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1. Introduction
Reference architectures for NB-IoT [1] were discussed in previous meetings. Polar architectures were proposed but the only agreement made so far was in RAN4#77 that requirements will be based on single receiver reference architecture [2]. In the same meeting different UL signal configurations with different characteristics were discussed [3]. This paper further discusses applicability of reference architectures for different UL signal characteristics as presented in [4].     
2. Discussion

In RAN1 paper [4] and RAN4 paper [3] different UL signal characteristics are discussed. The reported PAPR is close to zero (99% CDF) for all modulations occupying single tone. Additionally both papers report close to zero PAPR also for multi tone cases if TPSK scheme is utilized and both papers agree that multi tone configuration has a clear non-zero (>2 dB) PAPR if TPSK is not used except for 12-tone 8BPSK mentioned in [4] where PAPR is 1.5 dB but the paper further discuses that 12-tone 8BPSK signal can be limited to constant envelope if 2.4 % EVM is allowed.

Depending on upcoming RAN1 or even RAN agreements, NB-IoT system may contain both zero and non zero PAPR UL signals schemes. If that is agreed, one possibility is that there will be two or more UE categories where one would support all UL signals and another would support only constant envelope UL signals. Different signals are sensitive to different impairments in transmitter and optimum transmitter architecture may not be same for all signal types.
2.1. Polar architecture
In [2], [5] and [6] polar architecture was discussed in context of NB-IoT reference architecture. For UL signals with non zero PAPR it may not be good solution for 3GPP agreed reference architecture due to design challenges even if it is possible. If AM path must provide the AM component of the modulation to the PA, the delay between phase path and amplitude path is highly critical for the transmit signal quality but for example PA AM-AM conversion is irrelevant since PA input signal does not have AM component.
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Figure 1 Simplified Polar architecture
Observation 1: Impairments in polar architecture need to be carefully investigated and agreed if it is used as reference architecture for NB-IoT. 
Polar architecture is good if signal has zero or close to zero PAPR i.e. signal is constant envelope type because it enables the use of high efficiency PA types which suffer from poor linearity. It is good also in the case where signal is non zero PAPR but the amplitude component does not carry any relevant information. In [4] this aspect was discussed by forcing signal to constant envelope and observing EVM and spectral regrowth. 

If polar architecture is selected as reference architecture for NB-IoT, the critical impairments should be investigated to enable common simulation assumptions. 

2.2. Linear architecture

The non zero PAPR signals resemble LTE signal even in case of partial tone allocation the bandwidth of the signal is less than what is minimum for LTE. The lower bandwidth does not change assumptions for key impairments. There will be carrier leakage, IQ Image and CIM3 and CIM5 impairments. For non constant envelope signals, existing reference architecture type is good and transmitter impairment types and simulation methods can be re-used from LTE agreements. The values may need to be revisited. 
For constant amplitude signal, existing architecture type or simulation methodology can not be applied. The PA non-linearity is modelled with AM-AM and AM-PM curves and if the input signal does not have any amplitude component, the signal will pass through without any changes.
Observation2: Existing reference architecture type and simulation methods for LTE can not be used to determine level or type of  NB-IoT transmitter impairments for constant amplitude signal types.  

3. Conclusion

Reference architectures for different possible NB-IoT UL signal configurations were discussed. Two observation were made.

Observation1: Impairments in polar architecture need to be carefully investigated and agreed if it is used as reference architecture for NB-IoT.
Observation2: Existing reference architecture type and simulation methods for LTE can not be used to determine level or type of  NB-IoT transmitter impairments for constant amplitude signal types.  
It may be feasible to consider two different types of reference architectures if NB-IoT will have different UE categories for different UL signal types. 
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