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[bookmark: _Toc67653037][bookmark: _Toc86845003]1	Introduction
In this contribution, we discuss open issues related to PDCCH monitoring enhancements for FR2-2.
[bookmark: _Toc67653038][bookmark: _Toc86845004]2	Discussion
[bookmark: _Ref95215052]2.1	Default Monitoring Behavior
In 38.213 Section 10, the following PDCCH monitoring behavior is specified:[38.213 Section 10]
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 monitoringCapabilityConfig = r17monitoringcapability
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. 


This says that if the parameter monitoringCapabilityConfig = r17monitoringcapability, then monitoring per group of Xs slots is configured. This is the only setting allowed for the case of 480/960 kHz SCS according to the following pair of agreements
Agreement:
· A UE supporting 480 kHz SCS supports multi-slot PDCCH monitoring for 480 kHz SCS.
· A UE supporting 960 kHz SCS supports multi-slot PDCCH monitoring for 960 kHz SCS.
· FFS: whether to apply multi-slot PDCCH monitoring at all times and for all search spaces.

Conclusion
Single-slot PDCCH monitoring for 480 kHz and 960 kHz is not supported. 

Furthermore, in the previous meeting, it was discussed whether or not to keep the value r17monitoringcapability, and the following conclusion was reached:
Conclusion
Keep r17monitoringcapability in 38.213, and work on the potential RAN1 spec impact at RAN1#108e.

Based on these agreements, it is important that the following two aspects are captured in specifications:
1. For For SCS configuration  and , the parameter monitoringCapabilityConfig must be set to r17monitoringcapability to ensure that only per-slot group monitoring is performed for 480/960 kHz SCS, and not per-slot or per-span monitoring.
· We propose that this configuration restriction is captured in 38.331. This can be achieved by updating the RRC parameter spreadsheet that will be sent to RAN2 after this meeting. See Proposal 1 below.
2. For For SCS configuration  and , the default monitoring behavior for the case when the parameter monitoringCapabilityConfig is absent must be defined, e.g., monitoring during initial access. According to the current version of 38.213 (see last sentence of text extract above), if this parameter is absent, the UE assumes per-slot monitoring which is not allowed for 480/960 kHz SCS.
· We propose that default behavior (monitoring per slot-group) for 480/960 kHz is captured in 38.213. See Proposal 2 below.

[bookmark: _Ref94802493][bookmark: _Toc95740682]Inform RAN2 that the value range for the existing parameter monitoringCapabilityConfig needs to be be extended to include the new value r17monitoringcapability, and that for 480 and 960 kHz SCS, the UE expects to be configured with this value. A note can be added to the RRC parameter spreadsheet to propose that RAN2 updates the field description of the parameter as follows:
[bookmark: _Hlk94803098]monitoringCapabilityConfig
Configures either Rel-15 PDCCH monitoring capability or Rel-16 PDCCH monitoring capability for PDCCH monitoring on a serving cell. Value r15monitoringcapablity enables the Rel-15 monitoring capability, and value r16monitoringcapablity enables the Rel-16 PDCCH monitoring capability. Value r17monitoringcapablity enables the Rel-17 PDCCH monitoring capability (see TS 38.213 [13], clause 10.1). When present, the UE expects to be configured with r17monitoringcapablity for 480 and 960 kHz SCS.
[bookmark: _Ref94802477][bookmark: _Toc95740683]Adopt TP#1 which definines the default PDCCH monitoring behavior for 480/960 kHz SCS when the parameter monitoringCapabilityConfig is absent
[bookmark: _Toc29673209][bookmark: _Toc29673350][bookmark: _Toc29674343]----------------------------------------- Text Proposal (TP#1) for 38.213, Section 10 ----------------------------------------
*** 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 monitoringCapabilityConfig = r17monitoringcapability
For μ ∈ {0,1,2,3}, if 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. 
For μ ∈ {5,6}, 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 group of  slots according to combination  for μ =5 and   for μ =6 as in Tables 10.1-2B and 10.1-3B.
*** Unchanged text omitted ***
----------------------------------------------------------- End Text Proposal -----------------------------------------------------------


2.2	Search Space Configuration
In the previous meeting the following agreement was made:
Agreement
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}
· [bookmark: _Hlk95223225]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

