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1 Introduction
In RAN#75, a work item proposal for NR was approved [1]. One objective of the WI is to specify the physical layer channels for control in line with the conclusions of the study item. During NR study item phase, the need to design efficient downlink control signaling to reduce the UE power consumption was discussed. Control resource set was introduced so that the UE is not required to monitor control channels across the entire system bandwidth but only the configured control resource set [2]. This contribution further discusses control resource sets and control channel structure for NR. 
2 Downlink Control Channels for NR
The design of the control channels for NR should be flexible in terms of network control and deployment, scalable in terms of load management and interference management, applicable to UEs of different capability and forward looking in terms of ease of introduction of new features in subsequent releases. To achieve this, we propose to define two types of control resource sets for NR – the Default Control Resource Set and the Supplemental Control Resource Set. This section discusses the design of these two control channels.
2.1 Default Control Resource Set
For ease of discussion we introduce in this contribution the “default control resource set”.  The UE always has at least one default control resource set per carrier.  The default control resource set in Idle mode may be different than the default control resource set in active mode.  In active mode, the network may reconfigure the UE default control resource set for example to enable load balancing on the control resources or to provide additional scheduling flexibility.
During the study item [2], it was agreed that the time/frequency resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access. This initial time/frequency resource can be viewed as the UE default control resource set, where essential transmissions can occur or be scheduled. For example, a UE use an access BW (BWa) that is smaller than or equal to the system bandwidth to perform initial access.  Based on the information provided on BWa, the default control resource set configuration can be obtained.
Moreover, for a carrier that supports UE IDLE mode camping (i.e. initial access is possible for the UE), the UE should have means to efficiently (from a power consumption perspective) tune its RF to a relatively narrow, default control resource set. Such a control resource set can be used to monitor and decode a common control channel, e.g. for paging and RAR reception for a default type of access.

The goal of a default control resource set in this case is to enable efficient initial access and camping while minimizing the required resources and providing flexibility as well as scalability. Furthermore, the default control resource set should enable forward compatibility given that it can be configurable.

Proposal 1: 
The NR control channel structure supports a default control resource set that may be used for low power operation for UEs in IDLE and/or INACTIVE mode.

There is no reason to prohibit the default control resource set from also being used for dedicated scheduling. Therefore UEs in active mode should continue to monitor a default control resource set per carrier. 
Proposal 2: 
The UE always configured with one default control resource set for a given carrier.

2.2 Supplemental Control Resource sets
At least for IDLE mode UEs, it is expected that a default control resource set could be used by multiple UEs. In order to enable power savings, the bandwidth of the default control resource set should be kept as low as possible. Therefore it is beneficial to define at least one UE-specific second control resource set, with more flexible characteristics. Such a so-called supplemental control resource set can be configured to the UE using RRC signaling as it was agreed on the RAN1#87 meeting for additional search space configuration.
Figure 1 shows an example where multiple supplemental control resource sets are configured.  Once the UE is configured with one or more supplemental control resource set, the UE could stop monitoring UE-specific search space on the default control resource set and be configured to monitor periodically the common control signaling in order to lower power consumption.
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Fig. 1. Configuration of Supplemental control resource set by Default control resource set.
The supplemental control resource set can enable the use of different numerologies. This can ensure that supplemental control resource set can be adapted to the needs of each specific UE within the appropriate bandwidth.

The supplemental control resource set can be configured semi-statically by L3/RRC or dynamically activated / deactivated (e.g. in a manner similar to SPS). Dynamic (re)configuration can further ensure a lower latency for bandwidth adaptation. This can be beneficial when reducing the bandwidth or number of supplemental control resource sets for a given UE, in that it can benefit from power savings and is somewhat aligned with the principles used for LTE carrier aggregation in terms of bandwidth management. On the other hand, dynamic indication can lead to errors for cases where a UE misses the indication of a new supplemental control resource set.

It is possible that a supplemental control resource set is configured and then subsequently promoted and used as a default control resource set.  Such adaptability can provide better network flexibility in terms of load balancing and also interference handling. Furthermore, an IDLE or INACTIVE UE could be pre-configured with a supplemental control resource set to enable a future initial access using a specific numerology to reduce access latency or the need for RRC reconfiguration.
Based on the above discussion, we propose the following:

Proposal 3:
A supplemental control resource set is always associated with a physical data channel in the UE’s configuration
Proposal 4:
A supplemental control resource set of the UE’s configuration is activated/deactivated from the reception of an activation/deactivation command on the default control resource set for the carrier. FFS if long period of inactivity can lead to implicit deactivation.
Proposal 5:
The UE may be reconfigured such that a supplemental control resource set of the UE’s configuration becomes the UE’s default control set.

Proposal 6:
A UE in IDLE or INACTIVE mode can be pre-configured with one or more supplemental control resource set for initial access using a specific numerology.

3 Conclusion

This contribution discusses a framework for control channel design in NR. The design of the control channels for NR should be flexible in terms of network control and deployment, scalable in terms of load management and interference management, applicable to UEs of different capability and forward looking in terms of ease of introduction of new features in subsequent releases. To achieve these goals we propose to define two types of control control resource sets: a default control resource set and supplemental control resource set. Furthermore we provide the following proposals:
Proposal 1: 
The NR control channel structure supports a default control resource set that may be used for low power operation for UEs in IDLE and/or INACTIVE mode.

Proposal 2: 
The UE always configured with one default control resource set for a given carrier.

Proposal 3:
A supplemental control resource set is always associated with a physical data channel in the UE’s configuration
Proposal 4:
A supplemental control resource set of the UE’s configuration is activated/deactivated from the reception of an activation/deactivation command on the default control resource set for the carrier. FFS if long period of inactivity can lead to implicit deactivation.
Proposal 5:
The UE may be reconfigured such that a supplemental control resource set of the UE’s configuration becomes the UE’s default control set.

Proposal 6:
A UE in IDLE or INACTIVE mode can be pre-configured with one or more supplemental control resource set for initial access using a specific numerology.
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