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1 Introduction

At the RAN Plenary #69 meeting, a new work item (WI) on specification support for Narrowband Internet of Things (NB-IoT) was approved [1] with the objective of supporting low complexity devices that support 180 kHz UE RF bandwidth, operating delay tolerant traffic, having low data throughput requirements, and supporting significantly long battery life. It was also agreed to support three modes of operation [1]: 

· Mode 1: NB-IoT as a stand-alone deployment, e.g., by reusing one or more GSM carriers; 

· Mode 2: NB-IoT deployed in the guard-band of an LTE carrier; and 

· Mode 3: NB-IoT deployed in-band within a regular LTE deployment. 

For low complexity UEs, it is important to support zero-Intermediate Frequency (zero-IF) down-conversion architectures to realize simple RF implementation. For zero-IF down-conversion architectures, interference due to DC offset is introduced through local oscillator (LO) or interferer leakage from the low noise amplifier (LNA) or the down-conversion mixer input to the LO port. The interference from DC offset manifests at the frequency corresponding to the carrier frequency and in case of OFDM systems, this can map to the central subcarrier of the UE RF BW. Following the subcarrier mapping defined in LTE, the maximal impact from DC offset interference occurs on the central subcarrier (subcarrier index 0) and is nulled (not loaded) in order to minimize the impact on demodulation performance. 

For NB-IoT systems with 15 kHz subcarrier spacing, e.g., based on NB-LTE [2], 12 subcarriers are available within a 180 kHz bandwidth and the central subcarrier may experience significant interference due to DC offset, thereby affecting demodulation performance for DL reception. 
In this contribution, we present various options and considerations to handle the DC offset interference to minimize its detrimental impact to UE demodulation performance. 
2 Some options for DC offset handling for the NB-LTE DL
For the NB-LTE DL, OFDMA with 15 kHz subcarrier spacing is assumed. Thus, a total of 12 subcarriers are available within the 180 kHz UE RF bandwidth. In this section, we provide various options to minimize the impact from DC offset interference for NB-IoT systems based on NB-LTE DL numerology of 15 kHz.

2.1 DC Offset handling based on precoding application

One option could be to spread the DC interference via application of precoding. Accordingly, precoding can be applied on the generated OFDM signal either before or after subcarrier mapping in frequency domain, before the signal is converted to time domain and transmitted. This is illustrated in Figure 1 below.
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Figure 1. Schematic diagram of an example of the precoding based option to minimize interference from DC offset
The precoding can be realized, for example, using a transform precoding similar to the precoding applied for UL transmissions in LTE. The main motivation of the precoding application is to spread the interference from the DC offset across the used subcarriers instead of being localized to a single subcarrier at the centre or those neighboring the central subcarrier. This can be especially helpful in spreading the interference across different UEs when multiple UEs are multiplexed within the NB-IoT PRB.
This transform/DFT precoding can be applied to the subcarriers corresponding to the NB-IoT PRB and hence, can be applied even for NB-IoT systems deployed in-band of normal LTE deployments as shown in Figure 2. 
One exception to this would be for the impact on legacy CRS transmissions that are transmitted in a wideband manner. Application of precoding on the CRS symbols would impact legacy UE operation. In order to address this, the precoded transmission to the NB-IoT UEs can be rate-matched or punctured by the legacy CRS transmissions, thereby avoiding any impact to legacy UEs for in-band deployments. For the rate-matching option, for the OFDM symbols with legacy CRS transmissions, the length of the DFT precoding vector is adjusted to avoid the legacy CRS REs. There could be some impact to the CRS-based demodulation performance for NB-IoT UEs, but in this regard, it should be noted that additional dedicated CRS is also being considered for demodulation especially for in-band deployments. 
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Figure 2. Schematic diagram of an example of the precoding based option for NB-IoT PRB coexisting with legacy LTE DL transmissions for in-band deployments (Note that the precoded transmissions are punctured by or rate-matched around legacy CRS REs)
Additionally, note that the precoding solution can be applied without any need to rate-matching around or puncturing by CRS transmissions for stand-alone or guard-band deployments. 
2.2 DC Offset handling via positioning the DC subcarrier outside of the PRB of interest
Another category of options for DC offset handling may be considered further that may enable to place the DC subcarrier outside of the NB-IoT PRB of interest, depending on the assumptions on the NB-IoT device capabilities of supported bandwidth at RF and baseband, and in consideration of solutions appropriate for low complexity devices targeting low power consumption and ultra-long battery life.

For instance, for a 240 kHz or higher sampling rate assumption, it may be possible to place a part of or the entire 180 kHz bandwidth of interest appropriately w.r.t. the DC subcarrier so as to minimize the effect from DC interference and flicker noise for physical DL channel demodulation. However, this may need further consideration of potential increase in the current consumption due to larger analog bandwidth and the impact from limited image rejection. 
2.3 Other options for DC Offset handling

Finally, one straightforward option could be to either specify or leave it up to RAN4 to define performance requirements assuming nulling of the central subcarrier (e.g., 7th subcarrier in the NB-IoT PRB) so as to avoid reception of the modulated symbols affected by interference due to DC offset. However, for a system bandwidth of 180 kHz and 15 kHz subcarrier spacing, the resulting overhead is about 8.33%, which can be expected to cause an SNR degradation of about 0.4 dB for receiving an entire PRB. Hence, in this section we considered various possible alternatives to handle the DC offset issue without resorting to nulling of one out of twelve subcarriers. It should be noted that for NB-CIoT systems with 3.75 kHz subcarrier spacing, the central subcarrier is nulled and not used. However, due to not using two other subcarriers left as “reserved subcarriers”, the overall system overhead for NB-CIoT systems due to unused subcarriers is about 6.25%. 

Observation 1:
· Various solutions and their combinations to minimize the impact from the interference due to DC offset can be considered for NB-IoT systems with 15 kHz subcarrier spacing in view of low complexity and low power consumption targets for NB-IoT devices
· Some solutions do not require specification support and can be left to UE implementation
Proposal 1:
· Handling of the DC offset can be left to implementation with or without impact on RAN4 performance requirements
3 Conclusion

In this contribution, we provided our views on some of the possible options for handling of interference due to DC offset for support of direct conversion receivers for DL reception in NB-IoT systems with 15 kHz subcarrier spacing. Based on the discussion presented, we summarize our views through the following observation:
Observation 1:
· Various solutions and their combinations to minimize the impact from the interference due to DC offset can be considered for NB-IoT systems with 15 kHz subcarrier spacing in view of low complexity and low power consumption targets for NB-IoT devices.
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