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1. Introduction
The following objective is included in the agreed work item [1]:
· Physical layer aspects including [RAN1]:
· [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, PDCCH monitoring capability and BD/CCE budget are discussed.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551]PDCCH monitoring capability for single cell
[bookmark: _Ref61344139]Selection of (X, Y) value 
In RAN1#107-e meeting [2], the following agreement is made for PDCCH monitoring capability for single cell:
[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
Based on the above agreement, it is obviously that multiple (Xs, Ys) values may be reported by UE, i.e.
· 480KHz PDCCH: (4, 1) mandatory, (4, 2) optional
· 960KHz PDCCH: (8, 1) mandatory, (8, 4), (4, 2) and (4, 1) optional
If a UE indicates a capability to monitor PDCCH according to multiple  combinations, how to determine the value of (Xs, Ys) for a scheduling cell should be specified. First, UE should determine a set of (Xs, Ys) values according to which the search space configuration meets the limitation, i.e. configured Group (1) SSs are located within Y consecutive slots within a slot group of X slots where the location of the Y consecutive slots within the slot group of X slots is maintained across different slot groups. Among the set of (Xs, Ys) value, determine one or more (Xs, Ys) with the largest Xs value (i.e. the largest BD/CCE budget) first and then select (Xs, Ys) with the smallest Ys value.
[bookmark: _Ref92376955]Proposal 1: Select one (Xs, Ys) value from multiple (Xs, Ys) combinations reported by a UE according to the following steps: 1) Determine a set of (Xs, Ys) values according to which the search space configurations meets the limitation, i.e. configured Group (1) SSs are located within Y consecutive slots within a slot group of X slots; 2) Determine one or more (Xs, Ys) with the largest Xs value (i.e. the largest BD/CCE budget) first; 3) Select (Xs, Ys) with the smallest Ys value from the above selected (Xs, Ys) combinations.
To implement the above proposal, the following proposal is made:
[bookmark: _Ref92735287]Proposal 2: Adopt TP1 in Appendix.
Determination of multi-slot capability
When multi-slot-based capability is introduced for NR Rel-17 UEs, how to configure or determine the capability type needs to be considered. As long as multi-slot-based capability is the mandatory one for BWP with 480K/960K SCS according to configuration of 480K/960K SCS for a BWP implies multi-slot-based capability for that BWP, which means PDCCH monitoring capability should be defined per BWP.
[bookmark: _Ref92376961]Proposal 3: For NR Rel-17 UEs, PDCCH monitoring capability is defined per BWP and configuration of 480K/960K SCS for a BWP implies multi-slot-based capability for that BWP.
After defining the PDCCH monitoring capability per BWP, the capability for one serving cell should also be determined for calculation of BD/CCE budget in multiple serving cell case. The straight forward way is to adopt the PDCCH monitoring capability for active BWP or configured first active BWP as the capability of the serving cell. 
[bookmark: _Ref92376967]Proposal 4: PDCCH monitoring capability for a serving cell is the capability for its active BWP or configured first active BWP when it is deactivated.
To implement the above proposals, the following proposal is made:
[bookmark: _Ref92735297]Proposal 5: Adopt TP2 in Appendix.
PDCCH monitoring capability for multiple serving cells
For NR Rel-16 UEs, there exists two types of PDCCH monitoring capability (i.e. slot-based and span-based) if it reports pdcch-Monitoring-r16. In this case, gNB may configure the capability type for a serving cell. If not configured, Rel-15 slot-based capability is the default one to be used. Then the following two types of serving cell may exist for one UE:
· Cell Type 1 (FR1/FR2): Serving cell with slot-based PDCCH monitoring capability;
· Cell Type 2 (FR1 only): Serving cell with span-based PDCCH monitoring capability.
Thus, the following cases may occur for one UE:
· Case 1: All serving cells belongs to cell type 1;
· Case 2: All serving cells belongs to cell type 2;
· Case 3: At least one serving cell belongs to cell type 1 and at least one serving cell belongs to cell type 2.
In general, the following table summarizes the relation of UE reporting capability and allowed gNB configuration cases:
	UE type
	Reporting capability
	Allowed Operation

