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1. Introduction
The WID for extending the current NR operation to 71 GHz [1] was revised in RAN#93e. Accompanying other items, the PDCCH monitoring is under enhancement for NR operation in FR2-2. In the RAN1#108bis-e, conclusions and agreements were further achieved [2]. In this contribution, we will discuss the remaining issue on the search space set group configuration.
2. Discussion
2.1 Search space configuration
In FR1 and FR2-1, the search space configuration for PDCCH monitoring is via following parameters. These parameters make the search space configuration extremely flexible, which is able to be configured to monitor the PDCCH in diverse NR scenarios. 
SearchSpace ::=                         SEQUENCE {
…                                      
monitoringSlotPeriodicityAndOffset      CHOICE {
        sl1                                     NULL,
        sl2                                     INTEGER (0..1),
        sl4                                     INTEGER (0..3),
        sl5                                     INTEGER (0..4),
        sl8                                     INTEGER (0..7),
        sl10                                    INTEGER (0..9),
        sl16                                    INTEGER (0..15),
        sl20                                    INTEGER (0..19),
        sl40                                    INTEGER (0..39),
        sl80                                    INTEGER (0..79),
        sl160                                   INTEGER (0..159),
        sl320                                   INTEGER (0..319),
        sl640                                   INTEGER (0..639),
        sl1280                                  INTEGER (0..1279),
        sl2560                                  INTEGER (0..2559)
} 
duration                                INTEGER (2..2559) 
monitoringSymbolsWithinSlot             BIT STRING (SIZE (14)) 
…
Their counterparts in FR2-2 for SCS 480KHz and 960KHz are discussed in RAN1 #108e meeting for multiple-slot monitoring. The details of the agreements are as follows [2].
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 supported periodicity values that can be configured for SCS 480kHz and 960kHz:
{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 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 at least for Group (1) SSs is restricted to be an integer multiple of XsL slots
· FFS: details of offset 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 XsL slots at least for Group (1) SSs
· The maximum duration is one less slot group of L slots than the configured periodicity 
· FFS: need to revise the definition of durationduration-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 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 bitsTwo sizes L are supported for this parameter: L=4 bits and L=8 bits
· Each bit in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot 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 the slot each group of L slots is configured for multi-slot PDCCH monitoring if the corresponding bit in the slot group 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


The “monitoringSlotsWithinSlotGroup-r17” still does not reach any agreement. The search space sets are classified into SSSG(1) and SSSG(2). The “monitoringSlotsWithinSlotGroup-r17” should be designed accordingly. Nevertheless, the monitoring configuration for the time unit of slot shall be considered as baseline. For example, the number of simultaneous monitored search spaces sets and their possible locations in the slot group for PDCCH monitoring are both needed to be taken into account. These two factors together decide the number of ones in “monitoringSlotsWithinSlotGroup-r17”, if it is a bitmap where “1” indicates the slot should be monitored for PDCCH.· 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 bitsTwo sizes L are supported for this parameter: L=4 bits and L=8 bits
· Each bit in monitoringSlotsWithinSlotGroup-r17 represents a slot in a slot 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 the slot each group of L slots is configured for multi-slot PDCCH monitoring if the corresponding bit in the slot group 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


Furthermore, there are following constraints for the configuration of search space in 38.213 v17.1.0. The UE does not expect to process more than one CSS for following DCI type in a slot.
If a UE is provided  
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, peiSearchSpace, ra-SearchSpace, or a CSS set by PDCCH-Config, and 
-	a SI-RNTI, a P-RNTI, a PEI-RNTI, a RA-RNTI, a MsgB-RNTI, a SFI-RNTI, an INT-RNTI, a TPC-PUSCH-RNTI, a TPC-PUCCH-RNTI, or a TPC-SRS-RNTI
then, for a RNTI from any of these RNTIs, the UE does not expect to process information from more than one DCI format with CRC scrambled with the RNTI per slot. 

In a similar case, a UE can process one DCI in CSS and simultaneously monitor another DCI in USS in 38.213 V17.1.0. The detailed descriptions are as follows.
If a UE is provided 
-	one or more search space sets by corresponding one or more of searchSpaceZero, searchSpaceSIB1, searchSpaceOtherSystemInformation, pagingSearchSpace, ra-SearchSpace, and 
-	a C-RNTI, an MCS-C-RNTI, or a CS-RNTI 
the UE monitors PDCCH candidates for DCI format 0_0 and DCI format 1_0 with CRC scrambled by the C-RNTI, the MCS-C-RNTI, or the CS-RNTI in the one or more search space sets in a slot where the UE monitors PDCCH candidates for at least a DCI format 0_0 or a DCI format 1_0 with CRC scrambled by SI-RNTI, RA-RNTI, MsgB-RNTI, or P-RNTI.

Observation 1: The constraints on UE processing DCI format in a slot is handled by CSS and USS. 

For PDCCH monitoring in slot groups, one straightforward way is to replace the time unit of “slot” in above descriptions with “slot group”. In a similar way, the constraint can be the maximum requirement for the UE processing the DCI in a slot group. As usual, the slot group size of SCS 480KHz and 960KHz would be aligned with a slot of SCS 120KHz. The configurations of SSSG(1) and SSSG(2) are performed by considering the UE processing ability in a slot group. For SSSG(2), one possible solution is to study how  different search space sets are likely to be simultaneously configured in a slot group. That can be a UE ability. Currently, a unified description is provided for the time unit of a slot without SSSG(1) and SSSG(2). For slot-groups, a solution specific to the slot group size and the UE ability is more appropriate for individual combination of (Xs, Ys). 

Proposal 1: 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. M is related to UE ability.
3. Conclusion
In this contribution the following proposals been made:
Observation 1: The UE processing DCI format is classified into CSS and USS for PDCCH monitoring in a slot. 
Proposal 1: 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. M is related to UE ability.
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