The following open issues from this agreement are identified:
1. For Group (2) SSs
a. Whether or not the monitoring periodicity and/or duration are restricted to be integer multiples of Xs slots
b. Whether or not the slots indicated by the bitmap monitoringSlotsWithinSlotGroup-r17 need to be consecutive
2. Details of the offset configured by the parameter monitoringPeriodicityAndOffset-r17
3. Whether or not the definition of the parameter duration needs to be revised

Regarding Issue 1a, according to the agreement for mandatory Group (2) monitoring capability below, the UE shall be capable of monitoring a particular Group (2) search space in a single span within each slot of the slot group. Hence, this agreement would already preclude that the monitoring periodicity and duration are restricted to be integer mulitples of Xs slots.
Agreement
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 Xs 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.

Regarding Issue 1b, we note that the legacy monitoring behavior defined in 38.331 and 38.304 for SI acquisition and paging (i.e., Type0A/2 SSs), respectively, are defined in terms of slots not slot groups. We prefer to avoid any changes to that legacy behavior, which may be required if configuration restrictions on monitoringSlotsWithinSlotGroup-r17 are introduced. We note that even if the monitoring periodicity for Type0A/2 SSs is configured to be quite small (e.g., 1 or 2 slots), the actual monitoring occasions within the SI window/paging frame are spaced much wider than the configured periodicity due to how the MOs are associated with transmitted SSBs (see discussion in Section 2.3).
Based on the above we make the following pair of proposals:
[bookmark: _Ref95219919][bookmark: _Toc95740684]For Group(2) SSs, the monitoring periodicity and duration are not restricted to be integer multiples of Xs slots.
[bookmark: _Toc95740685]For Group(2) SSs, the slots indicated by the bitmap monitoringSlotsWithinSlotGroup-r17 are not restricted to be consecutive.
Regarding Issue 2 above, the following is already specified in 38.213 Section 10:If 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. 


This says that the location of the slot groups is fixed and aligned from the beginning of a subframe. Given the prior agreement that the Y consecutive slots in which PDCCH is monitored in Group (1) SSs can be located anywhere within a slot group, and that the slot(s) in which the UE monitors PDCCH in Group (2) SSs can be anywhere within a slot group, it is essential that the offset configured with the parameter monitoringPeriodicityAndOffset can be configured with slot level granularity, i.e., unrestricted. Based on this, we propose the following:
[bookmark: _Toc95740686]For both Group (1) and Group (2) SSs, the offset configured by the parameter monitoringPeriodicityandOffset-r17 is not restricted to be an integer multiple of Xs slots.
Regarding Issue 3 above, 38.331 contains the following definition for the duration parameter within the SearchSpace IE:
	[bookmark: _Hlk95216403]duration
Number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If the field is absent, the UE applies the value 1 slot, except for DCI format 2_0. The UE ignores this field for DCI format 2_0. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).
For IAB-MT, duration indicates number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If the field is absent, the IAB-MT applies the value 1 slot, except for DCI format 2_0 and DCI format 2_5. The IAB-MT ignores this field for DCI format 2_0 and DCI format 2_5. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).



