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1. Introduction
At the RAN#94-e meeting, status report [1] on supporting NR from 52.6 GHz to 71 GHz was approved and regarded as a completed work.
In this contribution, we discuss the remaining issues on PDCCH monitoring with 480 and 960 kHz SCSs to support NR from 52.6 GHz to 71 GHz.

2. Remaining issues on PDCCH monitoring enhancements
2.1. BD/CCE budget for X=4 slots for 960 kHz SCS
At the previous meetings, it has been discussed to specify the multi-slot PDCCH monitoring capability for the operation with larger SCSs, and the following agreements were made at RAN1#107-e meeting.

	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
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· 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 960 kHz SCS: (X,Y) = (8,1)
· A UE capable of multi-slot monitoring optionally supports
· For SCS 480 kHz: (X,Y) = (4,2)
· For 960 kHz SCS: (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



As shown in the above second agreement, BD/CCE budgets for (X,Y)=(4,2) and (4,1) with 960 kHz SCS are captured as working assumption. According to this agreement, the BD/CCE budgets are half that of X=8 slots, i.e., the maximum number of PDCCH candidates and non-overlapped CCEs for X=4 slots with 960 kHz SCS would be 10 and 16, respectively.

The CCE aggregation level and maximum number of PDCCH candidates for type0-PDCCH CSS are specified in table 10.1-1 from TS 38.213 [2] as shown in table 1 below. According to the table 1, the required number of PDCCH candidates and CCEs for type0-PDCCH CSS monitoring can be at most 7 and 28, which exceed the budget defined for X=4 with 960 kHz SCS. 

Table 1: CCE aggregation levels and maximum number of PDCCH candidates per CCE aggregation level for CSS sets configured by searchSpaceSIB1
	CCE Aggregation Level
	Number of Candidates

	4
	4

	8
	2

	16
	1



Since RAN1 has agreed that overbooking is not allowed for CSS even for multi-slot PDCCH monitoring, by defining the maximum number of CCEs as 16, the available configurations for CSS monitoring are restricted. Since type0-PDCCH monitoring can consume all the BD/CCE budgets in a slot group with X=4, a UE cannot monitor other SSs including other CSSs than type0-PDCCH CSS in the same slot group, or configurations, e.g., number of CCEs or aggregation level for other SSs would be limited.
In addition, at the last RAN1 meeting, it was pointed out by companies that if two consecutive slots in the same slot group are monitored for type0-PDCCH CSS of SSB/CORESET#0 multiplexing pattern 1, the required number of BD/CCE would be at most 14/56 considering the above requirement for type0-PDCCH CSS monitoring, and thus UE may not be able to monitor the CSS with the BD/CCE budget for X=4/8 slots for SCS 480/960 kHz (i.e., 20 BD and 32 CCE). As a result, it was agreed that the monitored slots for type0-PDCCH CSS is n0 and n0+X0 slots to distribute the monitoring occasions for the CSS into different slot groups.
In that sense, it seems fair to ensure enough PDCCH candidates/CCEs configuration flexibility even for X=4 slots for 960 kHz SCS which is supported as an optional UE capability.
Therefore, regarding maximum number of CCE for 960 kHz SCS, we suggest considering larger value for X=4 slots, e.g., 28 CCE as maximum, than the simply halved value from that for X=8 slots.

Text Proposal #1
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<Unchanged parts omitted>
10.1          UE procedure for determining physical downlink control channel assignment
…
Table 10.1-3B provides the maximum number of non-overlapped CCEs, , for a DL BWP with SCS configuration  that a UE is expected to monitor corresponding PDCCH candidates for combination  for operation with a single serving cell.
Table 10.1-3B: Maximum number  of non-overlapped CCEs in a slot group for combination  for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of non-overlapped CCEs per combination  and per serving cell 

	
	(4, 1)
	(4, 2)
	(8, 1)
	(8, 4)

	5
	32
	32
	-
	-

	6
	16 [28]
	16[28]
	32
	32


<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.213 --------------------------



2.2. SSSG switching time for 120/480/960 kHz SCS
At the last RAN1 meeting, the following working assumption was agreed for SSSG switching time for 120/480/960 kHz SCS:

	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






According to the discussion at the last RAN1 meeting, for minimum value of , majority of companies supports that the value for 120 kHz SCS should be decided first, and then the scaled values should be applied for 480 and 960 kHz SCS. 
For UE processing capability 1, considering the trend in the current specification and some implementation margin, it was proposed that 40 symbols can be the candidate value for 120 kHz SCS and scaled value would be 160/320 for 480/960 kHz SCS, respectively. In addition to these values, it was proposed that the same value as 60 kHz SCS can be kept for 120 kHz SCS, i.e., 25 symbols can be the candidate value for 120 kHz SCS and scaled value would be 100/200 for 480/960 kHz SCS, respectively. And then, the following three alternatives are proposed by moderator [3].

