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1. Introduction
In this contribution, we discuss and provide our views on the remaining issues on PDCCH monitoring enhancements to support NR in the frequency range from 52.6 GHz to 71 GHz.

2. Discussion
· Remaining issues on monitoringSlotsWithinSlotGroup-r17
For search space set configuration of multi-slot PDCCH monitoring, the following agreement was made at the RAN1#108-e meeting.
	Agreement
Revise the RAN1#107bis-e agreement/working assumption:
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 periodicity values that can be configured for SCS 480kHz and 960kHz:
{4,8,16,20,32,40,64,80,128,160,320,640,1280,2560,5120,10240,20480}
· For each periodicity value Xp
· Offset O values that can be configured: {0, 4, 8,  …, } slots
· Note: There may be no need to introduce the term "Xp" in the specifications
· The configured periodicity is restricted to be an integer multiple of L slots
· The configured offset is restricted to be an integer multiple of L slots
· For duration-r17
· The values represent slots
· The value range is {8, 12, …, 20476}
· If duration-r17 is absent, the UE assumes the duration in slots is equal to L
· The UE ignores duration-r17 for DCI format 2_0
· The configured duration is restricted to be an integer multiple of L slots
· The maximum duration is one less slot group of L slots than the configured periodicity
· duration-r17 is the total number of slots in consecutive groups of L slots in which a Search Space can exist in every period as given by monitoringPeriodicityAndOffset-r17
· monitoringSymbolsWithinSlot applies to each slot configured for multi-slot PDCCH monitoring
· Note: This parameter can be directly re-used from earlier releases.
· Introduce new parameter monitoringSlotsWithinSlotGroup-r17
· Two sizes L are supported for this parameter: L=4 bits and L=8 bits
· Each bit in monitoringSlotsWithinSlotGroup-r17 represents a slot in a group of L slots
· The parameter monitoringSlotsWithinSlotGroup-r17 is applied in each of the L slots as determined by monitoringSlotPeriodicityAndOffset-r17 and duration-r17.
· A slot in each group of L slots is configured for multi-slot PDCCH monitoring if the corresponding bit in monitoringSlotsWithinSlotGroup-r17 is set to '1'
· Note: Further configuration of the monitoring symbols in such a slot is done by monitoringSymbolsWithinSlot
· For Group (1) SSs
· The slots indicated in the bitmap should be consecutive per group of L slots
· The number of slots configured for multi-slot PDCCH monitoring per slot group of  slots should be no larger than  according to at least one of the  supported by a UE
· Working assumption: For Group (2) SSs
· For Type0/0A/2 CSS
· The slots indicated in monitoringSlotsWithinSlotGroup-r17 are not restricted to be consecutive
· The number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 can be up to L
· For Type1 CSS without dedicated RRC
· The number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 per slot group of  slots should be no larger than M, where M is FFS


In the above agreement, there are some restrictions as a working assumption when monitoringSlotsWithinSlotGroup is applied to Type0/0A/2 CSS or Type1 CSS without dedicated RRC. At first, two bullet points for Type0/0A/2 CSS seem to be natural since the monitoring occasions for Group (2) SS can be anywhere within a slot group of Xs and the size of monitoringSlotsWithinSlotGroup is up to L for any SS sets. Therefore, an explicit agreement is not required to confirm these characteristics once again. Even if there is no additional agreement on it, the monitoring slots indicated in the bitmap for these SS sets does not need to be consecutive and the number of monitoring slots cannot exceed L. However, if they are already reflected in the relevant specification, we prefer not to modify the spec again at this stage.
Meanwhile, the bullet point for Type1 CSS would be an additional restriction. Although there were some discussions on these constraints at the last meeting, the need to limit the number of configured monitoring slots within a slot group of Xs for Type1 CSS to a certain number (M) or less has not been clearly demonstrated. Also, we don’t think such a restriction is necessary for Type1 CSS without dedicated RRC. We suggest to revise the working assumption for Group (2) SS in the above agreement as follows and to confirm it as an agreement.
	· Working assumption: For Group (2) SSs
· For Type0/0A/2 CSS and Type1 CSS without dedicated RRC
· The slots indicated in monitoringSlotsWithinSlotGroup-r17 are not restricted to be consecutive
· The number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 can be up to L
· For Type1 CSS without dedicated RRC
· The number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 per slot group of  slots should be no larger than M, where M is FFS


