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1. Introduction

In new RAT (NR) system design [1], multiplexing between control channel and data channel would need to be decided prior to detailed design of control channels. In this contribution, we discuss multiplexing structure between control channel and data channel for both DL and UL considering desirable features for control channel in new RAT which are as follows.

· Unified design for wide range of carrier frequencies
· Low latency by fast signal processing 

· Capacity increase and interference reduction
· Coverage enhancement
2. Discussion

Considering that low latency is one of key features for URLLC application in NR, control channel with TDM (i.e., control channel multiplexed with data channel by TDM) would be suitable for transmitting control information with low latency. For example, if a DL control channel with TDM is located in front of a TTI (e.g., subframe), processing time can be reduced by early decoding. For UL control, HARQ feedback (e.g., ACK, NACK) can be transmitted with low latency. Moreover, hybrid beamforming which consists of digital beamforming with limited dimension and analog beamforming using analog phase shifter is mainly considered for NR operation above 6 GHz [2]. Since control channel and data channel can have different analog beams which cannot coexist in the same time, at least TDM should be supported for multiplexing between control channel and data channel when hybrid beamforming (or analog beamforming) is applied. For example, DL control for UL scheduling can have an analog beam different from analog beam for DL scheduled data. Similarly, UL control for HARQ feedback can have an analog beam different from analog beam for UL scheduled data. Therefore, TDM should be supported for multiplexing of control channel and data channel for NR.
Proposal #1: TDM is to be supported as baseline for multiplexing of control channel and data channel for NR. DL control channel with TDM can be located in the front of a TTI.
In addition, considering capacity increase and interference reduction for control channel, extension of control channel region can be considered. To achieve this, FDM can also be considered for multiplexing of control channel and data channel for NR. For DL control, FDM is beneficial in terms of reference signal (RS) density and interference coordination in frequency domain. Moreover, FDM would be also beneficial for multiplexing between UL control channel and UL data channel in terms of coverage enhancement on UL control channel transmission by accumulating more energy over multiple symbols. Thus, in addition to TDM, benefits from the use of FDM for multiplexing of control channel and data channel should be investigated.
Proposal #2: It is necessary to investigate FDM for multiplexing of control channel and data channel for NR with consideration of control channel capacity, interference reduction, and coverage limited situation.
Furthermore, the use of both CCH 1 (with TDM) and CCH 2 (with FDM) can be considered according to the purpose such as low latency, capacity increase, interference coordination and coverage enhancement. For example, controls which require low latency (e.g., DL assignment, HARQ feedback) can be transmitted in CCH 1 while controls which require coverage enhancement can be transmitted in CCH 2 as depicted in Figure 1. In addition, controls which have relaxed requirement on latency (e.g., UL grant) can transmitted in CCH 2 for control channel capacity increase.
Proposal #3: Both TDM and FDM can be used for multiplexing of control channel and data channel according to UE situation in terms of latency requirement and coverage limitation. 
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Figure 1. Control channels with different multiplexing schemes (i.e., TDM, FDM)
3. Conclusion
In this contribution, we discussed multiplexing between control channel data channel and the followings were proposed:
Proposal #1: TDM is to be supported as baseline for multiplexing of control channel and data channel for NR. DL control channel with TDM can be located in the front of a TTI.
Proposal #2: It is necessary to investigate FDM for multiplexing of control channel and data channel for NR with consideration of control channel capacity, interference reduction, and coverage limited situation.
Proposal #3: Both TDM and FDM can be used for multiplexing of control channel and data channel according to UE situation in terms of latency requirement and coverage limitation. 
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