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1. Introduction
At the RAN#90-e meeting, an updated work item description [1] on supporting NR from 52.6 GHz to 71 GHz was approved, which includes the following objective: 
	Physical layer aspects including [RAN1]:
· In addition to 120 kHz SCS, specify new SCS, 480kHz and 960kHz, and define maximum bandwidth(s), for operation in this frequency range for data and control channels and reference signals, only NCP supported. 
Note: Except for timing line related aspects, a common design framework shall be adopted for 480kHz to 960kHz
…
· 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 discuss the impact on PDCCH monitoring with 480 and 960 kHz SCSs to support NR from 52.6 GHz to 71 GHz.

2. PDCCH monitoring enhancement
2.1. Multi-slot PDCCH monitoring capability
At RAN1 #104-e meeting, it has been discussed on how to specify the multi-slot PDCCH monitoring capability and the following alternatives are agreed.Agreement:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
Alt 1: A fixed pattern of N slots. 
Alt 2: Use the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span) as the baseline to define the new capability
FFS: Values of X and Y and units in which they are defined 
FFS: Whether number of slots within which the number of monitoring occasions is counted is needed and if needed, the value of the number of slots
Alt 3: A sliding window of N slots for defining multi-slot PDCCH monitoring capability. 
FFS: Increments in which sliding occurs
Specific numbers for X, Y and N may depend on UE capability and gNB configuration
Examples: 
N = [4] slots for 480 kHz SCS and N = [8] slots for 960 kHz SCS
		X = [4] slots for 480 kHz SCS and X = [8] slots for 960 kHz SCS


The motivation for specifying the multi-slot monitoring capability is to avoid excessive reduction of the values of PDCCH processing limits (max number of BDs/CCEs) with the time unit of slot for larger SCSs (i.e., 480 and 960 kHz). For 120 kHz SCS, we don’t see any issue for the exiting per-slot and per-span PDCCH monitoring capability. Hence, we think the new capability is not necessary for 120 kHz SCS.

Proposal 1: The multi-slot PDCCH monitoring capability should be specified only for 480 and 960 kHz SCS and is not necessary to be specified for 120 kHz SCS.

The agreement above was discussed further for clarification of each alternative during the last RAN1 meeting and the following FL proposal was suggested in [2].Modified Feature Lead Proposal A1-5:
Proposed modification of agreement:
Choose one of the following alternatives for defining the multi-slot PDCCH monitoring capability
· Alt 1: Use a fixed pattern of slot groups as the baseline to define the new capability. 
· Each slot group consists of X slots
· Slot groups are consecutive and non-overlapping
· The capability indicates the BD/CCE budget within Y consecutive [symbols or slots] in each slot group
· FFS: Supported values/constraints of X and Y, e.g. Y<=X, Y=X
· FFS: Restrictions on location of the Y [symbols or slots] within a slot group, e.g. the Y [symbols or slots] always start at the first slot within a slot group
· FFS: Capability definition within a slot if Y is in the unit of slots
· Alt 2: Use an (X, Y) span as the baseline to define the new capability
· X is the minimum time separation between the start of two consecutive spans
· The capability indicates the BD/CCE budget within a span of at most Y consecutive [symbols or slots] 
· Y <= X
· FFS: Exact values of X and Y and units in which they are defined (e.g., symbols, slots), including cases where a span is longer than one slot or crosses a slot boundary. 
· FFS: What is a span pattern, how it is defined and whether it is supported. If it is supported, whether number of slots within which the span pattern is repeated is needed, and if needed, the value of the number of slots. 
· Alt 3: Use a sliding window of X slots as the baseline to define the new capability. 
· The capability indicates the BD/CCE budget within the sliding window
·  The sliding unit of the sliding window is [1] slot.
· FFS: Capability definition within a slot
Specific numbers for X, Y may depend on UE capability and gNB configuration


According to the above proposal, for Alt.1, if it is allowed to distribute the monitoring occasions for multiple slots in a slot group, it could exceed the limitation of BDs/CCEs capability depending on which slots are included in a slot group. Therefore, all the monitoring occasions should be included in a fixed slot (e.g., the first slot in a slot group) not to exceed the limitation, which may cause the inflexibility of scheduling.
For Alt.3, this scheme may achieve higher scheduling flexibility than the other alternatives regardless of UE capability, however, there may be some concerns to specify the capability with the sliding window. For example, the search space dropping rule should be discussed carefully. When the search spaces are overbooked by gNB, UE drops some of them according to the dropping rule depending on the UE capability which is defined per slot in Rel-15 and per span combination (X, Y) in Rel-16. For Alt.1 and Alt.2, the dropping rule could be defined per slot group X and per span combination (X, Y) respectively similar to Rel-15/16. However, for Alt.3, if the dropping rule is defined per sliding window and a search space is included in multiple windows, the search spaces in the slot group would change dynamically and dropping procedure may be complicated.
Based on the above, our preference is Alt.2 for defining the multi-slot PDCCH monitoring capability since  it can achieve enough scheduling flexibility from NW perspective and can be achieved by expanding the Rel-16 capability (pdcch-Monitoring-r16, (X, Y) span).

