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Introduction
In RAN1#86, the self-contained frame structure and the possible control region position were agreed as follows, 
Agreements:
· Followings are considered as starting points of NR frame structure at least within the CP overhead 
· Subframe
· Already agreed upon
· Assume x=14 in the reference numerology for subframe definition (for normal CP)
· FFS: y=x and/or y=x/2 and/or y is signalled
· Slot
· Slot of duration y OFDM symbols in the numerology used for transmission
· An integer number of slots fit within one subframe duration (at least for subcarrier spacing is larger than or equal the reference numerology)
· The structure allows for ctrl at the beginning only
· The structure allows for ctrl at the end only
· The structure allows for ctrl at the end and at the beginning
· Other structure is not precluded
· One possible scheduling unit
· Mini-slot
· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
· May contain ctrl at the beginning and/or ctrl at the end
· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)
· Note: the names are for the purpose of discussion. Whether some terms can be merged or not is FFS
· FFS whether NR frame structure needs to support both slot and mini-slot or these can be merged

Agreements:
· Impact of UE DL reception energy consumption should be studied also considering the total power consumption mainly focusing on DoU
· e.g., UE decoding power consumption in the physical layer DL control blind decoding in lack of grant
· e.g., UE decoding power consumption in the slot with the data
· e.g., UE decoding power consumption in the data reception process
· e.g., UE decoding power consumption in the measurement
· e.g., UE decoding power consumption in the SS
· UE power reduction techniques also should be studied

This paper analyzes the DL control channel design of 5G NR air interface to satisfy the usages and requirements in all deployment scenarios.  

Aspects in NR DL control channel Design 
In LTE system, the control information is traditionally carried by the control channel with dedicated resource or shared by multiple users.  The drawbacks of the dedicated control channel are the inflexibility of the resource utilization and capacity limitation. The configuration of the radio resource for the control channels, such as PDCCH in LTE, would be semi-static. The PDCCH resource could not be used by other physical channels.  The PDCCH capacity is also limited by the specification in LTE. Furthermore, the target performance required for  traffics with different characteristics, such as unicast, multi-cast, and broadcast. In the NR system is high.   The physical layer control information expects to be designed for fast access control, such as scheduling, HARQ feedback, and CSI feedback.
Dynamic TDD and self-contained structure had been the center of NR frame structure discussion.   Self-contained structure is the physical channel carrying both data traffic and access control information.  The access control information is coupled with the data and considered as the header of the packet.  The access control information will only present when there is a data transmission.  The advantages of self-contained TTI are as follows,
· No dedicated resource reserved  
· No capacity limitation 
· Support control information for multiple users when the radio resource is to use by multiple users, such as MU-MIMO, Non-orthogonal multiple access.  
Support opportunistic radio access by having access control and data in the same packet when there is an opportunity for transmission.  
Proposal 1: Self-contained structure with embedded control signaling should be supported in the NR frame structure.
In the legacy system, the DL control channels are located on the dedicated resources and blind decoding is used for UE to retrieve the DL control information. However, blind decoding  schemes reduce a few bits in the DL control information but complicate the processing procedure and increase the power consumption for UE. To avert the shortcomings illustrated above, DL control channel design without BD should be considered.
Proposal 2: DL control channel design without blind decoding should be considered.
In RAN1#86 meeting, the slot structure in a slot is agreed as following:
Agreements:
· A slot can contain all downlink, all uplink, or {at least one downlink part and at least one uplink part}
· FFS regarding the number of switching points, multiplexing of different use cases (e.g., multiplexing eMBB and URLLC use cases) and/or numerologies in the time domain
AND
· Mini-slot
· Should at least support transmission shorter than y OFDM symbols in the numerology used for transmission
· May contain ctrl at the beginning and/or ctrl at the end
· The smallest mini-slot is the smallest possible scheduling unit (FFS: smallest number of symbols)

