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1. Introduction
In RAN4 #86bis meeting, the out-of-band emissions for frequency range 2 (FR2) was further discussed, but RAN4 did not reach the conclusion as to which mask type is suitable. The mask type has not been clarified yet.
In this contribution, we further discuss on open issues on out-of-band emissions for FR2.
2. Current agreement

 In the last meeting, the following options for out-of-band emissions requirement were agreed [1].

· Agree on FR2 NR BS emission mask and out of band boundary in RAN4#87
· Two options will be developed for final selection. Both options shall be complete packages including mask definition, out of band boundary and all related terms and definitions 
1. OBUE based mask 
· Mask is based on Prated,t,TRP
· Mask levels are scaled according to Prated,t,TRP
· Split between masks will be within range [25, ... ,35] dBm for rel15
2.  Carrier centric mask
· Mask is based on Prated,t,TRP
· Mask levels are scaled according to Prated,t,TRP 
· Split between masks will be within range [25, ..., 35] dBm for rel15
· Gap involved in non-contiguous transmission within a single operating band shall not be part of spurious domain
Based on RAN4 response to ITU-R WP5D [2], the SEM requirement was specified in TS 38.104 [3]
· TS 38.104 [3]
Table 9.7.4.3.2-1: SEM applicable for [PTx ≥ 35 dBm] in the frequency range 24.24 – 33.4 GHz and 
[PTx ≥ 33 dBm] in the frequency range 37 – 52.6 GHz

	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0 ( (f < 10% of the total transmission bandwidth 
	-5 dBm
	1 MHz

	10% of the total transmission bandwidth ( (f < OOB boundary
	-13 dBm
	1 MHz


Table 9.7.4.3.2-2: SEM applicable for [PTx < 35 dBm] in the frequency range 24.24 – 33.4 GHz 

	Frequency offset from “edge of transmission” Δf
	Llimit
	Measurement bandwidth

	0 ( (f < 10% of the total transmission bandwidth 
	[Max(PTx – 40 dB, -12 dBm)]
	1 MHz

	10% of the total transmission bandwidth ( (f < OOB boundary
	[Max(PTx – 48 dB, -20 dBm)]
	1 MHz


Table 9.7.4.3.2-3: SEM applicable for [PTx < 33 dBm] in the frequency range 37 – 52.6 GHz

	Frequency offset from “edge of transmission” Δf
	Limit
	Measurement bandwidth

	0 ( (f < 10% of the total transmission bandwidth 
	[Max(PTx – 38 dB, -12 dBm)]
	1 MHz

	10% of the total transmission bandwidth ( (f < OOB boundary
	[Max(PTx – 46 dB, -20 dBm)]
	1 MHz


In following section, we discuss above open issues.
3. Discussion

3.1. Mask type
In general, the emission mask should be based on ITU-R recommendation. According to Recommendations ITU-R SM.1539-1[4], the boundary between out-of-band domain and spurious domain is generally specified as 250% frequency offsets from center frequency of the necessary bandwidth. The boundary definition of carrier centric mask will be specified as based on Recommendations ITU-R SM.1539-1. On the other hand, the boundary definition of OBUE based mask will be specified as the fixed frequency offsets from operating band edge, and that is not aligned with the ITU-R recommendation. In addition, the current agreement is based on RAN4 LS response to ITU-R WP5D [2]. In the LS response [2], the carrier centric mask was adopted. If the mask type is changed to OBUE based mask from carrier centric based mask, the mask requirement does not align with the LS response. Therefore, in ITU-R recommendation perspective and LS response to ITU-R WP5D perspective, the carrier centric mask is more suitable than OBUE based mask.
Proposal 1: RAN4 should adopt option 2 (carrier centric mask) for out-of-band emissions requirement in FR2. 

