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In this contribution, we provide our views on remaining open issues for PDCCH monitoring capability and search space set configuration for the PDCCH monitoring. 

Multi-slot PDCCH monitoring capability
Single cell PDCCH monitoring capability
In the last RAN1 meeting, a framework on the multi-slot PDCCH monitoring capability was agreed. The multi-slot PDCCH monitoring is based on a fixed pattern of slot groups, where each group has X consecutive slots and the slot groups are consecutive and non-overlap. The group (1) SS and group (2) SS are configured in a slot group independently. Group (1) SS is only monitored in the Y consecutive slots in a slot group. The default value of Y is 1. Note that the slot/symbol position of a SS set with searchSpaceId = 0 is determined by the associated SS/PBCH block, while the other SS sets in group (2) can be anywhere in a slot group. The budget of maximum BD/CCE are shared by all configured PDCCHs in a slot group. 
UE mandatorily supports X=4/8 for SCS 480/960kHz respectively. UE can optionally support X=4 for SCS 960kHz. One open issue is whether X=2 can be supported for SCS 480kHz. Since a slot group with a duration equals to half slot of SCS 120kHz is already supported for SCS 960kHz by allowing X=4, it is straightforward that same duration of slot group could be supported for SCS 480kHz. Therefore, it is preferred to optionally support X=2 for SCS 480kHz. Correspondingly, a new combination (X, Y) = (2, 1) should be supported optionally. In the email discussion in last RAN1 meeting, there is almost common view that per-slot PDCCH monitoring capability will not be supported. We don’t see a change of the situation especially considering it is now maintenance phase of the WI. 
	Agreements from early RAN1 meetings:
· 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.)

· 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



The following TP is proposed to capture additional X value 2 for SCS 480kHz.
	------------------------------   TP#1: TS 38.213 -----------------------------------
*** Unchanged text is omitted ***
[bookmark: _Toc12021486][bookmark: _Toc20311598][bookmark: _Toc26719423][bookmark: _Toc29894858][bookmark: _Toc29899157][bookmark: _Toc29899575][bookmark: _Toc29917312][bookmark: _Toc36498186][bookmark: _Toc45699213][bookmark: _Toc83289685][bookmark: _Ref491451763][bookmark: _Ref491466492]10.1	UE procedure for determining physical downlink control channel assignment 
*** Unchanged text is 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 is 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 is omitted ***


Proposal 1: 
· X=2 can be optionally supported for SCS 480kHz, which corresponds to combination (X, Y) = (2, 1)
· X=1, i.e., per-slot PDCCH monitoring capability is not supported for SCS 480/960kHz 
· Agree on TP 1 to capture additional X value 2 for SCS 480kHz

The existing agreements are mainly for the behaviour on UE capability in the Y slots in a slot group, i.e., it is for the handling of group (1) SS. On the other hand, it is open how to handle PDCCH monitoring in the remaining X-Y slots and for group (2) SS. Separate multi-slot PDCCH monitoring capability are supported for Y=1 and Y>1. For Y=1 which is the default mode, it is agreed to support up to two spans of 3 consecutive OFDM symbols in the Y=1 slot which provides gNB a means to randomize the PDCCH configuration within a slot for different UEs, as an extension of existing FG3-5b. Note that for Y>1, since it is available for gNB to configure PDCCH monitoring of different UEs in different slots, it is agreed that the PDCCH MOs for group (1) SS are only within the first 3 OFDM symbols in each of the Y>1 slots. 
	[bookmark: _Hlk88187306]Agreements from early RAN1 meetings:
· 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



