3GPP TSG RAN WG1 Meeting #104-e	R1-2100241
[bookmark: OLE_LINK59][bookmark: _GoBack]E-meeting, January 25 – February 5, 2021

Agenda Item:	8.2.2
Source:	Huawei, HiSilicon
Title:	Enhancement on PDCCH monitoring
Document for:	Discussion and Decision 

[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN Meeting #90-e, the WI of extending current NR operation to 71GHz was approved [1].
	· Physical layer aspects including [RAN1]:
· …
· [bookmark: _Hlk58595024]Support enhancement to PDCCH monitoring, including blind detection/CCE budget, and multi-slot span monitoring, potential limitation to UE PDCCH configuration and capability related to PDCCH monitoring.
· …


In this contribution, we focus on the enhancement of PDCCH monitoring for the new SCSs, i.e. 480 kHz and 960 kHz.
[bookmark: _Ref129681832]Discussion
Multi-slot span monitoring
In the frequency range of 52.6 GHz to 71 GHz, the two new SCSs 480 kHz and 960 kHz will be introduced. Larger SCS means shorter symbol duration, which can result in several issues for PDCCH monitoring.
[image: ]
Figure 1. Slot-level PDCCH monitoring
In FR2, slot-level PDCCH monitoring is supported in terms of the capability on the maximum number of monitored PDCCH candidates and maximum number of non-overlapped CCEs as shown in Table 1 and Table 2. An example for slot-level PDCCH monitoring for 120 kHz SCS is as shown in Figure 1. Typically, up to three OFDM symbols with one span in one slot are configured for slot-level PDCCH monitoring. In those symbols, UE blindly decodes the PDCCH candidates with different CCE aggregation levels.
Table 1: Maximum number  of monitored PDCCH candidates per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of monitored PDCCH candidates per slot and per serving cell 

	0
	44

	1
	36

	2
	22

	3
	20



Table 2: Maximum number  of non-overlapped CCEs per slot for a DL BWP with SCS configuration  for a single serving cell
	
	Maximum number of non-overlapped CCEs per slot and per serving cell 

	0
	56

	1
	56

	2
	48

	3
	32


It can be observed from the tables that the maximum numbers of monitored PDCCH candidates and non-overlapped CCEs are 20 and 32 per slot for 120 kHz SCS, respectively. Further reducing the slot-level PDCCH monitoring capabilities for 480/960 kHz SCSs will cause the numbers of PDCCH candidates and non-overlapped CCEs to become too small. For example, if the maximum number of non-overlapped CCE is smaller than 16, the coverage of the PDCCH is reduced because the maximum aggregation level cannot be achieved.
Observation 1: Further reducing the slot-level PDCCH monitoring capabilities for 480/960 kHz SCSs will cause the numbers of PDCCH candidates and non-overlapped CCEs to become too small, which may result in lower achievable aggregation levels.
To solve the issue, multi-slot span monitoring can be introduced, i.e., extending the PDCCH monitoring unit from slot to multi-slot. To specify the multi-slot span monitoring, we investigate the following aspects:
· Monitoring capabilities
· Search space set
First, the monitoring capabilities can be defined over multiple slots, i.e. the monitoring unit is defined as X slots where X > 1. To save specification efforts, we suggest to support a common span for all SCSs supported above 52.6 GHz. A simple way is to align the span with one slot of 120 kHz SCS, i.e., for 480 kHz SCS, a PDCCH monitoring span can contain four slots, and for 960 kHz SCS, a PDCCH monitoring span can contain eight slots.
Proposal 1: Introduce the following PDCCH monitoring span for PDCCH monitoring, where the maximum number of monitored PDCCH candidates for a DL BWP for a single serving cell is defined over a PDCCH monitoring span, and the maximum number of non-overlapped CCEs for a DL BWP for a single serving cell is defined over a PDCCH monitoring span, for SCS configurations of 480 and 960 kHz:
· for 480 kHz SCS, a PDCCH monitoring span contains four slots
· for 960 kHz SCS, a PDCCH monitoring span contains eight slots
The time domain parameters of search space set configuration should be revised to adapt to the multi-slot span monitoring. The time domain parameters include periodicity, offset, duration, and monitoring symbols within slot.
Table 3: Search space set configuration
SearchSpace ::=                         SEQUENCE {
searchSpaceId                           SearchSpaceId,
controlResourceSetId                    ControlResourceSetId                                        
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))                                      
…
Periodicity: with multi-slot span monitoring, the unit of the periodicity should be span with multiple slots instead of slot. Periodicities of multi-slot can be achieved by configuration restriction; however, current periodicities are not flexible for multi-slot span. As shown in Table 4, the periodicities with unit of four or eight slots are fewer than the periodicities with unit of one slot. Therefore, new periodicities can be added to enhance the flexibility of multi-slot span monitoring. For example, as is shown in Table 4, periodicities of 32 and 64 slots can be added, which is equivalent to periodicities of 4 and 8 span with eight slots.
Table 4: Periodicities with different units
	Periodicity
(slot)
	Periodicity
(span with 4 slots)
	Periodicity
(span with 8 slots)

