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Introduction
[bookmark: _GoBack]At RAN1#86bis, the need for a two-stage control channel design was raised. The discussion continued in the follow-up email discussion [86b-23] and the outcome of email discussions as well as other inputs were discussed in RAN1#87. The discussion continued in the NR ad-hoc meeting in January 2017 with yet another follow-up email discussion. In this contribution we discuss the status of this topic and provide some views on having a two-step DCI.
[bookmark: _Ref178064866]Discussion
The term ‘two-step DCI’ (or in general multi-step DCI) can be interpreted in many different ways. Herein we assume it means that the DCI content intended for one UE is split into two parts.
It is discussed that the two-step DCI can potentially provide benefits in terms of [1]
· Processing timeline improvement; 
· time-critical information such as resource allocation can be provided in the first part and less time-critical information such as HARQ information can be provided in the second part.
· 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

· DCI extension; locating part of the DCI in the assigned downlink resources is one way to extend the DCI with additional information not fitting into the first OFDM symbol(s) used for downlink control signaling.
· 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
In these examples the first part provides information on where to find the second part of the DCI and hence no separate blind decoding of the second part is needed.
However, a two-step DCI in principle has a couple of disadvantages
· Reduced coding efficiency as the two DCI parts needs to be coded separately.
· Additional overhead. Either the two parts need separate CRCs or the first part has a CRC spanning both parts in which case the RNTI needs to be explicitly included in the first part (instead of being implicitly encoded in the CRC).
· Potentially reduces reliability as both DCI messages need to be successfully decoded prior to receiving downlink data/transmitting uplink data.
Hence more investigations including performance evaluations are needed to demonstrate the performance gains in spite of the inherent disadvantages mentioned above. Few examples are listed below to motivate the need for further study for potential support for two stage DCI.
· Whether the improvement in channel estimation for demodulation purposes compensates for the reduced reliability of the overall DCI message and whether alternative means such as cross-slot scheduling are not able to achieve the same goal.
· Whether enabling quick turn-around time at gNB provides any advantages in practice considering the complexity of the scheduler. For instance, it appears that in this case the scheduler should decide in advance to schedule data to the user with HARQ feedback in the next slot either as new or re-transmission being determined in the second stage. 
· How the design and information included in the first stage needed for decoding the second stage, impacts the overall system performance [1]. For example, different alternatives were mentioned for beamforming as well as the transmission modes of two steps, mainly applying the same (e.g. wide beamforming) for both stages or only the first stage [1]. Any choice has an impact on the DCI reliability and load as well as scheduler flexibility and system performance. The same applies to different alternatives that are considered for resource allocation in the first stage which is needed for data reception after the second stage.
Moreover, without having a clear picture of the single-stage DCI design it is immature to speculate on excessive DCI load and the need for a two-stage DCI design in the first phase of NR design. Still, many details related to single-stage DCI are remained to be resolved, particularly the identification of DCI fields and their corresponding sizes. Having the single-stage DCI design in place, the corresponding DCI-load will be measured more closely based on the expected design.  Hence follow-up assessments to identify use cases where DCI would potentially be overloaded would be more accurate and consequently, the need for potential solutions such as two-stage DCI for improvement would be more convincing. At this stage it is suggested to use a single-step DCI as the baseline for downlink control signaling in NR. Two-step DCI can be studied as a possible enhancement once the baseline design in in place.
Based on the above discussion we propose the following observations and proposal:
Observations:
· The potential benefits of the two-stage DCI are questionable.
· Without having a clear picture of the single-stage DCI design it is immature to speculate on the stated benefits or the need for a two-stage DCI design in the first phase of NR design.
Proposal:
At this stage it is suggested to use a single-step DCI as the baseline for downlink control signaling in NR. Two-step DCI can be studied as a possible enhancement once the baseline design is in place.
Conclusion
In this contribution we provided some views on having a two-step DCI. Based on our discussion we made the following proposal:
Proposal:
At this stage it is suggested to use a single-step DCI as the baseline for downlink control signaling in NR. Two-step DCI can be studied as a possible enhancement once the baseline design is in place.
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