The necessary spans that can be configured in a slot group include 1) Up to two spans in a slot for group (1) SS; 2) One span for the SS set with searchSpaceId = 0; 3) Up to M spans for group (2) SS except the SS set with searchSpaceId = 0. Note: two or more spans may be configured in overlap/adjacent OFDM symbols, which effectively forms a single span. M may not be necessarily limited to 1, since UE can skip a MO of group (2) SS in a slot group. For Type0A/2 CSS sets with searchSpaceID non-zero, the MOs sets are sequentially numbered and mapped to the actual transmitted SSBs according to ssb-PositionsInBurst in SIB1, where the actual transmitted SSBs are sequentially numbered in ascending order of their SSB indexes. That is, the [x×N+K]th PDCCH MO(s) of Type0A/2 CSS sets corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N. Therefore, even gNB configures M>1 MOs for Type0A/2 CSS sets with searchSpaceID non-zero in a slot group, the UE may decide to monitor only one MO or even not monitor any MO at all in the slot group. Note: it is possible to configure Type0A/2 CSS sets with searchSpaceID non-zero in every consecutive slot in existing NR. Therefore, it is preferred that M could equal to 2 or 3 to allow the configuration flexibility
Since UE is mandatorily support Y=1 for the multi-slot PDCCH monitoring capability, the design on handling group (2) SS can take existing agreement for Y=1 as baseline, i.e., FG3-5b extension. That is, UE must be capable to handle up to two spans in a slot in a slot group.  To avoid excessive increase of UE complexity in the configuration of the two groups of SS sets, it is preferred that the maximum number and positions of spans in any slot in a slot group remains to be 2 which keeps the same complexity as current agreement for the Y=1 slot. Further, the total number of spans of SS sets in a slot group should be carefully designed. A larger number of spans provide a better flexibility for PDCCH transmission. However, it also increases UE complexity and power consumption. To balance various factors, it is preferred that UE should be capable to monitor up to 3 or 4 spans of all SS sets in a slot group. 
Proposal 2: 
· The maximum number of spans in any slot in a slot group remains to be 2 which reuses the current agreement for the Y=1 slot
· Up to 2 or 3 spans for group (2) SS except the SS set with searchSpaceId = 0 can be configured in a slot group
· UE may decide to monitor only one MO or even not monitor any MO at all
· UE is capable to monitor up to 3 or 4 spans of SS sets in a slot group
· The limitation on number of spans in a slot group should be discussed in UE feature for WI NR_ext_to_71GHz

It is desirable if gNB can provide proper SS set configuration so that the total number of spans for all SS sets in any slot group does not exceed the defined maximum number of spans per slot group. However, there is also the case that the maximum number can be exceeded in a slot group. Further, if the SS/PBCH block for the UE is changed, the slot/symbol position of the SS set with searchSpaceId = 0 moves accordingly, which may impact the total number of spans in a slot group. A span of SS sets configured in a slot group, if it is not monitored by the UE, may not be counted in the number of spans in the slot group. If the maximum number of spans in a slot group is exceeded, UE can drop one or more spans of the group (1) SS so that the maximum number is not exceeded in the slot group.  
There was a proposal in early RAN1 discussion that the configuration of MOs in consecutive slots should be avoided. The main concern is that it may increase UE buffering of PDCCH symbols considering one slot with SCS 480/960kHz may not be enough for the PDCCH decoding. The issue of MOs in consecutive slots may happen not only in a slot group, but also across two adjacent slot groups. The agreed framework for multi-slot PDCCH monitoring capability generally allows any kinds of SS sets that can be configured in consecutive slots. It would be complicated to define a dropping rule. We prefer not to define additional solutions to handle SS sets configured in consecutive slots. 
Proposal 3: 
· A span of SS sets configured in a slot group, if it is not monitored by the UE, may not be counted in the number of spans in the slot group.
· If the maximum number of spans in a slot group is exceeded, UE can drop one or more spans of the group (1) SS
· Additional solution to handle SS sets configured in consecutive slots is not preferred
· The limitation on number of spans in a slot group should be discussed in UE feature for WI NR_ext_to_71GHz

The number of DL or UL unicast DCIs per slot group that can be processed by UE was also agreed in last meeting. Additionally, UE should be able to process one broadcast DCI for SI/RACH/paging in the slot group of X slots. If cross-carrier scheduling is configured, for example, the scheduling cell has SCS 15kHz, it needs clarification whether the agreement implies that UE would be able to detect up to 8 unicast DCIs in a slot on the scheduling cell that schedule a unicast transmissions on the scheduled cell with SCS 960kHz. 
	Agreements from early RAN1 meetings:
· 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


