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1. Introduction
The following objective is included in the agreed work item [1]:
· Physical layer aspects including [RAN1]:
· [bookmark: _Hlk58595024][bookmark: _GoBack]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, PDCCH monitoring capability and BD/CCE budget are discussed.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref521492551]PDCCH monitoring capability
[bookmark: _Ref61344139]Background in existing NR operation
In NR operation [2], for a DL BWP with any numerology, UE is expected to be mandatory to monitor PDCCH in every slot where the PDCCH monitoring occasions satisfy the following conditions:
· The duration of coreset associated with the PDCCH monitoring occasions is 1-3 symbols;
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and USS, the monitoring occasion is within the first 3 OFDM symbols of a slot;
· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of a slot, with the monitoring occasions within a single span of three consecutive OFDM symbols within a slot.
Optionally, UE can also indicate the following capability to gNB which is more flexible than the above mandatory one:
· pdcch-MonitoringAnyOccasions: indicate to gNB that PDCCH monitoring occasions could be located in any symbol in the slot for type 1 CSS with dedicated RRC configuration, type 3 CSS, and USS:
· withDCI-gap indicates there should be minimum time separation between two consecutive transmissions of PDCCH scrambled with C-RNTI or CS-RNTI
· withoutDCI-gap indicates no minimum time separation limit
· pdcch-MonitoringAnyOccasionsWithSpanGap: indicate to gNB that PDCCH monitoring occasions could be located in any symbol in the slot by meeting the following condition:
· The span pattern arrangement should satisfy at least one (X, Y) in the UE reported candidate value set, which is determined according to search space configuration and reporting (X, Y) as described below
· In order to determine a suitable span pattern, first a bitmap b(l), 0<=l<=13 is generated, where b(l)=1 if symbol l of any slot is part of a monitoring occasion, b(l)=0 otherwise. The first span in the span pattern begins at the smallest l for which b(l)=1. The next span in the span pattern begins at the smallest l not included in the previous span(s) for which b(l)=1. The span duration is max {maximum value of all CORESET durations, minimum value of Y in the UE reported candidate value} except possibly the last span in a slot which can be of shorter duration.
[bookmark: _Ref61430367]Considerations in NR operation from 52.6-71GHz
In RAN#90e [1], it is agreed that (120, 480, 960) KHz SCS are all supported for data/control. When PDCCH is configured in one DL BWP with 480/960KHz SCS, UE needs to monitor PDCCH every slot (i.e. ~15/30 us) if following the mandatory capability defined in existing NR operation as described in Section 2.1.1. This is quite challenging for UE implementation especially in such high frequency band. So the mandatory capability on PDCCH monitoring in NR FR1&FR2 should be relaxed for NR operation from 52.6-71GHz, e.g. UE only needs to monitor in certain slot group instead of each slot within one subframe.
[bookmark: _Ref61441296]Proposal 1: For NR operation from 52.6-71GHz, PDCCH monitoring capability in FR1&FR2 should be relaxed from slot level to multi-slot level granularity.
To support multi-slot level granularity, the most important issue is to define the multi-slot span that PDCCH monitoring capability is based on. There are two alternatives as described below:
· Alt. 1: Fixed multi-slot span based on subframe structure 
· Alt. 2: Flexible multi-slot span based on SS configuration and subframe structure
For Alt. 1, every back-to-back Ns slots forms the fixed multi-slot span starting from the first of each subframe until the end slot of each subframe. Ns could be predefined, configured by gNB or reported by UE, e.g. 4/8 for 480/960KHz SCS. One example is given below assuming 480KHz SCS:
[image: ]
Figure 1  Example for fixed multi-slot span assuming 480KHz SCS
For Alt. 2, the multi-slot span pattern is determined according to search space configuration and subframe structure similar with the determination of the span pattern arrangement described in Section 2.1.1. In order to determine a flexible multi-slot span pattern, first a bitmap b(l), 0<=l<=M-1 is generated, where M is the number of slots within one subframe, b(l)=1 if slot l of any subframe which is configured with at least one monitoring occasion, b(l)=0 otherwise. The first multi-slot span in the span pattern begins at the smallest l for which b(l)=1. The next span in the span pattern begins at the smallest l not included in the previous span(s) for which b(l)=1. The span duration is predefined or reported by UE except possibly the last span in a slot which can be of shorter duration. Note that the span pattern is repeated every subframe. One example is given below assuming 480KHz SCS, where b(l)=00011000000000001000000000000000 for 1st subframe and b(l)=00000110000000010000000000000000 for 2nd subframe:
[image: ]
Figure 2  Example for flexible multi-slot span assuming 480KHz SCS (Note: blue box means slots configured with PDCCH)
[bookmark: _Ref61441301]Proposal 2: To support multi-slot level granularity for PDCCH monitoring capability definition, how to determine multi-slot span pattern should be considered, e.g. fixed or flexible multi-slot pattern.
For mandatory capability definition, Alt. 1 is more suitable as the baseline since it is simpler than Alt. 2. For example, UE is required to monitor the first slot of each multi-slot span. Furthermore, the capability for PDCCH monitoring symbols within the slot could reuse that in FR2. Therefore, the following proposal is made for mandatory PDCCH monitoring capability in NR operation from 52.6-71GHz.
[bookmark: _Ref61441305]Proposal 3: For NR operation from 52.6-71GHz, UE is expected to be mandatory to monitor PDCCH in the first slot of each fixed multi-slot span where the PDCCH monitoring occasions within the slot satisfy the following conditions:
· The duration of coreset associated with the PDCCH monitoring occasions is 1-3 symbols;
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and USS, the monitoring occasion is within the first 3 OFDM symbols of the slot;
· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of the slot, with the monitoring occasions within a single span of three consecutive OFDM symbols within the slot.
However, Alt. 1 only allows gNB to configure SS in fixed slot position, which is not flexible for gNB configuration from system perspective. Alt. 2 provides a more flexible choice and UE may monitor PDCCH in any slot, which could be an optional capability. 
[bookmark: _Ref61441309]Proposal 4: For NR operation from 52.6-71GHz, flexible multi-slot span pattern could be considered for definition of optional PDCCH monitoring capability.
BD/CCE budget
[bookmark: _Ref61278759][bookmark: PP12]Background in existing NR operation
In NR operation, BD/CCE budget is defined to limit the complexity on PDCCH monitoring from UE side, i.e. UE is expected to monitor PDCCH candidates that satisfies certain conditions per slot. Here BD budget refers to the maximum number of PDCCH candidates and CCE budget refers to non-overlapped CCEs. The conditions are developed for single cell operation and multi-cell operation respectively.
Single cell operation scenario
For single cell operation, the BD and CCE budget value are given in Table 1 and Table 2 [3]respectively. It is clearly observed that the budgets are defined in granularity of slot level in time domain. In this case, UE is not expected to monitor more than  PDCCH candidates with more than  non-overlapped CCEs per slot in the single serving cell.
[bookmark: _Ref61270632]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