The reason for the FFS on whether or not it is needed to revise the definition of the duration parameter is due to the fact that it has been agreed that for Group (1) SSs, the duration is restricted to an integer multiple of Xs slots. For Xs = 4, this means that only values {8, 12, 16, …, 20476} can be configured. If the parameter is absent, the UE applies the value 4. For Xs = 8, it means that only values {16, 24, 32, …, 20472} can be configured, and if the parameter is absent, the UE applies the value 8. The parameter definition needs to be modified to take into account this restriction.
As shown in the above agreement on search space configuration, the value range {8,12, …, 20476} for the parameter duration-r17 supports integer multiples of Xs both for Xs = 4 and 8 which applies to Group (1) SSs. However, as discussed above for Group (2) SSs, the periodicity and duration should not be restricted to integer multiples of Xs (see Proposal 3). Hence, for the parameter duration-r17 to be usable for both Group (1) and Group (2) search spaces, the value range should be augmented to include all integer values from 2 .. 20479. If the value range is not augmented in this way, then a separate duration parameter would be needed for Group (2) SSs, and we don’t think this is a preferrable solution.
Based on this discussion, we makes the following pair of proposals:
[bookmark: _Toc95740687]For the parameter duration-r17, augment the agreed value range {8, 12, …, 20476} to include all integer values in the range {2 .. 20479}. For Group (1) SSs, the configured duration is restricted to be integer multiples of Xs as previously agreed. For Group (2) SSs, the configured duration is not restricted.
[bookmark: _Toc95740688]In the RRC parameter spreadsheet, provide a recommendation to RAN2 to update the field description of the parameter duration as follows:
	duration
Number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If the field is absent, the UE applies the value 1 slot, except for DCI format 2_0. The UE ignores this field for DCI format 2_0. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).
If a UE monitors PDCCH in a Type-1 CSS with dedicated RRC configuration, or a type 3 CSS, or a USS on a cell according to a slot group combination (,) (see TS 38.213 [13], clause 10), the duration can only be configured such that it is an integer multiple of  with minimum value . If the field is absent, the UE applies the value  slots except for DCI format 2_0. The UE ignores this field for DCI format 2_0.
For IAB-MT, duration indicates number of consecutive slots that a SearchSpace lasts in every occasion, i.e., upon every period as given in the periodicityAndOffset. If the field is absent, the IAB-MT applies the value 1 slot, except for DCI format 2_0 and DCI format 2_5. The IAB-MT ignores this field for DCI format 2_0 and DCI format 2_5. The maximum valid duration is periodicity-1 (periodicity as given in the monitoringSlotPeriodicityAndOffset).



According to the above agreement on search space configuration, the periodicity indicated by the parameter  monitoringPeriodictyAndOffset-r17 is restricted bo be an integer multiple of Xs slots for Group (1) SSs. As we discussed previously (see Proposal 3), we propose that this restriction does not apply to Group (2) SSs. As agreed last meeting, for both Group (1) and Group (2), the value range of the parameter monitoringPeriodictyAndOffset is extended such that it allows for configuration of a number of slot groups that cover an equivalent time duration as the number of slots for 120 kHz. This needs to be captured in the field description of the RRC parameter. Furthermore, in the field description currently in 38.331, the allowed periodicities for monitoring for DCI formats 2_0, 2_1, and 2_4 are restricted to a certain number of slots, e.g., for DCI format 2_0 the periodicity is restricted to {1, 2, 4, 5, 8, 10, 16, or 20} slots. For the case of multi-slot PDCCH monitoring, it makes sense to extend the applicable values up to 160 slots to cover the case when either Xs = 8 or Xs = 4 is used.
[bookmark: _Toc95740689]In the RRC parameter spreadsheet, provide a recommendation to RAN2 to update the field description of the parameter monitoringPeriodictyAndOffset as follows including additional allowed periodicities at least for DCI format 2_0 (DCI formats 2_1 and 2_4 can be separately discussed):
	monitoringSlotPeriodicityAndOffset
Slots for PDCCH Monitoring configured as periodicity and offset. If the UE is configured to monitor DCI format 2_1, only the values 'sl1', 'sl2' or 'sl4' are applicable. If the UE is configured to monitor DCI format 2_0, only the values ′sl1′, ′sl2′, ′sl4′, ′sl5′, ′sl8′, ′sl10′, ′sl16′, and ′sl20′ are applicable (see TS 38.213 [13], clause 10) and additionally the values 'sl32', 'sl40', 'sl64', 'sl80', 'sl128', and 'sl160' are applicable if a UE monitors PDCCH according to a slot group combination (,) (see TS 38.213 [13], clause 10). If the UE is configured to monitor DCI format 2_4, only the values 'sl1', 'sl2', 'sl4', 'sl5', 'sl8' and 'sl10' are applicable.
If a UE monitors PDCCH in a Type-1 CSS with dedicated RRC configuration, or a type 3 CSS, or a USS on a cell according to a slot group combination (,) (see TS 38.213 [13], clause 10), only values 'slN' are applicable where N=n*Xs and n is an integer greater than or equal to 1.
For IAB-MT, If the IAB-MT is configured to monitor DCI format 2_1, only the values 'sl1', 'sl2' or 'sl4' are applicable. If the IAB-MT is configured to monitor DCI format 2_0 or DCI format 2_5, only the values ′sl1′, ′sl2′, ′sl4′, ′sl5′, ′sl8′, ′sl10′, ′sl16′, and ′sl20′ are applicable (see TS 38.213, clause 10).



