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1 Introduction
In the last RAN1 NR ad-hoc meeting, the following agreements were made regarding the DC subcarrier issue [1]. 

Agreements:
· 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

Agreements:
· 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 made in RAN1 NR ad-hoc meeting, this contribution discusses the remaining issues on DC subcarrier handling related to the possible position of DC subcarrier.
2 Remaining issues on DC subcarrier handling
2.1 Candidate position of DC subcarrier
Issue #1: Consideration on DMRS structure

It was agreed that all subcarriers within system bandwidth are modulated regardless of a DC subcarrier at transmitter for both downlink and uplink and the signal quality requirement corresponding to DC subcarrier is up to RAN4 [1]. For the case of data transmission via DC subcarrier, even though there is some distortion in the QAM symbol, the reliability of LLR could be better than just puncturing of that subcarrier due to channel coding gain. On the other hand, if the DMRS is transmitted in a DC subcarrier, the performance degradation on channel estimation would not be negligible. To avoid collision between DC subcarrier and DMRS, three alternatives can be considered.
· Alt#1. Candidate position of DC subcarrier is restricted to the subcarriers not used for DMRS.

· Alt#2. DMRS of DC subcarrier is not transmitted.

· Alt#3. Different DMRS configuration based on existence of DC subcarrier.
To support Alt#1, DMRS pattern should be designed considering DC subcarrier location. Figure 1 shows two possible options for DMRS structure discussed in NR [2]. In Option#1, DMRS is located on parts of subcarriers, i.e., 8 subcarriers among 12 subcarriers within a RB, while, in Option#2, all subcarriers are used for DMRS. Assuming that collision between DC subcarrier and DMRS is avoided based on Alt#1, Option#1 DMRS pattern naturally has 4 candidate positions for DC subcarrier. Also, it helps simplify the specification for DC subcarrier location or signalling from UE to gNB since the possible location of DC subcarrier is implicitly known from the given DMRS pattern. On the other hand, DMRS pattern in Option#2 is definitely not desirable regarding Alt#1 since none of subcarriers can be used for DC subcarrier. As a result, some restriction occurs on DMRS design.
For Alt#2, a transmitter does not transmit DMRS corresponding to DC subcarrier and instead that subcarrier can be used for data transmission. At a receiver, only remaining DMRS is used for channel estimation. Therefore, Alt#2 gives any restriction on DMRS pattern design. However, it is inevitable that channel estimation performance degrades on that RB including DC subcarrier. More seriously, if OCC is used for port mapping, orthogonality is broken between two antenna ports sharing a subcarrier which may be used for DC subcarrier. 

To avoid channel estimation performance degradation due to DMRS puncturing in Alt#2, Alt#3 can further considered. For example, DMRS pattern of Option#1 can be used for a RB with existing DC subcarrier and for other RBs DMRS pattern of Option#2 is used. However, Alt#3 can lead some problems such as restriction on PRB bundling, increase in implementation complexity at a receiver side, and so on. 
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Figure 1. Possible DMRS structures
Proposal 1: Candidate position of DC subcarrier is restricted to the subcarriers not used for DMRS.
Issue #2: Consideration on multiple numerologies

In NR, multiple numerologies such as different subcarrier spacings can be time domain multiplexed in one carrier [3]. Therefore, over two consecutive slots, different subcarrier spacings can be supported. In addition, it is desirable to use center-oriented RB grid [4]. Figure 2 shows an example that f0 subcarrier spacing is used at t1 and 4*f0 subcarrier spacing is used at t2 and RB grids for two numerologies are aligned at center. Due to the structure of aligned RBs between different numerologies, transmitter (gNB) DC subcarrier for downlink is naturally located at the boundary of RB for a given system bandwidth and the DC location does not vary over time although subcarrier spacing is change. On the other hand, for the transmitter (UE) DC location of uplink, two options of DC subcarrier locations can be considered as shown in Figure 2. Option#1 represents a case that the candidate position of DC subcarrier is specified at the boundary of RBs. Then the UE has to change DC subcarrier from s1 to s2 over time to maintain the location of DC at the boundary within a RB. Option#1 has an advantage in terms of signaling overhead for DC indication, but it causes increase in UE complexity from DC movement. To handle this issue, Option#2 can be further considered. In Option#2, DC subcarrier is not changed over time when different numerologies are supported. It is beneficial to avoid additional UE complexity moving DC subcarrier at a charge of DC signaling overhead if DC signaling is supported. However, if candidate position of DC location is specified only considering DMRS pattern regardless of numerologies, the cons of Option#2 disappears. As a result, it is more desirable to not change DC subcarrier over time when mixed numerologies are supported.
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Figure 2. Possible DC tone location considering multiple numerologies
Proposal 2: DC subcarrier location does not change over time when mixed subcarrier spacings are supported.

3 Conclusion

This contribution discussed remaining issues on DC subcarrier handling regarding candidate position for DC location based on the agreement in the previous RAN1 ad-hoc meeting. Depending on the discussion, following proposals were made:
Proposal 1: Candidate position of DC subcarrier is restricted to the subcarriers not used for DMRS.
Proposal 2: DC subcarrier location does not change over time when mixed subcarrier spacings are supported.
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