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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In this contribution, we mainly focus on the remaining issues of the PDCCH monitoring enhancement for 52-71GHz spectrum.
Discussion
Multi-slot PDCCH monitoring capability
Following Key agreements regarding multi-slot monitoring capabilities were achieved in previous meetings.
	Agreement (RAN1#107-e)
· 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
Agreement (RAN1#107-e)
· 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
Conclusion (RAN1#107b-e)
Keep r17monitoringcapability in 38.213, and work on the potential RAN1 spec impact at RAN1#108e.



Default multi-slot monitoring behavior
In the latest version of 38.213, the following legacy text from Rel-16 describes UE behavior when monitoringCapabilityConfig is not provided:
	If the UE is not provided monitoringCapabilityConfig, the UE monitors PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs per slot. 


Slot-based PDCCH monitoring is not supported for n RAN1 107b-e, there was a clear consensus that above default monitoring behavior should be limited to . The question is how the default monitoring behavior for  should be described. Our understanding is that the default behavior applies to an RRC_IDLE UE or a UE during initial access. 
For an RRC_IDLE UE or a UE during initial access, following observations can be made:
1- UE does not monitor PDCCH for 
2- For , even if UE supports both and , UE does not monitor Group (1) SS and, therefore, the considered value for  is irrelevant. Further, for both and maximum BD and CCE budgets are equal to 20 and 32, respectively.
3- For  UE mandatorily supports       
Therefore, in our view, for , RRC_IDLE UE or a UE during initial access (i.e., when monitoringCapabilityConfig is not provided) may monitor PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs according to either of the combinations  or  as either or the combinations have exactly the same BD and CCE budget. As such, it seems to be more accurate to specify that, for , RRC_IDLE UE or a UE during initial access (i.e., when monitoringCapabilityConfig is not provided) monitors PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs according to . However, as a convention, it may be preferable to alternatively specify that, for , RRC_IDLE UE or a UE during initial access (i.e., when monitoringCapabilityConfig is not provided) monitors PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs according to combination simply because combination  is mandatorily supported.
Further, it can be clarified for  that an RRC_CONNECTED UE is expected to be provided with monitoringCapabilityConfig= r17monitoringcapability. Note that this does not mean that monitoringCapabilityConfig= r17monitoringcapability should always be present in PDCCH-Config as monitoringCapabilityConfig is an optional field “Need M” and its value is stored by the UE and upon receiving a message with the field absent, the UE maintains the current value.
As such, we propose the following. 
Proposal 1: [bookmark: _Ref95493959]Support either of TP 1 or TP 1A for 38.213 to describe the default PDCCH monitoring behavior for .
[bookmark: _Ref95380933]TP 1
	10  UE procedure for receiving control information
*** Unchanged text is 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, or
· per group of  slots according to combination , as in Tables 10.1-2B and 10.1-3B, if monitoringCapabilityConfig = r17monitoringcapability.
For UE is not provided monitoringCapabilityConfig for a serving cell, the UE monitors PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs per slot.
For a UE that is provided dedicated higher layer parameters, expects to be configured with monitoringCapabilityConfig = r17monitoringcapability for a serving cell. For , if a UE is not provided with monitoringCapabilityConfig for a serving cell, UE monitors PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs according to combination 

*** Unchanged text is omitted ***



[bookmark: _Ref95380940]TP 1A
	10  UE procedure for receiving control information
*** Unchanged text is 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, or
· per group of  slots according to combination , as in Tables 10.1-2B and 10.1-3B, if monitoringCapabilityConfig = r17monitoringcapability.
For UE is not provided monitoringCapabilityConfig for a serving cell, the UE monitors PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs per slot.
For a UE that is provided dedicated higher layer parameters, expects to be configured with monitoringCapabilityConfig = r17monitoringcapability for a serving cell. For , if a UE is not provided with monitoringCapabilityConfig for a serving cell, UE monitors PDCCH on the serving cell for a maximum number of PDCCH candidates and non-overlapping CCEs according to  

