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1 Introduction
In RAN4#77AH a WF was agreed on the transmitter requirements for NB-IoT UE [1]. According to the way forward some of the existing requirements can be reused for NB-IoT UE, while some other requirements need to be specified for NB-IoT UE. In the following we discuss the open issues for the specification of NB-IoT UE transmitter requirements.
2 Discussion
In the way forward [1] the followings were agreed:

· At least Maximum output power classes 3 (23 dBm) is specified for NB-IOT.
· Power class 5 can be discussed in the next meeting.
· Minimum output power is specified to be -40 dBm over NB-IOT channel bandwidth
· for UE that supports multitone,  this is defniend for fully allocated channel. 
· For UE that supports single tone, it is FFS.
· Transmit Off power is specified to be -50 dBm over NB-IOT channel bandwidth
· for UE that supports multitone,  this is defniend for fully allocated channel. 
· For UE that supports single tone, it is FFS.
· Frequency error is specified to be [±0.1] PPM observed over a period of one time slot compared to the carrier frequency received from the NB-IOT BS
· NB-IOT UE to UE co-ex clause refers back to E-UTRA requirement
· Occupied bandwidth shall be less than NB-IOT channel bandwidth i.e. 200 kHz
· Follows the decision on NB-IOT channel bndwidth discussion
· E-UTRA General ON/OFF time mask can be re-used for NB-IOT
· E-UTRA Absolute power tolerance requirement can be re-used for NB-IOT
· E-UTRA Relative power tolerance requirement can be re-used for NB-IOT
· E-UTRA Aggregate power control tolerance requirement can be re-used for NB-IOT
· E-UTRA QPSK EVM requirement 17.5% can be re-used for multitone Unrotated QPSK NB-IOT
Also in the way forward, the following open issues were identified for the UE transmitter requirement:

· MPR, A-MPR
· Emission requirements are needed and alined PA simulation assumption is also needed.
· EVM
· Measurement method is FFS.
· Study if single tone pi/2 BPSK requirement is needed
· Single tone pi/4 QPSK requirement
· Incase RAN1 agrees more modulation schemes those will be studied as well
· SEM
· GMSK mask might not be suitable becasue of different modulaiton.
· ACLR
· Comes from co-ex simulations
· General Spurious emissions
· What is the boundary between OOB and General spurious emissions, for example 250% of channel bandwidth
· LTE general spurious emission requirements are applied
· Additional spurious emissions
· Carrier leakage requirement
· In-band emission requirement
· EVM equalizer spectrum flatness requirement
· Discuss the need for narrowband system.
· transmit intermodulation requirement
· Discuss the need for narrowband system. GSM does not have one.
2.1 MPR and A-MPR
MPR and A-MPR requirements are specified based on the emission requirements and the modulation schemes. Currently RAN1 is discussing adopting new modulations for NB-IoT UL, namely pi/2 BPSK and pi/4 QPSK. Also discussion on spectrum emission requirements is ongoing in RAN4. Therefore it is proposed to wait with these requirements until the modulation schemes and the spectral emission requirements are specified. MPR requirements should be specified by means of simulations, based on the agreed emission mask and UL modulations.
2.2 Spectrum emission mask

In legacy LTE spectrum mask is defined for channel bandwidths 1.4MHz, 3MHz, 5MHz, 10MHz, 15MHz, and 20MHz. For NB-IoT with in-band and guard-band operation mode, same channel bandwidth is applicable and same emission requirements can be applied in order to guarantee the coexistence with other systems.

In RAN4#77 NB-IOT AH, two approaches proposed for spectral emission masks based on GSM emission mask [3] and [4]. However the justification for using a GSM-like out-of-band emission should be clarified and the SEM requirements should be considered together with ACLR requirements to guarantee coexsitence with other systems.
2.3 ACLR

For in-band and guard-band operation, a NB-IoT should not cause more interference to neighbouring systems than the LTE. So it is suggested that ACLR of LTE UE for different system bandwidths is reused for NB-IoT. However for stand-alone NB-IoT, it depends on whether SEM requirements can protect adjacent channel or not. Using E-UTRA spectrum mask as proposed earlier in this contribution implies that ACLR requirements must be defined as well. However it seems that RAN4 should first agree on the approach for specifying ACLR and SEM, before specifying such requirements.

2.4 EVM

In the WF [1] it was agreed to study single tone pi/2 BPSK, and single tone pi/4 QPSK modulations. These two modulations are proposed because of their low PAR properties. So by using these modulations it is possible to possible to achieve better power efficiency by requiring less back-off in the PA. In order to utilize the advantage of high power efficiency modulation it is proposed to reuse the QPSK EVM requirements for the new modulation format and allow operation of PA closer to saturation.

2.5 Spurious emission
The general spurious emission requirements can be the same as that of E-UTRA as in Table 6.6.3.1-2. Regarding the boundary between the out-of-band emission and the spurious emission, it is recommended by the ITU to use 250% or more of the bandwidth of the system [5]. However the exact number will depend on the agreed spectrum emission mask which will be specified based on the coexistence simulations. 

Additional spurious emission has been considered for some E-UTRA bands, and whether such additional spurious requirements are needed for NB-IoT should be justified by simulations.

2.6 In-band emission

The in-band emission is defined as the average across 12 sub-carrier and as a function of the RB offset from the edge of the allocated UL transmission bandwidth. The in-band emission is measured as the ratio of the UE output power in a non–allocated RB to the UE output power in an allocated RB.
In-band emission is caused mainly by I/Q gain imbalance of quadrature modulations. It is FFS whether such requirements are needed as RAN4 is considering polar modulator as reference transmitter model.
3 Conclusion
In this contribution we looked at the core RF requirements for UE transmitter and made the following proposal:
· MPR and A-MPR should be specified based on simulations after UL modulation schemes  are agreed in RAN1 and the SEM is specified by RAN4

· The approach for specifying SEM and ACLR should be first justified and agreed in RAN4, and then the requirements are specified
· Reuse the EVM requirements of QPSK for the new modulation formats in NB-IoT UL
· General spurious emission of E-UTRA can be applied to NB-IoT. The boundary between SEM and spurious emission depends on the agreed SEM requirements

· Whether in-band emission requirements are needed for NB-IoT depends on the reference transceiver architecture
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