	Rel-16 UEs
	-
	Case 1 only

	Rel-16 UEs
	pdcch-Monitoring-r16
	Case 1/Case 2

	Rel-16 UEs
	pdcch-Monitoring-r16
pdcch-MonitoringMixed-r16
	Case 1/Case 2/Case 3


Besides, NR Rel-16 UEs will report capability related parameters (e.g. ) for each case respectively.
Compared to NR Rel-16, one additional cell type occurs in NR Rel-17:
· Cell Type 3 (FR2-2 only): Serving cell with multi-slot-based PDCCH monitoring capability.
In addition to the operation cases in NR Rel-16, there may be more cases as listed below:
· Case 4: All serving cells belongs to cell type 3;
· Case 5: At least one serving cell belongs to cell type 1 and at least one serving cell belongs to cell type 3;
· Case 6: At least one serving cell belongs to cell type 2 and at least one serving cell belongs to cell type 3;
· Case 7: At least one serving cell belongs to cell type 1, at least one serving cell belongs to cell type 2 and at least one serving cell belongs to cell type 3.
Therefore, in multi-cell operation scenario, BD/CCE budget calculation becomes more complex by introducing such multi-slot-based BD/CCE budget definition, i.e. more additional cases as described above. The following alternatives could be considered:
Alt. 1: Serving cells with the same PDCCH monitoring type including multi-slot-based capability are grouped together for further BD/CCE budget calculation
As a straightforward alternative, the BD/CCE budget calculation adopts the same way for NR Rel-16, i.e. serving cells with the same PDCCH monitoring type are grouped together for further handling.  Particularly, the follows steps apply:
· Determination of : UE needs to report respective  for different cases, i.e. Case 1-7 as described above. For the case with mixed capability, L  values need to be reported where L is the number of capability types in that case (e.g. 3 in case 7);
· Determination of total limit for each group of serving cells:
· If the group adopts slot-based or span-based capability, legacy way is used;
· If the group adopts multi-slot-based capability, further divide the cell group into different parts depending on SCS and/or value of X/Y. Then BD/CCE budget for the serving cells will follow one total limit. Note that there may have certain limits in the group or part of serving cells.
Alt. 2: Transform the serving cell with multi-slot-based capability to equivalent serving cell with slot-based capability for further BD/CCE budget calculation
As another alternative, the serving cell with SCS µ and multi-slot-based capability can be transformed to an equivalent virtual serving cell with SCS µ’ and slot-based capability, e.g. e.g. cell A with 480KHz SCS and BD/CCE budget per 4 slots is equivalent to a virtual cell A’ with 120KHz and BD/CCE budget per slot. After this, legacy operation as NR Rel-16 could be reused to calculate the BD/CCE budget.
By comparing the above alternatives, Alt. 2 works well with less spec impact. Thus, Alt. 2 is preferred to handle multi-slot PDCCH monitoring capability for multi-serving cell case.
[bookmark: _Ref92376971][bookmark: _GoBack]Proposal 6: For multi-cell operation,  Support the following method to handle multi-slot PDCCH monitoring capability for multi-serving cell case, i.e. transform the serving cell with multi-slot-based capability to equivalent serving cell with slot-based capability for further BD/CCE budget calculation.
[bookmark: PP12]Beam-specific COT indication in GC-PDCCH
In NR Rel-16, remaining COT information can be indicated to UE in DCI 2_0 for further operation, i.e. CSI-RS validation. However, it is assumed that omni-directional LBT is used for COT initiator. However, directional LBT is introduced to cope with beamforming and directional transmission on the 60GHz unlicensed band. In this case, specifying beam-specific COT information in DCI 2_0 is needed, i.e. the sensing beam direction at gNB side when receiving the COT information.
[bookmark: _Ref83649087]Proposal 7: Specifying beam-specific COT indication in DCI 2_0 for NR operation from 52.6-71GHz when directional LBT is used.
3. Conclusion
In this contribution, we focus on PDCCH monitoring capability and BD/CCE budget, and have the following proposals:
Proposal 1: Select one (Xs, Ys) value from multiple (Xs, Ys) combinations reported by a UE according to the following steps: 1) Determine a set of (Xs, Ys) values according to which the search space configurations meets the limitation, i.e. configured Group (1) SSs are located within Y consecutive slots within a slot group of X slots; 2) Determine one or more (Xs, Ys) with the largest Xs value (i.e. the largest BD/CCE budget) first; 3) Select (Xs, Ys) with the smallest Ys value from the above selected (Xs, Ys) combinations.
Proposal 2: Adopt TP1 in Appendix.
Proposal 3: For NR Rel-17 UEs, PDCCH monitoring capability is defined per BWP and configuration of 480K/960K SCS for a BWP implies multi-slot-based capability for that BWP.
Proposal 4: PDCCH monitoring capability for a serving cell is the capability for its active BWP or configured first active BWP when it is deactivated.
Proposal 5: Adopt TP2 in Appendix.
Proposal 6: For multi-cell operation, the following alternative is adopted to handle multi-slot PDCCH monitoring capability for multi-serving cell case, i.e. transform the serving cell with multi-slot-based capability to equivalent serving cell with slot-based capability for further BD/CCE budget calculation.
Proposal 7: Specifying beam-specific COT indication in DCI 2_0 for NR operation from 52.6-71GHz when directional LBT is used.
[bookmark: _Ref92735121]Appendix
TP1
-------------------------------------------------------TP1 in TS 38.213 v17.0.0 [3]-------------------------------------------
*** Unchanged text omitted ***
[bookmark: _Toc12021485][bookmark: _Toc20311597][bookmark: _Toc26719422][bookmark: _Toc29894857][bookmark: _Toc29899156][bookmark: _Toc29899574][bookmark: _Toc29917311][bookmark: _Toc36498185][bookmark: _Toc45699212][bookmark: _Toc92093857]10	UE procedure for receiving control information
*** Unchanged text omitted ***
For SCS configuration  or , a UE can indicate a capability to monitor PDCCH according to one or more combinations , where  and  are numbers of consecutive slots, groups of  slots are consecutive and non-overlapping, and the  slots are within the  slots. The first group of  slots starts from the beginning of a subframe. The start of two consecutive groups of  slots is separated by  slots. 
If a UE monitors PDCCH on a cell according to combination , the UE can monitor PDCCH for Type1-PDCCH CSS set provided by dedicated higher layer signalling, Type3-PDCCH CSS sets, and USS sets in any slot of the  slots, and the UE can monitor PDCCH for Type0/0A/2-PDCCH CSS set and Type1-PDCCH CSS set provided in SIB1 in any slot of the  slots. The UE determines the number of monitored PDCCH candidates and the number of non-overlapped CCEs for combination  based on all search space sets within the  slots, as applicable according to the search space set configurations, and maximum corresponding values are provided in Table 10.1-2B and Table 10.1-3B, respectively.
If a UE indicates a capability to monitor PDCCH according to multiple  combinations and a configuration of Type1-PDCCH CSS set provided by dedicated higher layer signalling, Type3-PDCCH CSS sets, and USS sets to the UE for PDCCH monitoring on a cell results in any slot of the  slots within the  slots for one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination (), from the one or more combinations, that is with the largest first and the smallest  second. The UE expects to monitor PDCCH according to the same combination () in every slot on the active DL BWP of a cell.
A UE capability for PDCCH monitoring per slot, or per group of  slots according to combination , or per span on an active DL BWP of a serving cell is defined by a maximum number of PDCCH candidates and non-overlapped CCEs the UE can monitor per slot, or per group of  slots according to combination , or per span, respectively, on the active DL BWP of the serving cell.
*** Unchanged text omitted ***
-------------------------------------------------------TP1 in TS 38.213 v17.0.0 [3]-------------------------------------------