3.2. Total transmission bandwidth definition
If base station RF bandwidth is used for definition of the total transmission bandwidth, the mask domain and 10% of the total transmission bandwidth domain can be too wide in the case of non-contiguous CA case. The contiguous carrier bandwidth is appropriate for the definition of the total transmission bandwidth, since the mask requirement applies per contiguous carrier(s)
Proposal 2: Define the contiguous transmission bandwidth instead of the total transmission bandwidth.
contiguous transmission bandwidth: RF bandwidth in which a base station transmits single or contiguous multiple carrier(s) within a supported operating band 

NOTE:
In single carrier operation, the contiguous transmission bandwidth is equal to the BS channel bandwidth.
3.3. OOB boundary
The OOB boundary was not treated in WF [1], but it is necessary to clarify the definition to finalize the requirement. Based on ITU-R recommendation SM. 1539-1, for general case (BWcontiguous < 500MHz), the frequency separation from the contiguous transmission bandwidth edge is proposed “2*BWcontiguous”, for wideband case (500MHz ≤ BWcontiguous), the frequency offset “BWcontiguous + 500MHz” from the contiguous transmission bandwidth edge is proposed. Our proposal for OOB boundary is summarized in Table 1. 
Proposal 3: Based on ITU-R recommendation SM. 1539-1, OOB boundary is proposed as shown in table 1.

Proposal 4: New symbols, ΔfSEM and BWcontiguous, are defined for out-of-band emissions requirement.
Table 1: OOB boundary for FR2
	Center frequency of the contiguous transmission bandwidth
fc
	The contiguous transmission bandwidth BWcontiguous
	The maximum offset of spectrum emission mask from the contiguous transmission bandwidth edge
ΔfSEM

	24.25GHz ≤ fc ≤ 56GHz
	BWcontiguous < 500MHz
	2*BWcontiguous

	
	500MHz ≤ BWcontiguous
	BWcontiguous + 500MHz


ΔfSEM
Maximum offset of the spectrum emissions mask from the contiguous  transmission bandwidth edge
BWcontiguous 

The contiguous transmission bandwidth 

3.4. Summary of proposals

Based on above proposals, we summarized in requirement table. In addition, we propose to add “the frequency offset of measurement filter centre frequency, f_offset” to the requirement table to align the table structures between FR1 and FR2.
Proposal 4: The following tables are proposed for out-of-band emissions requirement.
Table 9.7.4.3.2-1: SEM applicable for [PTx ≥ 35 dBm] in the frequency range 24.25 – 33.4 GHz and 
[PTx ≥ 33 dBm] in the frequency range 37 – 52.6 GHz

	Frequency offset of measurement filter -3dB point, Δf
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth


	0 ( (f < 0.1* BWcontiguous 
	0.5 MHz ( f_offset < 0.1* BWcontiguous +0.5MHz
	-5 dBm
	1 MHz

	0.1* BWcontiguous ( (f <  (fmax
	0.1* BWcontiguous +0.5MHz ( f_offset < f_ offsetmax
	-13 dBm
	1 MHz


Table 9.7.4.3.2-2: SEM applicable for [PTx < 35 dBm] in the frequency range 24.25 – 33.4 GHz 

	Frequency offset of measurement filter -3dB point, Δf
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 ( (f < 0.1* BWcontiguous 
	0.5 MHz ( f_offset < 0.1* BWcontiguous +0.5MHz
	[Max(PTx – 40 dB, -12 dBm)]
	1 MHz

	0.1* BWcontiguous ( (f <  (fmax
	0.1* BWcontiguous +0.5MHz ( f_offset < f_ offsetmax
	[Max(PTx – 48 dB, -20 dBm)]
	1 MHz


Table 9.7.4.3.2-3: SEM applicable for [PTx < 33 dBm] in the frequency range 37 – 52.6 GHz

	Frequency offset of measurement filter -3dB point, Δf
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 ( (f < 0.1* BWcontiguous 
	0.5 MHz ( f_offset < 0.1* BWcontiguous +0.5MHz
	[Max(PTx – 38 dB, -12 dBm)]
	1 MHz

	0.1* BWcontiguous ( (f <  (fmax
	0.1* BWcontiguous +0.5MHz ( f_offset < f_ offsetmax
	[Max(PTx – 46 dB, -20 dBm)]
	1 MHz


Changes are highlighted in yellow.
Our proposals in this contribution are captured in another contribution, draft CR [5]. 
4. Conclusion

In this contribution, we discussed open issues shown in WF [1] and provide following proposals.

