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Introduction
In the RAN1#86bis meeting [1], some agreements were reached about DC sub-carrier. 
	Agreements:
· Regarding DC present within the transmitter,
· DC Handling of DC subcarrier in transmitter side is specified
· Receiver knows where DC subcarrier is or is informed (e.g., by specification or signaling) of where DC subcarrier is or if DC subcarrier is not present within receiver bandwidth
· When receiver is informed DC subcarrier is present, FFS: transmitter DC subcarrier is punctured, rate matched, modulated, or EVM is not specified
· When DC subcarrier is not present, all subcarriers within the receiver bandwidth are transmitted
Agreements:
· Receiver side
· No special handling of the DC subcarrier(s) on the receiver side is specified in RAN1
Behavior left to implementation, the receiver may for example puncture



Based on the agreements in the RAN1 #86bis meeting, the position of the DC subcarrier in the transmitter needs to be known by the receiver. In this contribution an implicit scheme is proposed to inform the UE about the position of the DC sub-carrier.
Discussion
The carrier BW can be divided into several virtual carriers. The number of virtual carriers depends on the carrier BW, FFT size and sub-carrier spacing.
A few examples are shown below:
· In Figure 1, the carrier BW is 80 MHz, SCS = 60 kHz and FFT size = 2048. Thus, there is only one virtual carrier
· In Figure 2, the carrier BW is 80 MHz, SCS = 30 kHz and FFT size = 2048. Alternatively, also SCS = 15 kHz and FFT size 4096 can be used. This results also in two virtual carriers
· In Figure 3, the carrier BW is 80 MHz, SCS = 15 kHz and FFT size = 2048. This results in 4 virtual carriers 
· In Figure 4, the carrier BW is 30MHz，SCS=15kHz and FFT size = 2048 for virtual carrier 1 and  FFT size = 1024 for virtual carrier 2.
The virtual sub-carrier is then located in the center of each virtual carrier. The UE can be informed implicitly about the location of the virtual sub-carriers through RRC signalling. 


Figure 1 – 1 Virtual carrier in the carrier BW. The DC sub-carrier is located in the middle of the band


Figure 2 – 2 equally large virtual carriers (VC) within the carrier bandwidth. Each VC contains a DC sub-carrier in its center 


Figure 3 – 4 equally large virtual carriers (VC) within the carrier bandwidth. Each VC contains a DC sub-carrier in its center


Figure 4 – 2 virtual carrier (VC) within the carrier bandwidth. Each VC contains a DC sub-carrier in its center
The gNB should inform the UE about one or more sets of VC parameters, such as VC numbers, VC BW,VC index etc. The UE also needs to know the individual parameters (SCSVC,i, FFTVC,i, etc) that are used in the band. Then it can assume one DC sub-carrier in the center of each VC. Note, also LTE can be handled as a special case with only one VC present.
Proposal 1: The carrier bandwidth is divided into one or more sets of virtual carriers (VC), such as
· Each set of VC is characterized by the sub-carrier spacing and the used FFT size
· A DC sub-carrier is located in the center of virtual carrier 
Proposal 2: RRC signalling is used to inform the UE about one or more sets of VC parameters and the individual parameters (SCSVC,i, FFTVC,i) for the UE that are used in the band.
After the UE knows the position of all VCs, it gets informed about the receiver BW it shall be using. Again, RRC signalling can be used to pass this information to the UE. The starting and ending positions of the receiver BW can be indicated with the corresponding RB numbers. This is possible since the RB grid is defined in a nested structure for all numerologies throughout the entire carrier bandwidth. The receiver BW is related to UE capacity.
An example of this procedure is shown in Figure 5 below. UE1 and UE2 know both the positions of the different VCs and therefore also the locations of the corresponding DC sub-carriers. UE1 gets a number of resources assigned in VC1, they cover the DC sub-carriers. UE 2 gets a number of resources assigned in VC2. UE2 knows that those resources do not include the DC sub-carrier. 


Figure 5 – UE1 and UE2 get informed about the assignable BW in their VCs. UE1 BW included the DC sub-carrier of VC1 and UE2 does not include an DC sub-carrier

Proposal 3: RRC signalling is used to inform the UE about the receiver BW. This BW may include or may not include one or more DC sub-carriers.
In the last step the actual resources based the receiver BW can be allocated to the UE. This can be done by DCI signalling and can indicate a set of contiguous or distributed frequency resources. For each data transmission, the UE knows whether a DC sub-carrier is included in the assigned frequency resources or not. This is illustrated for UE1 in the example of Figure 6 below. Within its assignable BW it gets the informed about the scheduled resources.

Proposal 4: DCI signalling is used to inform the UE about the assigned resources. 
· The resources can be assigned in contiguous or distributed frequency resources.



Figure 6 – Assignment of non-contiguous frequency resources for UE 1 through DCI signalling
Conclusion 
In this contribution, a method for implicit indication of the DC sub-carrier has been presented. The following proposals are made:
Proposal 1: The carrier bandwidth is divided into one or more sets of virtual carriers (VS), such as
· Each VC is characterized by the sub-carrier spacing and the used FFT size
· A DC sub-carrier is located in the center of each virtual carrier 
Proposal 2: RRC signalling is used to inform the UE about one or more sets of VC parameters and the individual parameters (SCSVC,i, FFTVC,i) for the UE that are used in the band
Proposal 3: RRC signalling is used to inform the UE about the assignable contiguous BW. This BW may include or may not include one or more DC sub-carriers
Proposal 4: DCI signalling is used to inform the UE about the assigned resources. 
· The resources can be assigned in contiguous or distributed frequency resources 
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