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1 Introduction
In RAN1 #87 meeting, some agreements were reached about DL control channel design [1]:
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
In this contribution, we give our views and analysis on the NR DCI design and procedure. 
2 Discussion
It is still under discussion on types of DCI transmission: 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 motivation is separate different levels of control information bits based on the timing, importance and other properties. There are different types of two-level DCI considered based on different properties. We need to discuss about the categorization of control information to identify which are essential for the first-level. Over all, 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].
If a relatively compact first-level DCI is enabled, we can fix size of first-level and make extension of DCI size in second level. This will also reduce the BD detection sizes. 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. Regarding the possible transmission of the second-level DCI, it has two possible multiplexing regions: One is to be placed in the PDSCH part in predefined time and frequency locations; another is located in the PDCCH region, but on different positions than that for first-level DCI.
Proposal 1:  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. Set of essential DCI contents should be identified first.
If second-level DCI put into PDSCH region, the transmission scheme can be same as PDSCH.  Or, its transmission can reuse the CCE structure of PDCCH. The first one will improve the transmission efficiency by sharing same DMRS with PDSCH. The transmission mode will be more efficient that PDCCH structure.  The second-level DCI should be transmitted in earlier symbol to facilitate following PDSCH decoding.  However, PDSCH decoding could also be delayed due to the decoding of second-level DCI.  Then, self-contained and cross-scheduling structures can be applied to address the different cases. 

Self-contained structure means the data have to be stored before the second-level DCI successfully decoded. Even with symbol by symbol decoding, which is enabled by LDPC, at least one OFDM symbol has to be stored. Since PDCCH to PDSCH decoding also have similar dependencies, it will be feasible to NR.
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Figure 1 Transmission in self-contained slot for second-level DCI on PDSCH
Figure 2 shows the cross-slot scheduling that allow application of second-level DCI to slot n+1 or further. That information can not be time sensitive. It could even be applicable for the feedback resources and timing information. 
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Figure 2 Transmission in cross-slot scheduling for second-level DCI on PDSCH
For normal PDSCH, the robustness is generally lower than PDCCH.  It should be differentiated by setting a power offset between DCI and Data, in case DCI not occupy full OFDM symbols.  Since DCI can be separated coded, a different code rate can also be used.
Proposal 2:  First-level DCI will be carried in PDCCH transmitted in control resource set. Second-level DCI should be carried in earlier symbols of PDSCH region and use same transmission scheme. 
3 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:  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. Set of essential DCI contents should be identified first.

Proposal 2:  First-level DCI will be carried in PDCCH transmitted in control resource set. Second-level DCI should be carried in earlier symbols of PDSCH region and use same transmission scheme.
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