*** Unchanged text is omitted ***



Determining active  in case of multiple reported combinations for multi-slot monitoring
In case that UE supports more than one  combinations AND the configured search space sets comply with more than one supported  combinations, there have been extensive discussions in RAN1 107b-e on whether and how to determine the active  combination which UE uses for the actual PDCCH monitoring. 
Let us try to address this issue through studying a couple of questions as follows:
Question 1: In case that UE supports more than one  combinations AND the configured search space sets comply with more than one supported  combinations, is it required to determine the “active” value of  which UE uses to monitor Group (1) SSs?
If UE reports more than one combinations, gNB is supposed to configure all Group (1) SSs “compact enough” so that they all are located within  consecutive slots of every  slots where is one of the supported combinations. In other words, following the same design principle of PDCCH monitoring in Rel-15/16, gNB should ensure the configured SS sets comply with at least one of capabilities reported by UE. Then, UE simply needs to monitor the configured Group (1) SSs within those  slots for PDCCH. Determining the value of  has no use for the UE as UE simply follows the UE-dedicated Group (1) SS configuration to monitor for PDCCH within the  slots. Additionally, note that BD/CCE budget is independent from the active value of. It is possible that all Group (1) SSs are configured so that they satisfy  and  where both combinations are supported by the UE. For instance, UE supports both (4,1) and (4,2) for  and Group (1) SSs are configured so that they satisfy (4,1), and, since they satisfy (4,1), they also satisfy (4,2). Still, determining the “active” value of  does not change UE behavior and UE simply follows the Group (1) SS configurations to monitor for PDCCH within the single slot every four slots. Further, no matter if  or  is perceived as active, BD/CCE budget is related to      
Observation 1: In case that UE supports more than one  combinations AND the configured search space sets comply with more than one supported  combinations, determining the “active”  for the UE does not change UE monitoring behavior and, therefore, is not required. 
Question 2: In case that UE supports more than one  combinations AND the configured search space sets comply with more than one supported  combinations, is it required to determine the “active” value of ?
For , only (4,1) and (4,2) are supported and they have the same BD/CCE budget. Therefore, if the active value of  needs to be determined, there is no ambiguity that it would be 
For , a majority of companies argued in RAN1 107b-e that if UE supports more than one  combinations AND the configured SS sets comply with more than one reported   combinations, the “active” value of  should be the one that corresponds to the  combination that 1) all configured SS sets comply with; and 2) results in the largest BD/CCE budget. For instance, if UE supports (4,1) and (8,1) for  and all Group (1) SSs of the UE are configured within a single slot every 8 slots, it is technically possible to determine active  which means that BD/CCE budget of the Group (1) and potential Group (2) SS in the first 4 consecutive slots are 10/16, while the BD/CCE budget in the second 4 consecutive slots within the 8-slot period cannot be used for group (1) SS monitoring in the first 4 consecutive slots.  If  is assumed in the same scenario, the total BD/CCE budget for both Group (1) SS and Group (2) SS within those 8 slots is 20/32. Therefore, we also think that if UE supports more than one  combinations AND the configured search space sets comply with more than one supported   combinations, the “active” value of  should be the one that corresponds to the  combination that all configured search space sets comply with and results in the largest BD/CCE budget (or, equivalently, the largest  in the set of complied  combinations). Such a choice for active additionally provide more flexibility in monitoring group (2) SS. We propose the following:
Proposal 2: If the configured search space sets comply with more than one reported  combinations, determine the “active”  as the one that corresponds to the  combination that all configured search space sets comply with and results in the largest BD/CCE budget (or, equivalently, the largest  in the set of complied  combinations). 
· Support TP 2 for 38.213.
[bookmark: _Ref95381592]TP 2
	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 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 on a cell according to multiple  combinations and configuration of search space sets to the UE to monitor PDCCH for Type1-PDCCH CSS set provided by dedicated higher layer signalling, Type3-PDCCH CSS sets, and USS sets is in any slot of the  slots within the  slots for one or more combinations of , UE monitors PDCCH on the cell according to  slots that is associated with the largest maximum number of  and  defined in Table 10.1-2B and Table 10.1-3B.  
*** Unchanged text is omitted ***



Other limitation for Group (2) SSs monitoring
	Agreement (RAN1#107b-e)
Clarify earlier agreement as follows:
· A UE capable of multi-slot monitoring mandatorily supports monitoring Group (2) SSs according to FG 3-1 within each of the  slots of a slot-group, such that:
· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of each slot, with the monitoring occasions for any of Type 1- CSS without dedicated RRC configuration, or Types 0, 0A, or 2 CSS configurations within a single span of three consecutive OFDM symbols within each slot of the slot group.
· Continue discussion on whether or not introducing other limitation for Group (2) SSs in RAN1#108-e.


