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1 Introduction
In the RAN1#84bis meeting and RAN1#85 meeting, there was much discussion on NR [1] [2]. It can be observed that there are many new requirements in NR compared to LTE, e.g. wide range of services and deployment scenarios, wide range of spectrums, the support of forward compatibility, new basic frame structure and the support of a set of numerologies. Therefore, it can be expected that new design for control channel is needed in NR. 
The contribution firstly discusses the requirements for control channel design in NR, and then discusses downlink control channel and uplink control channel for NR respectively.   
2 Requirements      
According to TR 38.913 [3], NR aims to provide high performance, e.g. higher spectral efficiency and much lower latency, and to meet a broad range of use cases (e.g. eMBB, mMTC and URLLC), a broad range of deployment scenarios (e.g. indoor hotspot, dense urban, rural, urban macro and high speed), wide range of spectrums up to 100GHz, and diverse device capabilities. A proper design of the control channel is fundamental for achieving the ambitious targets. More specifically, the control channel in NR should be designed with the following requirements:
· Enable on-demand transmission 
In the RAN1#84bis meeting, maximizing the amount of time and frequency resource that can be flexibly utilized and minimizing transmission of always-on signals were agreed for the support of forward compatibility [1], which require on-demand transmission for control channel. 
Dynamic TDD is promising for NR, since it can enable low latency by matching resources to the instantaneous traffic situation and improve user perceived packet throughput. In order to achieve better utilization of dynamic TDD, NR should aim to maximize the amount of time and frequency resource that can be flexibly used as DL or UL, which also requires on-demand transmission for control channel. 
In order to achieve on-demand transmission, the following two aspects can be considered for control channel in NR:

· Support configurable time and frequency resource. The time and frequency resource for control channel can be configured or indicated semi-statically and/or dynamically.
· Support dynamic on/off transmission of the demodulation RS. The demodulation RS for control channel is transmitted only when there is control channel transmission.
· Enable efficient multiplexing different numerologies  
In the RAN1#85 meeting, it was agreed that multiplexing different numerologies within a same NR carrier bandwidth is supported [2]. Both FDM and/or TDM multiplexing can be considered. As discussed in [4], default numerology should be supported for efficient initial access. NR control channel design should enable efficient multiplexing different numerologies within a same NR carrier. An alternative to achieve this is to allow a control channel transmitted using the default numerology to indicate the time and frequency resource for the control channel transmitting using other numerologies. 
· Enable low latency 
Latency is one of the important performance metrics for communication system. According to TR 38.913 [3], high requirements for latency are defined in [3], where 0.5ms is required for user plane latency for both UL and DL, since NR should support some service with very low latency requirement, e.g. URLLC. In order to achieve low latency, the design for control channel should at least enable fast decoding of the control and data and fast HARQ-ACK feedback. To achieve this, it is preferable to multiplex control channel and data in TDM manner. FDM can also be considered in NR for some other cases where latency is not the main target. 
·  Enable self-contained transmission 
One of the agreed principles to ensure forward compatibility is confining signals and channels for physical layer functionalities (signals, channels, signaling) within a configurable/allocable time and frequency resource. Self-contained transmission is one alternative to achieve it. For a self-contained control channel, demodulation RS for the control channel is embedded in the time and frequency resource for the control channel.     
Self-contained control channel is also beneficial for beam-based transmission for control channel, because it makes it easier to use different beams for different UEs. 

· Enable beam-based transmission 
In the RAN1#85 meeting, it was agreed that RAN1 studies both multi-beam based approaches and single-beam based approaches for L1 control channel [2], which can increase the coverage of the control channel. In order achieve beam-based transmission for control channel, control channel demodulation based on UE-specific RS should be supported. 
Proposal 1: Besides enabling beam-based transmission, control channel for NR should be designed with the following requirements:
· Enable on-demand transmission by supporting configurable time and frequency resource and dynamic on/off transmission of the demodulation RS for control channels.
· Enable low latency by multiplexing of control channel and data in TDM manner.

· Enable self-contained transmission, where demodulation RS for the control channel is embedded in the time and frequency resource for the control channel.
· Enable efficient multiplexing different numerologies.
3 Downlink control channel   

The downlink control channel design for NR should aim to meet the requirements as discussed in section 2. As discussed in [5], three time domain structures including DL-only, UL-only and mixed DL and UL with DL-dominant and UL-dominant should be supported in NR. Based on the supported time domain structures, the following two options can be considered for DL control channel design in NR:

· Option 1: Self-contained hierarchical control channel 
A self-contained hierarchical control channel as shown in Fig. 1 can be considered for NR. A first-level DL control channel located at the front (e.g. the first symbol) of a subframe should be supported in a DL subframe, a DL-dominant subframe and a UL-dominant subframe. A second level control channel can be indicated by the first level control channel, e.g. the time and frequency resource for the second level control channel can be indicated. 
The first level DL control channel can also support conveying a DCI for decoding the data without the need for the second level control channel, i.e. single-level control channel. 
The second level control channel can be embedded in the data region in DL-dominant subframe or DL subframe. In this case, the second-level control channel and data can share the demodulation RS, which is located between the first-level control channel and the time interval to which the data and the second-level control channel is physically mapped to reduce the latency.   
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Fig. 1. An example of self-contained hierarchical control channel.
Since the time and frequency resource for the second-level control channel can be indicated, it can achieve on-demand transmission for second-level control channel. Moreover, configurable time-frequency resources for the first-level DL control channel can also be considered, which can further improve resource efficiency.   
In the case of multiplexing different numerologies within a same NR carrier, the first level control channel can be transmitted using a default numerology, and it can indicate the time and frequency resource of the second level control channel using other numerologies, which can enable efficient multiplexing different numerologies within a same NR carrier.  