Proposal 2: For defining the multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS, Alt.2 should be supported as the baseline.

The exact values of (X, Y) were also discussed at the last meeting and FL proposal was suggested as follows:
	Modified Feature Lead Proposal A1-2:
Supported value(s) X in multi-slot UE capability for PDCCH monitoring
· For 480 kHz: 4 slots, for 960 kHz: 8 slots.
· FFS: if supported, additional smaller values (including 1 slot)
· Additional larger values are not supported



We support the proposal that at least 4 slots for 480 kHz SCS and 8 slots for 960 kHz should be supported for X to achieve the same time duration as one slot of 120 kHz SCS. In addition, it should be possible to support smaller value(s) X, e.g., 1 slot, depending on the UE capability since it enables per-slot PDCCH monitoring supported in Rel-15/16 already.
For Y values and its unit, we think that at most 3 symbols are sufficient unless there is any clear motivation to support larger values. If Y is defined in a unit of slot, how to define the monitoring occasion symbols in Y slots should be discussed.

Proposal 3: At least X = [1, 4] for 480 kHz SCS and X = [1, 8] for 960 kHz SCS, and Y up to 3 symbols for both 480 and 960 kHz SCS should be supported for multi-slot monitoring capability.

If Alt.2 is supported for defining the multi-slot monitoring capability, there would be some follow-up issues. One is the span pattern, which defines the monitoring occasion in a slot, and the pattern is repeated among all the slots in Rel-15/16 NR. Since the span length would be larger than the one in Rel-15/16 (i.e., more than 1 slot), whether to repeat the span pattern among all the slot groups may need to be discussed to have more flexibility on span pattern configuration. For example, if the span pattern is not repeated and UE supports multiple combinations of (X, Y), UE needs to check which (X, Y) combination(s) is/are applicable for every slot group then UE burden may increase. On the other hand, in such case, UE can adopt different (X, Y) value for each slot group, which can enable to increase the total number of monitored CCEs since UE can apply maximum number of BDs/CCEs more flexible.

Proposal 4: At least the following aspects should be considered to discuss whether to specify the span pattern and repeat the pattern for all the slot groups if Alt.2 multi-slot PDCCH monitoring is supported.
· UE burden for checking which (X, Y) combination is applicable.
· Whether applying different (X, Y) values for each slot group is beneficial.

2.2. DCI for multi-PDSCH/PUSCH scheduling
In 8.2.5. sub-agenda item, multi-PDSCH/PUSCH scheduling with single DCI is now discussed. If several DCI fields, such as HARQ process number, new data indicator or redundancy version, are indicated for each scheduled PDSCH/PUSCH separately, the DCI size may increase and only higher aggregation level (e.g., 4, 8, 16) can be valid to ensure the reliability. If aggregation level is limited, UE may reduce the BD burden. Thus if the DCI size is increased and /or new DCI format is introduced for multi-PDSCH/PUSCH scheduling, it might be beneficial to make aggregation level for the DCI formats which schedule multi-PDSCH/PUSCH and other DCI formats configurable separately.

Proposal 5: The DCI format for multi-PDSCH/PUSCH scheduling specific restriction on aggregation level might be beneficial if the size of DCI increases for multi-PDSCH/PUSCH scheduling.

3. Conclusion
In this contribution, we discussed the impact on PDCCH monitoring with 480 and 960 kHz SCSs to support NR from 52.6 GHz to 71 GHz and we made the following proposals:

Proposal 1: The multi-slot PDCCH monitoring capability should be specified only for 480 and 960 kHz SCS and is not necessary to be specified for 120 kHz SCS.
[bookmark: _GoBack]Proposal 2: For defining the multi-slot PDCCH monitoring capability for 480 and 960 kHz SCS, Alt.2 should be supported as the baseline.
Proposal 3: At least X = [1, 4] for 480 kHz SCS and X = [1, 8] for 960 kHz SCS, and Y up to 3 symbols for both 480 and 960 kHz SCS should be supported for multi-slot monitoring capability.
Proposal 4: At least the following aspects should be considered to discuss whether to specify the span pattern and repeat the pattern for all the slot groups if Alt.2 multi-slot PDCCH monitoring is supported.
· UE burden for checking which (X, Y) combination is applicable.
· Whether applying different (X, Y) values for each slot group is beneficial.
Proposal 5: The DCI format for multi-PDSCH/PUSCH scheduling specific restriction on aggregation level might be beneficial if the size of DCI increases for multi-PDSCH/PUSCH scheduling.
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