Regarding the second bullet in above agreement, we prefer to allow full flexibility of the Group (2) SS. Besides, the necessity of further limitations on the number of spans per slot/slot group is not clear to us. Therefore, we prefer not to introduce other limitation for Group (2) SSs.
Proposal 3: Do not introduce other limitation for Group (2) SSs monitoring.
Search space configuration
	Agreement (RAN1#107b-e)
For search space set configuration of multi-slot PDCCH monitoring:
· monitoringSlotPeriodicityAndOffset and duration are appended with "-r17", and
· For monitoringPeriodicityAndOffset-r17
· The values represent slots
· Add periodicity values {32,64,128,5120,10240,20480} to the existing values in monitoringSlotPeriodicityAndOffset
· Note: Total list of supported periodicity values: {1,2,4,5,8,10,16,20,32,40,64,80,128,160,320,640,1280,2560,5120,10240,20480}
· For each periodicity value Xp
· The value range for the offset O is {0 .. Xp-1} slots
· Note: There may be no need to introduce the term "Xp" in the specifications
· The configured periodicity at least for Group (1) SSs is restricted to be an integer multiple of Xs slots
· FFS: details of offset
· For duration-r17
· The values represent slots
· The value range is { 8, 12, …, 20476}
· The configured duration is restricted to be an integer multiple of Xs slots at least for Group (1) SSs
· FFS: need to revise the definition of duration
· monitoringSymbolsWithinSlot applies to each slot in a slot group configured for multi-slot PDCCH monitoring
· Note: This parameter can be directly re-used from earlier releases.
· Introduce new parameter monitoringSlotsWithinSlotGroup-r17
· Working assumption:
· The size is 8 bits
· Each bit in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot group
· A slot in the slot group is configured for multi-slot PDCCH monitoring if the corresponding bit in the slot group is set to '1'
· Note: Further configuration of the monitoring symbols in such a slot is done by monitoringSymbolsWithinSlot
· The slots indicated in the bitmap should be consecutive at least for Group (1) SSs


According to the above agreement in RAN1#107b-e, a search space set of multi-slot PDCCH monitoring can be configured via the following parameters: monitoringPeriodicityAndOffset-r17, duration-r17, monitoringSymbolsWithinSlot and monitoringSlotsWithinSlotGroup-r17. There are still several details that should be determined including the details of periodicity and offset for Group (1) SS and Group (2) SS, the definition of duration-r17, and the working assumption of monitoringSlotsWithinSlotGroup-r17. In the following sub-clauses, we discuss these details.
Details of supported values for periodicity
In RAN1 107b-e, it was agreed to define a new IE monitoringPeriodicityAndOffset-r17. Based on the agreement, the periodicity values of this IE include the existing values in Rel1-5/16 monitoringSlotPeriodicityAndOffset as well as the new values {32, 64, 128, 5120, 10240, 20480}. Further, it was agreed that “the configured periodicity at least for Group (1) SSs is restricted to be an integer multiple of  slots”. Since for  only  and for  only  are supported, in fact, the periodicity values applicable to monitoringPeriodicityAndOffset-r17 for at least Group (1) SS are limited to {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots. Further, values 4 and 20 are not applicable for  if UE only supports .
Observation 2: Based on the agreement in RAN1#107b-e, the periodicity values applicable to monitoringPeriodicityAndOffset-r17 for at least Group (1) SS is limited to {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots. Further, values 4 and 20 are not applicable for  if UE only supports .
A related important question that needs to be answered is follows:
Question 3: Should the configured periodicity for Group (2) SS sets (i.e., Type0/0A/2-PDCCH CSS set and Type1-PDCCH CSS set provided in SIB1) be restricted to be an integer multiple of  slots? 
To answer above question, first, let us categorize Group (2) SS sets to further sub-groups as follows:
· Group (2) SS set-subGroup A: Type0/0A/2-PDCCH CSS with searchSpaceID equal to zero
· Group (2) SS set-subGroup B: Type0/0A/2-PDCCH CSS with searchSpaceID not equal to zero and Type1-PDCCH CSS
Group (2) SS set-subGroup A:
According to the following excerpt from Clause 10.1 of 38.213, if searchSpaceID=0 in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, the UE determines monitoring occasions as described in clause 13. Therefore, in such a case, the configured periodicity in monitoringSlotPeriodicityAndOffset-r17 for the search space is irrelevant as the UE obtains the monitoring occasions only based on the associated SSBs.  
	Excerpt from Clause 10.1 of 38.213
If a UE is provided a zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, […], the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set as described in clause 13[…]
If a UE monitors PDCCH candidates for DCI formats with CRC scrambled by a C-RNTI and the UE is provided a non-zero value for searchSpaceID in PDCCH-ConfigCommon for a Type0/0A/2-PDCCH CSS set, […] the UE determines monitoring occasions for PDCCH candidates of the Type0/0A/2-PDCCH CSS set, […], based on the search space set associated with the value of searchSpaceID. 


