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1 Introduction
This contribution discusses the remaining issues for the PDCCH monitoring enhancements for NR 52.6 to 71 GHz, including the following aspects, and the TPs, if needed, associated with the proposals are listed in the appendix: 
· Remaining issues for multi-slot PDCCH monitoring
· Remaining issues for search space set configuration
· Remaining issues for multi-cell
· Enhancement to GC-PDCCH
2 Remaining issues for multi-slot PDCCH Monitoring
In RAN1 #107, a framework for multi-slot PDCCH monitoring was agreed to be supported for 480 kHz and 960 kHz. The following aspects are remaining issues to be discussed. 
2.1 Multi-slot PDCCH monitoring in IDLE mode
The discussion on multi-slot PDCCH monitoring was all based on UE capability, and one remaining issue is the UE behavior in IDLE mode, wherein the UE capability on the multi-slot PDCCH monitoring is not available. One way is to support single-slot based PDCCH monitoring in IDLE mode, but it may not be efficient due to the limited number of BD/CCE budget, and will need further specification impact. Another way is to adopt the mandatory UE capability for multi-slot PDCCH monitoring as the default UE behavior in IDLE mode, which is much simpler and saves the effort on defining the controversial number of BD/CCE budget for single-slot based PDCCH monitoring. 

Proposal 1: For IDLE mode:
· Support the mandatory UE capability for multi-slot PDCCH monitoring;
· Don’t support slot based PDCCH monitoring;
· Adopt TP#1 for TS 38.213.

2.2 UE capability in slot other than 
In RAN1#107-e, the following was agreed regarding the mandatory UE capability of multi-slot PDCCH monitoring within the  slots: 
· 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)
· 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

The remaining issue is to define the mandatory UE capability of multi-slot PDCCH monitoring outside the  slots. Since only Group (2) SS is monitored outside the  slots, it can simply follow the FG3-1.

Proposal 2: A UE capable of multi-slot monitoring mandatorily supports FG3-1 for each slot outside  slots.

2.3 UE capability determination with multiple  combinations reported
Similar to Rel-16 span-based PDCCH monitoring, a UE can indicate multiple  combinations for multi-slot PDCCH monitoring in FR2-2, then the remaining issue is how to determine the combination that the UE will choose from the multiple indicated  combinations. A similar approach as Rel-16 span-based PDCCH monitoring can be reused, with the consideration of potential tie of values on  and .

Proposal 3: If a UE indicates a capability to monitor PDCCH according to multiple  combinations, a UE monitors PDCCH on the cell based on the following steps:
· Step 1: Choose the  combination, from the  combinations, that is associated with the largest maximum number of  and ;
· Step 2: If there is a tie on the largest maximum number of  and , choose the  combination with a larger value of 
· Adopt TP#2 for TS 38.213.

2.4  (2, 1) for 480 kHz
There is a FFS on whether to support  for 480 kHz SCS, as one of the reported UE capability. The intention of supporting a smaller value of , comparing to the mandatory UE capability with  for 480 kHz SCS, is to allow flexible network configuration on the SS sets. Also, other than adding the corresponding values of  and  in the table, no other spec impact is expected, then it’s beneficial to support extra values of  for better flexibility. 

Proposal 4: Support  for 480 kHz SCS.
· Adopt TP#3 for TS 38.213.
3 Remaining issues for search space set configurations
3 
To support multi-slot PDCCH monitoring, a UE would expect that a time gap between any two consecutive PDCCH monitoring occasions in a search space set is not smaller than _s, while any PDCCH monitoring duration is up to  slots. PDCCH monitoring occasions are determined according to configured search space sets, where PDCCH monitoring periodicity  and duration are configured in a number of slots for a search space set s, wherein those parameters should be enhanced to be compatible with the multi-slot PDCCH monitoring capability. 
 
