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The requirements of spurious emission in protected band for NB-IoT are inherited from legacy LTE in Clause 6.6.3.2 of [1]. Compared with legacy LTE, the frequency gap between the NB-IoT edge sub-carrier and the protected band can be much smaller, owing to the much smaller channel bandwidth for NB-IoT (i.e. 200 kHz) compared with LTE. This could make some of the NB-IoT spurious emission requirements much more stringent than the SEM or ACLR requirements for NB-IoT. A particular issue is the 1915-1920 MHz protected band since the high end of this protected band is immediately adjacent to an NB-IoT channel centered on 1920.1 MHz (it should be noted that an NB-IoT channel includes no explicit guard-band, unlike LTE). In this paper, we discuss the details of such a scenario and propose a remedy for the problem.
Discussion
The special scenario
Below is the co-existence requirement for band 1, copied from [1].
Table 6.6.3.2-1: Requirements
	E-UTRA Band
	Spurious emission 

	
	Protected band
	Frequency range (MHz)
	Maximum Level (dBm)
	MBW (MHz)
	NOTE

	1
	E-UTRA Band 1, 3, 5, 7, 8, 11, 18, 19, 20, 21, 22, 26, 27, 28, 31, 32, 38, 40, 41, 42, 43, 44, 45, 65, 67, 68, 69
	FDL_low 
	-
	FDL_high
	-50
	1
	

	
	E-UTRA Band 34
	FDL_low 
	-
	FDL_high
	-50
	1
	15

	
	Frequency range
	1880
	
	1895
	-40
	1
	15, 27

	
	Frequency range
	1895
	
	1915
	-15.5
	5
	15, 26, 27

	
	Frequency range
	1915
	
	1920
	+1.6
	5
	15, 26, 27



The most demanding case is when the NB-IoT UL channel is deployed at the low range of band 1, i.e. 1920.1 MHz, given that there is a protected frequency range from 1915-1920 MHz (highlighted in yellow above). The frequency arrangement is depicted below.
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In this case, the protected frequency range is right next to the NB-IoT channel and the gap to the first 
This is effectively a very tight ACLR requirement. Particularly for single-tone transmission at sub-carrier index 0 or 1, the spurious emission is dominated by the side-lobes of the single-tone NB-IoT spectrum (based on a sinc-shape but with some filtering to meet the SEM while avoiding excess EVM). The effective ACLR requirement is: max TX power – spurious emission limit = 23-1.6 = 21.4 dB.
Comparison with SEM and ACLR
Consider first the spectrum emission mask (SEM) for NB-IoT, see table below. It can be seen that this takes account of the spectral shape of an NB-IoT signal. The frequency offset ΔfOOB starts from the edges of the NB-IoT channel, which in the worst case of the 1920.1 MHz channel is also the edge of the protected band. It can be seen that the SEM allows very substantially more energy within the protected band than is allowed by the spurious emissions requirement. In other words, the spurious emissions requirement is effectively demanding a much tighter SEM for transmissions on this channel.
Table 6.6.2F.1-1: category NB1 and NB2 UE spectrum emission mask 
	ΔfOOB (kHz)
	Emission limit (dBm)
	Measurement bandwidth

	 0
	26
	30 kHz 

	 100
	-5
	30 kHz

	 150
	-8
	30 kHz

	 300
	-29
	30 kHz

	 500-1700
	-35
	30 kHz



Another perspective is to consider the NB-IoT ACLR requirement. One of the ALCR requirements for NB-IoT is defined for an adjacent GSM channel that is 300 kHz away from the NB-IoT channel center. Compared with the spurious emissions scenario depicted in Figure 1, there is an extra gap of 100 kHz between the two channels. However, the required ACLR is only 20 dB including the extra 100 kHz gap, which is lower than the effective ACLR requirement (i.e. 21.4 dB) without any gap that is implied by the spurious emissions co-existence requirement for the case of NB-IoT uplink on 1920.1 MHz.
Table 6.6.2F.3-1: category NB1 and NB2 UE ACLR requirements
	
	GSMACLR
	UTRAACLR

	ACLR
	20 dB
	37 dB

	Adjacent channel
 center frequency offset
from category NB1 or NB2 Channel edge
	±200 kHz
	±2.5 MHz

	Adjacent channel
measurement bandwidth
	180 kHz
	3.84 MHz

	Measurement filter
	Rectangular
	RRC-filter α=0.22

	Category NB1 and NB2 channel measurement bandwidth
	180 kHz
	180 kHz

	Category NB1 and NB2 channel Measurement filter
	Rectangular
	Rectangular



It can be seen that a NB-IoT UE which complies with both the SEM and ALCR requirements can substantially fail the co-existence requirement for this particular corner case.
Potential solution
To address the problem, we propose to follow the existing approach used for legacy LTE which applies some special constraints on the spurious emissions requirements to avoid corner cases. For example, in Note 27 of Table 6.6.3.2-1 of [1], the max transmission bandwidth is reduced to 54 RB; in Note 34, the max transmission bandwidth is reduced to 30 RB with RBstart > 1 and RBstart < 48. Therefore, we propose a similar approach for NB-IoT:
Proposal: Amend Note 27 of Table 6.6.3.2-1 of [1] as below:
NOTE 27: This requirement is applicable for any channel bandwidths within the range 1920 - 1980 MHz with the following restriction: for carriers of 15 MHz bandwidth when carrier centre frequency is within the range 1927.5 - 1929.5 MHz and for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 1930 - 1938 MHz the requirement is applicable only for an uplink transmission bandwidth less than or equal to 54 RB; for carriers of category NB1 and NB2 when carrier centre frequency is 1920.1 MHz, the requirement for single-tone uplink transmissions is applicable only for sub-carrier index > 1.

The aim of this proposal is to eliminate the most problematic aspects of the corner case (single-tone UE transmissions on the two lowest frequency sub-carriers when the NB-IoT channel is at 1920.1 MHz and so is immediately adjacent to the 1915-1920 MHz protected band) whilst having no impact on any other NB-IoT scenarios. 
Summary
[bookmark: _Ref129681832][bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]A corner case has been identified in the spurious emission band 1 UE coexistence requirement for NB-IoT. It occurs when deploying an NB-IoT channel in standalone mode on the lowest NB-IoT channel in band 1, i.e. centered on 1920.1 MHz. Given that this corner case is currently imposing a much more difficult requirement on the UE than the SEM and ACLR requirements, we propose to constrain the requirement as below in order to eliminate the most problematic aspects of the corner case whilst having no impact on any other NB-IoT scenarios:
Proposal: Amend Note 27 of Table 6.6.3.2-1 of [1] as below:
NOTE 27: This requirement is applicable for any channel bandwidths within the range 1920 - 1980 MHz with the following restriction: for carriers of 15 MHz bandwidth when carrier centre frequency is within the range 1927.5 - 1929.5 MHz and for carriers of 20 MHz bandwidth when carrier centre frequency is within the range 1930 - 1938 MHz the requirement is applicable only for an uplink transmission bandwidth less than or equal to 54 RB; for carriers of category NB1 and NB2 when carrier centre frequency is 1920.1 MHz, the requirement for single-tone uplink transmissions is applicable only for sub-carrier index > 1.
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