The time and frequency resource for the second level control channel is indicated by the first level control channel, which can enable the possibility of avoiding blind decoding, thus can reduce UE power consumption. In addition, scheduling gain can also be achieved.   
The first level control channel is located at the beginning of a subframe, the second-level control channel is located at the beginning of the time interval to which the data and the second-level control channel is physically mapped, which can enable fast decoding thus can reduce the latency. 
Besides common control signaling, the first-level control channel is used for unicast scheduling also, thus it should also enable UE-specific beamforming. That is, UE-specific DMRS-based transmission should be supported for first-level control channel with self-contained transmission, i.e. the demodulation RS for the control channel is contained only within the time and frequency resource for the control channel.  
The second-level control channel can share the DMRS with data and is contained within the time and frequency resource for data, thus it is possible to transmitting the data and the control channel using the same beam. 

· Option 2: PDCCH-like control channel structure 
Similar as LTE PDCCH structure, the DL control channel is located at the front (e.g. the first symbol) of a subframe, which can be used to schedule both common control signaling and UE-specific control signaling. In order to support beam-based transmission for control channel, DMRS-based transmission should be supported for DL control channel with self-contained DMRS. Configurable time-frequency resources for the DL control channel can be considered, which can further improve resource efficiency. 
Proposal 2: Both self-contained hierarchical control channel and PDCCH-like control channel structure can be further studied for NR. 

· Self-contained hierarchical control channel 
· A first level DL control channel located at the beginning (e.g. the first symbol) of a subframe, which can indicate:
· Either at least the time and frequency resource for the data channel and a second level control channel
· Or a complete DCI for decoding the data without the need for a second level control channel
· When present, the time and frequency resource for the second level control channel is indicated by the first level control channel.
· The demodulation RS is contained only within the time and frequency resource for the corresponding control channel.
4 Uplink control channel   

As discussed in [4], a mixed DL and UL time domain structure with DL-dominant structure and UL-dominant structure should be supported in NR. One main characteristic for a mixed DL and UL time structure is that UCI can be transmitted in both DL-dominant subframe and UL-dominant subframe, which can enable fast UCI feedback. Since the UL duration in a DL-dominant subframe would be short, uplink control channel with a few symbol(s) should be studied, including uplink control channel with one symbol. 
According to TR 38.913 [3], NR aims to meet a broad range of deployment scenarios including indoor hotspot, dense urban, rural, urban macro and high speed. Some deployment scenarios like rural scenarios may require larger coverage for uplink control channel. Therefore, uplink control channel with more than one symbol can be considered also. 
As discussed in [5], configurable HARQ timing should be supported for difference services and/or different UE processing capability. Dynamic TDD may also need configurable HARQ timing (e.g. indicated by dynamically signally) considering possible dynamic change for the subframe types. Configurable HARQ timing may result in different HARQ-ACK payload in different subframes. An example is shown in Fig. 2. In addition, for better support of forward compatibility, aperiodic UCI feedback is promising. Therefore, it can be expected that there is different requirement on the time and frequency for uplink control channel in different subframe. In order to achieve on-demand transmission for uplink control channel, uplink control channel design should aim to enable flexible time and frequency resource in each subframe. 
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 Fig. 2. An example of different resource requirements for HARQ-ACK in different subframes.
It can be expected that different UCI types would be supported in NR, e.g. HARQ-ACK, CSI and possible some beam related information. The uplink control channel formats for different UCI types need to be studied. Multiplexing of different UCI types on uplink control channel needs to be studied also. In addition, as discussed in [4], fast SRS may be important for MIMO, especially for massive MIMO, thus it is possible that SRS transmission would need to be transmitted in different subframe types including DL-dominant subframe, UL-dominant subframe and uplink subframe. Therefore, multiplexing of uplink control information and SRS need to be studied also.   
Proposal 3: The following aspects should be studied for uplink control channel in NR:
· Uplink control channel with a few symbol(s), e.g. one symbol. 

· Mechanism(s) to enable flexible time and frequency resource in different subframe.

· Multiplexing of different UCI types and SRS
5 Conclusions
The contribution firstly discusses the requirements for control channel design in NR, and then discusses downlink control channel and uplink control channel for NR respectively. Based on the discussion, we have the following proposals:

Proposal 1: Besides enabling beam-based transmission, control channel for NR should be designed with the following requirements:
· Enable on-demand transmission, by supporting configurable time and frequency resource and dynamic on/off transmission of the demodulation RS for control channels.
· Enable low latency by multiplexing of control channel and data in TDM manner.

· Enable self-contained transmission, where demodulation RS for the control channel is embedded in the time and frequency resource for the control channel.
· Enable efficient multiplexing different numerologies 

Proposal 2: Both self-contained hierarchical control channel and PDCCH-like control channel structure can be further studied for NR.

· Self-contained hierarchical control channel 
· A first level DL control channel located at the beginning (e.g. the first symbol) of a subframe, which can indicate:
· Either at least the time and frequency resource for the data channel and a second level control channel
· Or a complete DCI for decoding the data without the need for a second level control channel

· When present, the time and frequency resource for the second level control channel is indicated by the first level control channel.
· The demodulation RS is contained only within the time and frequency resource for the corresponding control channel.

Proposal 3: The following aspects should be studied for uplink control channel in NR:

· Uplink control channel with a few symbol(s), e.g. one symbol. 

· Mechanism(s) to enable flexible time and frequency resource in different subframe.

· Multiplexing of different UCI types and SRS
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