Proposal #1: Confirm the working assumption for Group (2) SS in the previous agreement with a following modification (as highlighted in red text)
· Working assumption: For Tyep0/0A/2 CSS and Type1 CSS without dedicated RRC
· The slots indicated in monitoringSlotsWithinSlotGroup-r17 are not restricted to be consecutive
· The number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 can be up to L
· For Type1 CSS without dedicated RRC
· The number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 per slot group of X_s slots should be no larger than M, where M is FFS

One more thing to discuss is about the default value of monitoringSlotsWithinSlotGroup-r17. In multi-slot monitoring, the monitoring slot for a given search space set can be jointly determined by monitoringSlotPeriodicityAndOffset-r17, duration-r17 and monitoringSlotsWithinSlotGroup-r17. In addition, the configurable values of periodicity, offset and duration are restricted to an integer multiple of L (where L is the size of monitoringSlotsWithinSlotGroup-r17). At the last meeting, it was decided that the default duration is L when duration-r17 is absent. However, the case where monitoringSlotsWithinSlotGroup-r17 is absent was not sufficiently discussed. Moreover, if monitoringSlotsWithinSlotGroup-r17 is defined with a 'Need R' condition in the 331 specification, it is necessary to set a default value for this parameter. Since the mandatorily supported (Xs,Ys) for 480 kHz and 960 kHz are (4,1) and (8,1), respectively, the default bitmap of monitoringSlotsWithinSlotGroup-r17 can be simply determined as ‘1000’ for 480 kHz and ‘1000 0000’ for 960 kHz. Correspondingly, the default value of L is 4 or 8 for 480 kHz or 960 kHz SCS, respectively. 
Proposal #2: Define the default value of monitoringSlotsWithinSlotGroup-r17 as follows when it is absent
· For 480 kHz SCS, the default value of monitoringSlotsWithinSlotGroup-r17 is ‘1000’
· For 960 kHz SCS, the default value of monitoringSlotsWithinSlotGroup-r17 is ‘1000 0000’

· SSSG switching alignment between serving cells in cellGroupForSwitch
	Agreement
For multi-slot PDCCH monitoring for 480/960 kHz SCSs, the boundary of SSSG switching is always aligned with the boundary of a slot group.


In the RAN1#109-e meeting, the above agreement was made to ensure that SSSG switching always occurs at the boundary of the slot group. As a second step, it is necessary to consider a case in which the multiple cells are grouped together for the SSSG switching. In current NR spec, a set of serving cells can be grouped together for the SSSG switching purpose. If a UE is provided cellGroupsForSwitchList, when an SSSG switching is triggered in one cell within a group (cellGroupForSwitch), the SSSG switching procedure is applied to all serving cells within the group. It should be noted that, if serving cells in a group have different SCSs, the UE determines a slot in which SSSG switching occurs for a group of cells based on the smallest SCS among all configured DL BWPs in the set of cells within the same group. This behaviour could be beneficial for the unlicensed band operation since SSSG switching for cells in the same group might be performed simultaneously when the remaining COT of the cells ends at the same time.
For multi-slot monitoring with cellGroupForSwitch, a UE can similarly determine a slot boundary (or a slot group boundary for 480/960 kHz SCS) in which SSSG switching occurs based on the smallest SCS for the group of cells. However, if cellGroupForSwitch consists of serving cells with 960 kHz and they have different Xs (i.e., 4 or 8), the slot in which SSSG switching occurs may be different between cells with Xs=4 or Xs=8. In this case, the advantage of aligning the slot of SSSG switching in unlicensed band mentioned above may disappear. It is desirable that SSSG switching of cells in the same group occurs at the same time even if cellGroupForSwitch consists of serving cells with 960 kHz and they have different Xs (i.e., 4 or 8). In order to ensure that the SSSG switching is aligned between serving cells with different Xs in the same group, the slot in which SSSG switching occurs should be determined based on the largest Xs. This is consistent with the principle of determining the SSSG switching slot based on the smallest SCS in the cell group for mixed numerology case.
Proposal #3: For multi-slot PDCCH monitoring for 960 kHz SCS, when a UE is provided a group of serving cells by cellGroupsForSwitchList and the cells in the group are associated with multiple Xs, the boundary of SSSG switching for the group of cells is aligned with the boundary of a slot group for the serving cell with the largest Xs.

