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Introduction
In the current LTE, scheduling information of DL data reception or UL data transmission is completely packed on one DCI. At the RAN1#86bis meeting, study of two (or multiple) steps control channel designs is proposed for NR, and the related email discussion is now on-going. For the WI “Shortened TTI and processing time for LTE”, some variants of two-level DCI have been proposed [1] and are now under discussion. In this contribution, we show our initial view on possible multiple-step (two-step for simplicity) DCI. 
Discussion  
Before discussing some possible options, assuming that the two-step DCI is to split scheduling information into two DCIs and they are separately encoded and transmitted, there is one common concern. A UE is required to correctly decode both first-step DCI and second-step DCI to acquire the complete scheduling information for a particular data. However, requiring correct decoding of both first-step DCI and second-step DCI makes scheduling strategy of DL control channel complicated. In general, PDCCH decoding error probability is adjusted to be sufficiently low (e.g., less than 1%). If the combination of two-step DCIs is required to achieve full scheduling information, each of the DCI shall be decodable with better performance compared to single-step DCI, so that joint error probability becomes sufficiently low.
Below, some options for two-step DCI are considered.
Option 1: Scheduling information of data is split into first-step DCI and second-step DCI
This solution is proposed for LTE shortened TTI. In case of shortened TTI (sTTI) operation, data scheduling is performed multiple times per subframe. If a DCI contains full scheduling information while a scheduled data becomes small due to TTI shortening, the possible issue is relatively high control signaling overhead. Therefore, first-step DCI could contain part of the scheduling information that is common for multiple sTTIs in the same subframe, or common for multiple UEs scheduled in the same subframe. Then, the second-step DCI could contain remaining part of the scheduling information that is UE-specific and short-TTI specific. Under a certain assumption, control signaling overhead can be actually reduced.
However, with this solution, decoding reliability of the first-step DCI has to be high. If it is UE-common, eNB cannot adjust the coding rate (or aggregation level) of the first-step DCI since the first-step DCI should be decodable by all the UEs monitoring the first-step DCI regardless of their environments. Besides, the first-step DCI shall be transmitted over the common search space. If it is UE-specific, eNB needs to transmit the first-step DCI to each UE who has non-zero probability of sTTI scheduling for a given subframe. Therefore, it is not sure whether the control overhead can actually be reduced significantly [2].


Figure 1 Examples of option 1 (proposed for LTE shortened-TTI)

Option 2: First-step DCI contains scheduling information of second-step DCI, and the second-step DCI contains scheduling information of DL/UL data
This solution is analogous to the relationship between PCFICH and PDCCH. The first-step DCI can indicate for example the control subband bandwidth and/or duration of the second-step DCI. This may be beneficial to reduce UE energy consumption for decoding the second-step DCI. Although the first-step DCI does not contain any scheduling information of the scheduled data, the UE is required to decode both first-step and second-step DCIs. Therefore, the reliability issue still exists. Furthermore, the flexibility in transmission of the first-step DCI may not be high.  


Figure 2 Concept of option 2.
Option 3: First-step DCI contains scheduling information of data, and the second-step DCI contains scheduling information of UCI feedback
This solution is specific for DL data scheduling. In case of LTE, some types of DL assignment include DL data scheduling information and HARQ-ACK feedback related information altogether. It is possible for NR to decouple these two into separated DCIs, so that scheduler flexibility can be improved. For example, in case of single-step DCI, a DL assignment can indicate HARQ-ACK feedback resource, timing, codebook, etc. However, due to the limited payload of one DCI, the indication flexibility may not be enough. If so, it is possible to define another type of DCI, e.g., UCI grant, to schedule HARQ-ACK and other UCIs exclusively. One possible concern is its overhead. If the HARQ-ACK feedback always relies on the UCI grant, the DL control overhead becomes large. 


Figure 3 Concept of option 3.
As seen in the above discussions, two-step DCI may offer some benefits for some particular use-cases, but still, it is not essential to realize NR scheduling/HARQ operation, and single-step DCI could still work well as has been done for LTE. Therefore, we propose to adopt single-step DCI as the baseline, and continue investigating possible benefits/use-cases of two-step DCI as an extra mechanism for NR.
Proposal 1: 
· Adopt single-step DCI as the baseline.
· Investigate whether/how two-step DCI transmission offers extra benefit in NR use-cases.

Conclusion
In this contribution, we provided analysis on possible multiple-step DCI transmission concepts. Based on our study, we propose to adopt single-step DCI as the baseline and further investigate the multiple-step DCI transmission. 

Proposal 1: 
· Adopt single-step DCI as the baseline.
· Investigate whether/how two-step DCI transmission offers extra benefit in NR use-cases.
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(a) Single-stage DCI transmission

(b) Two-stage DCI transmission
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