Proposal 4: 
· UE should be able to process one broadcast DCI for SI/RACH/paging in addition to the agreed number of processed unicast DCI in a slot group of X slots.
· To clarify whether a UE would be able to detect up to 8 unicast DCIs in a slot on the scheduling cell with SCS 15kHz
· The limitation on number of detected DCIs in a slot group should be discussed in UE feature for WI NR_ext_to_71GHz
Based on the agreed framework, UE may report the capability to support multiple combinations (X, Y) for SCS 480/960kHz. The configured search space sets for the UE must satisfy at least one supported combination (X, Y). 
· For SCS 480 kHz: (X,Y) = (4,1), (4,2), (2,1)?
· For SCS 960 kHz: (X,Y) = (8,1), (8,4), (4,2), (4,1)
Further, if the configured search space sets of the UE satisfy two or more supported combinations (X, Y), the UE needs to identify the active combination (X, Y). Since the supported maximum numbers of BD/CCE is only determined by value X, UE can determine a combination (X, Y) with larger X which enables larger maximum numbers of BD/CCE for PDCCH monitoring for better flexibility. If multiple potential combinations (X, Y) have same value X, the active combination (X, Y) could be determined as the combination (X, Y) with smallest value Y. 
The following TP is proposed to determine the active combination (X, Y).
	------------------------------   TP#2: TS 38.213 -----------------------------------
*** Unchanged text is omitted ***
[bookmark: _Toc12021485][bookmark: _Toc20311597][bookmark: _Toc26719422][bookmark: _Toc29894857][bookmark: _Toc29899156][bookmark: _Toc29899574][bookmark: _Toc29917311][bookmark: _Toc36498185][bookmark: _Toc45699212][bookmark: _Toc83289684]10	UE procedure for receiving control information
*** Unchanged text is 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 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 is allowed by one or more of the multiple combinations , the UE monitors PDCCH on the cell according to the combination  with largest  and smallest . 
*** Unchanged text is omitted ***



Proposal 5: 
· For a UE capable of multiple combinations (X, Y), if the configured SS sets are aligned with more than one combination (X, Y), the active combination (X, Y) is determined that is associated with the largest X and smallest Y. 
· Agree on TP 2 to determine the active combination (X, Y).

Maximum number of BD/CCEs in CA
In this section, we discuss the issue with the maximum number of PDCCH candidates. The same handling can apply to the maximum number of non-overlapped CCEs. In the per slot PDCCH monitoring capability in Rel-15/16, the UE is capable to decode  PDCCH candidates in a slot for a scheduled cell on the scheduling cell with SCS configuration . Further, another limit  in a slot applies to the scheduled cells that are configured with scheduling cells having same SCS configuration . 
In details, assuming  cells are configured with scheduling cells having SCS configuration  and one CORESET pool, and  cells are configured with scheduling cells having SCS configuration  and two CORESET pools, assuming a UE reports BD/CCE capability of  cells, the maximum BD/CCE for the serving cells can be determined in NR Rel-16 as below. 
· If , the UE is not required to monitor per slot for each scheduled cell,
-	 PDCCH candidates if the scheduling cell is from the  cells, or
-	 PDCCH candidates if the scheduling cell is from the  cells
-	 PDCCH candidates for each CORESET pool when the scheduling cell is from the  downlink cells
· If , the UE is not required to monitor per slot
·  PDCCH candidates on the scheduling cell(s) from the  downlink cells. 
· For each scheduled cell from the  downlink cells,  PDCCH candidates 
· For each scheduled cell from the  downlink cells, 
·  PDCCH candidates 
·  PDCCH candidates for each CORESET pool
In multi-slot PDCCH monitoring capability, the maximum numbers of BD/CCEs in a slot group with X=4/8 slots for SCS 480/960kHz are same as corresponding maximum numbers of SCS 120kHz. The duration of the slot group with X=4/8 slots for SCS 480/960kHz equals to the slot length of SCS 120kHz. For X=4 for SCS 960kHz, it is further agreed that the maximum numbers are half of that for X=8. These values are the limitation for single cell/TRP and are denoted as , .
	Agreements from early RAN1 meetings:
· The following limits apply for multi-slot monitoring within the group of X slots
· The maximum number of monitored PDCCH candidates per X=4 slots for a DL BWP with 480 kHz SCS configuration for a single serving cell is 20.
· The maximum number of monitored PDCCH candidates per X=8 slots for a DL BWP with 960 kHz SCS configuration for a single serving cell is 20.
· The maximum number of non-overlapped CCEs per X=4 slots for a DL BWP with 480 kHz SCS configuration for a single serving cell is 32.
· The maximum number of non-overlapped CCEs per X=8 slots for a DL BWP with 960 kHz SCS configuration for a single serving cell is 32.
· Note: Search spaces monitoring within the group of X slots will be additionally defined

