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1 Introduction

In the RAN1 #86bis meeting, an agreement [1] on the DC subcarrier was achieved, which clarified that:

· 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

· 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 data received on the DC subcarrier

In the RAN1 NR Ad Hoc meeting, the following agreements [2] on the DC subcarrier was further achieved, which clarified that:

· Handling of transmitter DC subcarrier at the transmitter

· DL

· UE may assume transmit DC subcarrier at the transmitter (gNB) side is modulated i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
· UL

· Transmit DC subcarrier at the transmitter (UE) side is modulated i.e., data is neither rate-matched nor punctured.
· Signal quality requirement (e.g., EVM) corresponding to DC subcarriers is up to RAN4.
· The transmitter DC subcarrier at the transmitter (UE) side should avoid collisions at least with DMRS if possible

· The specification should define at least one particular subcarrier as the candidate position of DC subcarrier, e.g., DC subcarrier is located at the boundary of PRBs

· This should be considered in the RS design for NR

· Specify means for the receiver to determine DC subcarrier location

· This involves semi-static signalling from UE and also standard specified DC subcarrier location

· FFS how to determine and how to indicate DC subcarrier location in the case of bandwidth adaptation

· Note that above DC subcarrier can be interpreted as DC subcarrier candidate

· RAN1 should consider the impact of the potential receiver DC subcarrier collision with RS used by that receiver, and whether NR design would offer the possibility of collision free operation

· Note that this does not create the requirement for receiver on receiver DC subcarrier handling

Based on the agreements, this contribution will firstly discuss the handling of DC subcarrier(s) of receiver on the transmitter side. Then, some candidate positions of receiver DC subcarrier(s) will be proposed. 
2 Discussion 
2.1 Handling of receiver DC subcarrier at the transmitter

Based on the agreements in the last meeting, for the receiver DC subcarrier, the transmitter should aware of the potential receiver DC subcarrier collision with RS used by that receiver. As shown in the Figure 1(a) & 1(b), if transmitter does not get the DC subcarrier of receiver, transmitter may map the DMRS signals on the DC subcarrier of receiver, either for downlink transmission or uplink transmission. Naturally, the transmitter should be informed of the location of receiver DC subcarrier implicitly by specification. For example, the DC subcarrier can be defined at the center of receiver bandwidth, then the transmitter could get the position of receiver DC subcarrier by obtaining the receiver bandwidth of receiver..
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Figure 1. DC subcarrier of receiver for uplink and downlink
Proposal 1: For transmitter, the location of receiver DC subcarrier can be decided by specification. 
2.2 Candidate positions of receiver DC subcarriers
In NR, the bandwidth capabilities of UEs may be smaller than gNB. If different UEs access the NR system on different frequency regions of the same NR carrier, multiple virtual receiver DC subcarriers exist in one system, as shown in Figure 2. As we can see, a system possibly contains several potential positions of virtual receiver DC subcarriers which are corresponding to different UE frequency regions, and the actual positions of virtual receiver DC subcarriers will depend on the access status of UEs in the carrier. 

[image: image3.emf]80

MHz

20

MHz

20

MHz

40

MHz

DC

DC

DC

NW UE

40

MHz

DC


Figure 2. Multiple virtual DC subcarriers in one system
To avoid the potential collision between RS and DC subcarrier, the candidate positions of DC subcarriers need to be defined. As shown in figure 2, from perspective of one system, the candidate positions of DC subcarriers are potentially distributed into any PRB of the system bandwidth. But from the perspective of the PRB, some particular subcarriers in PRB can be considered as the candidate positions of DC subcarrier. The candidates of DC subcarriers may be different and may depend on the even/odd number of PRBs in the receiver bandwidth. As shown in the Figure 3, the subcarriers in a PRB are numbered from 0 to 11, considering the DC subcarriers are more probably located at the center of transmission/receiver bandwidth, when the number of PRBs in transmission/receiver bandwidth is odd, the candidates of DC subcarriers in a PRB can be the subcarriers numbered with 5/6; when the number of PRBs in transmission/receiver bandwidth is even, the candidates of DC subcarriers should be located at the boundary of PRBs, the candidates of DC subcarriers in a PRB can be the subcarriers numbered with 0/11. 
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Figure 3. Candidate positions of DC subcarriers in a PRB
Proposal 2: When the subcarriers in a PRB are numbered from 0 to 11, the candidates of receiver DC subcarriers in a PRB can be the subcarriers numbered with 0/11 or 5/6 depending on the even/odd number of PRBs in receiver bandwidth respectively.
3 Conclusion

The contribution focuses on handling of DC subcarriers at the transmitter side and the candidate positions of DC subcarriers. Based on the discussion, we have the following proposals:
Proposal 1: For transmitter, the location of receiver DC subcarrier can be decided by specification. Proposal 2: When the subcarriers in a PRB are numbered from 0 to 11, the candidates of receiver DC subcarriers in a PRB can be the subcarriers numbered with 0/11 or 5/6 depending on the even/odd number of PRBs in receiver bandwidth respectively.
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