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1 Introduction

In RAN #107 e-meeting, some agreements about PDCCH monitoring was made for NR 52.6-71GHz,
Agreement
· 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
Agreement
· 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

Working assumption
The following values are adopted as minimum value of [image: image2.png]


 for 120/480/960 kHz

· Support only search space set group switching processing capability 1 with the following values
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 value for

 UE processing capability 1 [symbols]

	3
	40

	5
	160

	6
	320


Decision: As per email decision posted on Nov 19th,

Agreement
· SS set overbooking can be allowed with multi-slot PDCCH monitoring capability same as the current specification but applied per slot group, i.e., SS set overbooking is allowed for USS in PCell and PSCell, and UE expects no overbooking for CSS in PCell and PSCell and no overbooking in SCell.

· The dropping rule for multi-slot PDCCH monitoring capability is the same as the current specification but evaluated per slot group, i.e., a UE drops UE specific search space set(s) in a slot group with higher index when SS sets are overbooked.

· Additional dropping rules are not precluded
In this contribution, we discuss some remaining issues on PDCCH monitoring enhancement.  
2 Discussion
2.1 Multi-slot PDCCH monitoring capability with multiple serving cells
In last meeting, PDCCH monitoring capability for single serving cell is defined, and how to define PDCCH monitoring capability with multiple serving cells needs to be discussed.

From previous agreement, UE has a mandatory PDCCH monitoring capability and can also report an optionally supported capability to gNB. So it would be possible that gNB may configure optional PDCCH monitoring capability on some serving cells but leave other cells with mandatory capapbility. And there can be different SCS on different serving cells, so the applied multi-slot PDCCH monitoring capability can also be different. From our point of view, since we have very few time left, it is more preferred not to do PDCCH monitoring capability sharing among multiple serving cells. When UE is configured with multiple serving cells, within each serving cell, UE apply multi-slot PDCCH monitoring capability for a single serving cell independently. 
Proposal 1: When UE is configured with multiple serving cells, within each serving cell, UE apply multi-slot PDCCH monitoring capability for a single serving cell independently.
Related TP can be as follows,
TP#1 for TS 38.213 Clause 10
============================= Unchanged part omitted =========================================
10

UE procedure for receiving control information
If the UE is configured with a SCG, the UE shall apply the procedures described in this clause for both MCG and SCG except for PDCCH monitoring in Type0/0A/2-PDCCH CSS sets where the UE is not required to apply the procedures in this clause for the SCG
-
When the procedures are applied for MCG, the terms 'secondary cell', 'secondary cells' , 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells, serving cell, serving cells belonging to the MCG respectively.

-
When the procedures are applied for SCG, the terms 'secondary cell', 'secondary cells', 'serving cell', 'serving cells' in this clause refer to secondary cell, secondary cells (not including PSCell), serving cell, serving cells belonging to the SCG respectively. The term 'primary cell' in this clause refers to the PSCell of the SCG.

A UE monitors a set of PDCCH candidates in one or more CORESETs on the active DL BWP on each activated serving cell configured with PDCCH monitoring according to corresponding search space sets where monitoring implies decoding each PDCCH candidate according to the monitored DCI formats.
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 multi-slot, as in Tables [xxx,TBD], if monitoringCapabilityConfig = r17monitoringcapability
For FR1 and FR2-1, 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 FR2-2, 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 X multi-slot as in Tables [xxx,TBD], with X=4 for SCS configuration of 
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 and X=8 for SCS configuration of 
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For FR2-2, if the UE is configured with multiple serving cells, within each serving cell, UE apply multi-slot PDCCH monitoring capability for a single serving cell independently.
A UE can indicate a capability to monitor PDCCH according to one or more of the combinations [image: image9.png]


 = (2, 2), (4, 3), and (7, 3) per SCS configuration of [image: image11.png]
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. A span is a number of consecutive symbols in a slot where the UE is configured to monitor PDCCH. Each PDCCH monitoring occasion is within one span. If a UE monitors PDCCH on a cell according to combination [image: image15.png]


, the UE supports PDCCH monitoring occasions in any symbol of a slot with minimum time separation of [image: image17.png]


 symbols between the first symbol of two consecutive spans, including across slots. A span starts at a first symbol where a PDCCH monitoring occasion starts and ends at a last symbol where a PDCCH monitoring occasion ends, where the number of symbols of the span is up to [image: image19.png]


.
============================= Unchanged part omitted =========================================

2.2 PDCCH monitoring for Group(2) SS
It is already agreed in R1#107 meeting that 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.
Related TP can be as follows,

TP#2 for TS 38.213 Clause 13
============================= Unchanged part omitted =========================================
13

