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1	Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]In RAN4#82, a WF to further investigate the implication of the flexible channel bandwidth was agreed in the following [1].

· To study if UE RF requirements can be parameterized over channel bandwidth, specifically, for those requirements not channel bandwidth independent nor linearly scalable with channel bandwidth, such as MPR and A-MPR.
· To study if defining a finite set of channel bandwidth (including asymmetrical CH BWs for UL & DL) for UE RF specifications is sufficient for performance and functional test coverage?
· For example, if X MHz and Y MHz (two adjacent test points) were defined for test specifications, can passing X MHz and Y MHz requirements guarantee that any BW between X MHz and Y MHz would also fulfill the performance and functional requirements?   
· Study the possibility that some UE RF specifications for an arbitrary channel bandwidth not in the finite set can be derived from those for channel bandwidth in the finite set in any necessary way of combination?
· This way forward focuses on UE RF requirements only. The study results may later be considered to apply for BS RF requirements. 

In this paper, we discuss how the flexible channel bandwidth and requirement can be specified for UE transmitter requirements, which are bandwidth dependent.

2	Discussion
In this paper, we discuss the following UE transmitter requirements, which are channel bandwidth dependent in E-TURA specifications. Noted that ACLR, MPR, and A-MPR are also bandwidth dependent but will be discussed in separate agenda [2,3]. 
· Occupied bandwidth
· Spurious emissions
· Spectrum emission mask
· Transmitter intermodulation
Noted that it is not excluded that more requirement can be bandwidth dependent in the NR.

2.1 Occupied bandwidth
In E-UTRA specification, the occupied bandwidth shall be less than the channel bandwidth, i.e., 1.4, 3, 5, 10, 15 or 20MHz, respectively. Also for NB-IoT standalone operation, the occupied bandwidth shall be less than 200kHz for the NB-IoT carrier, which is the same as NB-IoT channel bandwidth. It is natural to assume the occupied bandwidth shall be less than the channel bandwidth even when the flexible channel bandwidth is considered.
Observation 1: The occupied bandwidth for the flexible channel bandwidth can be specified in that it shall be less than the flexible channel bandwidth.

2.2 Spurious Emission
E-UTRA UE spurious emission requirement is based on Category B limit and the spurious region is specified from the channel edge in the following table.
Table 2.2-1: TS36.101 Table 6.6.3.1-1: Boundary between E-UTRA out of band and spurious emission domain
	Channel bandwidth 
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz

	OOB boundary FOOB (MHz)
	2.8
	6
	10
	15
	20
	25



It was agreed in the NR SI phase that NR UE shall meet the same spurious limit as that of E-UTRA for the frequency range 1, i.e., below [6] GHz. How to treat FOOB of larger bandwidth than 20 MHz of NR is FFS [4]. 
(Noted that the exact threshold frequency for the range 1 is not final yet and will be worked during WI phase.)
For the flexible channel bandwidth between 1.4 and 5MHz, it is straightforward to use the linear interpolation of FOOB, because it is based on ITU-R spurious emission rule of 250% [5-7]. FOOB shall be the channel bandwidth multiplied by 2.
Observation 2: Between 1.4MHz and 5MHz, the linear interpolation of FOOB is aligned with ITU-R recommendations.
On the other hand, for the channel bandwidth 10MHz or wider, E-UTRA spurious region is more tightly specified than ITU-R recommendations and is not based on 250% rule. The boundary is BW+5 MHz.
This is also applied to the wider bandwidth transmission supported by carrier aggregation shown in Table 2.2-2, where the OOB boundary is specified to be BWChannel_CA + 5 MHz.
Table 2.2-2: TS36.101 Table 6.6.3.1A-1: Boundary between E-UTRA out of band and spurious emission domain for intra-band contiguous carrier aggregation
	CA Bandwidth Class
	OOB boundary FOOB
(MHz)

