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1
Introduction

The discussion on “New Radio Access Technology (NR)” was approved to be a new working item at 3GPP TSG RAN #75 [1]. NR targets to support various functionalities, such as eMBB (enhanced Mobile Broadband), mMTC (massive Machine Type Communications) and URLLC (Ultra-Reliable and Low Latency Communications). Regarding the control channel overhead reduction, UE power consumption and processing timeline benefit, two-stage DCI is proposed to be studied [2]-[8]. This contribution aims to share our opinions on two-stage DCI and its possible benefits. 
2
Discussion
Offload Control Channel Overhead

According to previous offline and email discussions for two-stage DCI, the stage-1 DCI is transmitted in the downlink control channel (e.g. the first OFDM symbol) and the stage-2 DCI may be transmitted in a later OFDM symbol (Alt. 1) or data region (Alt. 2), as shown in Figure 1. For example, if gNB schedules UL grant for a UE, the stage-2 DCI can be transmitted in a later OFDM symbol. If gNB schedules DL assignment for a UE, the stage-2 DCI can be embedded in data region which may offload downlink control channel overhead.
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Figure 1: An example of two-stage DCI

Fast Processing Timeline
One of the useful scenarios for two-stage DCI is fast gNB DL scheduling turn-around. In this use case, gNB requests UE to receive data and report ACK/NACK feedback in slot #n; then, gNB intends to retransmit data in slot #n+1 if UE does not decode previous transmission successfully. 

As showing in Figure 2(a), if legacy single-stage DCI is applied, it is hard for gNB making decision whether the scheduling in slot #n+1 is a retransmission or a new transmission since gNB does not have enough processing time for decoding ACK/NACK feedback before scheduling. If two-stage DCI is supported, for example, the stage-1 DCI is allocated in the downlink control channel wherein the stage-1 DCI may carry MCS and resource allocation information, and the stage-2 DCI embedded in data region consists of HARQ related scheduling information which indicates whether the data region is a new transmission or a retransmission, as showing in Figure 2(b). Therefore, two-stage DCI can help gNB making decision later which is beneficial for fast processing timeline.
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Figure 2: An example of fast processing timeline.

Reducing the Number of Blind Decoding Attempts and UE Power Consumption
For reducing the number of blind decoding attempts and UE power consumption, the stage-1 DCI can be modest to a common size; therefore, UE blindly decodes the stage-1 DCI in PDCCH according to only one DCI payload size. Since UE may blindly decode the DCI according to two or three DCI payload sizes in the legacy system, the number of blind decoding attempts and UE power consumption can be reduced if the stage-1 DCI is modest to a common size.

Better forward compatibility
By having a common size of stage-1 DCI, it is easier to extend stage-2 DCI payload size for supporting new features in future system; thus, better forward compatibility can be obtained.

Resource Allocation Adjustment
For supporting various functionalities within the same carrier, eMBB data region may be reused by urgent users (e.g. URLLC). For resource allocation adjustment, stage-1 DCI informs the original data region of the eMBB users and stage-2 DCI informs potential resource adjustment in case part of the allocated data region is reallocated to URLLC users, as shown in Figure 3.
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Figure 3: An example of resource allocation adjustment

According to above discussions, two-stage DCI could bring several improvements for NR system which is beneficial for the control channel overhead reduction, UE power consumption and processing timeline benefit …etc., as listed in Table 1. In our opinion, two-stage DCI should be considered for NR system.
Proposal: 

· UE can be configured to support two-stage DCI in NR.

· Stage-1 DCI is transmitted in the PDCCH region.

· Both PDSCH region and a later OFDM symbol can be considered for transmitting stage-2 DCI.
Table 1: Analysis of improvements for two-stage DCI

	Two-Stage DCI
	

	Improvements
	Offloading downlink control channel overhead

	
	Fast processing timeline

	
	Reducing the number of blind decoding attempts

	
	Reducing UE power consumption

	
	Better forward compatibility

	
	Resource allocation adjustment


3
Conclusions

In this contribution, possible benefits and use cases of two-stage DCI are discussed. Since the introducing of two-stage DCI may bring several improvements for NR system, we suggest that the following proposals can be considered: 
Proposal: 

· UE can be configured to support two-stage DCI in NR.

· Stage-1 DCI is transmitted in the PDCCH region.

· Both PDSCH region and a later OFDM symbol can be considered for transmitting stage-2 DCI.
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