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1 Introduction
WID for NB-IoT was revised in [1]. Revision on NB-IoT uplink and downlink is:
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This contribution initially discusses the overall considerations for BS for NB-IoT and then analyzes BS RF requirements one by one.
2 Discussion
2.1 Overall considerations

As described in revised WID [1], NB-IoT should support 3 different modes of operation. These three operations will impact on some BS RF requirements definitions such as unwanted emission mask.
1.
‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.

2.
‘Guard band operation’ utilizing the unused resource blocks within a LTE carrier’s guard-band 

3.
‘In-band operation’ utilizing resource blocks within a normal LTE carrier
Stand-alone operation

Stand-alone operation has two sub-cases according to WID description: 
1) NB-IoT only operation
2) NB-IoT with other RATs mixed operation

NB-IoT has similar channel bandwidth with GSM, so it is straightforward that NB-IoT could use GSM emission mask requirement as start point at least in GSM band. However, if NB-IoT is operated in non-GSM band, GSM mask may be over stringent and further study is needed.

NB-IoT carriers mixed with other RATs should belong to multi-RAT operation and the study should start from MSR requirement. MSR has two kinds of emission requirements, one for BC1 bands and the other for BC2 bands, which one should be followed need further study.
Guard band and in-band operation

Although NB-IoT and LTE are two different RATs from physical perspective, NB-IoT carrier can parasitize within the guard band or in-band of LTE carrier. From co-existence point of view, they are combined to a whole carrier and co-exist with adjacent carriers. The total out-of-band emission of NB-IoT and LTE combined carrier should be not larger than the out-of-band emission of only LTE carrier for friendly co-existence with other carriers in principle. Therefore, the study can start from LTE emission mask.
For orthogonal solution in guard band or in-band operation, the co-existence between NB-IoT and other PRBs is not an issue because they are orthogonal.
If the base station operating in multi-RAT mode, for example, UMTS/GSM carrier and LTE carrier with NB-IoT parasitized, the emission outside RF bandwidth should follow MSR emission requirement in TS 37.104. But the details still need further study
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Figure 1 Base station emission requirement for NB-IoT
2.2 RF requirements
In this section, we discuss BS RF requirements one by one for NB-IoT.
BS class
BS class for LTE could be reused for NB-IoT in-band and guard band operation. For Rel-13, only wide area BS is proposed to be considered for NB-IoT in-band and guard band operation, other BS classes are left to later releases.
For standalone operation, whether existing BS class could be reused for NB-IoT need further study.
Output power Dynamics
NB-IoT RE can be able to boost at least +X dB compared to the average RE power for a BS at maximum output power according to RAN4 decision. This should be specified for NB-IoT in-band and guard band operation.
Transmit ON/OFF power

This requirement is only for TDD and should be no change for NB-IoT.

Transmit signal quality

These requirements should be no change for NB-IoT. If new modulation scheme is introduced, new EVM requirement may be needed.
Unwanted emissions

Occupied bandwidth requirement should be reused for the new channel bandwidth for standalone operation and keep unchanged for in-band and guard band operation.

For in-band operation, NB-IoT and LTE can be seen as one carrier and the emission mask for LTE can be reused. For guard-band operation, emission mask need to be studied for each channel bandwidth and this was discussed in a separate contribution.
Transmitter spurious emission requirement should be no change for NB-IoT.
Transmitter intermodulation
The intermodulation requirements should be revisited for NB-IoT because the interfering signal may be narrow band NB-IoT signal.
REFSENS
As for UL, two kinds of bandwidth were both supported. Reference sensitivity should be specified for both of them. NF could be reused for base station and required SNR for both 3.75k and 15k UL solution need further study.
Reference sensitivity requirement is applicable for all operation modes and could be only tested in standalone operation for simplicity.

Dynamic range, In channel selectivity, ACS, blocking requirement
Degradation of reference sensitivity for NB-IoT under existing interfering signal for dynamic range, in channel selectivity, ACS and blocking requirement should be specified for NB-IoT in-band and guard band operation. 
New narrow band blocking requirement
In addition to existing interfering signal, NB-IoT interfering signal is also need to be introduced with NB-IoT system, as in Figure 1. LTE and NB-IoT reference sensitivity degradation under this new interfering signal need both to be specified.
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Figure 1 New narrow band blocking requirement

As the new interfering signal is very narrow with only 3.75k or 15k bandwidth, single tone signal could be replaced. Interfering signal offset to the channel edge need further study.
Receiver spurious emission
This requirement should be no change for NB-IoT.
Receiver intermodulation
Intermodulation of current two interfering signals may not falls in NB-IoT wanted signal, so this requirement needs to be redesigned for NB-IoT system. The type of interfering signals also need to be revisited for new system.
3 Conclusion
This contribution gives an overview of BS RF requirements for NB-IoT system.
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3.75k or 15k interfering signal





Channel bandwidth of LTE





Interfering signal frequency offset





OFDMA on the downlink


15 kHz sub-carrier spacing for all the modes of operation (with normal or extended CP). 


For the uplink: 


Single tone transmissions are supported. Two numerologies should be configurable by the network for single-tone transmission: 3.75 kHz and 15 kHz. A cyclic prefix is inserted. Frequency domain sinc pulse-shaping in the physical layer description.


Multi-tone transmissions are supported, based on SC-FDMA with 15 kHz UL subcarrier spacing.


FFS: Additional mechanisms for PAPR reduction.


The UE shall indicate the support single-tone and/or multi-tone, details to be discussed by RAN WGs


An NB-IoT UE only needs to support half duplex operations
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Start from MSR emission in TS 37.104, BC1 emission or BC2 emission is FFS





Start from LTE emission in TS 36.104





Start from GSM emission in TS 45.005 in GSM band, how about LTE band?
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