Proposal 5: For  and  with multi-slot PDCCH monitoring based on combination , the PDCCH monitoring periodicity is , , and the PDCCH monitoring duration is .
4 Remaining issues for multi-cell
When a UE supports CA or NR-DC operation in NR from 52.6 GHz to 71 GHz, UE can be configured with multiple downlink cells for multi-slot based PDCCH monitoring. It’s necessary to determine a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs that corresponds to  downlink cells, which is in analogy to  for slot-based PDCCH monitoring capability introduced in NR Rel-16 and for span based PDCCH monitoring capability introduced in NR Rel-17.

The legacy mechanism for determine can be extended to determine a capability of for multi-slot based PDCCH monitoring considering scenarios, such as
· Case 1: UE is configured with CA but not NR-DC operation, and UE is configured with only R17monitoringcapability for all downlink cells
· Case 2: UE is configured for NR-DC operation, and UE is configured with only R17monitoringcapability for all downlink cells

When the UE is configured for carrier aggregation operation over more than 2 cells, or for a cell group when the UE is configured for NR-DC operation, the UE does not expect to monitor per group of  slots according to combination  a number of PDCCH candidates or a number of non-overlapped CCEs that is larger than the maximum number as derived from the corresponding value of .

Proposal 6: Adopt TP#4 for TS 38.213 to determine a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per  slots that corresponds to  downlink cells, i.e. 

[bookmark: _GoBack]It was agreed in RAN1#107-e meeting to support PDCCH dropping per  slots based on combination . The PDCCH dropping rule should be applied to both single cell case and CA. For UE configured with CA or NR-DC operation, the PDCCH candidates and non-overlapping CCE limits should be determined based on downlink cells for all scheduling cells. The same principle to determine  and  for R16monitoringcapability can be reused to determine  and  for R17monitoringcapability in CA mode. 

Proposal 7: Adopt TP#5 for TS 38.213 to determine maximum number of PDCCH candidates,  and a maximum number of non-overlapped CCEs, , per  slots in CA mode.
5 Enhancement to GC-PDCCH
For 60 GHz unlicensed band, transmissions are expected to be highly directional. To address the channel access efficiency, a transmitter can choose an intended beam direction to perform the channel access procedure, and the sensed result is exclusively applicable to that intended beam direction only. Hence, indicating COT, available RB set, and search space group switching should be associated with the beam direction, wherein such feature was introduced in Rel-16 NR-U by using DCI format 2_0 and in a cell-specific manner. Generalizing the feature to a beam-specific manner is beneficial to address different interference situations along beam directions, and is compatible with the intention to introduce directional LBT. 
Proposal 8: Support indicating COT, available RB set, and search space group switching in a beam-specific manner for 60 GHz licensed band.
6 Conclusion
The observations and proposals made in this contribution are summarized below:
Proposal 1: For IDLE mode:
· Support the mandatory UE capability for multi-slot PDCCH monitoring;
· Don’t support slot based PDCCH monitoring;
· Adopt TP#1 for TS 38.213.

Proposal 2: A UE capable of multi-slot monitoring mandatorily supports FG3-1 for each slot outside  slots.

Proposal 3: If a UE indicates a capability to monitor PDCCH according to multiple  combinations, a UE monitors PDCCH on the cell based on the following steps:
· Step 1: Choose the  combination, from the  combinations, that is associated with the largest maximum number of  and ;
· Step 2: If there is a tie on the largest maximum number of  and , choose the  combination with a larger value of 
· Adopt TP#2 for TS 38.213.

Proposal 4: Support  for 480 kHz SCS.
· Adopt TP#3 for TS 38.213.

Proposal 5: For  and  with multi-slot PDCCH monitoring based on combination , the PDCCH monitoring periodicity is , , and the PDCCH monitoring duration is .

Proposal 6: Adopt TP#4 for TS 38.213 to determine a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per  slots that corresponds to  downlink cells, i.e. 

Proposal 7: Adopt TP#5 for TS 38.213 to determine maximum number of PDCCH candidates,  and a maximum number of non-overlapped CCEs, , per  slots in CA mode.