UE procedure for monitoring Type0-PDCCH CSS sets

If during cell search a UE determines from MIB that a CORESET for Type0-PDCCH CSS set is present, as described in clause 4.1, the UE determines a number of consecutive resource blocks and a number of consecutive symbols for the CORESET of the Type0-PDCCH CSS set from controlResourceSetZero in pdcch-ConfigSIB1, as described in Tables 13-1 through 13-10, for operation without shared spectrum channel access in FR1 and FR2-1, or as described in Tables 13-1A and 13-4A for operation with shared spectrum channel access in FR1, or as described in Tables 13-10A, 13-10B and 13-10C for FR2-2, and determines PDCCH monitoring occasions from searchSpaceZero in pdcch-ConfigSIB1, included in MIB, as described in Tables 13-11 through 13-15. [image: image21.png]
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 are the SFN and slot index within a frame of the CORESET based on SCS of the CORESET and [image: image25.png]SFNssg ;
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 are the SFN and slot index based on SCS of the CORESET, respectively, where the SS/PBCH block with index [image: image29.png]


 overlaps in time with system frame [image: image31.png]SFNssg ;
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. The symbols of the CORESET associated with pdcch-ConfigSIB1 in MIB or with searchSpaceSIB1 in PDCCH-ConfigCommon have normal cyclic prefix. 
*<omitted text>*.
For operation without shared spectrum channel access and for the SS/PBCH block and CORESET multiplexing pattern 1, for FR1 and FR2-1, a UE monitors PDCCH in the Type0-PDCCH CSS set over two consecutive slots starting from slot [image: image34.wmf]0
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. For FR2, UE monitors PDCCH in the Type0-PDCCH CSS set over two slots, slot [image: image35.wmf]0
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if SCS of the CORESET for Type0-PDCCH CSS is 480kHz, and 
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 if SCS of the CORESET for Type0-PDCCH CSS is 960kHz. For SS/PBCH block with index [image: image39.wmf]i

, the UE determines an index of slot [image: image40.wmf]0

n

 as [image: image41.wmf]ë

û

(

)

m

m

,

frame

slot

0

mod

2

N

M

i

O

n

×

+

×

=

 that is in a frame with system frame number (SFN) [image: image42.wmf]C
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 based on the SCS for PDCCH receptions in the CORESET [4, TS 38.211]. The index for the first symbol of the CORESET in slots [image: image50.wmf]0
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 is the first symbol index provided by Tables 13-11 and 13-12.

For operation with shared spectrum channel access and for the SS/PBCH block and CORESET multiplexing pattern 1, a UE monitors PDCCH in the Type0-PDCCH CSS set over slots that include Type0-PDCCH monitoring occasions associated with SS/PBCH blocks that are quasi co-located with the SS/PBCH block that provides a CORESET for Type0-PDCCH CSS set with respect to average gain, quasi co-location 'typeA' and 'typeD' properties, when applicable [6, TS 38.214]. For FR1 and FR 2-1, for a candidate SS/PBCH block index [image: image54.png]
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, two consecutive slots starting from slot [image: image58.png]


 include the associated Type0-PDCCH monitoring occasions. For FR2, for a candidate SS/PBCH block index [image: image60.png]
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if SCS of the CORESET for Type0-PDCCH CSS is 480kHz, and 
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 if SCS of the CORESET for Type0-PDCCH CSS is 960kHz, include the associated Type0-PDCCH monitoring occasions. The UE determines an index of slot [image: image69.png]
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 are provided by Table 13-11, and [image: image87.png]ue {01}



 based on the SCS for PDCCH receptions in the CORESET [4, TS 38.211]. The index for the first symbol of the CORESET in slots [image: image89.png]
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 is the first symbol index provided by Table 13-11. The UE does not expect to be configured with [image: image93.png]
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For the SS/PBCH block and CORESET multiplexing patterns 2 and 3, a UE monitors PDCCH in the Type0-PDCCH CSS set over one slot with Type0-PDCCH CSS set periodicity equal to the periodicity of SS/PBCH block. For the SS/PBCH block and CORESET multiplexing patterns 2 and 3, if the active DL BWP is the initial DL BWP, the UE is expected to be able to perform radio link monitoring, as described in Clause 5, and measurements for radio resource management [10, TS 38.133] using a SS/PBCH block that provides a CORESET for Type0-PDCCH CSS set. For a SS/PBCH block with index [image: image98.wmf]i
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 based on parameters provided by Tables 13-13 through 13-15.
============================= Unchanged part omitted =========================================

3 Conclusions

In this contribution, we focus on some remaining issues on PDCCH monitoring enhancement.  
Proposal 1: When UE is configured with multiple serving cells, within each serving cell, UE apply multi-slot PDCCH monitoring capability for a single serving cell independently.
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