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1. Introduction
In RAN4 #86 meeting, the spectrum emission mask (SEM) for frequency range 2 (FR2) has been further discussed, and WF was agreed [1]. 
The current SEM requirement is based on RAN4 response to ITU-R WP5D [2] and documented in TS 38.104 [3]. However, how to decide the applied limits has not been decided yet, and currently transmission power with brackets was used. In addition, some definition such as “total transmission bandwidth”, “Out-of-band (OOB) boundary” and “PTx” are not clear. 
In this contribution, we further discuss open issues on SEM for FR2 and propose our views.
2. Current agreement

Following open issues were shown in WF [1].

· Issue 1: Mask type as SEM(carrier-centric/ contiguous transmission centric) or OBUE(band-centric)
Target to align the mask type for category A and category B in 3GPP NR specification as long as there is no confliction with each regional requirement and decide one of below options to proceed in RAN4#86bis

· Option 1: SEM (carrier centric or contiguous transmission centric) as current definition as Category A and FFS on Category B definition when it is available. 
· Option 2: OBUE (band centric) to accommodate foreseeable Category B emission requirement in EU to avoid potential very strict spurious emission requirement within the operating band, which is assumed can not be achieved without RF filter. 
· Issue 2: OOB boundary which is dependent on decision of issue 1
· Boundary based on ITU-R recommendation SM.1539 as table below  if  SEM definition agreed
· FFS on definition of the contiguous allocated transmission bandwidth and its notation

· Boundary defined as below if OBUE definition agreed
·  Spectrum emission mask limits in FR2 are defined from ΔfOBUE below the lowest frequency of each supported downlink operating band up to ΔfOBUE above the highest frequency of each supported downlink operating band.
· FFS on ΔfOBUE  taken into account the filter implementation when category B requirement is available.
· Issue 3: whether emission mask level should be scaled to TRP PSD assumption for wanted signal.
· This is related to BS class or Ptx indicated in issue 4.
· Issue 4: whether BS class or Ptx should be considered.  
· BS class: FFS on rationality to define WA BS mask by frequency agnostic and power level agnostic way same as FR1 and LTE as table  below 
· Power level Ptx: FFS on definition of Ptx and the appropriate power level for MR and LA BS.
· Regarding the definition of Ptx at least FFS on following aspects:
· Defined as rated TRP power as declaration or maximum TRP power according to measurement
· Defined as total TRP power for contiguous spectrum or TRP power for edge carrier or the maximum carrier TRP power among contiguous carriers
· FFS on the Ptx threshold for mask 
· Mask levels should be defined with consideration of levels used by ITU-R in compatibility studies
·  Ptx threshold should consider the implementation reality
Based on RAN4 response to ITU-R WP5D, 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 and definition on total transmission bandwidth and OOB boundary (Issue 1 and 2)
We summarized companies’ proposals in the last meeting (RAN4 #86).
Table 1. Summary of contributions for UEM requirements in FR2
	Contributions
	Mask type
	The total transmission bandwidth definition
	Carrier(s) included in PTx
	OOB boundary

	Huawei [5]       
 (R4-1801575)

	Base Station RF Bandwidth centric
	Not mentioned
	All carriers

(Total output power)
	Not mentioned

	Nokia [6]

 (R4-1803028)
	Base Station RF Bandwidth centric
	Base Station RF Bandwidth
	All carriers

(Total output power)
	Not mentioned

	DOCOMO [7] 
(R4-1802878)
	Contiguous transmission bandwidth centric
	Contiguous transmission bandwidth
	Only carriers within the contiguous transmission bandwidth
	Contiguous transmission bandwidth

	Ericsson [8]

(R4-1802150)
	Band centric
	Base Station RF Bandwidth
	All carriers

(Total output power)
	ΔfOBUE = 1.5 GHz


Based on above contributions, we can consider following options to finalize UEM for FR2.

Table 2. Summary of options for UEM requirements in FR2
	Options
	Mask type
	The total transmission bandwidth definition
	Carrier(s) included in PTx
	OOB boundary

	Option 1


	Carrier centric

(Base Station RF Bandwidth centric)
	Base Station RF Bandwidth
	All carriers

(Total output power)
	2.5 * Base Station RF Bandwidth frequency offset from the center of Base Station RF Bandwidth

	Option 2


	Contiguous transmission bandwidth centric
	Contiguous transmission bandwidth
	Only carriers within the contiguous transmission bandwidth
	2.5 * contiguous transmission bandwidth frequency offset from center of contiguous transmission bandwidth

	Option 3


	Band centric
	Base Station RF Bandwidth
	All carriers

(Total output power)
	ΔfOBUE = 1.5 GHz frequency offset from band edge


The in-band frequency domains are shown in Figure 1 to 6 for comparison with each options. The symbols used in the figures are defined as below.

