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Introduction
This contribution shows our overview on DL control channel design.
Discussion
Control channel design requirement
For control channel design, our identification of the design requirement is following.
· Forward compatibility should be ensured.
· Fixed time/frequency resource usage as control channel design should be avoided. It means the time/frequency region of the search space should be indicated by RRC or other control channels.
· The usage of common search space should be avoided as much as possible because this search space may be required to be received by all UEs. 
· Control channel for latency reduction and control channel for wider coverage should be supported.
· For latency reduction, control channels should be located on earlier symbols (1 or 2) in a slot or mini-slot.
· For wider coverage, control channels should span multiple symbols including multiple slots in order to increase the coverage.
· Massive MIMO friendly design.
· To handle the multiplexing of different numerologies.
· The number of BD times should be reasonable value.
· False detection should be minimized.
· Unnecessary time/frequency resource searched by UE should be minimized as much as possible like the situation that the search effort is in vain.
· Increased CRC size
· Power consumption by control channel reception should be minimized.
· The mechanism to stop unnecessary control channel reception should be considered.

Based on above design requirement, we discussed the structure on DL control channels. UL control channel is discussed in [1].

Design of DL control channels
To design DL control channel requires the consideration of the size of contents and search space. Following section discusses these topics.

Function of DL control channel
Following function could be considered. 
· DL assignment of unicast
· DL assignment of common/group-cast like SIBs, RACH response and so on
· UL grant
· UL power control 
· Indication of transmission direction and its length in a slot (DL, UL, side link, backhaul)
· Indication of time/frequency resource used for search space in a slot or mini-slot
How above functions are signalled by unicast scheduling, group cast, cell specific should be also further considered.
Just to transmit Ack/Nack like LTE PHICH may be not required as RAN2 agreed “From MAC perspective it is preferable for NR to support only asynchronous HARQ in UL and DL” and RAN1 agreed “NR should support at least asynchronous hybrid ARQ in the DL and UL to avoid fixed timing relationship between initial transmission and re-transmission”. However grant free UL transmission would require some response for UL transmission.

Search space for DL control channel
Our view on the search space for DL control channel is discussed in this section.
Frequency domain
In order to have sufficient frequency diversity for the reliability, the search space should span multiple frequency resource. 
For UE specific search space, the frequency resource of search space of DL control channels should be configured basically by RRC. For the initialization of UE specific search space, some mechanism may be required.
For common search space, one possibility is to have DL control channel to indicate where common search space are. This is something similar to PCFICH but frequency domain.

Time domain
As described in the design requirement, we see the need of two types of DL control channel i.e. latency reduction and wider coverage.
For latency reduction case, DL control for DL assignment is located on earlier symbols (1 or 2) in a mini-slot to have enough decoding time before the data reception. The timing example of DL assignment is shown in Figure 1. The carrier bandwidth could be wider like 80 MHz and several unused resource by DL control channels should be used for data as much as possible.
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For latency reduction case, DL control for UL grant is also allocated on earlier symbols in a slot. The timing example of UL grant is shown in Figure 2.
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For wider coverage case, DL control for DL assignment and UL grant spans multiple symbols. If all symbols in a slot is DL, DL control spans all symbols. If the energy is not sufficient within one slot, multi slots transmission of DL control is supported.
Whether DL assignment and UL grant share the same search space in time domain or no separated should be considered. To have separate search space timing location between for DL and for UL may allow shorter latency but it may increase BD effort and could consequently increase power consumption.

Others
Reference signal
What type of the reference signal is used for DL control channel depends on how DL control channel is transmitted.
When DL control channel is signalled as unicast, UE specific reference signal can be used. This UE specific reference signal also can be used for DL data reception.
When DL control channel is signalled as group cast, group specific reference signal should be used.
When DL control channel is signalled as cell specific, cell specific reference signal should be used.
For wider coverage case, multiple slots channel estimation improves DL control channel reception performance a lot. This aspect should be considered.
Conclusion
We discussed the design requirement of control channel. Then function realized by control channel, search space location in the frequency domain and time domain are discussed.
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