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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The following agreements [1] were achieved at RAN1#88bis:
· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
· Note: This may not be applied to all type of the UEs and/or use-cases
· FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
· Note: This may not be applied to all type of UEs and/or use-cases
· UE is not expected to blindly detect the presence of DMRS or PT-RS
· FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· FFS: combinations of data duration and granularities of data position
· Specification supports data having frequency-selective assignment with any data duration
· FFS: relations between “DL control channel monitoring” occasions and data channel durations
· Note: this is addition to the agreements at RAN1#86.
· Note: 1-symbol case may be restricted depending on the BW.
The following agreements [2] were achieved at RAN1#86bis:
· Slot aggregation is supported
· Data transmission can be scheduled to span one or multiple slots
· NR supports at least same-slot and cross-slot scheduling for DL.
· Note: it is already agreed that NR supports same-slot and cross-slot scheduling for UL.
It is clear from the agreements that UE supports slot aggregation scheduling and cross-slot scheduling, and UE can be configured to monitor DL control channel per slot. This contribution discusses PDCCH monitoring conditioned on data scheduling, i.e., slot aggregation and cross-slot scheduling. 
[bookmark: _Ref129681832]PDCCH monitoring on slot aggregation
UE can be configured to per slot monitor DL control channel, and slot aggregation is supported per the agreements. It is necessary to discuss how UE monitors the DL control channel when aggregated slots are scheduled. 
a) Opt 1: Monitor DL control channel per slot
As a straightforward option, UE still monitors DL control channel per slot no matter whether the scheduled data duration is a slot or aggregated slots. 
Assuming there are 7 OFDM symbols per slot and control resource set, i.e., CORESET has two OFDM symbols duration for which UE is configured per slot monitoring as shown in Figure 1, when the DCI conveyed in the CORESET in slot n schedules data which spans slot n to slot n+2, UE keeps monitoring DL control channel in the CORESET during slots n+1 and n+2. In other words, data duration for slot aggregation will skip the CORESET, for example, data can be punctured over the CORESET or rate matched around the CORESET. 


[bookmark: _Ref480883729]Figure 1: Monitor DL control channel per slot for slot aggregation
This option is beneficial as the UL grant is not blocked, for example, in slot n+1. However, when there is no UL grant or DL assignment during the aggregated slots for the scheduled data duration for that UE as shown in Figure 1, the resources for the CORESET might be wasted, especially if the CORESET is configured to UE specifically. Note that as an example the CORESET takes the entire bandwidth frequency resources in Figure 1. CORESET may only occupy a part of bandwidth, and the data may start from the first OFDM symbol. The waste issue still exists but just is not as bad as the case of CORESET taking the entire bandwidth.
b) Opt 2: Conditionally monitor DL control channel per slot
[bookmark: _GoBack]UE monitors the DL control channel per slot as configured. However, whether UE monitors the DL control channel in every single slot is conditional on gNB scheduling decision and if the beforehand scheduled data spans more than one slot. 
The gNB can anticipate whether UL grant or DL assignment will happen in very near future assuming UE does not support delay sensitive service or support the service but it is off at that time, e.g., in adjacent 1 to 3 slots as in Figure 2. If gNB made the decision to schedule the downlink data across the following slots, it is reasonable to assume gNB will not schedule the downlink data in the slots scheduled beforehand. However, UL grant may happen but can wait a few slots if not urgent. For instance, the data scheduled in slot n is mapped across slot n to slot n+2 and neither UL grant nor DL assignment is anticipated in slots n+1 or n+2 as shown in Figure 2. Therefore, the OFDM symbols configured to the CORESET during slots n+1 and n+2 could be used for the data transmission scheduled in slot n, and UE will skip monitoring the DL control channel accordingly. In the case shown in Figure 2, assuming two symbols configured to CORESET per slot which occupies the entire bandwidth, there will be 2/7 improvement in downlink throughput if using the CORESET in slots n+1 and n+2 for the data transmission.
It could be up to gNB to decide whether the OFDM symbols of CORESET during the aggregated slots are used for data transmission. Considering gNB may change the decision dynamically depending on the actual scheduling conditions, gNB can include the indication in the DCI. Per the indication, UE may or may not monitor DL control channels in some slots. 


[bookmark: _Ref480896046]Figure 2: Conditionally monitor DL control channel per slot for slot aggregation
PDCCH monitoring on cross-slot scheduling
In the cross-slot scheduling, as shown in Figure 3, DCI in slot n could schedule data of slot n+1, or schedule data spanning two slots, i.e., slots n+1 and n+2, or schedule data of slot n+1 which repeats in slot n+2, ect.
Similar to the case of PDCCH monitoring on slot aggregation, the data can be mapped onto the entire resources of the slot/slots, or onto the resources excluding that for CORESET. gNB can decide per each scheduling, e.g., by including one bit indication in DCI. 
Upon obtaining the DCI, UE may or may not skip monitoring DL control channels in the CORESET of slot/slots during which the scheduled data will be transmitted; otherwise, UE still monitors PDCCH per single slot as configured. 


[bookmark: _Ref480900726]Figure 3: Conditionally monitor DL control channel per slot for cross-slot scheduling
For both slot aggregation and cross-slot scheduling cases, it is beneficial that gNB can dynamically indicate whether the scheduled data is mapped onto the entire resources of the slot/slots, or onto the resources excluding that for CORESET in order to improve spectral efficiency and reduce UE power consumption for monitoring DL control channel. 
Proposal 1: DCI includes the indication that whether CORESET is used for data transmission in the scheduled slot(s).

Conclusions
How UE monitors DL control channel for the cases of cross-slot scheduling and slot aggregation is discussed in this paper. In terms of improving spectral efficiency and reducing UE power consumption for PDCCH monitoring, the discussion concludes the following proposal:
Proposal 1: DCI includes the indication that whether CORESET is used for data transmission in the scheduled slot(s).
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