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1.  Introduction

At last RAN plenary meeting, Narrow band IOT has become a WI in RAN4. Even though pertinent study has been carried out in some other forum, it is the first time RAN4 will study RF aspects regarding this very narrow band application. In this contribution, we aim to set forth material common ground and basic assumption. 
2.  Discussion

2.1 Architecture
Architecture assumption is one of the cornerstones for RAN4 RF study. The objective is to specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra-low device cost, low device power consumption and (optimized) network architecture. [1] Therefore, it is believed the reference architecture of LC MTC is a good fit for NB-IOT as shown in Figure 2.1, given the background of LC MTC requirements with very similar objectives of low throughput, low device cost and low power consumption. In case that TDD may be studied under this WI, architecture in Figure 2.1 is applicable to TDD as well. It is worth noting that transmitter could be either Polar modulated or IQ modulated, though polar modulation is more prevailing in NB-IOT.
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Figure 2.1 Single RX HD UE architecture
Observation 1: Single RX HD FDD UE architecture/ TDD UE architecture shall be for NB-IOT UE reference architecture. 
2.2 Band definition
 “Due to the nature of Cellular IoT traffic, it may not be necessary to have a large system bandwidth to achieve sufficient capacity in terms of number of supported MSs per cell. In fact, it is beneficial to support a low minimum system bandwidth because this conserves spectrum and reduces MS complexity. Therefore, the NB-IoT solution is designed to be deployed in a minimum system bandwidth of 180 kHz (FDD) for the entire IoT network (potentially with some additional guard bands depending on the nature of other systems occupying the adjacent spectrum). [2]”
The NB-IoT system can also be deployed in a system bandwidth that is a multiple of 180 kHz, to provide scalable capacity. Multiple 180 kHz channels can be contiguous or non-contiguous in the frequency domain and shared by multiple cell sectors depending on frequency planning. Presently, two kinds of sub-carrier spacing are considered as 15 KHz and 3.75 KHz. It is necessary to define NB-IOT bands to enable effective coexistence study and other device specification consideration. The most convenient solution is to reuse existing LTE band/bands, especially “guard band operation” and “in-band operation” are directly utilizing LTE bands. Meanwhile, GSM standalone operation with 180KHz BW fits in LTE bands as well. In this approach, we maximally limit the redundant work for defining potential new bands and positively facilitate any coexistence or co-operation with LTE system. One or few LTE band or bands will be elected as NB IOT bands, with narrower channel bandwidth of 180 KHz. 
Observation 2: Reuse existing LTE band/Bands for NB-IOT is beneficial to NB-IOT operation in all three operating modes. Based on operators’ implementation plan, one or few of the LTE bands could be enabled for NB-IOT. 
2.3 UE requirement
From WI objective description, it is addressed that NB-IOT should support 3 different modes of operation: [1]
1.
‘Stand-alone operation’ utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers.
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.
To examine whether NB-IOT UE could coexist with GSM, UMTS and LTE systems for each operating mode, some fundamental UE RF specification needs to be presumed. There are many similar aspects between NB-IOT and LC-MTC, such as narrow-band operation, low complexity and low cost considerations. Consequently, the RF requirements of LC-MTC may be rather suitable for NB-IOT. Therefore, it would be a good approach of assuming NB-IOT shares the same or very close specifications with LC MTC, with regard of UE requirements. For example, one of the critical parameters of UE is ACLR, which affects adjacent channel interference significantly in coexistence study. Any high ACLR value greater than present ones of MTC devices could cause higher cost of UE realization, such as addition of higher quality baseband filter or higher current drain for a more linear PA. It is beneficial to adopt LC-MTC UE RF requirements for NB-IOT, from both UE realization and standardization perspective.  

Observation 3: It is beneficial to adopt LC-MTC UE RF requirements for NB-IOT, from both UE realization and standardization perspective.  
3.  Conclusion

In this contribution, we have discussed UE reference architecture and band definition, such that 
1. Single RX HD FDD UE architecture/ TDD UE architecture shall be for NB-IOT UE reference architecture.
2. Reuse existing LTE band/Bands for NB-IOT is beneficial to NB-IOT operation in all three operating modes. Based on operators’ implementation plan, one or few of the LTE bands could be enabled for NB-IOT.
3. It is beneficial to adopt LC-MTC UE RF requirements for NB-IOT, from both UE realization and standardization perspective.  
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