2.3	Mandatory Group(2) Monitoring Capabiility
The following agreement was made in RAN1#107bis-e related to the mandatory capability for monitoring of Group (2) search spaces which includes type 1 CSS without dedicated RRC configuration and type 0, 0A, and 2 CSS:
Agreement
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 Xs 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.

According to the above agreement, the UE shall be capable of monitoring a particular Group (2) search space in a single span within each slot of the slot group, and in general the span can occupy a different set of consecutive symbols within the slot for each of the different search space types (as is the case for FG 3-1). In our companion paper on UE features [1], we describe how to capture the first bullet of this agreement under the feature groups defined for basic operation with 480 and 960 kHz SCS (FGs 24-4 and FG 24-5, respectively).
In this paper, we address the last bullet of the agreement where it is FFS whether or not other limitations are introduced for monitoring Group (2) SSs. One such limitation that was proposed is to introduce a limit on the number of DCIs that the UE is expected to process within a slot group. For example, one source proposes that for a given RNTI, the UE does not expect to process information from more than one DCI format within a slot group. While such a per-slot group limit is already agreed for Group (1) SSs, we don't think it is needed for Group (2) SSs due to the way the current spec defines monitoring of these SSs.
For example, when the the UE monitors for PDCCH candidates in a Type0A CSS for a DCI format with CRC scrambled by SI-RNTI (for SI updates) the MOs that the UE actually monitors are tied to the UE's "preferred" SS/PBCH block which occurs with a periodicity greater than Xs slots. Specifically, for the case when the Type0A search space is configured under PDCCH-ConfigCommon with searchSpaceId = 0, the UE monitors only in slots n0 and n0+Xs as described for Type0 CSS in Section 13 of 38.213, where consecutive values of n0 are spaced by the SSB periodicity, e.g., 20 ms. In other words, the UE would inherently not need to process information from more than one DCI with CRC scrambled by SI-RNTI within a slot group.
For the case when the Type0A search space is configured with searchSpaceId ≠ 0, the monitoring periodicity is configured according to monitoringPeriodictyAndOffset within the SearchSpace IE. While the configured periodicity could in principle be less than Xs slots, still the UE will not monitor more than once per slot group. Thus the UE would not need to process information from more than one DCI with CRC scrambled by SI-RNTI within a slot group. This can be seen from the following extract from 38.331 Section 5.2.2.3.2:PDCCH monitoring occasions for SI message which are not overlapping with UL symbols (determined according to tdd-UL-DL-ConfigurationCommon) are sequentially numbered from one in the SI window. The [x×N+K]th PDCCH monitoring occasion (s) for SI message in SI-window corresponds to the Kth transmitted SSB, where x = 0, 1, ...X-1, K = 1, 2, …N, N is the number of actual transmitted SSBs determined according to ssb-PositionsInBurst in SIB1 and X is equal to CEIL(number of PDCCH monitoring occasions in SI-window/N). The actual transmitted SSBs are sequentially numbered from one in ascending order of their SSB indexes. The UE assumes that, in the SI window, PDCCH for an SI message is transmitted in at least one PDCCH monitoring occasion corresponding to each transmitted SSB and thus the selection of SSB for the reception SI messages is up to UE implementation.