Observation 3: For Type0/0A/2-PDCCH CSS in Group (2) SS set, if searchSpaceID is set to 0, the configured periodicity in monitoringSlotPeriodicityAndOffset-r17 for the search space is irrelevant as the UE obtains the monitoring occasions based on the associated SSBs.

Group (2) SS set-subGroup B:
For  Type0/0A/2-PDCCH CSS with searchSpaceID not equal to zero 0 and for Type1-PDCCH CSS set, UE follows the searchspace configuration including the periodicity values in monitoringSlotPeriodicityAndOffset-r17 to determine the PDCCH monitoring occasions. Technically, it is not required to restrict the periodicities of Group (2) SS set-subGroup B to multiple of  slots. However, if periodicities of Group (2) SS set-subGroup B is restricted to multiple of  slots, then, for , it means that periodicities of A1 = {1,2,5,10} slots cannot be used and, for , it means that periodicities of A1 = {1,2,5,10} slots cannot be used if both  are supported and periodicities of A2 = {1,2,4,5,10,20} slots cannot be used if only  is supported. Further, in absolute time, A1 = {1,2,5,10} slots for  is equal to B1 = {0.25, 0.5, 1.25, 2.5} slots for , and A2 = {1,2,4,5,10,20} slots for  is equal to  B2 = {0.125, 0.25, 0.5, 0.625, 1.25, 2.5} slots for  and none of values in B1 or B2 is a supported value for a search space periodicity in Rel-15/16. 
Observation 4: For Type0/0A/2-PDCCH CSS with searchSpaceID not equal to zero and Type1-PDCCH CSS, if periodicities is restricted to multiple of  slots, then, only following periodicities cannot be used:
· For , periodicities of A1 = {1,2,5,10} slots 
· For , periodicities of A1 = {1,2,5,10} slots if both  are supported and periodicities of A2 = {1,2,4,5,10,20} slots if only  is supported. 
As, in absolute time, A1 = {1,2,5,10} slots for  is equal to B1 = {0.25, 0.5, 1.25, 2.5} slots for , and A2 = {1,2,4,5,10,20} slots for  is equal to  B2 = {0.125, 0.25, 0.5, 0.625, 1.25, 2.5} slots for  none of the restricted periodicities in A1 or A2 is a supported value (in an absolute time) for a search space periodicity in Rel-15/16. 
In our view, the simplicity of using the same set of supported periodicities for both Group (1) SS and Group (2) SS along with above Observation 3 and Observation 4, strongly justify the following:
Proposal 4: In addition to the configured periodicity for Group (1) SSs, the configured periodicity for Group (2) SSs is also restricted to be an integer multiple of  slots.

Definition of duration
As for the definition of duration-r17, it is worth noticing that, unlike Rel-15/16, the search space is not necessarily consist of a consecutive number of slots in a period (occasion) because the group (1) SS in only located within  consecutive slots of the  slot group. Therefore, a valid definition of duration-r17 is the total number slots in consecutive groups of  slots that a search space lasts in each period. 
Proposal 5: Support the following definition for duration-r17: 
· Duration-r17 is the total number of slots in consecutive groups of  slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the monitoringPeriodicityAndOffset-r17, for .
· Use the above definition of duration-r17 in RRC parameter list
· Adopt TP3 for 38.213
[bookmark: _Ref95410338]TP 3
	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 S 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 
-	a duration of  slots indicating a number of slots that the search space set  exists by duration for or a duration of  slots indicating the total number of slots in consecutive groups of  slots that the search space set  exists by duration-r17 for 
	*** Unchanged text is omitted ***



Details of monitoringSlotsWithinSlotGroup IE 
Regarding monitoringSlotsWithinSlotGroup-r17, the working assumption is quoted below again:
	· Introduce new parameter monitoringSlotsWithinSlotGroup-r17
· Working assumption:
· The size is 8 bits
· Each bit in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot group
· A slot in the slot group is configured for multi-slot PDCCH monitoring if the corresponding bit in the slot group is set to '1'
· Note: Further configuration of the monitoring symbols in such a slot is done by monitoringSymbolsWithinSlot
· The slots indicated in the bitmap should be consecutive at least for Group (1) SSs


