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1 Introduction

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

· No explicit DC subcarrier is reserved both for DL and UL
Based on the agreement, NR will not reserve any null-subcarrier(s) both for DL and UL and all subcarriers are valid for PRB numbering. But considering the implementation issue, the direct carrier (DC) is still needed to mitigate interference impact which can be called as virtual DC subcarrier for discussion. This contribution will analyze the requirement of virtual DC subcarrier at UE and/or gNB sides, and provide the solutions of signal/channel mapping related to virtual DC subcarrier(s). Then this contribution further discusses uniformity of handling for downlink and uplink, behaviors of UE and gNB. Finally, candidate positions of virtual DC subcarriers are proposed to be studied further.  
2 Discussion 
2.1 Requirement of virtual DC subcarrier at UE and/ or gNB sides
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 for a particular subcarrier as named as virtual DC subcarrier, which will degrade performance if the UE still uses the virtual DC subcarrier for signal/channel transmission. For the gNB, since the cost of the implementation is not a major problem, the interference impact of the virtual DC subcarrier may not be severe or may be mitigated by gNB implementation, such as adopting non zero-IF transceiver.
Based on the above discussion, we can conclude that the impact of virtual DC subcarrier cannot be ignored at least from UE transceiver perspective, and accordingly NR system design should take the virtual DC impact into account. 
Proposal 1: NR system design should take the virtual DC impact into account, not possible to be totally solved by implementation at least from UE transceiver point of view.
2.2 Signal/channel mapping principle related to virtual DC subcarrier(s) 

In NR, the bandwidth capabilities of UEs may be smaller than gNB [2]. If different UEs access the NR system on different frequency regions of the same NR carrier, multiple virtual DC subcarriers exist in one system, as shown in Figure 1. As we can see, a system possibly contains several potential positions of virtual DC subcarriers which are corresponding to different UE frequency regions, and the actual positions of virtual DC subcarriers will depend on the access status of UEs in the carrier. 
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Figure 1. Multiple virtual DC subcarriers in one system
On the other hand, since CP-OFDM is agreed to be supported in uplink transmission [1] which is exactly same as downlink transmission , thus a unified solution for handling of virtual DC subcarrier for uplink and downlink transmission is possible, and it can simplify signal/channel transmission and mapping uplink and downlink.

Proposal 2: In NR, a unified solution should be designed for handling of virtual DC subcarrier(s) for downlink and uplink.
As we known, in LTE, for downlink transmission, to avoid the interference of DC subcarrier, a null-subcarrier is reserved; for uplink transmission, to keep the single carrier characteristic and to mitigate the impact DC subcarrier, a half subcarrier shift is used. As agreed in [1] and discussed in the introduction of this contribution, NR will not reserve any null-subcarrier(s) both for DL and UL and all subcarriers are valid for PRB numbering, so null-subcarrier specified in downlink of LTE is precluded. At the same time, it was agreed in the last RAN1 meeting that different numerologies with FDM multiplexing are supported and subcarriers with subcarrier spacing of 2n * 15kHz are mapped on the subset/superset of those for subcarrier spacing of 15kHz in a nested manner in the frequency domain [1], the half subcarrier shift used in uplink of LTE is also not suitable for NR. For example, when 15 kHz subcarrier spacing and 30 kHz subcarrier spacing are multiplexed in a FDM manner, the half subcarrier shift 7.5 kHz (for 15 kHz subcarrier spacing) or 15 kHz (for 15 kHz subcarrier spacing) cannot achieve the same purpose in LTE because shift 15kHz is not helpful to 15kHz subcarrier spacing and shift 7.5kHz is not enough to 30kHz subcarrier spacing. If different shift offsets are used for different subcarrier spacings, the agreement above on subcarrier grid will not be kept. Based on the discussion above, it is observed that the solution of the half subcarrier shift is not valid for NR.

Based on the analysis above, we can notice that some potential new solutions are needed to solve the interference/impact from virtual DC subcarriers. For the data transmission, if gNB schedules an UE to transmit or receive signals/channels on the particular frequency resource which contains its own virtual DC subcarrier of the scheduled UE, puncturing around virtual DC subcarrier at UE side can be adopted because only puncturing of one virtual DC subcarrier can be expect to have a marginal impact to data transmission performance. However, for the demodulation reference signal (DMRS) transmission, DMRS puncturing should be avoided because it may lead to severe performance loss, the solution of DMRS pattern and RE mapping to avoiding collision with virtual DC subcarrier can be further studied. Additionally, some sparse or common signals should be not mapped onto those potential positions of virtual DC subcarriers, and the potential positions of virtual DC subcarriers need to be studied further. 
Proposal 3: Solutions different from used in downlink and/or uplink of LTE are needed to mitigate the impact of virtual DC subcarriers. 
· For the data transmission, puncturing virtual DC subcarrier at UE side can be applied.
· For the transmissions of DMRS, some sparse or common signals, the solution(s) of avoiding collision with virtual DC subcarrier can be further studied.
2.3 Candidate positions of virtual DC subcarriers
Due to different UEs access the NR system on different frequency regions of the same NR carrier, multiple virtual DC subcarriers exist in one system. The candidate positions of virtual DC subcarriers are uncertain in frequency domain, and the virtual DC subcarriers can be distributed into any PRB of the system bandwidth. But from the perspective of the PRB, some particular subcarriers can be considered as the candidate positions of virtual DC subcarrier. For different cases, the candidates of virtual DC subcarriers may be different and may depend on the even/odd number of transmission bandwidth. So the candidates of virtual DC subcarriers should be studied for these cases.
Proposal 4: From the perspective of the PRB, some particular subcarriers can be considered as the candidate positions of virtual DC subcarriers.
3 Conclusion

The contribution focuses on DC subcarrier in downlink and uplink. Based on the discussion, we have the following proposals:

Proposal 1: NR system design should take the virtual DC impact into account, not possible to be totally solved by implementation at least from UE transceiver point of view.
Proposal 2: In NR, a unified solution should be designed for handling of virtual DC subcarrier(s) for downlink and uplink.
Proposal 3: Solutions different from used in downlink and/or uplink of LTE are needed to mitigate the impact of virtual DC subcarriers
· For the data transmission, puncturing virtual DC subcarrier at UE side can be applied.
· For the transmissions of DMRS, some sparse or common signals, the solution(s) of avoiding collision with virtual DC subcarrier can be further studied.
Proposal 4: From the perspective of the PRB, some particular subcarriers can be considered as the candidate positions of virtual DC subcarriers.
References
[1] 3GPP Chairman Notes, RAN1#86, Gothenburg, Sweden, Aug 2016.
[2] R1-166106, Support of flexible bandwidth, RAN1#86, Huawei, HiSilicon.

80
MHz
20
MHz
20
MHz
40
MHz
DC
DC
DC
NW
UE
40
MHz
DC