	A
	Table 6.6.3.1-1

	B
	BWChannel_CA + 5

	C
	BWChannel_CA + 5



CA bandwidth class C is up to 40MHz, thus between 5 MHz and 40 MHz, the OOB boundary can be represented by BW+5 MHz in E-UTRA requirements.
Observation 3: Between 5MHz and 40MHz, FOOB for E-UTRA is formulated by BW+5 MHz for E-UTRA channel bandwidth or aggregated channel bandwidth.
If we linearly interpolate FOOB, then the OOB boundary can be specified for any flexible BW in Table 2.2-3.
Table 2.2-3: Example of spurious domain for flexible channel bandwidth
	Channel bandwidth 
	BW ≤ 5 MHz
	BW > 5 MHz

	OOB boundary FOOB (MHz)
	2 BW
	BW+5



There was an early study on the transmission bandwidth up to 100MHz in the LTE-Advanced study phase [8], which indicates that Table 2.2-3 can be still used for 100MHz for the E-UTRA carrier aggregation up to 5 carriers. Considering that NR waveform possibly support better spectrum confinement (though it is also up to the spectrum utilization, i.e., the transmission bandwidth), it is likely feasible to meet the OOB boundary as specified in Table 2.2-3 for wider channel bandwidth up to 100 MHz and better spectrum utilization more than 90%.
Observation 4: The generalized OOB boundary for spurious emission requirement in Table 2.2-3 is likely applicable up to 100MHz NR channel bandwidth.

2.3 Spectrum Emission Mask
E-UTRA UE spectrum emission mask is defined for each channel bandwidth in Table 2.3-1.
Table 2.3-1: TS36.101 Table 6.6.2.1.1-1: General E-UTRA spectrum emission mask 
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	1.4
MHz
	3.0
MHz
	5
MHz
	10
MHz
	15
MHz
	20
MHz
	Measurement bandwidth

	 0-1
	-10
	-13
	-15 
	-18
	-20
	-21
	30 kHz 

	 1-2.5
	-10
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	 2.5-2.8
	-25
	-10
	-10
	-10
	-10
	-10 
	1 MHz

	 2.8-5
	
	-10
	-10
	-10
	-10
	-10
	1 MHz

	 5-6
	
	-25
	-13
	-13
	-13
	-13
	1 MHz

	 6-10
	
	
	-25
	-13
	-13 
	-13 
	1 MHz

	 10-15
	
	
	
	-25
	-13 
	-13 
	1 MHz

	 15-20
	
	
	
	
	-25 
	-13 
	1 MHz

	 20-25
	
	
	
	
	
	-25 
	1 MHz



In the NR SI phase, it was agreed that NR UE shall meet the same SEM limit as that of LTE up to 20 MHz channel bandwidth [4] for the frequency range 1, i.e., below [6] GHz. Note that the exact threshold frequency for the range 1 is not final yet and will be worked during WI phase.
Beyond 20MHz, in E-UTRA, SEM for carrier aggregation is specified in Table 2.3-2 for CA bandwidth Class C, which is up to 40MHz. It is never agreed to use this mask but it would be natural for the NR to align with this requirement if the channel bandwidth is between 20 and 40 MHz.
Table 2.3-2: TS36.101 Table 6.6.2.1A-1: General E-UTRA CA spectrum emission mask for Bandwidth Class C
	Spectrum emission limit [dBm]/BWChannel_CA

	ΔfOOB
(MHz)
	25RB+100RB
(24.95MHz)
	50RB+100RB
(29.9 MHz)
	75RB+75RB (30 MHz)
	75RB+100RB
(34.85 MHz)
	100RB+100RB
(39.8 MHz)
	Measurement bandwidth

	 0-1
	-22
	-22.5
	-22.5
	-23.5
	-24
	30 kHz

	 1-5
	-10
	-10
	-10
	-10
	-10
	1 MHz

	 5-24.95
	-13
	-13
	-13
	-13
	-13
	1 MHz

	 24.95-29.9
	-25
	-13
	-13
	-13
	-13
	1 MHz

	 29.9-29.95
	-25
	-25
	-13
	-13
	-13
	1 MHz

	 29.95-30
	
	-25
	-13
	-13
	-13
	1 MHz

	 30-34.85
	
	-25
	-25
	-13
	-13
	1 MHz

	 34.85-34.9
	
	-25
	-25
	-25
	-13
	1 MHz

	 34.9-35
	
	
	-25
	-25
	-13
	1 MHz

	 35-39.8
	
	
	