We support the WA with a slight modification: Since the size of monitoringSlotsWithinSlotGroup-r17 is set to 8 while the size of slot group is either 4 or 8, only the  leftmost bits of monitoringSlotsWithinSlotGroup-r17 represent a slot in a slot group.
Proposal 6: Confirm the working assumption on monitoringSlotsWithinSlotGroup-r17 with the following modification in the second sub-bullet: 
· Each of the  leftmost bits in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot group.
Adopt TP4 for 38.213.
TP 4
	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 S 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 group for , indicting the slots within a group of  slots that are configured for multi-slot PDCCH monitoring, by monitoringSlotsWithinSlotGroup-r17.
-	a PDCCH monitoring pattern within a slot, indicating first symbol(s) of the CORESET within a slot for PDCCH monitoring, by monitoringSymbolsWithinSlot. 
*** Unchanged text is omitted ***


Details of offset 
Further, let us take a look at the offset in monitoringPeriodicityAndOffset-r17. The offset in monitoringPeriodicityAndOffset in Rel-15/16 indicates the starting slot index of monitoring occasions. However, in Rel-17, the indication of starting slot within a slot group is already provided  by monitoringSlotsWithinSlotGroup-r17 and the offset in monitoringPeriodicityAndOffset-r17 needs only to indicate the starting slot index of the  slot group containing monitoring occasions. For example, suppose that the MOs start in the 5-th slot, as shown in Figure 1. In this case, the offset in monitoringPeriodicityAndOffset-r17 can be 4 slots while monitoringSlotsWithinSlotGroup-r17 = 0110000.
e.g., monitoringPeriodicityAndOffset-r17 = (sl32, 4 slots) and duration-r17 = 12 slots
offset = 4 slots
duration = 12 slots = 3 slot groups
periodicity = 32 slots
 slots
3 OSs
3 OSs
 slots
 slots
…
 slots
…
monitoringSymbolsWithinSlot = 00111 00111 0000

[bookmark: _Ref92445553]Figure 1 An example of search space configuration for a UE that supports multi-slot monitoring for 480 kHz SCS with  with monitoringSlotsWithinSlotGroup-r17 = 0110000

Proposal 7: The configured offset in monitoringPeriodicityAndOffset-r17 is restricted to be an integer multiple of  slots and the invalid entries can be removed.

Value range for monitoringPeriodicityAndOffset-r17
	Proposal: In addition to the configured periodicity for Group (1) SSs, the configured periodicity for Group (2) SSs is also restricted to be an integer multiple of  slots.
Proposal: The configured offset in monitoringPeriodicityAndOffset-r17 is restricted to be an integer multiple of  slots and the invalid entries can be removed.


Given our earlier proposals (brought also above for the ease of reading) regarding the periodicity and offset values in monitoringPeriodicityAndOffset-r17 and the fact that  is only limited to 4 and 8 slots, every supported periodicity is an integer multiple of 4 slots. Further, for any periodicity of 4N slots, the permissible value range of offset is given by (0,3,…,4N-1). We propose to clarify this to RAN2 in the RRC parameter list as follows:
Proposal 8: Supported value range for periodicity and offset in monitoringPeriodicityAndOffset-r17 is provided below and is included in RRC parameter list to RAN2:  
monitoringSlotPeriodicityAndOffset-r17 CHOICE {
sl4 INTEGER (0),
sl8 INTEGER (0,3),
sl16 INTEGER (0,3..15),
sl20 INTEGER (0,3..19),
sl32 INTEGER (0,3..31),
sl40 INTEGER (0,3..39),
sl64 INTEGER (0,3..63),
sl80 INTEGER (0,3..79),
sl128 INTEGER (0,3..127),
sl160 INTEGER (0,3..159),
sl320 INTEGER (0,3..319),
sl640 INTEGER (0,3..639),
sl1280 INTEGER (0,3..1279),
sl2560 INTEGER (0,3..2559),
sl5120 INTEGER (0,3..5119),
sl10240 INTEGER (0,3..10239),
sl20480 INTEGER (0,3..20479)
}

SSSG switching 
SS set group switching minimum time
Similar to other timeline related issues, it seems there is a consensus to determine the minimum value of  for 120 kHz and then scale it for 480/960 kHz. Due to the short duration of a symbol/slot for 480/960 kHz, only one SSSG switching processing capability is sufficient. In addition, it would be quite challenging to support  symbols for 120 kHz. Therefore, we support the WA as shown in the following table.
[bookmark: _Ref78228631]Table 1. Minimum value of  [symbols]
	
