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Introduction
In New Radio (NR) for the 5G wireless systems, different usage scenarios have been envisioned. These different usage scenarios may imply different latency, reliability, coverage, and capacity requirements for the control channel. For NR, it is better to have a flexible control channel design to meet the different requirements of eMBB, mMTC, and URLLC.
For URLLC, it is very important to reduce the block error rate, as well as the probability of user blocking. For mMTC serving a large number of users requires increasing the size of the control channel region which impacts data throughput. Besides, the large number of users increases the probability of blockage. On the other hand, mMTC may be designed with more relaxed reliability requirements for the control channel.
Non-orthogonal multiplexing of control channels for different users is an approach to increase user multiplexing capabilities for both downlink (DL) and (UL) and avoiding user blocking.
In this contribution, we provide our views on the non-orthogonal control signal design for NR.
Legacy control channels
In the original LTE design, the Physical Downlink Control Channel (PDCCH) was proposed for the downlink control channel. Despite providing an improved link budget and higher reliability compared to PDSCH, in the later phase of LTE standardization effort, it was realized that the PDCCH design has many shortcomings including:
· Limited Capacity
· High blocking probability 
· No support for Inter Cell Interference Cancellation (ICIC)
· No support for Cooperative Mulit-Point (CoMP) transmission
· [bookmark: _GoBack]No support for Carrier Aggregation (CA)
· Large Overhead (Each OFDM symbol adds 7% overhead)
· Limited Payload size
	
Because of these shortcomings of the PDCCH, an enhance PDCCH (EPDCCH) was proposed for the downlink control channel of LTE Advanced (Rel-10). EPDCCH divides the resources between data and control, using FDD. In the frequency tones assigned for the control channel, EPDCCH covers the whole subframe (instead of just the beginning three or four OFDM symbols). The FDD design for EPDCCH has several advantages including the following
· Higher and scalable capacity
· Support of frequency-domain ICIC
· Improved spatial reuse (e.g., MIMO); Support of beamforming and diversity
· Support of frequency-selective scheduling
· Coexistence on the same carrier as legacy UE
Non-orthogonal control channel design for NR
Although EPDCCH provides better flexibility in supporting more users (compared to PDCCH), it cannot support the large number of users that are required in some usage scenarios like mMTC. Also, for mMTC, we may need more relaxed requirements for the reliability of the control channel (in terms of block error rate). Non-orthogonal multiple access schemes are currently being discussed for data channels and it has been shown that it has promising overloading capability. The other benefit of non-orthogonal designs is reducing the probability of user blocking, even if the number users is not too large. This issue is especially important for the URLLC usage scenario, where the probability of user blocking should be extremely small.
Because of the above mentioned issues regarding control channel, non-orthogonal solutions might also be useful for the control channel design and they should be studied at least for the case of mMTC and URLLC.
Proposal 1: Non-orthogonal control channel design in NR should be studied to support more users and/or to reduce the probability of user blocking, at least for mMTC and URLLC
One method for non-orthogonal multiplexing of the downlink control channel is to use a signature-based control channel design and assign signatures to active users while dividing the control resources according to those overlapping signatures. This approach uses an OFDM-based non-orthogonal control channel design with overlapping resources. . In this case, NR-PDCCH can be designed based on extending the LTE-A concepts of EREG and ECCE to the NR specific concepts of NR-REG and NR-CCE. One key difference would be that mapping of NR-REGs or NR-CCEs to the REs can be made non-orthogonal by employing overlapping signatures or codes, unlike the design of EREG and ECCE in LTE advanced which are orthogonal.
Proposal 2: OFDM-based non-orthogonal control channel design with overlapping resources should be studied at least for mMTC DL and URLLC DL/UL
In RAN1 #86 Meeting [1], CP-OFDM based waveform was agreed for DL and UL for up to 40 GHz for eMBB and URLLC. In case this agreement was extended to include mMTC applications, then as was proposed in our companion contribution [2], non-orthogonal control channel design concept can also be extended to the NR UL to maximize commonality between DL and UL.
Proposal 3: In case CP OFDM-based waveform was adopted for mMTC UL, non-orthogonal control channel design based on overlapping resources should be studied for both DL and UL
In applications where asynchronous detection of control signals is needed (e.g. uplink with asynchronous UEs), multiplexing through time-domain spreading is a good solution that requires no synchronization. In this case, if single carrier transmission is used, signal of different UEs are spread using sequences with good auto-correlation and cross-correlation properties. 
Proposal 4: In case of asycnchronous UEs, single carrier design with asynchronous non-orthogonal control channel design should be studied, at least for uplink mMTC
Summary
In this contribution we provided our views on the non-orthogonal control signal design for NR and made the following proposals:
Proposal 1: Non-orthogonal control channel design in NR should be studied to support more users and/or to reduce the probability of user blocking, at least for mMTC and URLLC.
Proposal 2: OFDM-based non-orthogonal control channel design with overlapping resources should be studied at least for mMTC DL and URLLC DL/UL
Proposal 3: In case CP OFDM-based waveform was adopted for mMTC UL, non-orthogonal control channel design based on overlapping resources should be studied for both DL and UL.
Proposal 4: Asynchronous non-orthogonal control channel design should be studied, at least for uplink mMTC.
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