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1 Introduction
In [1], the potential use cases of multi-stage DCI was identified, which includes 
· Processing timeline improvement

· gNB side: quick gNB DL scheduling turn-around where the first DCI is transmitted before the gNB has finished decoding HARQ feedback from PUCCH

· UE side: only minimum control information necessary for starting channel estimation and demodulation at UE is contained in the first-step DCI in the first OFDM symbol of a slot
· Control payload offloading: to save control resources for DL assignments in the first-step DCI, with more spectrally efficient transmission of the second-step DCI

· DCI length management: DCIs of different lengths can be split in two steps with a common size of the first-step DCI, thereby reducing blind decoding efforts

· For transmissions of short duration (such as for URLLC) for which provision of full control information for every transmission would result in excessive overhead

· Two-step DCI could be used to reduce the control overhead by applying multi-slot scheduling for 1-step DCI, e.g. MCS for the mini-slots can be indicated in the DCI at the beginning of a slot

· Resource adjustment: first-step DCI includes the original scheduling information for UE; the second-step DCI includes the possible resource adjustment for this UE (e.g. eMBB and URLLC multiplexing)
· Easier beamforming control: the first step uses a wider (more robust) beam while the second step uses a narrower beam (same as for data).
· Separate resource allocation and MCS indication in two steps can also be a benefit assuming measurement and measurement reporting can be conducted in between.
· Dynamic change of transmission mode

· Forward compatibility: easier extension of the control channel capacity in the second-step DCI
In this contribution, we discuss aspects on multi-stage DCI design. 
2 Discussion
We consider two-stage DCI design with the goals of 
1) Reducing UE blind detection effort, e.g., by confining the search space of the first stage DCI
2) Reducing UE power consumption in monitoring DCI, e.g., UE only need to monitor the first stage DCI to decide whether to proceed 
3) Reducing DCI overhead, e.g., by enabling different update rates for each DCI stage 
4) Adjusting MCS and resource allocation in the second stage DCI for communication scenarios such as dynamic TDD and eMBB/URLLC multiplexing, e.g., measurement and measurement reporting can be conducted in between two DCI stages so that MCS can be signalled in the second stage DCI based on measurement reporting. 
To achieve these goals, the first stage DCI for each of the UEs shall be designed with a limited number of formats. 
Based on the design considerations, Table 1 shows an example on content of the two DCI stages. Note that the resource allocation may not need to be signaled when the control resource set and its corresponding data resource set are of 1:1 mapped, which would further reduce the payload in the first stage DCI. 
Table 1 two-stage DCI contents
	DCI stage
	Contents

	1st stage
	Resource allocation, antenna ports, interference measurement RS cyclic shift and OCC, basic MCS  

	2nd stage
	MCS (or delta MCS), NDI, HARQ process number, RV, power control command 


The 1st stage control can be updated at a different rate as the 2nd stage control. For example, the 1st stage can provide resource scheduling for multiple slots/mini-slots and be transmitted once every several slots/mini-slots. The CRC bits can be split between the first and second stage control while maintaining the same false alarm probability.  

Proposal 1: NR shall support multi-stage DCI 
Proposal 2: The first stage DCI shall be designed with a limited number of formats and confined with limited search space
Proposal 3: The first stage DCI shall contain information on resource allocation, antenna port, and the information needed to enable generation and/or decoding of the second-stage DCI

3 Conclusion 

In this contribution, we presented our views on multi-stage physical DL control. Based on the discussion we draw the following proposals:
Proposal 1: NR shall support multi-stage DCI 

Proposal 2: The first stage DCI shall be in limited number of formats and with minimal search space
Proposal 3: The first stage DCI shall contain information on resource allocation, antenna port, and the information needed to enable generation and/or decoding of the second-stage DCI
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