· 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



When CA is considered, the total number of BD/CCEs that are shared by multiple cells/TRPs. ,  need to be determined considering both SCS configuration  and the combination (X, Y) of the scheduling cells. Three options are discussed as below. 
· Option 1:  is determined and shared by all cells that are configured with scheduling cells having same SCS configuration  and same combination (X, Y).
Based on the agreed framework, the slot group always starts from the subframe boundary. Consequently, the slot groups of difference cells must be aligned if same SCS configuration  are configured. On the other hand, though the group (1) SS is limited to the Y slots, the group (2) SS can be configured in any slot in a slot group. Since the PDCCH monitoring for the two scheduled cells may not be fully aligned due to the arbitrary MOs for group (2) SS, it is not necessary to align the Y slots in the slot group for multiple cells for BD/CCE sharing. Based on the above discussions, option 1 can be considered without alignment of the Y slots. 
· Option 2:  is determined and shared by all cells that are configured with scheduling cells having SCS configuration  and same value X in combinations (X, Y). 
In the option 1, the BD/CCE for the scheduling cells with combination (X, Y) of same value X and different value Y are separately handled. In fact, since the maximum numbers of BD/CCE is only determined by SCS configuration  and value X, but not the value Y, it is possible to share the BD/CCE for the scheduling cells with same value X of the combinations (X, Y). This option can provide gNB more freedom to share the PDCCH scheduling capability for more cells. 
· Option 3:  is determined and shared by all cells that are configured with scheduling cells having same duration of slot or slot group. 
A slot of SCS 120kHz and a slot group of X=4/8 slots for SCS 480/960kHz are fully overlapped in time with same the maximum numbers of BD/CCE. It is then expected the UE implementation on the PDCCH detection could be common in some extent. Consequently, it can be considered to share the BD/CCE for the scheduling cells with SCS 120kHz and for SCS 480/960kHz if X=4/8 slots apply. Option 3 can provide even more flexibility on PDCCH transmission than Option 2. However, Option 3 also requires UE to jointly share maximum BD/CCE budget across cells with different numerology, which results in additional complexity. 
Based on the above analysis, we prefer Option 2 since it provides a good balance between flexibility and complexity. The following TP is proposed to determine , .
	------------------------------   TP#3: TS 38.213 -----------------------------------
*** Unchanged text is omitted ***
10.1	UE procedure for determining physical downlink control channel assignment 
*** Unchanged text is omitted ***
If a UE 
[bookmark: _Hlk23024772]-	does not report pdcch-BlindDetectionCA or is not provided BDFactorR, 
-	reports pdcch-BlindDetectionCA, the UE can be indicated by BDFactorR either  or 
If a UE is configured 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  with same  for PDCCH monitoring, where , the UE is not required to monitor, per a group of  slots on the active DL BWPs of the scheduling cells,
-	more than  PDCCH candidates or more than  non-overlapped CCEs for each scheduled cell when the scheduling cell is from the  downlink cells, or
-	more than  PDCCH candidates or more than  non-overlapped CCEs for each scheduled cell when the scheduling cell is from the  downlink cells
-	more than  PDCCH candidates or more than  non-overlapped CCEs for CORESETs with same coresetPoolIndex value for each scheduled cell when the scheduling cell is from the  downlink cells
If a UE 
-	is configured 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  with same  for PDCCH monitoring, 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, per a group of  slots on the active DL BWP with SCS configuration  of the scheduling cells
· for the , downlink cells more than   PDCCH candidates or more than  non-overlapped CCEs. 
· for each scheduled cell from the  downlink cells, more than  PDCCH candidates or more than  non-overlapped CCEs.
· for each scheduled cell from the  downlink cells,  
· more than  PDCCH candidates or more than  non-overlapped CCEs 
· more than  PDCCH candidates or more than  non-overlapped CCEs for CORESETs with same coresetPoolIndex value
*** Unchanged text is omitted ***