	1
	-
	-

	2
	-
	-

	4
	1
	-

	5
	-
	-

	8
	2
	1

	10
	-
	-

	16
	4
	2

	20
	5
	-

	32
	8
	4

	40
	10
	5

	64
	16
	8

	80
	20
	10

	160
	40
	20

	320
	80
	40

	640
	160
	80

	1280
	320
	160

	2560
	640
	320


Duration: In current specification, if the duration of search space set is provided, the UE will monitor the PDCCH in consecutive slots. For multi-slot monitoring, the UE may not be able to implement monitoring in consecutive slots due to the capability; therefore, the unit of duration can be changed to multi-slot span. An example is shown in Figure 2 by assuming monitoring span with four slots, where the periodicity is 16 slots or 4 span, and the duration is 3.
[image: ] 
Figure 2. PDCCH monitoring with different definitions of duration
MonitoringSymbolsWithinSlot: The parameter indicates the starting symbol of search space set. Combining the slot-level starting symbol and offset, the starting symbol can be any symbol in a multi-slot span. Therefore, reusing current values can provide enough flexibility for multi-slot monitoring.
Proposal 2: The time domain parameters of search space set configuration should be enhanced to adapt to the multi-slot span monitoring by
· adding new periodicities to increase the flexibility of search space set configuration
· changing the unit of duration to multi-slot span
PDCCH monitoring cases
In Rel-15, the following PDCCH monitoring cases are defined:
· Case 1: PDCCH monitoring periodicity of 14 or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a slot
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a slot
· Case 2: PDCCH monitoring periodicity of less than 14 symbols
If multi-slot span monitoring is adopted, the current definition of the cases may not be able to be applied to 480 kHz/960 kHz SCS directly. Therefore, to facilitate further discussion, RAN1 should clarify the monitoring cases under the assumption of multi-slot monitoring. The following definition can be a starting point for further discussion:
· Case 1: PDCCH monitoring periodicity of 14*X or more symbols
· Case 1-1: PDCCH monitoring on up to three OFDM symbols at the beginning of a multi-slot span
· Case 1-2: PDCCH monitoring on any span of up to 3 consecutive OFDM symbols of a multi-slot span
· Case 2: PDCCH monitoring periodicity of less than 14*X symbols
· Note: X is the number of slots in a span
In our view, similar to PDCCH monitoring in FR2, Case 1-1 should be the baseline for multi-slot monitoring, and RAN1 should further analyze whether the other cases are necessary or not.
Proposal 3: For multi-slot monitoring in 52.6~71 GHz, RAN1 should clarify the definition of PDCCH monitoring cases, and further study which case(s) should be supported if the PDCCH monitoring periodicity is defined based on a span of 14*X symbols (instead of 14 symbols).
Conclusions
In this paper, we discuss the PDCCH monitoring enhancement for the new SCSs. Specifically, the definition and specification impacts of multi-slot span monitoring are considered, and we have the following observation and proposals:
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Observation 1: Further reducing the slot-level PDCCH monitoring capabilities for 480/960 kHz SCSs will cause the numbers of PDCCH candidates and non-overlapped CCEs to become too small, which may result in lower achievable aggregation levels.
Proposal 1: Introduce the following PDCCH monitoring span for PDCCH monitoring, where the maximum number of monitored PDCCH candidates for a DL BWP for a single serving cell is defined over a PDCCH monitoring span, and the maximum number of non-overlapped CCEs for a DL BWP for a single serving cell is defined over a PDCCH monitoring span, for SCS configurations of 480 and 960 kHz:
· for 480 kHz SCS, a PDCCH monitoring span contains four slots
· for 960 kHz SCS, a PDCCH monitoring span contains eight slots
Proposal 2: The time domain parameters of search space set configuration should be enhanced to adapt to the multi-slot span monitoring by
· adding new periodicities to increase the flexibility of search space set configuration
· changing the unit of duration to multi-slot span
Proposal 3: For multi-slot monitoring in 52.6~71 GHz, RAN1 should clarify the definition of PDCCH monitoring cases, and further study which case(s) should be supported if the PDCCH monitoring periodicity is defined based on a span of 14*X symbols (instead of 14 symbols).
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