Proposal 1: RAN4 should adopt option 2 (carrier centric mask) for out-of-band emissions requirement in FR2. 

Proposal 2: Define the contiguous transmission bandwidth instead of the total transmission bandwidth.
contiguous transmission bandwidth: RF bandwidth in which a base station transmits single or contiguous multiple carrier(s) within a supported operating band 
NOTE:
In single carrier operation, the contiguous transmission bandwidth is equal to the BS channel bandwidth.
Proposal 3: Based on ITU-R recommendation SM. 1539-1, OOB boundary is proposed as shown in table 1.

Proposal 4: New symbols, ΔfSEM and BWcontiguous, are defined for out-of-band emissions requirement.
Table 1: OOB boundary for FR2
	Center frequency of the contiguous transmission bandwidth
fc
	The contiguous transmission bandwidth BWcontiguous
	The maximum offset of spectrum emission mask from the contiguous transmission bandwidth edge
ΔfSEM

	24.25GHz ≤ fc ≤ 56GHz
	BWcontiguous < 500MHz
	2*BWcontiguous

	
	500MHz ≤ BWcontiguous
	BWcontiguous + 500MHz


ΔfSEM
Maximum offset of the spectrum emissions mask from the contiguous  transmission bandwidth edge
BWcontiguous 

The contiguous transmission bandwidth 

Proposal 4: The following tables are proposed for out-of-band emissions requirement.
Table 9.7.4.3.2-1: SEM applicable for [PTx ≥ 35 dBm] in the frequency range 24.25 – 33.4 GHz and 
[PTx ≥ 33 dBm] in the frequency range 37 – 52.6 GHz

	Frequency offset of measurement filter -3dB point, Δf
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 ( (f < 0.1* BWcontiguous 
	0.5 MHz ( f_offset < 0.1* BWcontiguous +0.5MHz
	-5 dBm
	1 MHz

	0.1* BWcontiguous ( (f <  (fmax
	0.1* BWcontiguous +0.5MHz ( f_offset < f_ offsetmax
	-13 dBm
	1 MHz


Table 9.7.4.3.2-2: SEM applicable for [PTx < 35 dBm] in the frequency range 24.25 – 33.4 GHz 

	Frequency offset of measurement filter -3dB point, Δf
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 ( (f < 0.1* BWcontiguous 
	0.5 MHz ( f_offset < 0.1* BWcontiguous +0.5MHz
	[Max(PTx – 40 dB, -12 dBm)]
	1 MHz

	0.1* BWcontiguous ( (f <  (fmax
	0.1* BWcontiguous +0.5MHz ( f_offset < f_ offsetmax
	[Max(PTx – 48 dB, -20 dBm)]
	1 MHz


Table 9.7.4.3.2-3: SEM applicable for [PTx < 33 dBm] in the frequency range 37 – 52.6 GHz

	Frequency offset of measurement filter -3dB point, Δf
	Frequency offset of measurement filter centre frequency, f_offset
	Limit
	Measurement bandwidth

	0 ( (f < 0.1* BWcontiguous 
	0.5 MHz ( f_offset < 0.1* BWcontiguous +0.5MHz
	[Max(PTx – 38 dB, -12 dBm)]
	1 MHz

	0.1* BWcontiguous ( (f <  (fmax
	0.1* BWcontiguous +0.5MHz ( f_offset < f_ offsetmax
	[Max(PTx – 46 dB, -20 dBm)]
	1 MHz


Changes are highlighted yellow.
Our proposals in this contribution are captured in another contribution, draft CR [5]. 
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