Proposal 6: 
· ,  needs to be determined and shared by all cells that are configured with scheduling cells having same SCS configuration  and same value X in combinations (X, Y). 
· Agree on TP 3 to determine , 

SSSG switching
The search space set group (SSSG) switching was firstly introduced in NR-U in Rel-16, which provides a means to balance the fast channel access right after LBT is successful and effective scheduling and power saving in the COT. Further, SSSG switching is extended in power saving WI in Rel-17. The feature is useful for FR2-2 too. In last RAN1 meeting, a working assumption on the SSSG switching delay was made. 
	Working assumption
The following values are adopted as minimum value of  for 120/480/960 kHz
· Support only search space set group switching processing capability 1 with the following values

	
	Minimum  value for
 UE processing capability 1 [symbols]

	3
	40

	5
	160

	6
	320






The configured search space configuration in the two SSSGs may have different requirements on the PDCCH monitoring capability. Figure 1 provides two examples for the SSSG switching with corresponding switching between combination (4, 1) and (4, 2). In Figure 1A, at the time for SSSG switching, UE needs to decode more PDCCHs if no additional restriction is introduced. Since the agreed Pswitch values are much larger than the slot group size X=4/8, UE can know in a quite early time that there happens burst PDCCH detections at the time of SSSG switching. As a result, a simple solution is that UE can cancel the PDCCH detection in X slots before the time of SSSG switching. On the other hand, Figure 1B shows another example that there exists a distance between the slots for PDCCH monitoring before or after SSSG switching. There is practically no problem to monitor all PDCCHs around the time of SSSG switching. In this case, it is desired if PDCCH in the first SSSG in the X slots before the time of SSSG switching can still be detected. Based on Figure 1A/1B, a unified solution could be that UE can monitor the PDCCHs in the X slots before the time of SSSG switching in the slots that are the intersection of the slot patterns of combinations (X, Y) used before and after SSSG switching. 


Figure 1: SSSG switching resulting in burst PDCCH detections
The time of SSSG switching after applying Pswitch may not be the boundary of a slot group. Since the second SSSG can provide better scheduling flexibility and the agreed Pswitch are rather large, it would be helpful if the PDCCH monitoring following the second SSSG can start as soon as possible. Therefore, it is preferred that PDCCH monitoring following the second SSSG can start from the time of SSSG switching. It is harmful to wait until the boundary of a slot group for the SSSG switching. 
The following TP is proposed to do SSSG switching with different multi-slot PDCCH monitoring capability combinations (X, Y).
	------------------------------   TP#4c: TS 38.213 -----------------------------------
*** Unchanged text is omitted ***
[bookmark: _Toc29894869][bookmark: _Toc29899168][bookmark: _Toc29899586][bookmark: _Toc29917315][bookmark: _Toc36498189][bookmark: _Toc45699217][bookmark: _Toc83289689]10.4	Search space set group switching
*** Unchanged text is omitted ***
If a UE is provided by SearchSpaceSwitchTrigger a location of a search space set group switching flag field for a serving cell in a DCI format 2_0, as described in clause 11.1.1; 
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 0, the UE starts monitoring PDCCH according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0
-	if the UE detects a DCI format 2_0 and a value of the search space set group switching flag field in the DCI format 2_0 is 1, the UE starts monitoring PDCCH according to search space sets with group index 1, and stops monitoring PDCCH according to search space sets with group index 0, for the serving cell at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0, and the UE sets the timer value to the value provided by searchSpaceSwitchTimer
-	if the UE monitors PDCCH for a serving cell according to search space sets with group index 1, the UE starts monitoring PDCCH for the serving cell according to search space sets with group index 0, and stops monitoring PDCCH according to search space sets with group index 1, for the serving cell at the beginning of the first slot that is at least  symbols after a slot where the timer expires or after a last symbol of a remaining channel occupancy duration for the serving cell if indicated by DCI format 2_0
If a UE indicates a capability to monitor PDCCHs according to multiple combinations , the search space sets with group index 0 and 1 are respectively associated with different combinations  and , the UE monitors PDCCHs of search space sets with group index g in the slot(s) that belongs to both the  slots of combinations  and the  slots of combinations  within the  slots prior to PDCCH monitoring according to search space sets with group index 1-g.
*** Unchanged text is omitted ***


 
Proposal 7:
· Dynamic SSSG switching is supported for all SCSs 120, 480 and 960kHz. 
· The search space set configurations of the two SSSG can correspond to two different PDCCH monitoring capabilities combinations (X, Y)
· UE can monitor the PDCCHs in the X slots before the time of SSSG switching in the slots that are the intersection of the slot patterns of the two combinations (X, Y) before and after SSSG switching
· PDCCH monitoring following the second SSSG can start right after the time of SSSG switching
· Agree on TP 4 to do SSSG switching with different multi-slot PDCCH monitoring capability combinations (X, Y).