BWChannel: The channel bandwidth

BWBSRF: The Base Station RF Bandwidth

BSContiguous: The contiguous transmission bandwidth defined in 

· Single carrier case
The frequency region for the first limit  (0 ≤ Δf < 10% of the total transmission bandwidth) is the same regardless of mask types, so in this point, there is no concern about the mask level close to carrier. On the other hand, the OOB boundary depends on mask types (see Figure 1), and when comparing SEM and OBUE, the in-band frequency range for OBUE is larger than SEM, regardless of channel bandwidth. In the LS response to ITU-R WP5D, the frequency offset is defined as from “edge of transmission”. If mask type is changed to OBUE from SEM, the mask requirement does not align with the LS response. In order to align with the LS response, SEM approach (Option 1 or 2) is suitable. 

[image: image1]
Figure 1. Mask type in single carrier case

· Multiple carrier case

· Intra-band contiguous CA case

The same discussions with the single carrier case.

[image: image2]
Figure 2. Mask type in multiple carrier intra-band contiguous case

· Intra-band non-contiguous CA case

The in-band frequency domain of option 1 may become too large since Base Station RF bandwidth becomes wider depending on the sub-block gap size. As particular, as shown in Figure 4, when the sub-block gap size is large, the first mask limit frequency region (0 ≤ Δf < 10% of the total transmission bandwidth) also become large, so that the requirement become relaxed. On the other hand, option 2 is suitable for defining in-band frequency domain since the in-band frequency domain and the first mask limit frequency region were not changed depending on the sub-block gap size. Therefore, option 2 is suitable for intra-band non-contiguous CA case.


[image: image3]
Figure 3. Mask type in multiple carrier intra-band non-contiguous case (Small sub-block gap)


[image: image4]
Figure 4. Mask type in multiple carrier intra-band non-contiguous case (Large sub-block gap)
From above discussion, we propose to adopt option 2 (contiguous transmission centric).

Proposal 1: UEM for FR2 should be defined as SEM (contiguous transmission centric requirement), not OBUE (band centric).
Proposal 2: The definition on contiguous transmission bandwidth is proposed as below.

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, we propose OOB boundary as shown in Table 3.
Table 3: 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


Proposal 4: We propose to introduce new symbols BWcontiguous and ΔfSEM for SEM in FR2.
BWcontiguous 
The contiguous transmission bandwidth 

ΔfSEM
Maximum offset of the out-of-band boundary for FR2 from the contiguous  transmission bandwidth edge
3.2. Whether BS class or Ptx should be considered  (Issue 4)
As mentioned in [7], the mask limit should be corresponding BS output power. However, the output power is not defined corresponding to BS class. Thus, PTx classification should be adopted.
Proposal 5: PTx classification should be adopted, not BS class, for FR2 SEM.

In general, the minimum requirement should be defined the limit not according to measurement result. Also mentioned in [7], if measured TRP is adopted for classification of SEM tables, the applied limits can be changed due to the measurement result of TRP output power. 
For example, in the case declared rated TRP is 35 dBm in the frequency range 24.24 – 33.4 GHz, the measurement results have ranges including TRP accuracy (+/- 3.0dB) from 35 dBm - 3 dB to 35 dBm + 3 dB. The applied table will be changed due to the measurement results as below.

Case 1: In the case a declared rated TRP is 35dBm and a measured TRP is 38dBm, Table 9.7.4.3.2-1 is applied.

Case 2: In the case a declared rated TRP is 35dBm and a measured TRP is 32dBm, Table 9.7.4.3.2-2 is applied. 

Proposal 6: PTx should be defined as declared rated TRP, not measured TRP, for FR2 SEM.

Basically, the bandwidth which PTx is applied should be aligned with “the total transmission bandwidth” definition. As shown in Figure 1 and 2, single carrier case has no problem whether total TRP or TRP among contiguous carriers will be adopted. However, in intra-band non-contiguous case which is shown in Figure 3 and 4, the total TRP is not suitable since the total TRP is not independent power for each sub-block. Also, in the multiple band case, the total TRP is not suitable for PTx definition, since total TRP is sum of the power of configurable all bands. On the other hand, TRP among contiguous carriers is independent power for each band and suitable for all cases. 
Proposal 7: We propose to introduce a new symbol Prated, contiguous ,TRP for SEM in FR2.
Prated, contiguous ,TRP

  :  Rated TRP output power of the contiguous transimission
4. Conclusion

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

Proposal 1: UEM for FR2 should be defined as SEM (contiguous transmission centric requirement), not OBUE (band centric).
Proposal 2: The definition on contiguous transmission bandwidth is proposed as below.

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, we propose OOB boundary as shown in Table 3.
Table 3: 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


Proposal 4: We propose to introduce new symbols BWcontiguous and ΔfSEM for SEM in FR2.
BWcontiguous 
The contiguous transmission bandwidth 

ΔfSEM
Maximum offset of the out-of-band boundary for FR2 from the contiguous  transmission bandwidth edge
Proposal 5: PTx classification should be adopted, not BS class, for FR2 SEM.

Proposal 6: PTx should be defined as declared rated TRP, not measured TRP, for FR2 SEM.

Proposal 7: We propose to introduce a new symbol Prated, contiguous ,TRP for SEM in FR2.
Prated, contiguous ,TRP

   Rated TRP output power of the contiguous transimission

Our proposals in this contribution are captured in another contribution, draft CR [9]. 
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[image: image9.png]Spurious domain (Option 2)
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