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Introduction
According to TR 38.913, the new radio (NR) will support some pre-identified deployment scenarios (e.g. indoor hotspot, dense urban micro…) for eMBB, mMTC and uRLLC applications as well as some unknown deployment scenarios for future applications. These applications will demand different reliability, delay tolerance, coverage and power consumption requirements. Therefore, the principles of the control channel design for NR should take into account these requirements as well as other aspects relating to the actual transmission of the control channels such as beamforming, interference, control overhead and forward compatibility.
In RAN1#86, WF on control channel for NR [2] was discussed which captured some important principles such as latency reduction, coverage enhancement, interference mitigation, multi-beam operation, resource overhead and power consumption.
In this contribution, we discuss further the principles of L1/L2 control design for NR including the necessary requirements from different applications as well as other aspects relating to the actual transmission of the control channels.

Principles of L1/L2 Control Channel Design for NR  
The L1/L2 control design for legacy LTE system was in principle partitioned into common control information and user specific control information. The common control information includes system information, paging, random access responses and power control commands which were mainly scheduled on the common search space (CSS) while user specific control information were exclusively transmitted in the user-specific search space (USS). However, for NR, it is not clear whether such partitioning is still beneficial and should be studied further. Nonetheless, one thing is clear, that is to avoid the transmission of always-on common control information and related signals in order to reduce the interference, overhead and energy consumption of the NR system. On the other hand, the NR system/cell should broadcast and schedule some limited common control information in order the terminal to be able to acquire the essential system configuration during initial access where terminal moves from Idle mode to Connected mode. Hence, it is envisioned that at least some limited common control information and considerable amount of user specific control information are likely to be supported in NR system. Based on this, the principles of L1/L2 control design for NR should be studied, discussed and documented during the SI phase. Some of these principles are summarised below: 

Beamforming transmission: NR is predominantly assumed to be beamforming oriented transmission including single beam that defines the coverage of the whole cell (e.g. legacy LTE), multi-beam transmissions where a number of predefined beams and their beam patterns define the cell coverage, and user specific beams as illustrated on Figure 1. 
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   Figure 1. Illustration of Single beam (left), Multi-beam (middle) and user specific beam (right)
Therefore, it is foreseeable that both common control (if needed) and user specific control information should apply beamforming transmission. For example, the downlink common control information can be scheduled periodically utilising a beam-specific transmission with beam-specific reference signals (BRS) as demodulating reference signals, and the user specific control information can be scheduled dynamically employing a user-specific-beam transmission based on user-specific channel state information (CSI) where user-specific reference signals are used as demodulating reference signals (DMRS). Therefore, the control channel design should support beamforming transmissions in order to take advantage of increased number of antennas both at the transmitter and receiver.
Resource overhead reduction: The overhead of the control channel has to be minimized, for example the concept like PHICH from LTE may be needed in order to avoid complete retransmission of the DCI format at the cell edge. Furthermore, control overhead reduction techniques that have been applied or studied in LTE should be investigated further such as compact DCI format, spatial re-use (e.g. MU-MIMO, CDM), SPS scheduling, TTI bundling, multi-subframe scheduling, cross-subframe scheduling and grant-free/control-less transmissions. In addition, efficient algorithms that minimizes the overhead of the resource allocation should be considered while maintaining scheduling flexibility well-enough at the eNB.
Interference mitigation: Inter-cell interference is one of the limiting factors for decoding the control channel as well as the capacity of the control channel within the cell, more specifically in HetNet scenario. So, interference mitigation techniques (e.g. ICIC, interference cancellation) has to be included into the design depending on the requirements of each individual application. 
Latency reduction: Some applications are delay tolerant (e.g. eMBB) while some other applications are very delay sensitive (e.g. uRLLC). Therefore, the control channel design should take into account how to reduce the overall delay. One example of latency reduction is grant-free transmission.
Coverage enhancement: Some applications such as mMTC require coverage enhancements since some of the devices are buried in basements of the buildings. Consequently, legacy techniques for coverage enhancements such as time domain repetitions, lower coding rates, power boosting, should be studied and tailored for those applications that need coverage enhancements.
UE power consumption reduction: Power consumption is a critical issue at the terminal since it impacts how long the battery of the terminal lasts. So, well-known methods for power consumption reduction inherited from LTE system such as DRX, reducing the number of blind decodings, narrowband operation (e.g. applicable only for mMTC), should be taken forward while some new methods are being investigated further. For example a differentiation bit for compact DCI formats (e.g. like LTE DCI formats 0/1A) can be extended to contain and differentiate more DCI formats (e.g. 2 bits) in order to reduce the number of blind decodings which results reduced power consumption at the terminal.
Forward compatibility: As discussed in the frame structure design and forward compatibility, the control channel design should consider the co-existence with other channels/services as well as introducing new different control channels in the future. 
Conclusion
In this contribution, we have discussed further some principles of L1/L2 control design for NR including the necessary requirements from different applications as well as other aspects relating to the actual transmission. These are:
· Beamforming transmission 
· Resource overhead reduction 
· Interference mitigation
· Latency reduction
· Coverage enhancement
· UE power consumption reduction
· Forward compatibility
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