Search space set configuration
In existing NR, a SS set can be configured by high layer parameters monitoringSlotPeriodicityAndOffset, duration and monitoringSymbolsWithinSlot. The above RRC parameters can be reinterpreted to fit with multi-slot PDCCH monitoring capability combination (X, Y). 
The parameter monitoringSlotPeriodicityAndOffset can still indicate the periodicity and slot offset in a period that is configured with PDCCH MOs for a SS set. Since the periodicity and offset are in unit of slots in the specification, additional larger values for SCS 480/960 should be introduced to support the same absolute time of the periodicity/offset as existing NR. 
The parameter duration indicates the number of consecutive slots starting from a slot offset determined by monitoringSlotPeriodicityAndOffset. Considering combination (X, Y) for SCS 480kHz/960kHz, the interpretation of duration should be changed, so that a group (1) SS sets can be periodically configured in only the Y slots of every slot group of X slots. On the other hand, a group (2) SS can be configured in any slot(s) in a slot group. duration can be configured as multiple of X slots. The configured MOs in a first slot group in a period determined by monitoringSlotPeriodicityAndOffset can repeat in all slot groups in duration.
Two options can be considered for the configuration of a group (1) SS set in the duration consecutive slots. 
Option 1: A group (1) SS set is only configured in [at most] one slot within the Y slot(s) in a slot group of X slots. The index of the slot within a slot group is ,  is the slot offset configured by monitoringSlotPeriodicityAndOffset. In this case, monitoringSymbolsWithinSlot can be directly reused to indicate the start symbols of PDCCH MOs in one slot. In Option 1, when multiple group (1) SS sets are configured to a UE, it is up to gNB to configure the multiple SS sets in the same/different slots within the Y slot(s) of a slot group by adjusting the slot offset . 
Option 2: A group (1) SS set is can be configured in any slots within the Y slot(s) in a slot group of X slots for flexibility. The index of the first slot within a slot group can be . Correspondingly, monitoringSymbolsWithinSlot can be extended to indicate the start symbols of PDCCH MOs within Y slots. For example, monitoringSymbolsWithinSlot can be extended to a bitmap of 14*Y bits. Alternatively, monitoringSymbolsWithinSlot still indicates the start symbols of PDCCH MOs in one slot, while another bitmap of Y bits is introduced which indicate which slot(s) are configured with PDCCH MOs for the SS set. 
Further, based on the current agreement, a group (2) SS set can be configured in any slot in a slot group except for SS set 0. For SS set 0, its slot position is determined by the associated SSB. For Type0A/2 CSS sets with searchSpaceID non-zero, it would be helpful to allow the configuration of multiple MOs in a slot group for the flexibility of gNB. Note: it is possible to configure Type0A/2 CSS sets with searchSpaceID non-zero in every consecutive slot in existing NR. The UE may detect at most one of the configured MOs in the slot group. Following the procedure in existing NR, the MOs of a Type0A/2 CSS set with searchSpaceID non-zero are sequentially numbered and mapped to the actual transmitted SSBs according to ssb-PositionsInBurst in SIB1, where the actual transmitted SSBs are sequentially numbered in ascending order of their SSB indexes. Then, the UE may only monitor a MO that is associated with the SSB of the UE. To support flexible configuration of a Type0A/2 CSS set with searchSpaceID non-zero in a slot group of X slots, monitoringSymbolsWithinSlot can be extended to indicate the start symbols of PDCCH MOs within X slots. For example, monitoringSymbolsWithinSlot can be extended to a bitmap of 14*X bits. Alternatively, monitoringSymbolsWithinSlot still indicate the start symbols of PDCCH MOs in one slot, while another bitmap of X bits are introduced which indicate which slot(s) are configured with PDCCH MOs for the SS set. 
It is preferred to have a unified design on SS set configuration for both group (1) SS and group (2) SS. 
· monitoringSlotPeriodicityAndOffset: the periodicity and slot offset in a period that is configured with PDCCH MOs for a SS set 
· duration: multiple of X slots starting from slot offset configured by monitoringSlotPeriodicityAndOffset. The configured MOs in a slot group repeat in all slot groups in duration.
· monitoringSymbolsWithinSlot: A bitmap to indicate the start symbols of PDCCH MOs in one or multiple slots. The index of the first slot within a slot group can be . The bitmap length can be at least configured from {14, 28, 56, 112}
· The configured MOs in a slot group by monitoringSymbolsWithinSlot repeat in all slot groups within the duration slots.