	Minimum  value for
 UE processing capability 1 [symbols]
	Minimum  value for
 UE processing capability 2 [symbols]

	0
	25
	10

	1
	25
	12

	2
	25
	22

	3
	40
	-

	5
	160
	-

	6
	320
	-


Proposal 9: Confirm the WA in RAN1 107-e, that is, support only search space set group switching processing capability 1 with minimum  values 40/160/320 symbols for 120/480/960 kHz SCS. 
SSSG switching boundary
Since the BD/CCE budget of multi-slot PDCCH monitoring is defined per slot-group, it would be easier for a UE to monitor according to the BD/CCE budget if SSSG switching occurs at a slot-group boundary rather than in the middle of a slot-group. Therefore, it is beneficial to align the SSSG switching boundary with the boundary of a slot-group.
Proposal 10: For multi-slot PDCCH monitoring for 480/960 kHz SCSs, a boundary of SSSG switching is always aligned with a boundary of a slot group. 
· Adopt TP 3 for 38.213.
[bookmark: _Ref95394542]TP 3
	10.4 Search space set group switching and skipping of PDCCH monitoring
*** 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
· for the serving cell with  at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0, and 
· for the serving cell with  at the first slot of a slot group 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
· for the serving cell with  at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format 2_0, and 
· for the serving cell with  at the first slot of a slot group 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
· for the serving cell with  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, and 
· for the serving cell with  at the beginning of the first slot of a slot group 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 is not provided SearchSpaceSwitchTrigger for a serving cell,
-	if the UE detects a DCI format by monitoring PDCCH according to a search space set with group index 0, 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, the UE sets the timer value to the value provided by searchSpaceSwitchTimer if the UE detects a DCI format by monitoring PDCCH in any search space set
· for the serving cell with  at a first slot that is at least  symbols after the last symbol of the PDCCH with the DCI format, and 
· for the serving cell with  at the first slot of a slot group that is at least  symbols after the last symbol of the PDCCH with the DCI format
the UE sets the timer value to the value provided by searchSpaceSwitchTimer if the UE detects a DCI format by monitoring PDCCH in any search space set
-	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, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last symbol of a remaining channel occupancy duration for the serving cell if indicated by DCI format 2_0
· for the serving cell with  at the beginning of the first slot that is at least  symbols after a slot where the timer expires or, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last symbol of a remaining channel occupancy duration for the serving cell if indicated by DCI format 2_0, and 
· for the serving cell with  at the beginning of the first slot of a slot group that is at least  symbols after a slot where the timer expires or, if the UE is provided a search space set to monitor PDCCH for detecting a DCI format 2_0, after a last symbol of a remaining channel occupancy duration for the serving cell if indicated by DCI format 2_0
*** Unchanged text is omitted ***



SSSG switching parameters
In power saving enhancements WI, the value range for both SSSG switching timer searchSpaceSwitchTimer-r17 and PDCCH skipping duration PDCCHSkippingDuration was agreed to be {1, 2, 3, …,160, 240, 320,400, 480, 640, 800} slots for120 kHz. Following other timeline related issues, it makes sense to scale the supported values of searchSpaceSwitchTimer-r17 and PDCCHSkippingDuration for 120 kHz by 4 and 8 to obtain the supported values respectively for 480 kHz and 960 kHz.
Proposal 11: In unit of slots, the supported values for searchSpaceSwitchTimer-r17 and PDCCHSkippingDuration for 480 kHz and 960 kHz are respectively 4x and 8x of their supported values for 120 kHz.
Moreover, in addition to Rel-16 SSSG switching parameters, SSSG switching parameters searchSpaceSwitchTimer-r17 and searchSpaceGroupIdList-r17 were introduced in power saving enhancements WI. It is clear that when Rel-16 SSSG switching parameters are configured, a UE will perform the Rel-16 SSSG switching mechanism. Similarly, when Rel-17 SSSG switching parameters are configured, a UE will perform the Rel-17 SSSG switching mechanism. From our view, it does not make too much sense to allow a UE to perform both SSSG switching mechanisms simultaneously. Therefore, the gNB should not configure both Rel-16 and Rel-17 SSSG switching parameters at the same time.
Proposal 12: A UE does not expect to be configured with Rel-16 SSSG switching parameters (such as searchSpaceSwitchTimer and SearchSpaceSwitchTrigger) and Rel-17 SSSG switching parameters (such as searchSpaceSwitchTimer-r17 and searchSpaceGroupIdList-r17) per cell simultaneously.