	-25
	-13
	1 MHz

	 39.8-39.85
	
	
	
	-25
	-25
	1 MHz

	 39.85-44.8
	
	
	
	
	-25
	1 MHz



Table 2.3-1 and 2.3-2 can be can be formulated in the following.
Observation 5: For bandwidth between 5MHz and 40MHz, the E-UTRA emission limit is -8-10Log(BW) dBm for ΔfOOB 0 to 1MHz, -10 dBm/MHz for ΔfOOB 1 to 5MHz, -13 dBm for 5 to BW MHz, -25 dBm for BW to BW+5 MHz.
Therefore, the possible generalization for flexible bandwidth is presented in Table 2.3-3 for the channel bandwidth 5MHz or wider.
Table 2.3-3: Possible generalization of spectrum emission mask
	Spectrum emission limit (dBm)/ Channel bandwidth

	ΔfOOB
(MHz)
	5 ≤ BW
MHz
	Measurement bandwidth

	 0-1
	8+10Log10(BW)
	30 kHz 

	 1-5
	-10
	1 MHz

	 5-BW
	-13
	1 MHz

	 BW – BW+5
	-25
	1 MHz



There was an early study on the transmission bandwidth up to 100MHz in the LTE-Advanced study phase [8], which indicates that Table 2.3-3 can be still used for 100MHz for the E-UTRA carrier aggregation up to 5 carriers. Considering that NR waveform possibly support better spectrum confinement (though it is also up to the spectrum utilization, i.e., the transmission bandwidth), it is likely feasible to meet the generalized spurious emission mask as specified in Table 2.3-3 and better spectrum utilization more than 90%.
Observation 6: The generalized spurious emission requirement in Table 2.3-3 is likely applicable up to 100MHz NR channel bandwidth.

2.4 Transmitter Intermodulation
In E-UTRA specification, Transmitter Intermodulation for 5/10/15/20 MHz channel bandwidth is specified. Transmitter intermodulation requirement is to verify the basic linearity of the transmitter. It is not likely that the transmitter intermodulation is required for every flexible channel bandwidth. It is sufficient to verity it, for example, at UE maximum channel bandwidth and at a narrower system bandwidth, for example, 5MHz and 100MHz if UE maximum channel bandwidth is 100MHz.
Observation 7: It is not required to specify transmitter intermodulation for flexible channel bandwidth.

3	Conclusions
In this contribution, we have discussed the conducted transmitter requirements for the flexible channel bandwidth for the frequency range 1 (below [6] GHz). The following observations are derived from technical analysis.
[bookmark: _GoBack]
Observation 1: The occupied bandwidth for the flexible channel bandwidth can be specified in that it shall be less than the flexible channel bandwidth.
Observation 2: Between 1.4MHz and 5MHz, the linear interpolation of FOOB is aligned with ITU-R recommendations.
Observation 3: Between 5MHz and 40MHz, FOOB for E-UTRA is formulated by BW+5 MHz for E-UTRA channel bandwidth or aggregated channel bandwidth.
Observation 4: The generalized OOB boundary for spurious emission requirement in Table 2.2-3 is likely applicable up to 100MHz NR channel bandwidth.
Observation 5: For bandwidth between 5MHz and 40MHz, the E-UTRA emission limit is -8-10Log(BW) dBm for ΔfOOB 0 to 1MHz, -10 dBm/MHz for ΔfOOB 1 to 5MHz, -13 dBm for 5 to BW MHz, -25 dBm for BW to BW+5 MHz.
Observation 6: The generalized spurious emission requirement in Table 2.3-3 is likely applicable up to 100MHz NR channel bandwidth.
Observation 7: It is not required to specify transmitter intermodulation for flexible channel bandwidth.
The requirement such as occupied bandwidth, spectrum emission mask and spurious emissions are often directly related to the regulations. If the flexible channel bandwidth is deployed, emission characteristics would need to be specified. The formulation presented above can be considered for the specifications in that case.
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