The following TP is proposed for SS set configuration.
	------------------------------   TP#5: TS 38.213 -----------------------------------
*** Unchanged text is omitted ***
10.1	UE procedure for determining physical downlink control channel assignment 
*** Unchanged text is omitted ***
For each DL BWP configured to a UE in a serving cell, the UE is provided by higher layers with   search space sets where, for each search space set from the  search space sets, the UE is provided the following by SearchSpace: 
-	a search space set index ,  , by searchSpaceId 
-	an association between the search space set  and a CORESET  by controlResourceSetId or by controlResourceSetId-v1610
-	a PDCCH monitoring periodicity of  slots and a PDCCH monitoring offset of  slots, by monitoringSlotPeriodicityAndOffset
-	a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the CORESET within a slot for PDCCH monitoring, by monitoringSymbolsWithinSlot. If a UE monitors PDCCH on a cell according to combination , monitoringSymbolsWithinSlot indicates a PDCCH monitoring pattern within one or multiple slots in a group of   slots
-	a duration of  slots indicating a number of slots that the search space set  exists by duration. If a UE monitors PDCCH on a cell according to combination , the PDCCH monitoring occasions determined by monitoringSymbolsWithinSlot in a group of  slots repeat in all slots indicated by duration
*** Unchanged text is omitted ***



Proposal 8: 
· The existing parameters for SS set configuration are reinterpreted as below for both group (1) SS set and group (2) SS set.
· monitoringSlotPeriodicityAndOffset: the periodicity and slot offset in a period that is configured with PDCCH MOs for a SS set 
· duration: multiple of X slots starting from the slot offset configured by monitoringSlotPeriodicityAndOffset. The configured MOs in a slot group repeat in all slot groups in duration.
· monitoringSymbolsWithinSlot: A bitmap to indicate the start symbols of PDCCH MOs in one or multiple slots. The index of the first slot within a slot group can be . The bitmap length can be at least configured from {14, 28, 56, 112}
· The configured MOs in a slot group by monitoringSymbolsWithinSlot repeat in all slot groups within the duration slots.
· Agree on TP 5 for SS set configuration

Cross-carrier scheduling
Cross-carrier scheduling between two cells in a FR1/FR2-1/FR2-2 was discussed in last meeting. A general proposal under discussion is that CCS is only support for |μPDCCH − μPDSCH | ≤ k. Multiple options for value k were discussed including k=4, k=5 or k is unlimited. In an extreme case, the length of a slot with SCS 15kHz is 64 times of a slot with SCS 960kHz. The existing supported number of processed PDCCHs in a scheduling cell with SCS 15kHz slot may not provide an efficient scheduling for the scheduled cell with SCS 960kHz, even when multi-PDSCH/PUSCH scheduling is configured. Therefore, it would be more appropriate to limit the value k. With k=4, CCS between a FR1 cell and a FR2-2 cell with SCS 960kHz can be supported at least when SCS 60kHz is used by the FR1 cell. However, to provide a better flexibility for gNB configuration, k=5 is slightly preferred. 
Proposal 9: 
· CCS is only support for |μPDCCH − μPDSCH | ≤ k with k=5
· The limitation on |μPDCCH − μPDSCH | ≤ k, k=5 should be captured in UE feature for WI NR_ext_to_71GHz

Another proposal under discussion is on beam-specific DCI 2_0 transmission. Considering a FR2-2 cell will work with very narrow beam and the interference on the different narrow beam can be quite different, it is expected the channel occupation status can be different on different narrow beams if LBT is required. Therefore, the DCI format 2_0 can be transmitted in a beam specific manner, which may be applied to both licensed operation and unlicensed operation. 
Proposal 10: 
· The DCI format 2_0 can be transmitted in a beam specific manner. 

