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1 Introduction
In RAN1 #87 meeting, some agreements were reached about DL control channel design [1]:
Agreements:

· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling
· Other solution is not precluded
Agreements:

· The reference signals in at least one search space do not depend on the RNTI or UE-identity
· FFS: The reference signals in at least an additional search space do not depend on the RNTI or UE-identity

· FFS: For one UE, there is the case the channel estimate obtained for one RE is reusable across multiple blind decodings involving that RE
· In an additional search space, reference signals can be configured, FFS: explicitly or implicitly
Agreements:

· At least for single-stage DCI design:

· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information

· The PRBs may or may not be frequency contiguous

· A UE may have one or more control resource sets

· Working assumption: One DCI message is located within one control resource set

· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel
Agreements:

· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain

· FFS if resource reuse can be done in time domain as well

· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

· FFS: time/frequency granularity of the resource reuse

· FFS: signaling needed, if any

Agreements:

· when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol

· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)

In this contribution, we give our views and analysis on the DCI design and procedure. The DCI design is also related with design of the NR PDCCH structure, which is described in the companion contribution [3].
2 DCI classification
In LTE, the PDCCH DCI can be divided into a Common and an UE-specific DCI. The Common DCI indicates RAR, SIB/SI and Paging scheduling information, which is the same for all UEs in the cell. The UE-specific DCI indicates downlink or uplink scheduling information.
For NR, common control information may cover the whole cell. But depending on the applicable case, it may also reach of a part of the cell. Based on different effective ranges, common control information can be divided into two types::

· Type1: Cell specific coverage, e.g. paging and SIBs. As BS needs to ensure that all UEs can receive this type of DCI, and transmission beam(s) should cover the whole cell. 
· Type2: UE group coverage, e.g. TPC and RAR. As BS only transmits information for portion of UEs in the cell, one group beams pointed to those UEs are sufficient. 
For type1 common control information, all UEs in the cell can use Common RNTI to blind detect the corresponding DCI. The indication is addressed to all UEs. For type2 common control information, a Group RNTI should be considered which is used by a group of UEs. The group division should be decided semi-static or dynamic. For a dynamic group division, the semi-static RNTI configuration is no longer suitable. Using group TPC as example, a UE may be dynamically reassigned to a new group. Scheduling for PUSCH/PUCCH transmission is dynamic. The UE’s position is not always fixed. Then, best beam direction maybe dynamic. The group sharing the same RNTI should be correlated with beam direction. 
According to the type of RNTI used in blind detection, three categories of DCI should be introduced.
· Common DCI: 
· Including paging indication.
· Including SIB/SI.
· Including broadcast control indication, such as slot structure indicator. 
In lower frequency, the common DCI can be carried by a high aggregation level to ensure that all UEs can receive it. When the gNB has multiple beams for higher frequency, subsets of control symbols will be used. UEs have to search all subsets for a Common DCI.
· Group DCI: 
· Including RAR indication for initial access.
· Including TPC indication for PUSCH/PUCCH transmission.
Group DCI will save control overhead, including CRC bits. In NR, the dynamic grouping should be supported in group TPC. The group can be associated with the beam ID of UE’s UL transmission. 
· UE-specific DCI: 
· UE-specific DL Assignment.
· UE-specific UL Grant.
This is mainly for shared data channel scheduling. The RNTI can be semi-statically configured.
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 PDCCH candidate mapping and RNTI schemes for different type of Search Spaces. 
3 Two-level DCI analysis
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 the 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 locations, or, 2) being located in the PDCCH region, but on  different positions than the  for first-level DCI.
Different types of two-level DCI are considered based on different properties.
Option1: first-level carries slow DCI, and second-level carries fast DCI;

Option2: first-level carries the time sensitive DCI, and the second-level carries time insensitive DCI;

Option3: first-level carries pre-processed DCI, and second-level carries real-time DCI;

Option4: first-level carries shared DCI, and the second-level carries individual DCI.

A Two-level DCI design can bring the following advantages: 
· Signalling overhead saving: DCI content can usually be classified into slow changing information and fast changing information based on the property of each information type. Considering multi-slot scheduling, carrier indication and time domain resource indication for multiple slots will belong to the slow information. MCS, RI, RV and HARQ Process ID indication belong to the fast information. Slow changing information is not necessarily to be sent in each scheduling slot. The First-level DCI will carry slow changing information. Fast changing information can be carried by second-level DCI.  Further, the first-level can also be periodically transmitted to allow for more UE detection opportunities. The first-level DCI can also transmit some UE-common information to form more compact DCI payload. 
· Flexible resource sharing between PDCCH and PDSCH. The first-level DCI region can be semi-statically configured for transmission of essential control information. The second-level DCI can be dynamically indicated to flexibly share time and frequency resources with the PDSCH.  Then also, to avoid fragmentation, the resources for the second-level can be fitted in unused parts.  
· Power saving. The second-level DCI location can be acquired quickly without blind detection. The First-level can indicate the time-frequency resources instead.. An another option is that  the second-level DCI location can be acquired quickly with less blind detection, if UEs are informed with a smaller range of the possible resources.. The detection slot can also be indicated by first-level. An UE will consume less power by the reduction of detection complexity.
· Multiple beam operation. For some shared content in DCI, it may need to be transmitted to a group of UEs. This can be transmitted in wider beams. Narrow beams will transmit individual information to a certain UE.
· Latency reduction by independent encoding and decoding. Processing delay sensitive DCI and Processing delay insensitive DCI also need to be differentiated. Delay sensitive DCI can be detected more quickly due to the smaller payload.
· Faster data preparation. For UL data scheduling, first-level DCI can provide information to allow UE to prepare data before the real triggering of PUSCH. Thus, UE response latency can be reduced [2].
Considering all aspects of two-level DCI, it would facilitate NR to meet the requirement. A simple solution can be considered as a supplement to the one-level DCI, at least in first stage function of NR.
Proposal 3:  For two-level DCI, the second-level DCI can be considered in both PDCCH region and PDSCH region. A simple solution of two-level DCI can be considered as a supplement to the one-level DCI.
4 Conclusion

In this contribution, our considerations on DCI content design and procedure for NR are discussed. Base on 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 PDCCH candidate mapping and RNTI schemes for different type of Search Spaces. 
Proposal 3:  For two-level DCI, the second-level DCI can be considered in both PDCCH region and PDSCH region. A simple solution of two-level DCI can be considered as a supplement to the one-level DCI.
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