TP2
-------------------------------------------------------TP2 in TS 38.213 v17.0.0 [3]-------------------------------------------
*** Unchanged text omitted ***
10	UE procedure for receiving control information
*** Unchanged text omitted ***
If a UE is provided monitoringCapabilityConfig for an active serving cellBWP, the UE obtains an indication to monitor PDCCH on the serving cellactive BWP for a maximum number of PDCCH candidates and non-overlapping CCEs 
-	per slot, as in Tables 10.1-2 and 10.1-3, if monitoringCapabilityConfig = r15monitoringcapability, or 
-	per span, as in Tables 10.1-2A and 10.1-3A, if monitoringCapabilityConfig = r16monitoringcapability
-	per group of  slots according to combination , as in Tables 10.1-2B and 10.1-3B, if monitoringCapabilityConfig = r17monitoringcapability
If the UE is not provided monitoringCapabilityConfig for an active BWP, the UE monitors PDCCH on the serving cellactive BWP for a maximum number of PDCCH candidates and non-overlapping CCEs per slot if BWP SCS configuration ; Otherwise  or UE monitors PDCCH per group of  slots according to combination , as in Tables 10.1-2B and 10.1-3B.. 
*** Unchanged text omitted ***
-------------------------------------------------------TP2 in TS 38.213 v17.0.0 [3]-------------------------------------------
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