Proposal 8: Support indicating COT, available RB set, and search space group switching in a beam-specific manner for 60 GHz licensed band.
Appendix 
TP#1 for TS 38.213
============================== Start of TP #1 for TS 38.213 ==================================
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=============================== Unchanged Text Omitted =================================== 
If a UE is provided monitoringCapabilityConfig for a serving cell, the UE obtains an indication to monitor PDCCH on the serving cell 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  or   monitoringCapabilityConfig = r17monitoringcapability
If the UE is not provided monitoringCapabilityConfig, for , 1, 2, or 3, the UE monitors PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs per slot. 
If the UE is not provided monitoringCapabilityConfig for  or , the UE monitors PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs per group of  slots according to combination  = (4, 1) or (8, 1), for  or , respectively.
=============================== Unchanged Text Omitted ===================================
============================== End of TP #1 for TS 38.213 ==================================
 
TP#2 for TS 38.213
============================== Start of TP #2 for TS 38.213 ==================================
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 search space sets to the UE for PDCCH monitoring on a cell satisfies Type1-PDCCH CSS set provided by dedicated higher layer signalling, Type3-PDCCH CSS sets, and USS sets 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 associated with the largest maximum number of  and  defined in Table 10.1-2B and Table 10.1-3B, respectively. If multiple combinations  are associated with the same maximum number of  and , the UE monitors PDCCH on the cell according to the combination  with the largest value of .
=============================== Unchanged Text Omitted ===================================
============================== End of TP #2 for TS 38.213 ==================================

TP#3 for TS 38.213
============================== Start of TP #3 for TS 38.213 ==================================
10.1	UE procedure for determining physical downlink control channel assignment
=============================== Unchanged Text Omitted =================================== 
Table 10.1-2B provides the maximum number of monitored PDCCH candidates, , per slot group for combination  for a UE in a DL BWP with SCS configuration  for operation with a single serving cell.
Table 10.1-2B: Maximum number  of monitored PDCCH candidates per slot group for combination  for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number  of monitored PDCCH candidates per combination  and per serving cell 

	
	(2, 1)
	(4, 1)
	(4, 2)
	(8, 1)
	(8, 4)

	5
	10
	20
	20
	-
	-

	6
	-
	10
	10
	20
	20



=============================== Unchanged Text Omitted ===================================
Table 10.1-3B provides the maximum number of non-overlapped CCEs, , for a DL BWP with SCS configuration  that a UE is expected to monitor corresponding PDCCH candidates for combination  for operation with a single serving cell.
Table 10.1-3B: Maximum number  of non-overlapped CCEs in a slot group for combination  for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of non-overlapped CCEs per combination  and per serving cell 

	
	(2, 1)
	(4, 1)
	(4, 2)
	(8, 1)
	(8, 4)

	5
	16
	32
	32
	-
	-

	6
	-
	16
	16
	32
	32



=============================== Unchanged Text Omitted ===================================
============================== End of TP #3 for TS 38.213 ==================================

