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Introduction
As per FCC specification # 90.691, emission limits at lower band edge of UE operating in B26, has to meet -20dBm in 37.5 KHz BW (i.e. integrated from 813.9625MHz till 814MHz). For NB1 devices in guard band operation, this imposes a stringent emission spec than the 3GPP ACLR/SEM limits. 
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Fig. 1. FCC Band edge emission limits for UE operating in B26

As seen in Figure1, as per FCC# 90.691, the spurious emission @ band edge of B26 should be attenuated from the desired carrier by (which-ever is less of the below) 
· 116*log10(F/6.1), where F is in KHz and is taken as 18.75 (i.e. 37.5KHz / 2), since integration BW is 37.5KHz. i.e. 56.5 dBc
· 50 + 10*log10(P) where P is transmitted power in W, i.e. 43 dBc for Power Class 3 & 40dBc for Power Class 5.
· 80dB. 
Hence as per FCC # 90.691, we need to have the emission @ lower Band edge of B26, to be below -20dBm (i.e. -43dBc for class 3 or -40dBc for class 5 operation) integrated over 37.5KHz BW (i.e. from 813.9625MHz to 814MHz). For NB1 device operating in Guard band with LO at 814.1MHz (i.e. ARFCN # 26691), we see that this band-edge emission imposes a much stringent requirement than 3GPP SEM/ACLR limits. 


Discussion

For NB1 device operating in B26, ARFCN # 26691, multi-tone allocation, we observe that we would not be able to meet the band edge emission specification of -43dBc, even with the modem base band waveform (without even accounting for DA/PA nonlinearities) as shown in Fig. 2.   
[image: ]
Fig. 2. NB1 –12 tone, BB Waveform spectrum, Band edge emission for ARFCN#26691, i.e. LO # 814.1 MHz 

If we limit the NB1 guard band allocation to LO > = 814.2 MHz , then we would be able to meet the band edge emission limit of -43 dBc as shown in Figure 3. 
Similarly, in case of single tone operation, for 3.75KHz sub-carrier spacing, we see that if the NB1 tone is operating in guard band operating with LO @ 814.1MHz, then we would be failing the FCC band edge limit, if the tone is allocated in the first 10 position (i.e. Pos # 0 till Pos # 10) for class 3 operation.
Hence for NB1 device allocated in ARFCN#26691, and operating in single tone, 3.75KHz sub-carrier spacing, we would like to limit the allocation to tone positions greater than pos # 10 (i.e. restrict Pos#0 till Pos#10 and allow only from pos#11 to Pos #47 for ARFCN# 26691 in B26). 
[image: ]
Fig. 3. NB1 –12 tone Power spectrum, Band edge emission for LO # 814.2 MHz 
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Fig. 4. NB1 – Single tone 3.75KHz SC spacing, tone Pos # 0, BB Waveform spectrum, Band edge for LO # 814.1 MHz
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Fig. 5. NB1 – Single tone 3.75KHz SC spacing, Pos #11, BB Waveform spectrum, Band edge for LO # 814.1 MHz

Conclusion
Proposal:
To meet the FCC band edge requirement of -43dBc in B26:
i) For NB1 multi-tone allocation operating guard band of B26, limit the allocation of LO>= 814.2MHz (i.e. ARFCN # 26692) 
ii) In case of single tone, 3.75KHz SC spacing, operating in ARFCN#26691 (i.e. LO = 814.1MHz), limit the allocation to tone positions greater than pos # 10 (i.e. restrict Pos#0 till Pos#10 and allow only from pos#11 to Pos #47). 
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Private Land Mobile Radio Services

§90.601 Emission limits

(a) Out-of-band emission requirement shall apply
only to the ‘outer’ channels included in an EA license and
to spectrum adjacent to interior channels used by
incumbent licensees. The emission limits are as follows:
(1) For any frequency removed from the EA
licensee's frequency block by up to and including 37.5
KkHz. the power of any emission shall be attenuated below
the transmitter power (P) in watts by at least 116 Log
or 50 + 10 Log (P) decibels or S0 decibels,
whichever is the lesser attenuation, where f is the
frequency removed from the center of the outer channel in
the block in kilohertz and where f is greater than 12.5
kHz.
(2) For any frequency removed from the EA
licensee's frequency block greater than 37.5 kHz, the
power of any emission shall be attenuated below the
transmitter power (P) in watts by at least 43 + 10Log (P)
decibels or 80 decibels, whichever is the lesser
attenuation, where f is the frequency removed from the
center of the outer channel in the block in kilohertz and
where f is greater than 37.5 kHz.
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