Conclusions
In this contribution, we discussed the potential enhancements on PDCCH monitoring in 52.6-71GHz frequency. The following is a summary of proposals:
Proposal 1: 
· X=2 can be optionally supported for SCS 480kHz, which corresponds to combination (X, Y) = (2, 1)
· X=1, i.e., per-slot PDCCH monitoring capability is not supported for SCS 480/960kHz 
· Agree on TP 1 to capture additional X value 2 for SCS 480kHz
Proposal 2: 
· The maximum number of spans in any slot in a slot group remains to be 2 which reuses the current agreement for the Y=1 slot
· Up to 2 or 3 spans for group (2) SS except the SS set with searchSpaceId = 0 can be configured in a slot group
· UE may decide to monitor only one MO or even not monitor any MO at all
· UE is capable to monitor up to 3 or 4 spans of SS sets in a slot group
· The limitation on number of spans in a slot group should be discussed in UE feature for WI NR_ext_to_71GHz
Proposal 3: 
· A span of SS sets configured in a slot group, if it is not monitored by the UE, may not be counted in the number of spans in the slot group.
· If the maximum number of spans in a slot group is exceeded, UE can drop one or more spans of the group (1) SS
· Additional solution to handle SS sets configured in consecutive slots is not preferred
· The limitation on number of spans in a slot group should be discussed in UE feature for WI NR_ext_to_71GHz
Proposal 4: 
· UE should be able to process one broadcast DCI for SI/RACH/paging in addition to the agreed number of processed unicast DCI in a slot group of X slots.
· To clarify whether a UE would be able to detect up to 8 unicast DCI in a slot on the scheduling cell with SCS 15kHz
· The limitation on number of detected DCIs in a slot group should be discussed in UE feature for WI NR_ext_to_71GHz
Proposal 5: 
· For a UE capable of multiple combinations (X, Y), if the configured SS sets are aligned with more than one combination (X, Y), the active combination (X, Y) is determined that is associated with the largest X and smallest Y. 
· Agree on TP 2 to determine the active combination (X, Y).
Proposal 6: 
· ,  needs to be determined and shared by all cells that are configured with scheduling cells having same SCS configuration  and same value X in combinations (X, Y). 
· Agree on TP 3 to determine , 
Proposal 7:
· Dynamic SSSG switching is supported for all SCSs 120, 480 and 960kHz. 
· The search space set configurations of the two SSSG can correspond to two different PDCCH monitoring capabilities combinations (X, Y)
· UE can monitor the PDCCHs in the X slots before the time of SSSG switching in the slots that are the intersection of the slot patterns of the two combinations (X, Y) before and after SSSG switching
· PDCCH monitoring following the second SSSG can start right after the time of SSSG switching
· Agree on TP 4 to do SSSG switching with different multi-slot PDCCH monitoring capability combinations (X, Y).
Proposal 8: 
· The existing parameters for SS set configuration are reinterpreted as below for both group (1) SS set and group (2) SS set.
· monitoringSlotPeriodicityAndOffset: the periodicity and slot offset in a period that is configured with PDCCH MOs for a SS set 
· duration: multiple of X slots starting from the slot offset configured by monitoringSlotPeriodicityAndOffset. The configured MOs in a slot group repeat in all slot groups in duration.
· monitoringSymbolsWithinSlot: A bitmap to indicate the start symbols of PDCCH MOs in one or multiple slots. The index of the first slot within a slot group can be . The bitmap length can be at least configured from {14, 28, 56, 112}
· The configured MOs in a slot group by monitoringSymbolsWithinSlot repeat in all slot groups within the duration slots.
· Agree on TP 5 for SS set configuration
Proposal 9: 
· CCS is only support for |μPDCCH − μPDSCH | ≤ k with k=5
· The limitation on |μPDCCH − μPDSCH | ≤ k, k=5 should be captured in UE feature for WI NR_ext_to_71GHz
Proposal 10: 
· The DCI format 2_0 can be transmitted in a beam specific manner. 
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