This extract says that within the SI-window, the UE can expect at least one MO corresponding to each transmitted SSB, meaning that the UE only needs to monitor for PDCCH in MOs corresponding to the UEs preferred SSB in order to receive the SI update. Moreover, due to the numbering of MOs described above, the X ≥ 1  MOs corresponding to a given SSB are each spaced apart by N*P slots where N is the number of transmitted SSBs according to ssb-PositionsInBurst, and P is the monitoring periodicity configured by monitoringPeriodictyAndOffset. For all practical deployments in FR2-2, even if only a modest number of SSBs are transmitted, it is expected that N*P ≥ Xs, i.e., multiple MOs will not occur within a slot group.
One can make a similar argument for the case when the UE monitors for PDCCH candidates in a Type2 CSS for DCI formats with CRC scrambled by P-RNTI (for paging). Again, since the actual monitoring occasions within a paging frame are tied to the UEs "preferred SSB" (see 38.304 Section 7), it will not occur that the UE would need to process information from more than one DCI with CRC scrambled by P-RNTI within a slot group.
For the case of Type-1 CSS without dedicated RRC, again, the UE would not need to process information from more than one DCI with CRC scrambled by RA-RNTI/MsgB-RNTI within a slot group, since the gNB would not schedule a random access response to the same user within Xs slots since it takes time for the gNB to realize that a RAR was potentially not received, e.g., due to missing Msg3.
It is not needed to specify that within a group of Xs slots, the UE is not be expected to process information from more than one DCI format with CRC scrambled by a given RNTI associated with Group (2) SSs, i.e., SI-RNTI, P-RNTI, RA-RNTI, MsgB-RNTI.
2.4	UE support for multiple (Xs,Ys) combinations
In the previous meeting, there was discussion on how to handle the case if a UE indicates it is capable of operating with multiple (Xs,Ys) combinations for a given subcarrier spacing. For 480 kHz, the supported combinations are (4,1) and (4,2). For 960 kHz SCS, the supported combinations are (8,1), (8,4), (4,1), and (4,2). One approach is to agree on a rule for which combination the UE should assume for multi-slot PDCCH monitoring, and this may require some discussion. Alternatively, we think a far simpler approach would be to support an RRC parameter that enumerates all possible (Xs,Ys) combinations. The gNB can then configure the UE with the desired combination according to the use case. For example, a combination with a small value of Xs could be configured for more latency demanding applications. Conversely, a combination with a larger value of Xs could be configured when lower latency is not critical to achieve. Based on this we propose
[bookmark: _Toc95740690]Support an RRC parameter for indicating the (Xs,Ys) combination the UE shall employ for multi-slot PDCCH monitoring based on that UEs indicated capability. The parameter is UE-specific and has the value range {'xs4ys1', 'xs4ys2', 'xs8ys1', 'xs8ys4'}. If the parameter is absent, the UE assumes the default value 'xs4ys1' if 480 kHz SCS is used or 'xs8ys1' if 960 kHz SCS is used.
2.5	Multi-slot PDCCH monitoring capabilities for carrier aggregation
In the following text from 38.213 Section 10.1 [3], the quantities and  are used but not defined:
The UE allocates PDCCH candidates for monitoring to USS sets for the primary cell having an active DL BWP with SCS configuration  in a slot if the UE is not provided monitoringCapabilityConfig for the primary cell or if the UE is provided monitoringCapabilityConfig = r15monitoringcapability for the primary cell, or in the first span of each slot if the UE is provided monitoringCapabilityConfig = r16monitoringcapability for the primary cell, or in a group of  slots for a corresponding combination  if the UE is provided monitoringCapabilityConfig = r17monitoringcapability for the primary cell, according to the following pseudocode. If for the USS sets for scheduling on the primary cell the UE is not provided coresetPoolIndex for first CORESETs, or is provided coresetPoolIndex with value 0 for first CORESETs, and is provided coresetPoolIndex with value 1 for second CORESETs, and if  or , the following pseudocode applies only to USS sets associated with the first CORESETs. A UE does not expect to monitor PDCCH in a USS set without allocated PDCCH candidates for monitoring. In the following pseudocode, if the UE is provided monitoringCapabilityConfig = r16monitoringcapability for the primary cell,and are replaced by and  respectively, and and are replaced by and  respectively. In the following pseudocode, if the UE is provided monitoringCapabilityConfig = r17monitoringcapability for the primary cell,and are replaced by and  respectively, and and are replaced by and  respectively.