TP#4 for TS 38.213
============================== Start of TP #4 for TS 38.213 ==================================
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=============================== Unchanged Text Omitted ===================================
If the UE reports pdcch-MonitoringCA, 
-	the value range of pdcch-BlindDetectionMCG-UE-r16 or of pdcch-BlindDetectionSCG-UE-r16 is [1, …, pdcch-MonitoringCA-1], and 
-	pdcch-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r16 >= pdcch-MonitoringCA.
Otherwise, if  is a maximum total number of downlink cells for which the UE is provided monitoringCapabilityConfig = r16monitoringcapability and the UE is configured on both the MCG and the SCG for NR-DC as indicated in UE-NR-Capability
-	the value of pdcch-BlindDetectionMCG-UE-r16 or of pdcch-BlindDetectionSCG-UE-r16 is 1,
-	pdcch-BlindDetectionMCG-UE-r16 + pdcch-BlindDetectionSCG-UE-r16 >= .
If a UE indicates in UE-NR-Capability a carrier aggregation capability larger than two downlink cells, the UE includes in UE-NR-Capability an indication for a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs that the UE can monitor per group of  slots according to combination  when the UE is configured for carrier aggregation operation over more than 2 downlink cells with monitoringCapabilityConfig = r17monitoringcapability. When a UE is not configured for NR-DC operation and the UE is provided monitoringCapabilityConfig = r17monitoringcapability for all downlink cell where the UE monitors PDCCH, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per span that corresponds to  downlink cells, where
-	 is the number of configured downlink cells if the UE does not provide pdcch-MonitoringCA
-	otherwise,  is the value of pdcch-MonitoringCA
When a UE is configured for NR-DC operation and the UE is provided monitoringCapabilityConfig = r17monitoringcapability for all downlink cells where the UE monitors PDCCH, the UE determines a capability to monitor a maximum number of PDCCH candidates and a maximum number of non-overlapped CCEs per group of  slots according to combination  that corresponds to
-	 downlink cells for the MCG where  is provided by pdcch-BlindDetection3 for the MCG, and 
-	 downlink cells for the SCG where  is provided by pdcch-BlindDetection3 for the SCG
When the UE is configured for carrier aggregation operation over more than 2 cells, or for a cell group when the UE is configured for NR-DC operation, the UE does not expect to monitor per group of  slots according to combination  a number of PDCCH candidates or a number of non-overlapped CCEs that is larger than the maximum number as derived from the corresponding value of . 
When a UE is configured for NR-DC operation with a total of  downlink cells on both the MCG and the SCG and the UE is provided monitoringCapabilityConfig = r17monitoringcapability for all downlink cells where the UE monitors PDCCH, the UE expects to be provided pdcch-BlindDetection for the MCG and pdcch-BlindDetection for the SCG with values that satisfy 
-	pdcch-BlindDetection3 for the MCG + pdcch-BlindDetection3 for the SCG <= pdcch-MonitoringCA, if the UE reports pdcch-MonitoringCA, or
-	pdcch-BlindDetection3 for the MCG + pdcch-BlindDetection3 for the SCG <= , if the UE does not report pdcch-MonitoringCA
When a UE is configured for NR-DC operation and the UE is provided monitoringCapabilityConfig = r17monitoringcapability for all downlink cells where the UE monitors PDCCH, the UE may indicate, through pdcch-BlindDetectionMCG-UE-r17 and pdcch-BlindDetectionSCG-UE-r17, respective maximum values for pdcch-BlindDetection for the MCG and pdcch-BlindDetection for the SCG. 
If the UE reports pdcch-MonitoringCA, 
-	the value range of pdcch-BlindDetectionMCG-UE-r17 or of pdcch-BlindDetectionSCG-UE-r17 is [1, …, pdcch-MonitoringCA-1], and 
-	pdcch-BlindDetectionMCG-UE-r17 + pdcch-BlindDetectionSCG-UE-r17 >= pdcch-MonitoringCA.
Otherwise, if  is a maximum total number of downlink cells for which the UE is provided monitoringCapabilityConfig = r17monitoringcapability and the UE is configured on both the MCG and the SCG for NR-DC as indicated in UE-NR-Capability
-	the value of pdcch-BlindDetectionMCG-UE-r17 or of pdcch-BlindDetectionSCG-UE-r17 is 1,
-	pdcch-BlindDetectionMCG-UE-r17 + pdcch-BlindDetectionSCG-UE-r17 >= .
============================== End of TP #4 for TS 38.213 ==================================

TP#5 for TS 38.213
============================== Start of TP #5 for TS 38.213 ==================================
10.1	UE procedure for determining physical downlink control channel assignment
=============================== Unchanged Text Omitted ===================================
For each scheduled cell from the  downlink cells using combination , the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell, more than  PDCCH candidates or more than  non-overlapped CCEs per span.
If a UE is configured only with  downlink cells for which the UE is provided monitoringCapabilityConfig = r17monitoringcapability 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 groups of  slots on the active DL BWP(s) of all scheduling cell(s) from the  downlink cells within every  slots
where  is a number of configured cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration .
For each scheduled cell from the  downlink cells using combination , the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell, more than  PDCCH candidates or more than  non-overlapped CCEs per group of  slots.
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, per group of  slots for a corresponding combination , or per span that exceed the corresponding maximum numbers per slot, or per group of  slots for a corresponding combination , or per span, respectively.
============================== End of TP #5 for TS 38.213 ==================================