The  UL/DL resource combinations may vary at each slot.   The DL control channel should be located at the DL transmission part of each slot to carry the scheduling information. . NR DL control channel can be in a predefined position in a slot, either localized or distributed. UE obtains its necessary UL grant or DL grant from the associated DL control channel. As the mini-slot is the smallest possible scheduling units, the NR scheduler has the ability to schedule the data transmission every mini-slot.  NR system would support data traffic with different characteristics, such as  transport block size, latency requirements, and so on. For example, one type of traffic may be persistent transmitted on several continuous slots or mini-slot and the other type of traffic is transmitted on only one slot or mini-slot.  The resource allocation needs to be flexible to support traffic with different QoS requirements.   For the flexibility of resource allocation and latency consideration, mini-slot should be defined as the unit for the resource allocation.  From the point of overhead, the NR control channel should support  dynamic resource allocation of a transport channel with variable length of a TTI , such as multi-(mini-)slot scheduling and cross-(mini-)slot scheduling.
Proposal 3: Mini-slot is the basic unit of resource allocation within a slot.  NR DL control channel design should support dynamic resource allocateion for a transport block with variable length of a TTI.  Dynamic resource allocation method with control overhead minimization schemes (e.g. single mini-slot, multi-mini-slot, cross-mini-slot, single slot, multi-slot, and cross-slot scheduling) should be supported.
NR DL search space design
In legacy system, DL control channel is constrained by the allocated resource for the dedicated DL control information., UE monitors the  PDCCH and searches both cell-specific search space or UE-specific search space for scheduling grant. The DL control channel in the NR system design should consider the performance requirement, the frame structure, and the characteristics of traffic and avoid the mistake in the LTE system design.   . 
Search space for DL grant
 The lesson learned from LTE system is that blind decoding provides little benefit on the saving of control overhead but increases the complexity of UE decoding and UE power consumption.  The DL control channel is not restricted in a dedicated resource separated from data region. One possible scheme is that DL grant is located at the beginning of each packet bundled with the data. All UEs can search for its DL grant within the DL control region of the slot. The resource allocation in time and frequency for the data transmission provides an indicator of the next DL control region.   The receiving UE ID  is included  in the grant to inform which UE is associated. The scheduling information contained in the DL grant can allocate resource for the data transmission in several mini-slots or several slots. UEs will not search within the DL control region used for data transmission. As the DL TTI in a slot varies, DL region in a slot should be indicated explicitly or implicitly.   The DL region can be informed by explicitly broadcast information at beginning of each slot.   In the implicit way, the UE should perform energy detection between DL region and GP. Illustration is shown in figure 1.


	Figure1:DL control channel located at the header of each packet
As another option, DL grant can be in the preconfigured resource for DL control channel  in a slot, as shown in figure 2. DL control channels for all UEs are located at the beginning of the slot.  UE searches the DL grant from  its associated DL control channel. There are different solutions to distinct the DL control channel or scheduling information for UE in the control region. One solution is that UE monitors DL control channel on the position identified by the associated ID.  The UE ID or RNTI can be used as the associated ID to confirm whether the receiving DCI belongs to it or not when different candidate positions overlap. Or a single DCI can be used to schedule a group of UEs in DL region. UE group can be indicated by network explicitly. 


Figure2:DL control channels are located in the preconfigured DL control region
Proposal 4: DL grant is either located at the beginning of each packet or in the preconfigured DL control regions in a slot.

Search space for UL grant
UL grant is used to schedule UL data transmission or the PUCCH transmission. The DL control channels of UL grants for all UEs can be located at the preconfigured resource in a slot.  UE search UL grant in the slot periodically with period of an UL time interval. For example, DL control channels of UL grants can be located at the beginning of the DL transmission part of the slot prior to UL transmission part  in the same slot.  Since the UL data transmission could be indicated dynamically by the control information, it should be possible for the UL grant to indicate the UL data transmission at the UL transmission part in the end of the slot.  Besides, the pre-configured position for DL control channel carrying UL grant should guarantee that UE has enough processing time before UL transmission. One example of search space for UL grant is shown in figure 1 and figure 2.
Proposal5: DL control channels containing UL grants for all UEs are located at the preconfigured resource in a slot.
Reduction of decoding time for DL grant and UL grant
As discussed in RAN1#86 meeting, the following issue should be further considered:
Agreements:
· Impact of UE DL reception energy consumption should be studied also considering the total power consumption mainly focusing on DoU
· e.g., UE decoding power consumption in the physical layer DL control blind decoding in lack of grant

[bookmark: _GoBack]In the LTE system, DRX method is introduced in order to save battery power. UE will perform blind decoding of DL control channel when it is not in the sleeping mode during the DRX cycle.  Most of blind decoding results are invalid for the UE.  Solutions to further reduce invalid search effort during DRX, UE can be configured by network to monitor DL control channel with period of a time interval instead of every slot for power saving. One time interval is N slots. The time interval can be configured based on the service type, e.g. the mMTC service can have a long time interval for DL control monitoring while URLLC service should have much shorter one.  In addition, UE could be configured with long time interval for heavy traffic load and short time interval for low traffic load. Besides the above semi-static or preconfigured method, dynamic method can also be used to indicate reception of PDCCH during ON period of DRX.
Proposal6: UE is configured to monitor DL control channel with period of a time interval for power saving.
Conclusion
This paper provides the DL control channel design considerations in the NR system design   We have the following proposals for the physical control channel for NR frame structure,
· Proposal 1: Self-contained structureTTI with embedded control signaling should be supported in theconsidered by NR frame structure. 
· Proposal 2: DL control channel design without blind decoding should be considered. 
· Proposal 3: Mini-slot is the basic unit of resource allocation within a slot.  NR DL control channel design should support dynamic resource allocateion for a transport block with variable length of a TTI.  Dynamic resource allocation method with control overhead minimization schemes, (e.g. single mini-slot, multi-mini-slot, cross-mini-slot, single slot, multi-slot, and cross-slot scheduling) should be supported. 
· Proposal 4: DL grant is either located at the beginning of each packet or in the preconfigured DL control regions in a slot.  
· Proposal5: DL control channels containing UL grants for all UEs is located at the preconfigured resource in a slot.
· Proposal6: UE is configured to monitor DL control channel with period of a time interval for power saving.  
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