The quantities can be defined following the same Rel-15 PDCCH monitoring capability allocation for carrier aggregation cases. The main difference for Rel-17 is that, in addition to difference in numerology , different cells may be configured with different . Since slot groups start at a subframe boundary, the slot groups for serving cells with identical  and  are aligned. The configuration of  does not impact the slot group alignment between different serving cells. Note further that  and  depend on , but not 
· In our view, the distribution of available BD/CE budgets amongst multiple cells can be properly done based on the grouping of numerology  and configuration of  of cells as follows. If the number of cells is no more than than ,  and .
· If the number of cells is more than than , the number of blind decodes  is distributed to  based on a weighting of number of cells with numerology  among all cells configured with the same ; and the total number of available channel estimation CCEs  is distributed to  based on a weighting of number of cells with numerology  among all cells configured with the same . Both quantities are still upper bounded by  and , respectively.
There is no need to further sub-divide this grouping based on the configuration of . Furthermore, conversion of numerology  and configuration of  to equivalent numerology with slot-based monitoring, as proposed by some sources, appears unnecessary optimization that complicates and impedes stabilization and finalization of the Rel-17 specs.
[bookmark: _Toc95740691][bookmark: _Toc95490170][bookmark: _Toc95490171]For per-slot group monitoring, and  should be defined in TS 38.213 following the same PDCCH monitoring capability allocation for carrier aggregation cases for the case of per-slot monitoring, except the grouping is based on numerology  and configuration of .
Below we propose a TP that can be recommended to the spec editor for defining how to allocate the BD/CCE budget to cells with 480/960 kHz SCS configured for per-slot group monitoring. Note that the spec editor may still need to adjust the Rel-15/16 formulas for cells with SCS ≤ 120 kHz configured for per-slot and/or per-span monitoring. This will ensure that the total BD/CCE budget is allocated properly across all cells with arbitrary numerology configurations from 15 kHz SCS up to 960 kHz SCS, e.g., to support FR1 + FR2-2 CA (one of the CA combinations defined by RAN4).
Note that in the allocation formulas contained in TP#2, the summation over  for a given SCS configuration  captures that in general, different serving cells of the same numerology can be configured with different values of . However, as mentioned above,  and  each have a fixed value for a given  and , irrespective of the value of . Furthermore, the summation is intended to include only valid configured values of  according to Tables 10.1-3A and 3B in 38.213. 
[bookmark: _Toc95490173][bookmark: _Toc95740692]Recommend TP#2 to the spec editor which defines how to allocate the BD/CCE budget to 480/960 kHs SCS cells configured for per-slot group monitoring. Note: this still requires that for cells with SCS ≤ 120 kHz configured for per-slot or per-span monitoring, adjustment of the Rel-15/16 allocation formulas will be needed.
----------------------------------------- Text Proposal (TP#2) for 38.213, Section 10.1 ----------------------------------------
*** Unchanged text omitted ***
If a UE is configured with   downlink cells with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , where , and with  of the  downlink cells for which the UE is provided monitoringCapabilityConfig = r17monitoringcapability and configured with PDCCH monitoring combination , 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 with associated PDCCH candidates monitored in the active DL BWPs of the scheduling cells using SCS configuration , where ,
· with  of the  downlink cells for which the UE is provided monitoringCapabilityConfig = r17monitoringcapability and configured with PDCCH monitoring combination , 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 more than 

