookmark: _Toc68528598][bookmark: _Toc68530789][bookmark: _Toc68530838][bookmark: _Toc68552635][bookmark: _Toc68608207][bookmark: _Toc68608257][bookmark: _Toc68608269]Proposal 8: If 480 kHz or 960 kHz is supported for initial access in the SPCell, common search space set design should be enhanced to address multi-slot-based CSS monitoring and multiplexing with USS.



[bookmark: _Ref68252811]Figure 2: CSS prioritization with CSS zone.

Other PDCCH-related issues
Cross-carrier scheduling
In RAN1 #104-e, the following draft proposal has been captured in the FL’s summary for further discussion [3]:
	Modified Feature Lead Proposal A1-4:
· 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.


To support both SA and NSA operations efficiently for cells in 52.6-71 GHz, extending the use of cross-carrier scheduling seems necessary. However, when the SCS difference between the scheduling and scheduled cells are very large (e.g., scheduling from 15 kHz SCS to 960 kHz SCS, and vice versa), the gain of cross-carrier scheduling may be harmed, while the design (e.g., timeline design) would be complicated. Therefore, it would be fair to put some restriction on the selection of SCSs. Since Rel-15 already supports cross-carrier scheduling between 15 kHz and 120 kHz SCSs as the extreme case, the same ratio of SCSs may be assumed for 51.6-71 GHz.
[bookmark: _Toc68261801][bookmark: _Toc68262098][bookmark: _Toc68262118][bookmark: _Toc68262158][bookmark: _Toc68262204][bookmark: _Toc68262217][bookmark: _Toc68262238][bookmark: _Toc68262271][bookmark: _Toc68262409][bookmark: _Toc68528599][bookmark: _Toc68530790][bookmark: _Toc68530839][bookmark: _Toc68552636][bookmark: _Toc68608208][bookmark: _Toc68608258][bookmark: _Toc68608270]Proposal 9: 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 | ≤ 3.

DCI on PDSCH
The discussion on the new PDCCH monitoring capability in Section 2.1 is focused on reducing the density of PDCCH MOs. Although this alleviates the overhead of PDCCH processing for high SCSs with short slot lengths, the flexibility and latency of scheduling would be adversely affected by the sparsity of the MOs. For example, if a new traffic arrives at a time instance between two PDCCH MOs, actual scheduling for the traffic is delayed to the next MO. Although multi-PDSCH/PUSCH scheduling, if it is jointly be supported with the multi-slot PDCCH monitoring capability, can partially compensate the scheduling flexibility issue, it cannot fully address the latency issue.
As an alternative, DCI transmission on PDSCH may be considered. In principle, this corresponds to the DL counterpart of UCI reporting on PUSCH. In other words, DCI(s) may be piggybacked on a PDSCH, which is either dynamically or semi-persistently scheduled. At a glance, it also seems to have some similarities with the two-stage sidelink control information design. However, while the 2nd stage SCI delivers supplementary information for the PSSCH scheduled by the 1st stage SCI, the piggybacked DCI(s) can deliver DL/UL scheduling grants for later slots. Thus, along with a very sparse PDCCH MO configuration, it can provide additional opportunities for DCI transmission, addressing both the scheduling flexibility and latency issues. The piggybacked DCI(s) may share the same beam, precoding, and DMRS with the DL-SCH data on the same PDSCH. Further, the payload size (or format) and mapping of the piggybacked DCI(s) should be indicated by the scheduling DCI (transmitted either on a PDCCH or on another PDSCH) of the PDSCH, so that the DL-SCH data can perform rate matching, and no blind decoding for the DCI format would be required. In Figure 3, PDSCH scheduling by a piggybacked DCI is conceptually illustrated.
[bookmark: _Toc61546066][bookmark: _Toc61547152][bookmark: _Toc61547167][bookmark: _Toc61547201][bookmark: _Toc61822883][bookmark: _Toc61859762][bookmark: _Toc61859951][bookmark: _Toc61869397][bookmark: _Toc68261804][bookmark: _Toc68262101][bookmark: _Toc68262121][bookmark: _Toc68262161][bookmark: _Toc68262207][bookmark: _Toc68262220][bookmark: _Toc68262241][bookmark: _Toc68262274][bookmark: _Toc68262412][bookmark: _Toc68528602][bookmark: _Toc68530793][bookmark: _Toc68530842][bookmark: _Toc68552639][bookmark: _Toc68608211][bookmark: _Toc68608261][bookmark: _Toc68608273]Observation 3: Along with the multi-slot PDCCH monitoring capability, DCI piggyback, as well as multi-PDSCH/PUSCH scheduling, may be considered to compensate the loss of scheduling flexibility and latency.



[bookmark: _Ref61547006]Figure 3: Sparse PDCCH monitoring occasions with DCI transmission on PDSCH.
Conclusion 
Proposal 1: For 120kHz SCS, a new multi-slot PDCCH monitoring capability is not supported.
Proposal 2: For 480kHz and 960kHz SCSs, multi-slot PDCCH monitoring is the default capability, and assumed during the idle/inactive mode operation and initial access procedure, if supported.
Proposal 3: For 480kHz and 960kHz SCS, per-slot PDCCH monitoring (i.e., X = 1 slot) is supported as an optional UE capability during a connected mode operation.
Proposal 4: For UEs supporting both per-slot and multi-slot PDCCH monitoring capabilities, support a dynamic switching mechanism between per-slot and multi-slot PDCCH monitoring capabilities.
Proposal 5: For the value of X in the multi-slot PDCCH monitoring capability, the following sets are considered:
Proposal 6: For the multi-slot PDCCH monitoring capability with X = 4 slots for 480 kHz SCS and X = 8 slots for 960 kHz SCS, the same maximum numbers of PDCCH candidates and non-overlapped CCEs as 120 kHz SCS are supported (i.e., 20 BDs and 32 CCEs).
Proposal 7: For the definition of multi-slot PDCCH monitoring capability, Alt 2 is supported with the following modification:
Proposal 8: If 480 kHz or 960 kHz is supported for initial access in the SPCell, common search space set design should be enhanced to address multi-slot-based CSS monitoring and multiplexing with USS.
Proposal 9: 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 | ≤ 3.

Observation 1: Bandwidth part switching and search space set group switching mechanisms can be considered as candidate switching mechanism between per-slot and multi-slot PDCCH monitoring.
Observation 2: More than one PDCCH monitoring occasion or span dispersed within a X-slot duration may adversely impact the power efficiency.
Observation 3: Along with the multi-slot PDCCH monitoring capability, DCI piggyback, as well as multi-PDSCH/PUSCH scheduling, may be considered to compensate the loss of scheduling flexibility and latency.
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