· SSSG switching between same or different (Xs,Ys) combinations
Another remaining issue related to SSSG switching is whether to allow SSSG switching between different (Xs,Ys) combinations in an active DL BWP. The following proposals were discussed at the RAN1#108-e meeting, but were not reached to a consensus. 
	Proposal A2-6.1: SSSG switching is supported between SSSGs that correspond to the same or different  PDCCH monitoring combinations.
Proposal A2-6.2: SSSG switching is restricted to SSSGs that correspond to the same  PDCCH monitoring combinations.


If Proposal A2-6.1 is agreed, it is possible to switch between different (Xs,Ys) through SSSG switching within an active DL BWP, but at the same time, the minimum distance between adjacent Ys before and after switching cannot be ensured, so additional dropping rules may need to be discussed. Concerns have also been raised that Pswitch, which is the minimum time for switching, could have an impact. On the contrary, for Proposal A2-6.2, there has been an objection by several companies that limiting SSSG switching behaviour to the same (Xs,Ys) is unnecessary, although further discussion may be not required because the above-mentioned issues are not established. However, the most important issue related to these proposals may be whether (Xs,Ys) should be defined per BWP or per SSSG in terms of BD/CCE budget and overbooking/dropping. This is because, if only one (Xs,Ys) could be determined for an active BWP, the SSSG switching between different (Xs,Ys) in the BWP would be invalid case. On the other hand, if there could be multiple (Xs,Ys) combinations in an active BWP and each of them is determined per SSSG, allowing SSSG switching only for the same (Xs,Ys) may be an unnecessary constraint. Therefore, discussion on whether (Xs,Ys) is defined per BWP or per SSSG should be the starting point to resolve the above proposals.
In our view, a number of features for multi-slot monitoring have already been agreed and reflected in specifications in terms of (Xs,Ys) per BWP. The BD/CCE budget for multi-slot monitoring is also defined per BWP in the specification. If the BD/CCE budget is determined per SSSG and dropping is performed in units of SSSG, the UE may have to apply the dropping rule according to a different BD/CCE budget from time to time even if there is no change of SS set configurations, which may lead to an increase in complexity of the UE. Moreover, if multiple (Xs,Ys) could be defined in an active BWP, as mentioned above, some follow-up issues would be raised to discuss, which is not desirable at the maintenance phase. In this respect, we believe that (Xs,Ys) should be determined based on all configured SS sets for an active BWP rather than on active SS sets for a specific SSSG. 
Proposal #4: For multi-slot PDCCH monitoring, (Xs,Ys) should be determined based on all configured SS sets in an active DL BWP.

3. Conclusion
In this contribution, we have discussed some remaining issues on multi-slot PDCCH monitoring and derived following proposals.
Proposal #1: Confirm the working assumption for Group (2) SS in the previous agreement with a following modification (as highlighted in red text)
· Working assumption: For Tyep0/0A/2 CSS and Type1 CSS without dedicated RRC
· The slots indicated in monitoringSlotsWithinSlotGroup-r17 are not restricted to be consecutive
· The number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 can be up to L
· For Type1 CSS without dedicated RRC
· The number of slots configured for multi-slot PDCCH monitoring in monitoringSlotsWithinSlotGroup-r17 per slot group of X_s slots should be no larger than M, where M is FFS
Proposal #2: Define the default value of monitoringSlotsWithinSlotGroup-r17 as follows when it is absent
· For 480 kHz SCS, the default value of monitoringSlotsWithinSlotGroup-r17 is ‘1000’
· For 960 kHz SCS, the default value of monitoringSlotsWithinSlotGroup-r17 is ‘1000 0000’
Proposal #3: For multi-slot PDCCH monitoring for 960 kHz SCS, when a UE is provided a group of serving cells by cellGroupsForSwitchList and the cells in the group are associated with multiple Xs, the boundary of SSSG switching for the group of cells is aligned with the boundary of a slot group for the serving cell with the largest Xs.
Proposal #4: For multi-slot PDCCH monitoring, (Xs,Ys) should be determined based on all configured SS sets in an active DL BWP.
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