[bookmark: _Hlk514061252]3GPP TSG-RAN WG4 Meeting #94-e	R4-2000216
Online, 24 Feb – 6 Mar 2020

[bookmark: _Hlk30396252]Title:	Impact of WRC19 resolutions on FR2 

Source:	Qualcomm Incorporated

Agenda item:	6.5.6.1
Release:	Rel-15
Work Item:	NR_newRAT-Core
Responsible WG:	RAN4

Document for:	Discussion

1.	Introduction
WRC-19 has determined new emissions recommendations that could directly impact the health of FR2 networks. These recommendations are expected to be considered as starting points for revised regulations by various regulatory bodies.
We have projected the potential impact on FR2, assuming some regulatory bodies will adopt the recommendations.
2. 	Discussion 
2.1 The WRC-19 emissions recommendations relevant to FR2
WRC-19, in resolution 750, has identified two passive EESS bands for protection from spurious emissions from various technologies. Figure 2.1-1 shows the ‘lower EESS’ protected band, and the associated requirements as excerpted from Table 1-1 of resolution 750.

Figure 2.1-1: Lower EESS emissions limits from WRC19
Further, a footnote informs that these recommendations could be significantly tightened in 2027, applicable to new-build devices:
[image: ]
Figure 2.1-2: Lower EESS recommendation from WRC19, post 2027

Figure 2.1-3 shows the requirements on the ‘upper EESS band’, as excerpted from Resolution COM4/9 :


Figure 2.1-3: Upper EESS emissions limit from WRC19
At this point it is unclear how regulators will change local emissions laws, but for the sake of estimating impact on FR2, it is worthwhile to assume that at least one regulator will adopt WRC19 recommendations unchanged. Also, due to the inevitable differences in timeline and content of the laws that may be set by various regulatory bodies, our view is that these requirements should be treated as ‘additional emissions requirements’, at least for Rel-15 and -16. Treating them as general requirements in ongoing and past releases may result in undue increase in back off because it would be insensitive to law changes by geographical location. Other advantages exist if any new laws to comply with WRC19 are treated as additional requirements, like reduced testing burden of UEs when additional requirements are only associated with some bands.
2.2 Lower EESS band protection
The lower EESS band is already protected in the EU. 3GPP has dedicated NS_201 and CA_NS_201 to signal to the UEs when the lower EESS bands must be protected. The requirement is captured in v15.8 of TS38.101-2 as a maximum spurious allowance of -8 dBm/200 MHz. Both WRC19 lower EESS protection limits differ from NS_201 requirements only in value, the protected band remains the same. NS_201 AMPRs are hence a convenient starting point for estimating AMPR requirements based on the WRC19 lower EESS limits. The WRC19 lower EESS limits can be restated per table 2.2-1:
	Frequency band
(GHz)
	Spectrum emission limit (dBm)
	Measurement bandwidth 
	Effective
	Temporary Handle in this contribution

	23.6  f  24.0
	+1
	200 MHz
	Jan 2020
	NS_203

	23.6  f  24.0
	-5
	200 MHz
	Sept 2027
	NS_204


Table 2.2-1: Assumed 3GPP ‘additional emissions requirements’ for lower EESS band corresponding to WRC19 limits


Figure 2.2.-1: Lower EESS protected band
2.2.1 Relevant background: NS_201, -38 dBW/200 MHz
NS_201 A-MPRs and the components that drove their adoption are presented in tables 2.2.1-1 and -2. The ‘<’ sign is employed to indicate offset sensitive back off requirement.
	PC1
	Back off requirements (dB) by spur type:
	A-MPR in Rel-15
(dB)

	
	First Order
	Higher Order, In-band
	

	NS_201
	9
	< 5 
	9.0

	CA_NS_201
	9
	< 9 
	Max(9, 12-10A) 


Table 2.2.1-1: PC1 NS_201 A-MPRs
	PC2/3/4
	Back off requirements (dB) by spur type:
	A-MPR in Rel-15
(dB)

	
	First Order
	Higher Order, In-band
	

	NS_201
	0
	< 1.5 
	< 1.5 

	CA_NS_201
	0
	< 5
	< Max(3, 12-10A)


