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1. Introduction
In RAN#69, a new work item named NarrowBand IoT (NB-IoT) was approved [1], which supports three operation modes: stand-alone, in-band and guard-band.
In RAN#70, the NB-IoT work item was updated with the following [2]: OFDMA with 15 kHz subcarrier spacing is used on the downlink for all the operation modes; For the uplink, single tone transmissions with 3.75 kHz or 15 kHz subcarrier spacing, or multi-tone transmissions based on SC-FDMA with 15 kHz subcarrier spacing are supported.
In this contribution, downlink power allocation for NB-IoT is discussed.
2. Downlink power allocation
For NB-IoT downlink, two transmission schemes are supported in all operation modes [3], including single antenna port (port0), and two antenna port (ports 0 and 1) using transmit diversity, i.e. SFBC. And for NB-PDSCH, only QPSK is used, 16QAM is not supported, sub-PRB allocations are not supported either [3][4].
To simplify downlink power allocation and ensure data transmission performance, for stand-alone operation mode, the transmit power of all data REs for a UE’s transmission, including the data REs in OFDM symbols with NB-RS and the data REs in OFDM symbols without NB-RS, could be the same, which is beneficial for data demodulation. Thus, for single antenna port transmission, the transmit power of each resource element (RE) is the same; for two antenna ports transmission, due to one antenna port used for NB-RS transmission in the same RE location, 3dB power boosting could be considered for the transmission of NB-RS REs.
For guard-band operation mode, NB-IoT could share the transmit power with LTE or use separate power amplifier. In the latter case, the same power allocation scheme as in stand-alone operation mode could be used. In the former case, total transmit power of eNB is allocated between LTE and NB-IoT, and power boosting could be considered for NB-IoT. When the transmit power of NB-IoT is determined, the same power allocation scheme as in stand-alone operation mode could also be used.
For in-band operation mode, total transmit power of eNB is shared by LTE PRBs and NB-IoT, there are two options which could be considered for the power allocation:
· Option 1: transmit power of all data REs for a UE’s transmission are the same, similar to stand-alone mode.
The advantage of this option is that the power allocation is simple and beneficial for NB-IoT transmission, while the disadvantage is that the total transmit power in OFDM symbols with LTE CRS may exceed the maximum transmit power if power boosting is used for LTE CRS.
For example, if the transmit power of data REs in OFDM symbol without reference signals are the same and the total transmit power of the OFDM symbol is equal to the maximum transmit power, then if the transmit power of LTE CRS for single antenna port transmission is boosted, or the transmit power of LTE CRS for two antenna ports transmission is boosted by more than 3dB, the total transmit power in OFDM symbol with LTE CRS would exceed the maximum transmit power, when the data REs in this symbol have the same transmit power to the data REs in OFDM symbol without reference signals.
This problem could be solved by eNB implementation to borrow some power from some LTE PRB(s), which means that eNB would prioritize NB-IoT power allocation in in-band operation mode. In addition, if power boosting is considered for NB-IoT, total transmit power of eNB would be redistributed between LTE and NB-IoT, the problem caused by LTE CRS power boosting may not exist.
· Option 2: reusing the power allocation of legacy LTE system [5].
Considering the power setting for LTE CRS, and the eNB implementation, the transmit power of data REs in OFDM symbols with LTE CRS may be different from the transmit power of data REs in OFDM symbols without LTE CRS. Since only QPSK is used for NB-PDSCH, the power allocation parameters such as PA and PB are not needed to inform NB-IoT UEs, it may have little impact on the data reception.
However, in order to ensure the transmission performance of NB-IoT, option 1 is slightly preferred.
Proposal 1: For each operation mode, transmit power of all data REs for a UE’s transmission could be the same.
Proposal 2: For single antenna port transmission, the same transmit power could be used for NB-RS REs and data REs; for two antenna ports transmission, 3dB power boosting could be considered for the transmission of NB-RS REs.
3. Conclusions

In this contribution, downlink power allocation for NB-IoT was discussed. We make the following proposals:
Proposal 1: For each operation mode, transmit power of all data REs for a UE’s transmission could be the same.
Proposal 2: For single antenna port transmission, the same transmit power could be used for NB-RS REs and data REs; for two antenna ports transmission, 3dB power boosting could be considered for the transmission of NB-RS REs.
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