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Introduction
This contribution shows our view on DL control channel design.
Discussion
Control channel design requirement
For control channel design, our identification of the design requirements are 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 as cell level should be avoided as much as possible because this search space may be required to be received by all UEs in a cell. 
· 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 should be realized.
· To handle the multiplexing of different numerologies is possible.
· 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 should be considered.
· Power consumption by control channel reception should be minimized.
· The mechanism to stop unnecessary control channel reception should be considered.

Based on above design requirements, 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.
Proposal 1: Just to transmit Ack/Nack like LTE PHICH is not supported at least for eMBB grant based usage.

Configuration of search space
UE specific search space is configured by UE specific RRC. For the initialization of UE specific search space, group common search space would be required.
Group common search space is configured by essential SIB together with random access procedure and also paging related configurations. The group common search space is used at least for monitoring RACH response and paging. 
Cell specific search space for monitoring essential SIB is not necessary. The cell common essential SIB can be located on semi-static resource indicated by MIB and/or the first essential SIB like SIB1.
The numerology of the group common control channels is obtained by essential SIB and the numerology of at least one of UE specific control channel is obtained by RACH procedure. However following are FFS
· Whether UE specific SS and group common SS has same numerology or not
· Whether the control and the data region numerologies are always the same or not 
How different numerologies of UEs are shared in the cell is discussed in [3].
For both UE specific SS and Group common SS, PCFICH like signaling is useful for flexible resource utilization. The PCFICH like signalling indicates the time and frequency region of SS and slot duplexing direction. The PCFICH like signalling is not necessary to decoded by all UEs in a cell. The only configured UEs monitor it. For wider coverage UE, fixed size of SS without PCFICH like signalling is preferred.
We propose "subcell" concept as the group of UEs to share the group common search space in [2]. How to realize group common search space is discussed in the document.
Proposal 2: UE specific search space is configured by UE specific RRC.
Proposal 3: Group common search space is configured by essential SIB.

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 be able to span multiple frequency resource. On the other hand, if closed loop feedback works well, the localized allocation is useful. Then, both localized and distributed mapping should be supported. For distributed mapping, multiple CCEs can share one PRB (or group of PRBs) in order to increase the power of RSs for modulation. For localized mapping, PRB is used by at most one CCE.
Proposal 4: both localized and distributed mapping should be supported.
Time domain
[bookmark: _GoBack]As described in the design requirements, we see the need of two types of DL control channel i.e. latency reduction and wider coverage.
For latency reduction case, from gNB perspective, DL control signalling can be located at the first OFDM symbol(s) in a slot and/or mini-slot was agreed.
For wider coverage case, DL control for DL assignment and UL grant spans multiple symbols should be supported. 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 for wider coverage operation.
Proposal 4: For wider coverage case, DL control for DL assignment and UL assignment can span multiple symbols should be supported.

Whether DL assignment and UL assignment share the same search space in time domain or not 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
Both UE/PDCCH-specific DM-RS for PDCCH reception and shared/common RS for PDCCH reception are agreed. Whether DM-RS or shared/common RS is used for DL control channel depends on how DL control channel is transmitted.
When DL control channel is signalled as unicast, UE specific DMRS can be used. This UE specific DMRS also can be used for DL data reception.
When DL control channel is signalled as group cast, group shared/common RS signal should be used. In this case, UE knows that RS is shared by group as it is group common signal. In addition, the RS might be tied to the RNTI. Depending on Tx scheme of PDCCH, whether RS and PDCCH have same precoding or not is defined. 
When DL control channel is signalled as cell specific, cell specific RS can be used. However we are aiming not to have cell specific DL control channel as much as possible in order to have forward compatibility of UE centric operation.
For wider coverage case, multiple slots channel estimation improves DL control channel reception performance. This aspect should be considered.

Blind decoding
The two payload size operation in LTE works well, i.e. the smaller DCI format is used for fall-back operation and the larger DCI format is more elaborated signalling. We think this operation is the baseline of the discussion. 
In LTE, the issue of false detection is raised up in case the number of blind decoding is increased. In order to ease false detection /consistency check detection, to have 20 or 24 bits CRC is required.

Conclusion
We discussed the design requirement of control channel. Then function realized by control channel, Configuration of search space and search space location in the frequency domain and time domain are discussed. From the discussion, we propose follows
Proposal 1: Just to transmit Ack/Nack like LTE PHICH is not supported at least for eMBB grant based usage.
Proposal 2: UE specific search space is configured by UE specific RRC.
Proposal 3: Group common search space is configured by essential SIB.
Proposal 4: For wider coverage case, DL control for DL assignment and UL assignment can span multiple symbols should be supported.
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