Table 2.2.1-2: PC2/3/4 NS_201 A-MPRs
Note that this starting point only considers contiguous UL CA. This analysis would have to be revised for NC CA AMPRs.
2.2.2 NS_203, -29 dBW/200 MHz, effective until Aug. 2027
The NS_203 limit represents a 9 dB looser requirement than NS_201. We can use this information to workout reduction in each type of spurious product, towards estimating new back off requirement. The PC1 and PC2/3/4 estimates are presented in tables 2.2.2-1 and -2.
High order spurs usually stem from odd-order non-linearities in the PA, and tend to be in the immediate neighbourhood of the signal. It follows that as the signal recedes from the protected bands, so would the high order emissions products. This would leave only first-order spurs to contend with. So, as a rule, the back off requirement would go from the composite A-MPR requirement in the right most column to the first order requirement in the second column, given enough frequency offset. The offset frequency is defined as the frequency from 24.25 GHz to the lower edge of the channel.
	PC1
	Back off requirements (dB) by spur type:
	A-MPR assuming co-location of all types (dB)

	
	First Order
	Higher Order, In-band
	

	NS_203
	9-1x9=0
	< 5-1/3*9, i.e. < 2 
	3.0 (reducing to 0.0 with enough frequency offset)

	CA_NS_203
	9-1x9=0
	< 9-1/3*9, i.e. < 6
	 6.5 (reducing to 0.0 with enough frequency offset)


Table 2.2.2-1: PC1 NS_203 A-MPRs

	PC2/3/4
	Back off requirements (dB) by spur type:
	A-MPR assuming co-location of all types (dB)

	
	First Order
	Higher Order, In-band
	

	NS_203
	0 (NS_201 did not have any)
	<1.5 – 1/3*9, 
= 0 (with margin)
	 0.0

	CA_NS_203
	0
	<5-1/3*9, i.e.
< 2
	2.5 (reducing to 0.0 with enough frequency offset)


Table 2.2.2-2: PC2/3/4 NS_203 A-MPRs
The reader is referred to the companion pseudo CR [1] to visualize the A-MPR proposal associated with NS_203.
2.2.3 NS_204, -35 dBW/200 MHz, effective Sept. 2027
The NS_204 limit represents a 3 dB looser requirement than NS_201. Using methodology described in the previous sub-section, PC1 and PC2/3/4 estimates are presented in tables 2.2.3-1 and -2. The offset frequency is defined as the frequency from 24.25 GHz to the lower edge of the channel.
	PC1
	Back off requirements (dB) by spur type:
	A-MPR assuming co-location of all types (dB)

	
	First Order
	Higher Order, In-band
	

	NS_204
	9-1x3=6
	< 5-1/3*3, i.e. < 4 
	7.0 (reducing to 6.0 with enough frequency offset)

	CA_NS_204
	9-1x3=6
	< 9-1/3*3, i.e. < 8
	 9.0 (reducing to 6.0 with enough frequency offset)


Table 2.2.3-1: PC1 NS_204 A-MPRs



	PC2/3/4
	Back off requirements (dB) by spur type:
	A-MPR assuming co-location of all types (dB)

	
	First Order
	Higher Order, In-band
	

	NS_204
	0 (NS_201 did not have any)
	<1.5 – 1/3*3, 
= 0.5 
	 1.0 (reducing to 0.0 with enough frequency offset)

	CA_NS_204
	0
	<5-1/3*3, i.e.
< 4
	 5.0 (reducing to 0.0 with enough frequency offset)


Table 2.2.3-2: PC2/3/4 NS_204 A-MPRs
Note that with NS_204, no amount of offset will restore 0 AMPR condition for PC1. The reader is referred to the companion pseudo CR [1] to visualize the A-MPR proposal associated with NS_204.
2.3 Upper EESS band protection
Protection for the upper EESS band is new territory for 3GPP. The WRC19 upper EESS limits can be restated per table 2.3-1. The recommendations apply to n260 and n259.
	Frequency band
(GHz)
	Spectrum emission limit (dBm)
	Measurement bandwidth 

	36.0  f  37.0
	+7
	1000 MHz

	
	-13
	1 MHz


Table 2.3-1: Assumed 3GPP ‘additional emissions requirements’ for upper EESS band corresponding to WRC19 limits


Figure 2.3.-1: Upper EESS protected band
The interesting aspect of this protected band is the extension of the -13dBm/MHz limit all the way to the band edge, without the customary relaxation present in FCC SEMs (-5dBm/MHz). This limit proves very strict for allocations stacked close to the protected band, as we show below. See section 5 for simulation results.
2.3.1 NS_205
The NS_205 limit presents a strong offset dependency due to the proximity of the -13dBm/MHz requirement all the way to the band edge. We started off with single CC back off simulations and found that allocations stacked against the low edge of the band were significantly limited by the emissions limits, but the stringency of the limit rapidly reduce with frequency offset. Simulation data is in section 5. Figure 2.3.1-1 shows a simplification of the region in waveform space impacted by NS_205 requirements

