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Introduction
In the last RAN#1 meeting, PDCCH monitoring enhancements for above 52.6GHz were discussed, and the following agreement was achieved [1].
	Agreement:
· Multi-slot PDCCH monitoring is based on slots within a slot group
· Each slot group consists of X consecutive slots
· Slot groups are consecutive and non-overlapping
· The start of the first slot group in a subframe is aligned with the subframe boundary
· The start of each slot group is aligned with a slot boundary
· Reporting the BD/CCE budget for X=4/8 slots (for 480/960 kHz resp.) is mandatory (if UE supports the corresponding SCS), and is optional for X=[2]/4 slots (for 480/960 kHz resp.)
· There is a common BD budget for all search spaces
· FFS: Search space configuration
· For Group (1) SS
· A SS is configured to be within YGroup1 consecutive slots within a slot group of X slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is based on a time offset within the slot group based on slot index n0 determined for Group (2) monitoring such that the YGroup1 slots overlap the YGroup2 slots
· The location of the YGroup1 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· BD attempts for all Group (1) SSs are restricted to fall within the same YGroup1 consecutive slots
· For Group (2) SS
· A SS is configured to be within YGroup2 consecutive slots within a slot group of X slots
· The location of the YGroup2 consecutive slots within a slot group of X slots is maintained across different slot groups (unless n0 changes)
· The reported capability indicates the BD/CCE budget within Y=max(YGroup1, 2) slots per slot group
· Support the following values of YGroup1 and YGroup2
· For X=8: (YGroup1,YGroup2) = (4,2), (2,2), (1,[1 or 2])
· For X=4: (YGroup1,YGroup2) = (2,2), (1,[1 or 2])
· For X=2: (YGroup1,YGroup2) = (1,[1 or 2])
Group (1) SS: Type 1 CSS with dedicated RRC configuration and type 3 CSS, UE specific SS
Group (2) SS: Type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS


In this contribution, we further discuss the PDCCH monitoring enhancements for above 52.6GHz.
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2.1 [bookmark: OLE_LINK3][bookmark: OLE_LINK4]PDCCH candidate dropping per multi-slot span
When multi-slot PDCCH monitoring is introduced, there will be a related problem of PDCCH overbooking. In NR Rel-15, the maximum number of BDs/CCE in a slot is determined based on the capability of the UE. For PCell or PSCell, it is allowed that the configured number of BDs/CCEs in a slot by the configuration of SS set(s) is larger than the corresponding maximum number. However, for a SCell, the gNB should guarantee that numbers of monitored PDCCH candidates and non-overlapped CCEs single-slot or multi-slot that do not exceed the corresponding maximum numbers single-slot or multi-slot, respectively.
	TS 38.213 [2]:
A UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH candidates and non-overlapped CCEs per slot or per span that exceed the corresponding maximum numbers per slot or per span, respectively.
For same cell scheduling or for cross-carrier scheduling, a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot or per span on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot or per span, respectively. If a UE is provided monitoringCapabilityConfig-r16 = r16monitoringcapability for the primary cell, except the first span of each slot, the UE does not expect a number of PDCCH candidates and a number of corresponding non-overlapped CCEs per span on the primary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the primary cell per span.


The similar rules could be extended to multi-slot span. For PCell or PSCell, it is allowed that the numbers of monitored PDCCH candidates and non-overlapped CCEs in a multi-slot span by the configuration of SS set(s) that exceed the corresponding maximum numbers. Define certain dropping rules, so that the actual number in the multi-slots span does not exceed the corresponding maximum number.
Proposal 1: PDCCH overbooking per-slot in NR Rel-15 can reused in multi-slot for beyond 52.6GHz.
In Rel-15, there is no dropping method applied to the CSS set for PCell/PSCell. Therefore, the similar rule can be reused in multi-slot spans. When handling USS sets, if the total number of BDs/CCEs exceeds the corresponding maximum number, the same principle as Rel-15 can be reused, namely dropping USS sets with high index of SS sets.
Proposal 2: It is expected that there is no dropping for CSS sets for PCell/PSCell in PDCCH overbooking.
Proposal 3: For USS sets, the same dropping principle as Rel-15 can be reused as baseline.

2.2 [bookmark: OLE_LINK33][bookmark: OLE_LINK34]SS switching between single-slot and multi-slot
Many of the UE capabilities are already numerology dependent and the “slot” is commonly used as a reference time grid to confine the capabilities. On the other hand, if the UE is expected to monitor PDCCH in every slot, the micro-sleep opportunities decrease due to the short slot length for the high SCS and the power efficiency during the connected mode would be degraded. Therefore, for the high SCSs, multi-slot can be considered to confine the UE capabilities. In conclusion, it is desirable to support both single-slot and multi-slot PDCCH monitoring capabilities for different SCSs.
Each search space set group may be configured for either single-slot or multi-slot PDCCH monitoring. In unlicensed band, if the band is detected as free, it is better to transmit the PDCCH frequently since the will help UE to access the unlicensed spectrum as soon as possible. However, when the unlicensed band is busy, a sparse PDCCH monitoring occasion is helpful to the power saving. Therefore, search space set group switching will provide more dynamic transition between single-slot and multi-slot PDCCH monitoring, therefore, we slightly prefer to support it. As suggested by the FL, this issue can be discussed after progress on BD capability and N1 timeline.

2.3 Cross-carrier scheduling
Cross-carrier scheduling is useful for NR. Therefore, it is expected that cross-carrier scheduling between serving cells using SCS 120/480/960kHz can be supported. In the CA case, due to different SCS, some cells are based on single-slot PDCCH monitoring, some ones are based on multi-slot PDCCH monitoring, and some are based on multi-slot PDCCH monitoring, even the number of slot in the multi-slot is not same in different cells. One discussion point is how to determine the number of monitored PDCCH candidates and non-overlapping CCE for different cells combine in the CA scenario. In addition, another point of discussion is carrier aggregation (CA) between cells with frequencies of 52.6-71GHz and FR2 or even FR1 cells. Such CA scenario could be supported, especially considering PCells below 52.6-71GHz are more appropriate for coverage/robustness. 
In the last meeting, the limitation (i.e., |μPDCCH − μPDSCH | ≤ k) for cross-carrier scheduling was discussed, and the candidate values for k are 3 and 4. For us, k = 3 is preferred, since this value is benefit for the processing timeline and memory requirement.
Proposal 2: For cross-carrier scheduling, k=3 is preferred.
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Based on the analyses and discussions, we have the following proposals:
Proposal 1: PDCCH overbooking per-slot in NR Rel-15 can reused in multi-slot for beyond 52.6GHz.
Proposal 2: It is expected that there is no dropping for CSS sets for PCell/PSCell in PDCCH overbooking.
Proposal 3: For USS sets, the same dropping principle as Rel-15 can be reused as baseline.
Proposal 2: For cross-carrier scheduling, k=3 is preferred.
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