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Introduction
The NR downlink control channel shall support diverse use cases such as eMBB, URLLC and eventually mMTC within a common framework. These use cases require different scheduling intervals ranging from short TTIs for URLLC to long TTIs satisfying deep coverage requirements for mMTC users. Consequently, flexible control channel monitoring occasions can be configured to enable such diverse TTI durations. Towards this goal the following details were agreed at the RAN1 #88bis meeting [1]:
Agreement:
· 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.

Further details of NR-PDCCH monitoring are presented in this contribution. 
Discussion
It was agreed at RAN1 #88bis that some system information shall be scheduled by the NR-PDCCH. This NR-PDCCH will be transmitted in a common control resource set configured by the NR-PBCH. The configuration parameters should include both the frequency domain resource allocation as well a duty cycle for monitoring for system information. The system information would contain the RACH configuration including monitoring occasions for receiving RA Msg2 and RA Msg4. 

Thereafter, additional control resource sets may be semi-statically configured for RRC connected UEs for different purposes. For example, multiplexing of TTIs of different durations can be enabled by configuring multiple occasions to monitor control channel candidates within a slot or subframe interval. Specifically, a gNB may multiplex eMBB and URLLC traffic within a slot by configuring multiple scheduling opportunities in the slot – even up to per-symbol monitoring. This flexible monitoring functionality is also required for robustness against beam pair link blocking in MIMO, where the following was agreed

Agreements:
· NR-PDCCH transmission supports robustness against beam pair link blocking
· UE can be configured to monitor NR-PDCCH on M beam pair links simultaneously, where
· M≥1. Maximum value of M may depend at least on UE capability.
· FFS: UE may choose at least one beam out of M for NR-PDCCH reception
· UE can be configured to monitor NR-PDCCH on different beam pair link(s) in different NR-PDCCH OFDM symbols
· FFS: NR-PDCCH on one beam pair link is monitored with shorter duty cycle than other beam pair link(s). 
· FFS: time granularity of configuration, e.g. slot level configuration, symbol level configuration
· FFS: Note that this configuration applies to scenario where UE may not have multiple RF chains
· FFS: The definition of monitoring NR-PDCCH on beam pair link(s).
· Parameters related to UE Rx beam setting for monitoring NR-PDCCH on multiple beam pair links are configured by higher layer signaling or MAC CE and/or considered in the search space design
· FFS: Required parameters
· FFS: Need to support both higher layer signaling and MAC CE

To enable such flexible functionality, the control channel candidates for the UE-specific search space may be distributed across a slot. A UE may be semi-statically configured with one or more control resource sets. Each control resource set is configured with its time duration, symbol offset with respect to the slot boundary and the number of monitoring occasions within a slot or subframe interval or a duty cycle. The simplest configuration scenario for a given numerology is where a UE is configured to monitor a control resource set once per slot as shown in Figure 1(a). Here, some variation in TTI length is possible as the PDSCH may overlap with, or reuse portions of, the control resource set. 
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[bookmark: _Ref477617802]Figure 1 Scheduling of (a) slot-based TTI and (b) Mini-slot-based TTI with different control resource set monitoring occasions
A different realization is shown in Figure 1(b) where a UE is configured to monitor a control resource set in symbols 0 and 3 of a 7-symbol slot. This approach can be used to support fast scheduling and/or reduce persistent blocking for low latency traffic such as URLLC. Note that the configuration shown in Figure 1(b) is one manifestation of the agreed design principle that the DL control channel for mini-slot-level data scheduling is just a re-use of that for slot-level data scheduling.

A more general NR-PDCCH monitoring example is shown in Figure 2, where a UE is configured with two control resource sets each with several monitoring occasions within a slot. This can be used to support NR-PDCCH monitoring of two beam pair links, where a first control resource set is used for one beam pair link and the second control resource set for the other link.
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[bookmark: _Ref481483220]Figure 2 Illustration of monitoring occasions for two configured control resource sets in a slot

Proposal 1: a UE is configured with a set of occasions in a slot for monitoring control channel candidates associated with a given control resource set.

A UE may be configured with a duty cycle for monitoring the DL control channel in a slot that is not necessarily equal to the number of scheduling units (TTIs) in the slot. This is illustrated in Figure 1, where there are three TTIs within the slot duration but a UE is configured with only two monitoring occasions for a given control resource set. 

Proposal 2: The number of control channel monitoring occasions in a slot may be independent of the number of scheduling units (TTIs) in the slot.

In our view the number of blind decoding operations performed by a UE should be fixed within a certain time interval in order to manage power consumption. As described in a previous contribution [2], it has been observed in LTE that a large percentage of UE power consumption occurs in the active state of a DRX cycle but with low probability that PDCCH blind decoding would yield a DL assignment or UL grant. Thus, the number of control channel candidates should be distributed across the configured control resource sets taking into account the maximum number of blind decoding operations performed by the UE. Although the number of candidates per monitoring occasion may be limited there are also more scheduling opportunities within the slot. Another advantage of this approach is that different TTI durations can be scheduled for the same UE depending on service type (e.g. if a UE can be simultaneously configured for both eMBB and URLLC traffic). 

Proposal 3: Consider restrictions on the maximum number of control channel candidates a UE is required to monitor within a specified time period.

On the other hand different services may require a different number of blind decoding candidates in order to satisfy latency and reliability requirements. For instance, NR design should ensure that blocking does not become a limiting factor in achieving the latency requirements prescribed for URLLC. Therefore, it should be possible to provision different numbers of control channel candidates for different services. 

Proposal 4: A UE may be semi-statically configured with the total number of control channel candidates to be monitored in a slot period based on the offered service(s).

Blank Resource Indication
A UE may monitor the NR-PDCCH in every slot during an active duration of a DRX cycle. Alternatively, if a UE is configured with a duty cycle for monitoring the NR-PDCCH, the UE only monitors the NR-PDCCH in the configured monitoring slots. The UE should not assume any DL transmission in slots where it is not configured to monitor the NR-PDCCH. Furthermore, the UE will not assume any resource for UL transmission if it is not scheduled (dynamic scheduling or semi-persistent scheduling) by the gNB or in a pre-configured resource pool for grant free operation.  Therefore, the UE may assume that slots not configured as DL control channel monitoring occasions are blank resources.   

Proposal 5: A UE configured with a duty cycle for monitoring the NR-PDCCH may assume that slots not configured for NR-PDCCH monitoring and not scheduled with a DL/UL assignment for the UE are blank resources.   

Conclusion
Further aspects of NR-PDCCH monitoring were treated in this contribution. The proposals are summarized below:
· Proposal 1: a UE is configured with a set of occasions in a slot for monitoring control channel candidates associated with a given control resource set.
· Proposal 2: The number of control channel monitoring occasions in a slot may be independent of the number of scheduling units (TTIs) in the slot.
· Proposal 3: Consider restrictions on the maximum number of control channel candidates a UE is required to monitor within a specified time period.
· Proposal 4: A UE may be semi-statically configured with the total number of control channel candidates to be monitored in a slot period based on the offered service(s).
· Proposal 5: A UE configured with a duty cycle for monitoring the NR-PDCCH may assume that slots not configured for NR-PDCCH monitoring and not scheduled with a DL/UL assignment for the UE are blank resources.
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