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Introduction
In RAN1 #86bis meeting, there were agreements on different OFDM numerology between control information and data transmission within the same slot interval as followings [1]:

Agreements:
· NR should support both data and control with the same numerology
· Study impact and benefits of allowing the transmission of DL control information and data transmission to a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Study impact and benefits of allowing the transmission of uplink control information and data transmission from a UE within the same slot interval using different numerologies in TDM or FDM manner
· Above may apply both slot and mini-slot
· Followings applies both DL and UL
· The associated DM-RS for data/control transmission still uses the same numerology as the data/control transmission
· FFS: Control channel performance under different numerologies, Overhead saving, Control channel capacity; Quantify timeline saving, UE complexity

In this contribution, we discuss on the case that different OFDM numerology (e.g., subcarrier spacing or CP overhead) is used between control and data channels.

Discussion
In this section, we discuss on the case that different OFDM numerology (e.g., subcarrier spacing or CP overhead) is used between DL control channels and DL/UL data channels within the same slot interval.
Generally, in case of the multi-beam operation scenario based on analog beam-formed transmission above 6 GHz, it can be considered to apply larger subcarrier spacing for the control channel than that for the data channel. This application would be beneficial in that the control channel can be transmitted for multiple beam directions by using symbol duration shorter than that for the data channel. Also, since the supportable maximum MCS level for the control channel is normally lower than that for the data channel, even if CP length for control channel shrinks compared with that for data channel, the robustness to inter-symbol interference could be maintained with a similar extent for both control and data channels in most cases. In addition, different subcarrier spacing between control and data channels can be considerable with respect to RS overhead. Furthermore, when wideband operation is considered where control and data are delivered in different OFDM symbols due to different beam directions are used for control and data respectively, the available REs for control channel can be considerably high, particularly when there are not many UEs to schedule. In such a case, reducing REs by increasing subcarrier spacings in one OFDM symbol can be effective. 
Figure 1 shows an example of different subcarrier spacing between DL control (e.g., 30 kHz) and DL data (e.g., 15 kHz) channels. In this example, the number of analog beams for control channel can be twice as much as that for data channels within the same slot interval. 
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Figure 1. Example of different subcarrier spacing between DL control and DL data channel
Regardless of numerology used for control, it might be beneficial that DL grant and UL grant are transmitted in the first part of slot to minimize the necessary DL/UL switching within a slot.  For example, as shown in Figure 2, if control + data is scheduled in a mini-slot (e.g., 7 OS), then DL/UL switching needs to occur four times within a slot, whereas two DL/UL switching is sufficient for control burst + data burst transmission is used. When control burst is used, it is more desirable to increase subcarrier spacing to reduce overall time used for control burst transmission. 


(a) control + data mini-slot transmission                                   (b) control burst + data burst
Figure 2. Example of control and data in a slot

Proposal 1: For above 6 GHz, consider the case applying different subcarrier spacing between DL data and DL control channels within the same slot interval. 
Proposal 2: For above 6 GHz, consider control and data are transmitted in a burst manner where control channels to different beam directions can be transmitted within a burst, and multiple DL/UL data transmissions with different beam directions can be performed within a burst. 

If the subcarrier spacing of control channel is larger than that of data channel, cyclic prefix (CP) length of control channel is also shortening than that of data channel if the same CP overhead is kept. However, CP protects inter symbol interference (ISI) which occurs due to delay spread. CP length defined in legacy LTE specification might be necessary to support long delay spread channel such as eTU channel model in legacy LTE or TDL (Tapped Delay Line) channel model with 1μs delay scaling value. Accordingly, different CP overhead in control channel from data when subcarrier spacing is increased should be also considered
Figure 2 shows an example of different subcarrier spacing between DL control (e.g., 60 kHz) and DL data (e.g., 15 kHz) channels and it shows larger CP overhead for control channel compared to that of data channel. In more detail, there are three symbols for DL control channel and one symbol for DL data channel within the same time duration.


Figure 3. Example of different subcarrier spacing between DL control channel with longer CP and DL data channel
Proposal 3: In order to provide robust regardless of delay spread environments, it should be considered that CP overhead of DL control channel is equal to or larger than that of DL data channel if different numerology between control and data is considered. 

Conclusion
In this contribution we presented our view on different OFDM numerology between control information and data transmission. We make the following proposals:
Proposal 1: For above 6 GHz, consider the case applying different subcarrier spacing between DL data and DL control channels within the same slot interval. 
Proposal 2: For above 6 GHz, consider control and data are transmitted in a burst manner where control channels to different beam directions can be transmitted within a burst, and multiple DL/UL data transmissions with different beam directions can be performed within a burst.
Proposal 3: In order to provide robust regardless of delay spread environments, it should be considered that CP overhead of DL control channel is equal to or larger than that of DL data channel if different numerology between control and data is considered.
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