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1 Introduction
In this contribution, we give our views and analysis on DCI design and procedure. The DCI design is also related with PDCCH structure design for NR detailed in companion contribution [2].
2 DCI classification
In LTE, PDCCH DCI can be divided into Common DCI and UE-specific DCI. Common DCI indicates RAR, SIB/SI and Paging scheduling information, which is common for all UEs in the cell. UE-specific DCI indicates downlink or uplink scheduling information for each UE.
For NR, Group DCI can be considered, taking into account of control overhead consideration, scalable numerology and beam-based transmission. Group-specific RNTI can indicate a number of UEs which are grouped by certain criteria. For the grouping, UE can be divided base on the following perspectives: 
· Type1:  Considering different locations of UEs, UEs with same beam or correlated beams can be in a group. Specifically, we can divide the group according to the Beam ID. 
· Type2:  Dividing UE groups according to their slot structure types, the different numerologies or services can be put into different groups. 
· Type3:  For different processing capability UEs, grouping can be based on supporting bandwidth range.
Based on the classification of Common DCI, Group DCI and UE-specific DCI, each type of DCI carries information listed in the following: 
· Common DCI: 
· Including Paging indication;
· Including SIB/SI and RAR indications for initial access.
· Group DCI: 
· Including group-specific SIB/SI and RAR indications after initial access. The group-specific can be beam-specific, numerology-specific, or slot-structure-specific.
· Including the same DL or UL transmission properties for a group of UEs. This can indicate same transmission properties: time domain resources, slot structure information, or numerology information. This could be loaded in group DCI, to save control signalling overhead. 
· UE-specific DCI: 
· UE-specific DL Assignment.
· UE-specific UL Grant.
Proposal 1:  NR PDCCH control information can be categorized into Common DCI, Group DCI and UE-specific DCI.
3 Search Space
Regarding the Search Space design, different Search Space types including Common SS, Group SS and UE-specific SS should be configured independently and semi-statically. Different types of search spaces can overlap.
Common SS should be allocated in the default numerology area and it applies to all UEs monitoring this carrier. Common SS mapping can start from CCE0, and unused CCEs in Common SS can be used by UE-specific DCI or Group DCI transmission. Higher CCE aggregation level can be applied for multiple-beam Common SS.
Group SS should be transmitted in the applicable numerology and let a group of UEs monitoring. The candidate’s aggregation level should also be high for Group SS. 
UE-specific SS will be located in PDCCH symbol(s) or PDSCH resources. UE-specific RNTI implicitly detected in corresponding UE-specific SS, which could be different among UEs. All CCE aggregation level should be supported for UE-specific SS.
Proposal 2:  NR needs to support different candidate mapping for different type of Search Spaces. 
4 DCI content Design
Two types of DCI transmission can be considered: Single DCI transmission and Multi-level/component DCI transmission. For Multi-level/component DCI, we can start from considering Two-level case.
For two-level DCI transmission, the second level DCI has two possible multiplexing regions:  1) Placed in the PDSCH part in predefined time and frequency location. 2) Located at PDCCH region, but different candidates after that for first level DCI.
Two-level DCI design can brings the following advantages: 
· Flexible resource sharing between PDCCH and PDSCH
The first level DCI can be semi-statically configured region for transmission of essential control information. The second level DCI can be dynamically indicated to flexibly share time and frequency resource with PDSCH. The second level DCI location can be acquired quickly without blind detection.
· Power saving
From the power saving point of view, avoiding UE blind detection in a larger search space will save the UE power consumption. In the two-level DCI, dividing the DCI into first level and second level will allow earlier stopping of detection of UE. Saving the blind detection of second level will also save power.
· Signalling overhead saving
DCI content can usually be classified into slow information and fast information based on the property of each information type. Considering for multi-slot scheduling, carrier indication and time domain resource indication for multiple slots will belong to slow information. MCS, RI, RV and HARQ Process ID indication belong to fast information. Slow information is not necessarily to be sent in each scheduling slot. 
· Latency reduction by independent encoding and decoding

Processing delay sensitive DCI and Processing delay insensitive DCI are also need to be differentiated. Delay sensitive DCI can be detected more quickly due to smaller payload.
In terms of occurrence in different level DCI, it should not be limited to slow and fast combination. Same occurrence for 2 levels may also be possible. E.g. UEs can be scheduled in symbols with certain beam in a lot.
Proposal 3:  One-level DCI and two-level DCI should be both supported in NR. For two-level DCI, the second level DCI can be considered in both PDCCH region and PDSCH region.
5 Conclusion

In this contribution, some considerations on DCI content design and procedure for NR are discussed. According to the discussion, the following proposals are listed: 
Proposal 1:  NR PDCCH control information can be categorized into Common DCI, Group DCI and UE-specific DCI.
Proposal 2:  NR needs to support different candidate mapping for different type of Search Spaces. 
Proposal 3:  One-level DCI and two-level DCI should be both supported in NR. For two-level DCI, the second level DCI can be considered in both PDCCH region and PDSCH region.
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