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1 Introduction

The WF[1] on the NB-IOT BS emission requirements was agreed in last RAN4 meeting, including the three NB-IOT operations, which are in-band operation, guard-band operation and stand-alone operation.For the in-band operation, it was agreed that it can meet the current LTE out-of-band emission requirements (including ACLR and UEM), even with up to 6dB power boosting of one PRB. However, no consequences on the guard-band operation and the stand-alone operation, which are:
Guard-band operation:

· To investigate what emission requirement (including ACLR and UEM) should be specified for the combined LTE and NB-IOT carriers 

Stand-alone operation:
· To investigate if GSM emission mask in TS 45.005 can be re-used for NB-IOT stand-alone operation, considering the coexistence simulation work. 

In this paper, we mainly focus on the guard-band operation and give some considerations on NB-IOT BS out-of-band emission requirements.
2 Discussion
In the last meeting, there are also two papers[2][3] to discuss the NB-IOT BS esmission. In [2], the GSM emission mask and the current LTE out-of-band emission requirement (including ACLR and UEM) in TS 36.104 can be applied to the NB-IOT only operation and the combined LTE and NB-IOT carrier in guard-band  operation repectively, and in [3] the requirements in MSR will be applied to guard-band operation and a new requirements may be defined for stand-alone case.
In general, the out-of-band emission is the emission on a frequency or frequencies immediately outside the necessary bandwidth which results from the modulation process, but excluding spurious emissions. For LTE single carrier operation, the necessary bandwidth is the channel bandwidth. Three ways are used for out-of-band emission requirement in RAN4 BS specifications, namely Occupied Bandwidth, UEM and ACLR.
From[1], the guard-band operation means the NB-IOT carrier is located in the guard-band of the LTE carrier to utilize the unused resource blocks within a LTE carrier’s guard-band. It can be illustrated in Figure 1.
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Figure 1. Illustration for NB-IOT guard-band operation
For simplicity, we call the combiner case as the whole carrier. Based on the previous discussion, the subcarrier spacing of 15KHz is adopted for NB-IOT DL, and the orthogonality between NB-IOT carrier and LTE carrier will be kept, which means no interference between NB-IOT carrier and LTE carrier.
In general, the RF requirements are specified based on the frequency reference point, especially for the transmitter out-of-band emission requirements. In the current specifications, some terminologies such as lower/upper edges are defined to the usage of the frequency reference point for transmitter and receiver requirements. 
Due to the NB-IOT is located in the guard-band of the LTE carrier, the RF bandwidth supporting LTE carrier and NB-IOT carrier can be seen as same as the channel bandwidth, which means the frequency reference point for the whole carrier is same with the LTE single carrier, although NB-IOT and LTE are two different RATs from physical aspect.

From our understanding, the whole carrier will behave like a LTE carrier, and the channel bandwidth can be applied to the whole carrier. From the definition of the occupied bandwidth, it is reasonable that the occupied bandwidth for the whole carrier shall be less than the channel bandwidth for the guard-band operation, the situation for the in-band operation is similar.
Proposal 1. The occupied bandwidth requirement in TS36.104 can be applied to NB-IOT in-band/guard-band operation.
For the ACLR and UEM, from the co-existence aspect, the whole carrier shall be co-exist with the other carriers well like LTE carrier. It means the out-of-band emission requirement for the whole carrier shall be meet the current LTE requirements.
Proposal 2. The ACLR/UEM requirements in TS36.104 can be applied to NB-IOT guard-band operation.
Further, in the current specification, the ACLR minimum requirement is defined with a square filter of bandwidth equal to the transmission bandwidth configuration of the transmitted signal (BWConfig) centred on the assigned channel frequency and a filter centred on the adjacent channel frequency according to the tables defined in TS36.104, where two cases of both the adjacent UTRA carriers and E-UTRA carrier with different bandwidths are defined, i.e. ACLR/UTRA and ACLR/E-UTRA in a 1st and 2nd depending on paired or unpaired spectrum. 
It can be seen that the filter bandwidth on the assigned channel frequency is equal to the transmission bandwidth configuration(BWConfig), where the transmission bandwidth configuration(BWConfig) is defined as the highest transmission bandwidth allowed for uplink or downlink in a given channel bandwidth, measured in Resource Block units. In the uplink,  BWConfig = NRB x 180 kHz and in the downlink, BWConfig = 15 kHz + NRB x 180 kHz. When the NB-IOT is located in the LTE carrier’s guard-band, the assign channel  frequency includes LTE carrier and NB-IOT carrier, thus the filter bandwidth should cover the mean power of the whole carrier. 
There are lots of possible positions of multiple 15kHz to locate the NB-IOT carrier within the LTE carrier’s guard-band and ACLR requirement should consider all the possible cases. Due to the subcarrier spacing of 15KHz is kept, the NB-IOT located in the LTE carrier’s guard-band will behave like a LTE PRB. When the NB-IOT is located closely adjacent to the LTE outmost PRB, the transmission bandwidth configuration should be  15 kHz + (NRB+1) x 180 kHz in the downlink. But when the NB-IOT and the LTE is not contiguous, the BWConfig may not be applid and the mean power measured by the filter should cover the power leakage between the NB-IOT and the outmost LTE PRB, in this cases, maybe the channel bandwidth can be applied, but it needs further studied.
In addition, when the adjacent carrier in a 1st and 2nd adjacent channel is NB-IOT guard-band operation mode, the RF bandwidth for the whole carrier is also equal to LTE channel bandwidth, thus the square filter bandwidth on the adjacent channel frequency should also needs to be defined.
3
Conclusions
The BS out-of-band emission requirements for NB-IOT guard-band operation is discussed in this paper, the proposals are:

Proposal 1. The occupied bandwidth requirement in TS36.104 can be applied to NB-IOT in-band/guard-band operation.

Proposal 2. The ACLR/UEM requirements in TS36.104 can be applied to NB-IOT guard-band operation.
Due to the potentinal lots of positions of multiple 15kHz to locate the NB-IOT carrier within the LTE carrier’s guard-band, thus the square filter bandwidth in the assigned channel frequency needs to be defined. In addition, when the 1st and 2nd adjacent channel is NB-IOT guard-band operation mode, the square filter bandwidth on the adjacent channel frequency should also needs to be defined.
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