PDCCH candidates or more than

non-overlapped CCEs per a group of  slots on the active DL BWP(s) of scheduling cell(s) from the  downlink cells with the same .
For each scheduled cell from the  downlink cells, 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 slot.
For each scheduled cell from the  downlink cells, 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 slot
· more than  PDCCH candidates or more than  non-overlapped CCEs per slot for CORESETs with same coresetPoolIndex value
*** Unchanged text omitted ***
----------------------------------------------------------- End Text Proposal -----------------------------------------------------------
2.6	Search Space Set Group Switching
In the previous meeting the following conclusion was made (not spec impacting):
Conclusion
The SSSG switching timer is in units of slots.

It was also discussed (but not agreed) whether or not it is necessary that the search space set group (SSSG) switching should always occur at the boundary of a slot group (2nd bullet of the below FL proposal in [2]):
FL proposal 2.2.4.4:
Conclude that the SSSG switching timer is in units of slots.
Agree that the SSSG switching boundary, i.e. the time of applying the switching, is aligned with the boundary of a slot group.

Some companies expressed a concern that if the SSSG switch occurs early in the slot group and the new SSSG is based on a different location of the Y slots for Group (1) monitoring, then decisions on search space dropping may need to be re-evaluated. To avoid this complication, it was suggested to specify that SSSG switches are always aligned with a slot group boundary. This seems like a reasonable restriction to avoid specifying complicated UE behavior. Furthermore, it does not conflict with the conclusion above. It can be specified that upon timer expiry, the UE performs the switch at the next slot group boundary.
[bookmark: _Toc95740693]For a serving cell, if if a UE is configured with monitoringCapabilityConfig = r17monitoringcapability and is provided a group index for a search space by searchSpaceGroupIdList, the UE starts or stops monitoring search spaces in the corresponding search space set group (SSSG) not earlier than the beginning of the first symbol of the first group of Xs slots that occurs after the slot in which the UE determines that a SSSG switch should occur.
2.7	Remaining working assumptions
The two working assumptions
Working assumption: BD/CCE budget for (4,2), (4,1) is half that of X=8
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



have been captured and approved in TR 38.213 [3]. In our view, both can be considered confirmed.
[bookmark: _Toc67653048][bookmark: _Toc86845016]Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Inform RAN2 that the value range for the existing parameter monitoringCapabilityConfig needs to be be extended to include the new value r17monitoringcapability, and that for 480 and 960 kHz SCS, the UE expects to be configured with this value. A note can be added to the RRC parameter spreadsheet to propose that RAN2 updates the field description of the parameter as follows:
Proposal 2	Adopt TP#1 which definines the default PDCCH monitoring behavior for 480/960 kHz SCS when the parameter monitoringCapabilityConfig is absent
Proposal 3	For Group(2) SSs, the monitoring periodicity and duration are not restricted to be integer multiples of Xs slots.
Proposal 4	For Group(2) SSs, the slots indicated by the bitmap monitoringSlotsWithinSlotGroup-r17 are not restricted to be consecutive.
Proposal 5	For both Group (1) and Group (2) SSs, the offset configured by the parameter monitoringPeriodicityandOffset-r17 is not restricted to be an integer multiple of Xs slots.
Proposal 6	For the parameter duration-r17, augment the agreed value range {8, 12, …, 20476} to include all integer values in the range {2 .. 20479}. For Group (1) SSs, the configured duration is restricted to be integer multiples of Xs as previously agreed. For Group (2) SSs, the configured duration is not restricted.
Proposal 7	In the RRC parameter spreadsheet, provide a recommendation to RAN2 to update the field description of the parameter duration as follows:
Proposal 8	In the RRC parameter spreadsheet, provide a recommendation to RAN2 to update the field description of the parameter monitoringPeriodictyAndOffset as follows including additional allowed periodicities at least for DCI format 2_0 (DCI formats 2_1 and 2_4 can be separately discussed):
Proposal 9	Support an RRC parameter for indicating the (Xs,Ys) combination the UE shall employ for multi-slot PDCCH monitoring based on that UEs indicated capability. The parameter is UE-specific and has the value range {'xs4ys1', 'xs4ys2', 'xs8ys1', 'xs8ys4'}. If the parameter is absent, the UE assumes the default value 'xs4ys1' if 480 kHz SCS is used or 'xs8ys1' if 960 kHz SCS is used.
Proposal 10	For per-slot group monitoring, and  should be defined in TS 38.213 following the same PDCCH monitoring capability allocation for carrier aggregation cases for the case of per-slot monitoring, except the grouping is based on numerology  and configuration of .
Proposal 11	Recommend TP#2 to the spec editor which defines how to allocate the BD/CCE budget to 480/960 kHs SCS cells configured for per-slot group monitoring. Note: this still requires that for cells with SCS ≤ 120 kHz configured for per-slot or per-span monitoring, adjustment of the Rel-15/16 allocation formulas will be needed.
Proposal 12	For a serving cell, if if a UE is configured with monitoringCapabilityConfig = r17monitoringcapability and is provided a group index for a search space by searchSpaceGroupIdList, the UE starts or stops monitoring search spaces in the corresponding search space set group (SSSG) not earlier than the beginning of the first symbol of the first group of Xs slots that occurs after the slot in which the UE determines that a SSSG switch should occur.
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