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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

Based on the agreements, this contribution will firstly discuss the handling of DC subcarrier at gNB/UE side and analyzes the necessity of avoiding RS transmission on DC subcarrier. Then, the contribution will discuss the handling of DC subcarrier(s) of transmitter and receiver on the transmitter side, respectively. Finally, some candidate positions of DC subcarrier(s) will be proposed. 
2 Discussion 
2.1 The handling of DC subcarrier at gNB/UE side
From the point of gNB side, the interference of DC can be suppressed to the required level by implementation. If the performance impact to data of DC subcarrier is marginal, in order to simplify the data mapping, the DC subcarrier at the gNB side can be modulated, and there could be no additional EVM requirements on DC subcarrier. While in some situations, e.g. when DC subcarrier is contained in smaller number of scheduled PRBs, the performance of data transmission may suffer from EVM degradation. So the RAN4 could further confirm which levels the interference can be suppressed by gNB implementation when DC subcarrier is modulated and whether EVM is possible not to be specified at gNB side.
While from the point of UE side, considering UE implementation complexity, UE usually applies zero Intermediate Frequency (zero-IF) technology on radio transceiver. Without intermediate frequency modulation, the zero-IF receiver converts RF signals to base-band (based-band to RF signals) signals by down-conversion (up-conversion) directly. When zero-IF receiver enables down-conversion or up-conversion, caused by local leakage, a significant noise/interference exists on a particular subcarrier as named as virtual DC subcarrier, which will degrade performance of UE transmission and reception. 
By the previous analysis, caused by the interference of DC subcarrier (both of transmitter’s and receiver’s), UL transmission and DL transmission will be impact. For the data transmission on the DC subcarrier, the reliability can be guaranteed by the coding. But for the some important reference signals on the DC subcarrier, such as DMRS, there are no available methods to guarantee transmission reliability of RS without avoiding DC subcarrier. So at least for the DMRS, its pattern should avoid to include DC subcarrier position (or potential positions). Or if DMRS to be transmitted are overlapped with positions of DC subcarriers, some alternative DMRS positions can be enabled temporarily. In addition, for some sparse RS signals, which may only occupy only a few subcarriers resource to transmit, such as phase tracking reference signal (PT-RS)[2], its pattern should avoid to map on the potential DC subcarrier positions. For the synchronization signal (SS), as mentioned in the [3], the SS can be mapped symmetrically around the DC subcarrier to reduce the implementation complexity of the matched filter receiver. So, the transmitter at gNB/UE side should be aware of the DC subcarrier position (or potential positions) in order to avoid collisions at least with RS.
Observation: The interference impact of DC may be different for gNB and UE because of different ways of implementation. 
· For gNB, the interference of DC may be suppressed to the required level, thus DC subcarrier at gNB side can be modulated. 
· For UE, interference can’t be suppressed by implementation, so special handling of DC is needed.
Proposal 1: RAN4 could confirm which levels the interference can be suppressed to when DC subcarrier is modulated and EVM is not specified at gNB side.
2.2 The handling of transmitter DC subcarrier at the transmitter

Based on the agreements in the last meeting, DC subcarrier of transmitter need to be known by the receiver, then the receiver can handle the DC subcarrier correctly. To let receiver realize the DC subcarrier of transmitter, two options can be considered:

Option 1: If the DC subcarrier is defined at the center of transmitter’s bandwidth, receiver could get the position of transmitter’s DC subcarrier implicitly by obtaining the transmission bandwidth of transmitter. 
Option 2: The transmitter could inform its DC subcarrier to the receiver by signalling. For downlink transmission, gNB could adopt the broadcast signalling to inform UEs, such as SIB; for uplink transmission, UE could report its DC subcarrier at initial access period.
When handling of transmitter DC subcarrier at the transmitter, based on the analysis of section of 2.1, for downlink, the transmitter DC subcarrier at the transmitter (or gNB) side may be modulated. While for uplink, at least one additional particular subcarrier should be reserved for DC subcarrier, and the transmitter DC subcarrier at the transmitter (or UE) side should avoid collisions at least with UL DMRS.
Proposal 2: Handling of transmitter DC subcarrier at the transmitter,
· for downlink: the transmitter DC subcarrier at the transmitter side may be modulated;

· for uplink: the transmitter DC subcarrier at the transmitter side should avoid collisions at least with
 UL DM-RS.
2.3 The handling of receiver DC subcarrier at the transmitter

For the receiver’s DC subcarrier, it will meet the same question as the transmitter’s DC subcarrier. 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 receiver should inform the location of its DC subcarrier to the transmitter implicitly or explicitly and two options mentioned in the section 2.2 can be considered.
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Figure 1. DC subcarrier of receiver for uplink and downlink
When handling of receiver DC subcarrier at the transmitter, based on the analysis of section of 2.1, for downlink, the transmitter (or gNB) should be aware of the DC subcarrier position (or potential positions) used at receiver (or UE) side in order to avoid collisions at least with RS. While for uplink, the receiver (or gNB) DC subcarrier at the transmitter (or UE) side may be modulated.
Proposal 3: The receiver should inform the location of its DC subcarrier to the transmitter implicitly or explicitly.
Proposal 4: Handling of receiver DC subcarrier at the transmitter,

· for downlink: the transmitter should be aware of the DC subcarrier position (or potential positions) used at receiver side in order to avoid collisions at least with RS.

· for uplink: the receiver DC subcarrier at the transmitter side may be modulated.
2.4 Candidate positions of DC subcarriers
To avoid the potential collision between RS and DC subcarrier, the candidate positions of DC subcarrier need to be studied further. From perspective of the whole transmission frequency, the candidate positions of DC subcarriers are uncertain, and the DC subcarriers can be 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 transmission bandwidth. 
Proposal 5: The specification should define some particular subcarriers as the candidate positions of DC subcarriers.
3 Conclusion

The contribution focuses on handling of DC subcarrier at the transmitter side. Based on the discussion, we have the following proposals:
Observation: The interference impact of DC may be different for gNB and UE because of different ways of implementation. 

· For gNB, the interference of DC may be suppressed to the required level, thus DC subcarrier at gNB side can be modulated. 
· For UE, interference can’t be suppressed by implementation, so special handling of DC is needed.
Proposal 1: RAN4 could confirm which levels the interference can be suppressed to when DC subcarrier is modulated and EVM is not specified at gNB side.
Proposal 2:Handling of transmitter DC subcarrier at the transmitter,

· for downlink: the transmitter DC subcarrier at the transmitter side may be modulated;

· for uplink: the transmitter DC subcarrier at the transmitter side should avoid collisions at least with
 UL DM-RS.
Proposal 3: The receiver should inform the location of its DC subcarrier to the transmitter implicitly or explicitly.
Proposal 4: Handling of receiver DC subcarrier at the transmitter,

· for downlink: the transmitter should be aware of the DC subcarrier position (or potential positions used at receiver side in order to avoid collisions at least with RS.

· for uplink: the receiver DC subcarrier at the transmitter side may be modulated.
Proposal 5: The specification should define some particular subcarriers as the candidate positions of DC subcarriers.
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