SSSG switching between  combinations
It has been discussed in RAN1 107b-e whether SSSG switching is only supported between SSSGs with the same  PDCCH monitoring combination. We do not see why the two different SSSGs have to support the same  combination. In our view, this is an unnecessarily conservative approach to guarantee that the distance between two consecutive  SS slots on either side of the switching boundary is not less than . For instance (4,1) can switch to (8,1) as long as the distance between the last monitoring slot in (4,1) to the first monitoring slot in (8,1) is not less than 4. This can be easily supported by gNB implementation. Alternatively, UE can just drop monitoring the first SS in the “switched to” SSSG if the distance between two consecutive  SS slots on either side of the switching boundary is not less than .
Proposal 13: SSSG switching is supported between SSSGs that correspond to the same or different  PDCCH monitoring combinations.
Cross-carrier/multi-cell operation
[bookmark: _GoBack]Monitoring capability for multiple serving cells
The discussion on monitoring capability for multiple serving cells in RAN1#107b-e lead to the the formulation of the following two alternatives [1]:
· Alt 1: Serving cells with the same PDCCH monitoring type including multi-slot-based capability are grouped together for further BD/CCE budget calculation
· Alt 1-1: Within a group of serving cells with multi-slot-based capability, the serving cells with the same SCS and  value are grouped together to follow a total BD/CCE budget
· Alt 1-2: Within a group of serving cells with multi-slot-based capability, the serving cells with the same SCS and  value are grouped together to follow a total BD/CCE budget
· 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
· Alt 2-1: A serving cell with SCS  and multi-slot-based capability  is considered as an equivalent virtual cell with SCS  and slot-based capability, where a slot group for the serving cell is considered as a slot for the virtual cell
· Alt 2-2: A serving cell with SCS  and multi-slot-based capability is considered as an equivalent virtual cell with SCS  and slot-based capability, where 4/8 slots for the serving cell with SCS  is considered as a slot for the virtual cell
Alt 1 is similar to the BD/CCE budget calculation for per-span PDCCH monitoring in Rel-16 and is straightforward. However, since the value of  in  does not impact the maximum BD/CCE budget, there is no need to calculate the BD/CCE budgets of serving cells with the same SCS and  yet different  separately. Hence, Alt 1-2 is least preferred.
As pointed out by some companies in [1], there are the following 3 cell types in NR Rel-17: serving cells with slot-based PDCCH monitoring capability, serving cells with span-based PDCCH monitoring capability, and serving cells with multi-slot PDCCH monitoring capability. If Alt. 1 is adopted, i.e., the MOs of different PDCCH monitoring capabilities for each numerology are counted separately, it might be a burden on the UE side. Therefore, Alt 2 seems a better solution to us. 
Proposal 14: Support to transform the serving cell with multi-slot-based capability to an equivalent serving cell with slot-based capability for further BD/CCE budget calculation.