	Proposal:
The following values are adopted as minimum value of  for 120/480/960 kHz
· Alt 1: Support two search space set group switching processing capabilites (as in Rel-16)
	
	Minimum  value for
 UE processing capability 1 [symbols]
	Minimum  value for
 UE processing capability 2 [symbols]

	3
	40
	25

	5
	160
	100

	6
	320
	200


· Alt 2: Support ony search space set group switching processing capability 1 with the following values
· Alt 2a
	
	Minimum  value for
 UE processing capability 1 [symbols]

	3
	40

	5
	160

	6
	320


· Alt 2b
	
	Minimum  value for
 UE processing capability 1 [symbols]

	3
	25

	5
	100

	6
	200






For Alt-1, some companies showed concern to support two SSSG switching processing capabilities since only one processing capability is defined for capabilities of PDSCH processing time, PUSCH preparation time and CSI computation delay for 480/960 kHz SCS. In addition, some companies have a concern on supporting only one capability as Alt-2b.
Considering the discussion at last RAN1 meeting, while our first preference is to support 25/100/200 symbols for 120/480/960 kHz SCS (i.e., either Alt-1 or Alt-2b), we can accept the values captured as working assumption to SSSG switching even for the unlicensed band operation in FR2-2.

Proposal 1: Confirm the following working assumption:
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



2.3. SCS restriction for cross-carrier scheduling
In the previous meetings, it has been discussed whether to restrict SCSs between PDCCH and PDSCH for cross-carrier scheduling.
Regarding the discussion, some companies pointed out that the following aspects regarding band combination should be considered which is described in updated work item description at the RAN#93-e meeting [4]:
	· Specify gNB and UE RF core requirements for the band(s) in the above frequency range, including a limited set of example band combinations (see Note 1). 
· For the case of FR2-2 DC or CA with an anchor in FR1 the following three example band combinations shall be considered:
· n79 + Nx 
· n77 + Nx 
· n41 + Nx 
· where Nx is the 57-71 GHz band for unlicensed operation and the [66-71] GHz for licensed operation. 
· RAN4 to further discuss the need for single or multiple bands relevant for FR2-2 licensed/unlicensed operation.
Note 1: The WI can be completed provided requirements for at least one band combination involving a new NR-U band is specified as long as it is in line with country-specific regulatory directives.



According to the WID, since the band of n79/n77/n41 are included in FR1, cross-carrier scheduling of a cell within FR2-2 band from/to FR1 band with different numerologies should be considered. In that sense, same as the current specification, no limitation on SCSs is preferable to support cross-carrier scheduling with any SCSs of a cell within FR2-2 from/to FR1 as far as the system works.

Proposal 2: To support cross-carrier scheduling of a cell within FR2-2 band from/to a cell of any FR1/FR2-1 band with different numerologies, any SCS combinations for PDCCH and PDSCH should be supported.

3. Conclusion
In this contribution, we discussed the remaining issues on PDCCH monitoring enhancements to support NR from 52.6 GHz to 71 GHz and we made the following proposals:

Text Proposal #1
	-------------------------- Start of Text Proposal for TS 38.213 --------------------------
<Unchanged parts omitted>
10.1          UE procedure for determining physical downlink control channel assignment
…
Table 10.1-3B provides the maximum number of non-overlapped CCEs, , for a DL BWP with SCS configuration  that a UE is expected to monitor corresponding PDCCH candidates for combination  for operation with a single serving cell.
Table 10.1-3B: Maximum number  of non-overlapped CCEs in a slot group for combination  for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of non-overlapped CCEs per combination  and per serving cell 

	
	(4, 1)
	(4, 2)
	(8, 1)
	(8, 4)

	5
	32
	32
	-
	-

	6
	16 [28]
	16[28]
	32
	32


<Unchanged parts omitted>
-------------------------- End of Text Proposal for TS 38.213 --------------------------



Proposal 1: Confirm the following working assumption:
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



Proposal 2: To support cross-carrier scheduling of a cell within FR2-2 band from/to a cell of any FR1/FR2-1 band with different numerologies, any SCS combinations for PDCCH and PDSCH should be supported.
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