[bookmark: _Ref61270646]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


Multi-cell operation scenario
For multi-cell operation, the BD/CCE budget limit is defined for two different cases: 
· Case A: the total number of cells is less than or equal to ;
· Case B: the total number of cells is larger than .


For Case A, the UE is not required to monitor, on the active DL BWP of the scheduling cell, more than  PDCCH candidates or more than  non-overlapped CCEs per slot for each scheduled cell.  Here  and  are provided in Table 1 and Table 2 respectively for single cell operation.
For Case B, there are two different kind of limits: 



1) Total limit of each scheduling cell group with SCS µ, i.e. the UE is not required to monitor more than  PDCCH candidates or more than  non-overlapped CCEs per slot on the active DL BWP(s) of scheduling cell(s) from the  downlink cells; 



2) Respective limit of the scheduling cell for each scheduled cell, i.e. the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell more than  PDCCH candidates or more than  non-overlapped CCEs per slot.
Considerations in NR operation from 52.6-71GHz
In RAN#90e, it is agreed that (120, 480, 960) KHz SCS are all supported for data/control, i.e. PDCCH SCS could be one of (120, 480, 960) KHz SCS depending on the BWP numerology configuration. Therefore, there is need to define the BD/CCE budget for each of the above agreed numerology for NR operation from 52.6-71GHz.
First, 120KHz SCS is also the supported numerology for NR FR2 operation. The difference on the range of center frequency doesn’t bring any difference on PDCCH monitoring complexity. Therefore, the BD/CCE budget value for 120KHz (i.e. =3) in FR2 could be reused for that for NR operation from 52.6-71GHz
[bookmark: _Ref61441313]Proposal 5: For a DL BWP with 120KHz SCS in 52.6-71GHz, UE derives the BD/CCE budget as the same as that for 120KHz in FR2 including the budget value.
Second, 480KHz and 960KHz are new supported numerologies in 52.6-71GHz. Obviously, the BD/CCE budget value should be defined for them taking into UE complexity into account. Namely, the value for =5 and =6 should be added into the Table 1 and Table 2. 
[bookmark: _Ref61441317]Proposal 6: For a DL BWP with 480KHz and 960KHz SCS in 52.6-71GHz, the BD/CCE budget value per slot per serving cell should be determined based on practical UE implementation complexity.
Third, the time domain granularity of current BD/CCE budget definition is per slot as observed from Section 2.2.1. However, PDCCH monitoring capability will be based on multi-slot level as proposed in 2.1.2. Naturally, BD/CCE budget per multi-slot span per serving cell should be defined, e.g. proportional to the value per slot per serving cell by the number of slots within a multi-slot span. This could be used for single cell operation directly. In this case, UE is not expected to monitor more than  PDCCH candidates with more than  non-overlapped CCEs per slot in the single serving cell.
[bookmark: _Ref61441322]Proposal 7: For a DL BWP with 480KHz and 960KHz SCS in 52.6-71GHz, the BD/CCE budget value per multi-slot span per serving cell should be defined and it is used for single cell operation scenario.
For multi-cell operation scenario, the situation becomes more complex by introducing such multi-slot span based BD/CCE budget definition. For Case B in NR FR1&FR2 operation, the scheduling cells with the same SCS are categorized together to meet a total limit. However, for one UE operation in both FR1&FR2 and 52.6-71GHz (e.g. CA deployment), BD/CCE budget is applied per slot level in some scheduling cells while per multi-slot span in other scheduling cells. How to category the scheduling cells to be restricted with a total BD/CCE limit needs to be considered taking into account the above hybrid scenario. Particularly, although the SCS and BD/CCE limit granularity in terms of slot number are different for different scheduling cells, the absolute time domain granularity may be the same, e.g. cell A with 120KHz SCS and slot level BD/CCE budget and cell B with 480KHz SCS and BD/CCE budget per 4 slots. 
[bookmark: _Ref61441327]Proposal 8: For multi-cell operation, the categorization of scheduling cells to be applied with a total BD/CCE limit should consider PDCCH SCS and BD/CCE limit granularity jointly.
3. Conclusion
In this contribution, we focus on PDCCH monitoring capability and BD/CCE budget, and have the following proposals:
Proposal 1: For NR operation from 52.6-71GHz, PDCCH monitoring capability in FR1&FR2 should be relaxed from slot level to multi-slot level granularity.
Proposal 2: To support multi-slot level granularity for PDCCH monitoring capability definition, how to determine multi-slot span pattern should be considered, e.g. fixed or flexible multi-slot pattern.
Proposal 3: For NR operation from 52.6-71GHz, UE is expected to be mandatory to monitor PDCCH in the first slot of each fixed multi-slot span where the PDCCH monitoring occasions within the slot satisfy the following conditions:
· The duration of coreset associated with the PDCCH monitoring occasions is 1-3 symbols;
· For type 1 CSS with dedicated RRC configuration, type 3 CSS, and USS, the monitoring occasion is within the first 3 OFDM symbols of the slot;
· For type 1 CSS without dedicated RRC configuration and for type 0, 0A, and 2 CSS, the monitoring occasion can be any OFDM symbol(s) of the slot, with the monitoring occasions within a single span of three consecutive OFDM symbols within the slot.
Proposal 4: For NR operation from 52.6-71GHz, flexible multi-slot span pattern could be considered for definition of optional PDCCH monitoring capability.
Proposal 5: For a DL BWP with 120KHz SCS in 52.6-71GHz, UE derives the BD/CCE budget as the same as that for 120KHz in FR2 including the budget value.
Proposal 6: For a DL BWP with 480KHz and 960KHz SCS in 52.6-71GHz, the BD/CCE budget value per slot per serving cell should be determined based on practical UE implementation complexity.
Proposal 7: For a DL BWP with 480KHz and 960KHz SCS in 52.6-71GHz, the BD/CCE budget value per multi-slot span per serving cell should be defined and it is used for single cell operation scenario.
Proposal 8: For multi-cell operation, the categorization of scheduling cells to be applied with a total BD/CCE limit should consider PDCCH SCS and BD/CCE limit granularity jointly.
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