RBstart < BWchan/10 MHz
AMPRedge
LCRB
RBStart

Figure: 2.3.1-1: Waveforms where AMPRedge applies, AMPRedge by power class
For single CC waveforms AMPR is 0, unless AMPRedge applies. Tables for AMPRedge are included in figure 2.3.1-1. The qualifying conditions are:
· distance from upper protected band edge < 10% BWchannel
· RBstart <= floor(LCRB/2)
· RBstart < BWchannel/10 MHz
For CA waveforms, the criterion above is used on the lowest frequency UL CC. CA waveforms have other products that can violate the upper EESS requirements. These products are generated by the PA’s 3rd order non linearity and remain close to the UL. It follows then, that with enough frequency offset, the UE would not back-off for these products. This characteristic is illustrated in figures 5-4.
Tables 2.3.1-1 and -3 shows projected upper EESS AMPR requirement
	PC1
	Back off requirements (dB) by spur type:
	A-MPR 

	
	First Order
	Higher Order, In-band
	

	NS_205
	0 
	See table if low edge alloc., else 0
	 See table for low edge allocation, else 0.0 dB

	CA_NS_205
	 0
	 Max(5.0, AMPRedge,CA)
	 Max(X, AMPRedge,CA), (X reducing from 5.0 to 0.0 with enough frequency offset)


Table 2.3.1-1: PC1 NS_205 A-MPRs
	PC2/3/4
	Back off requirements (dB) by spur type:
	A-MPR

	
	First Order
	Higher Order, In-band
	

	NS_205
	0
	 See table if low edge alloc., else 0
	  See table for low edge allocation, else 0.0dB

	CA_NS_205
	0
	  Max(1.0, AMPRedge, CA)
	  Max(X, AMPRedge, CA) (X reducing from 1.0 to 0.0 with enough frequency offset)


Table 2.3.1-2: PC2/3/4 NS_205 A-MPRs
The reader is referred to the companion draft CR [1] (for discussion) to visualize the A-MPR proposal associated with NS_205.
3.	Conclusion
We have incorporated these proposals into a companion draft CR [1] (for discussion) for convenient reference.
The interim lower EESS requirements have mild impact, but the projected post-2027 requirements can significantly throttle PC1 operation in regions where NS_201 is not applicable.
The upper EESS requirements do not significantly impact FR2 operation in either n260 or n259. While the possible AMPRs are extremely high, they can be limited to allocations stacked near the protected band. This renders n259 deployments unaffected. Regulators have not been set rules for allocation n260, in the 37.0 to 37.6 GHz range. 
A discussion in RAN4 on the AMPR ramifications of the WRC19 recommendations will help weigh various options available during future interaction with regulatory bodies on this subject.
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5.	Appendix: Upper EESS back-off simulations
In the section we present sim data for PC1 that support table values in 2.3.1-1. PC3 data is extrapolated from this data noting that TRP limit is 12dB lower, and predominant mechanism causing back off is 3rd order nonlinearity. This leads to 4 dB less back-off requirement for PC2/3/4, compared to PC1.
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Fig 5-1: 50 MHz at edge of protected band, CP-OFDM-QPSK (left) and DFT-s-QPSK (right) 
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Fig 5-2: 100 MHz CP-OFDM-QPSK at edge of protected band
[image: ]
Fig 5-3: 400 MHz DFT-s-QPSK at edge of protected band
Simulation results for NC arrangements are in figures 5-4. The magenta cluster plot is the estimate for UE back-off for compliance with upper EESS emissions requirements. Notice how the back off requirement reduces in (b) when the UL enjoys frequency offset equivalent to the UL frequency separation (i.e edge to edge separation of all UL CCs)
[image: ][image: ]
(a)                                                                       (b)
Fig: 5-4: (a) UL against band edge (b) UL with frequency offset = UL frequency separation
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d A limit of =35 dB(W/200 MHz) will apply to IMT mobile stations brought into use after
1 September 2027. This limit will not apply to IMT mobile stations which have been brought into use prior to this
date. For those IMT mobile stations. the limit of —29 dB(W/200 MHz) will continue to apply after this date.
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