Cross-carrier scheduling limitation
The benefit to support scheduling between two carriers with large  is questionable. For example, for  and , a DCI with 15 kHz SCS would schedule 64 PDSCH slots with 960 kHz SCS. In such a case, the flexibility is poor and the latency is large. Therefore, we support to reuse the same limitation as in FR1 and FR2-1, i.e., .
Proposal 15: Cross-carrier scheduling is only supported for .
Conclusions
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]In this paper, remaining issues of the PDCCH monitoring enhancement for 52-71GHz spectrum are discussed, and the following are proposed:
Proposal 1: Support either of TP 1 or TP 1A for 38.213 to describe the default PDCCH monitoring behavior for .
Observation 1: In case that UE supports more than one  combinations AND the configured search space sets comply with more than one supported  combinations, determining the “active”  for the UE does not change UE monitoring behavior and, therefore, is not required.
Proposal 2: If the configured search space sets comply with more than one reported  combinations, determine the “active”  as the one that corresponds to the  combination that all configured search space sets comply with and results in the largest BD/CCE budget (or, equivalently, the largest  in the set of complied  combinations). 
· Support TP 2 for 38.213
Proposal 3: Do not introduce other limitation for Group (2) SSs monitoring.
Observation 2: Based on the agreement in RAN1#107b-e, the periodicity values applicable to monitoringPeriodicityAndOffset-r17 for at least Group (1) SS is limited to {1, 2, 4, 5, 8, 10, 16, 20, 32, 40, 64, 80, 128, 160, 320, 640, 1280, 2560, 5120, 10240, 20480} slots. Further, values 4 and 20 are not applicable for  if UE only supports .
Observation 3: For Type0/0A/2-PDCCH CSS in Group (2) SS set, if searchSpaceID is set to 0, the configured periodicity in monitoringSlotPeriodicityAndOffset-r17 for the search space is irrelevant as the UE obtains the monitoring occasions based on the associated SSBs.
Observation 4: For Type0/0A/2-PDCCH CSS with searchSpaceID not equal to zero and Type1-PDCCH CSS, if periodicities is restricted to multiple of  slots, then, only following periodicities cannot be used:
· For , periodicities of A1 = {1,2,5,10} slots 
· For , periodicities of A1 = {1,2,5,10} slots if both  are supported and periodicities of A2 = {1,2,4,5,10,20} slots if only  is supported. 
As, in absolute time, A1 = {1,2,5,10} slots for  is equal to B1 = {0.25, 0.5, 1.25, 2.5} slots for , and A2 = {1,2,4,5,10,20} slots for  is equal to  B2 = {0.125, 0.25, 0.5, 0.625, 1.25, 2.5} slots for  none of the restricted periodicities in A1 or A2 is a supported value (in an absolute time) for a search space periodicity in Rel-15/16. 
Proposal 4: In addition to the configured periodicity for Group (1) SSs, the configured periodicity for Group (2) SSs is also restricted to be an integer multiple of  slots.
Proposal 5: Support the following definition for duration-r17: 
· Duration-r17 is the total number of slots in consecutive groups of  slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the monitoringPeriodicityAndOffset-r17, for .
· Use the above definition of duration-r17 in RRC parameter list
· Adopt TP3 for 38.213
Proposal 6: Confirm the working assumption on monitoringSlotsWithinSlotGroup-r17 with the following modification in the second sub-bullet: 
· Each of the  leftmost bits in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot group.
Adopt TP4 for 38.213.
Proposal 7: The configured offset in monitoringPeriodicityAndOffset-r17 is restricted to be an integer multiple of  slots and the invalid entries can be removed.
Proposal 8: Supported value range for periodicity and offset in monitoringPeriodicityAndOffset-r17 is provided below and is included in RRC parameter list to RAN2:  
monitoringSlotPeriodicityAndOffset-r17 CHOICE {
sl4 INTEGER (0),
sl8 INTEGER (0,3),
sl16 INTEGER (0,3..15),
sl20 INTEGER (0,3..19),
sl32 INTEGER (0,3..31),
sl40 INTEGER (0,3..39),
sl64 INTEGER (0,3..63),
sl80 INTEGER (0,3..79),
sl128 INTEGER (0,3..127),
sl160 INTEGER (0,3..159),
sl320 INTEGER (0,3..319),
sl640 INTEGER (0,3..639),
sl1280 INTEGER (0,3..1279),
sl2560 INTEGER (0,3..2559),
sl5120 INTEGER (0,3..5119),
sl10240 INTEGER (0,3..10239),
sl20480 INTEGER (0,3..20479)
}
Proposal 9: Confirm the WA in RAN1 107-e, that is, support only search space set group switching processing capability 1 with minimum  values 40/160/320 symbols for 120/480/960 kHz SCS. 
Proposal 10: For multi-slot PDCCH monitoring for 480/960 kHz SCSs, a boundary of SSSG switching is always aligned with a boundary of a slot group. 
· Adopt TP 3 for 38.213.
Proposal 11: In unit of slots, the supported values for searchSpaceSwitchTimer-r17 and PDCCHSkippingDuration for 480 kHz and 960 kHz are respectively 4x and 8x of their supported values for 120 kHz.
Proposal 12: A UE does not expect to be configured with Rel-16 SSSG switching parameters (such as searchSpaceSwitchTimer and SearchSpaceSwitchTrigger) and Rel-17 SSSG switching parameters (such as searchSpaceSwitchTimer-r17 and searchSpaceGroupIdList-r17) per cell simultaneously.
Proposal 13: SSSG switching is supported between SSSGs that correspond to the same or different  PDCCH monitoring combinations.
Proposal 14: Support to transform the serving cell with multi-slot-based capability to an equivalent serving cell with slot-based capability for further BD/CCE budget calculation.
Proposal 15: Cross-carrier scheduling is only supported for .
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