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Introduction
In this contribution we are looking at the frequency range for the EMC RE and RF RSE measurements in OTA setup, considering latest agreements on the RSE measurements OTA and SM.329 recommendation.
Discussion
During previous RAN4#82 meeting, number of agreements were reached in relation to the eAAS EMC requirements specification OTA, as captured in [2-7]. In particular, it was agreed and captured in TR 37.843 [1], that the EMC RE and RF RSE requirements should be combined: 
Since the RF spurious emission and EMC radiated spurious emission requirements cannot be differentiated any longer, we need to define these requirements in a combined way such that the requirements are now specified on the enclosure as one box. 
The combined requirement will then contain a RF spurious emission component and an EMC radiated spurious emission component (…) and the total spurious emission requirement will be a linear sum of these two requirements.
Based on the above agreement, we are looking into the frequency limits for the combined EMC RE and RF RSE requirements. 
Frequency limits for EMC radiated emissions requirement 
1.1.1 UTRA EMC
Referring to TS 25.113 [10], the following frequency limits were defined for radiated emission from UTRA BS, based on the ITU-R SM.329 and SM.1539 recommendations: 
Table 1: Limits for radiated emissions from UTRA BS, UTRA FDD and 3.84 Mcps UTRA TDD option [10]
	Frequency range
	Minimum requirement (e.r.p.)/Reference Bandwidth

	30 MHz f <1000 MHz
	-36 dBm/100 kHz

	1 GHz f <12,75 GHz
	-30 dBm/ 1MHz

	Fc1 - 12,5 MHz < f < Fc2+12,5 MHz (Note 1)
	Not defined

	NOTE 1:	For BS capable of multi-band operation, the frequency ranges relating to the carriers of all supported bands apply.



Table 2: Limits for radiated emissions from BS, 1.28 Mcps UTRA TDD option [10]
	Frequency range
	Minimum requirement (e.r.p.)/Reference Bandwidth

	30 MHz f <1000 MHz
	-36 dBm/100 kHz

	1 GHz f <12,75 GHz
	-30 dBm/ 1MHz

	Fc1 - 4 MHz < f < Fc2+4 MHz
	Not defined



Based on the information in Table 1 and Table 2, we can observe that the received power shall be measured over the frequency range 30 MHz to 12.75 GHz. In case of the UTRA FDD and 3,84 Mcps UTRA TDD option, the exclusion shall be from 12.5MHz below the first carrier frequency to 12.5 MHz above the last carrier frequency used. 
In case of the UTRA TDD 1.28 Mcps option, the exclusion shall be from 4MHz below the first carrier frequency to 4 MHz above the last carrier frequency used. The measurement bandwidth shall be 100 kHz between 30 MHz and 1 GHz and 1 MHz above 1 GHz as given in ITU-R SM.329. 
Observation 1: For the EMC radiated emissions requirement OTA for UTRA BS, frequency range shall be specified as 30 MHz – 12.75 GHz. Two variants of the exclusion frequency range for the operating band unwanted emission are defined for UTRA BS.
1.1.2 E-UTRA EMC
[bookmark: _Toc455154324]Referring to TS 36.113 [9], the following frequency limits were defined for radiated emission from E-UTRA BS, based on the ITU-R SM.329 and SM.1539 recommendations: 
Table 3: Limits for radiated emissions from E-UTRA BS [9]
	Frequency range
	Minimum requirement (e.r.p.)/Reference Bandwidth

	30 MHz f <1000 MHz
	-36 dBm/100 kHz

	1 GHz f <12,75 GHz
	-30 dBm/ 1MHz

	Fc1 - 2.5 x BWChannel MHz < f < Fc2 + 2.5 x BWChannel MHz 
(Note 1)
	Not defined

	NOTE 1:	For BS capable of multi-band operation, the frequency ranges relating to the carriers of all supported bands apply.



Based on the information in Table 3, we can observe that the received power shall be measured over the frequency range 30 MHz to 12.75 GHz, excluding 2.5 x BWChannel MHz below the first carrier frequency to 2.5 x BWChannel MHz above the last carrier frequency used, where BWChannel is the channel bandwidth as defined in TS 36.104. The measurement bandwidth shall be 100 kHz between 30 MHz and 1 GHz and 1 MHz above 1 GHz as given in ITU-R SM.329.
Observation 2: For the EMC radiated emissions requirement OTA for E-UTRA BS, frequency range shall be specified as 30 MHz – 12.75 GHz. 
1. MSR EMC
Referring to TS 37.113 [8], the following frequency limits were defined for radiated emission from MSR BS, based on the ITU-R SM.329 and SM.1539 recommendations: 
Table 4: Limits for radiated emissions from MSR BS [8]
	Frequency range
	Minimum requirement (e.r.p.)/Reference Bandwidth

	30 MHz f <1000 MHz
	-36 dBm/100 kHz

	1 GHz f <12,75 GHz
	-30 dBm/ 1MHz

	FBW RF,low - 10 MHz < f < FBW RF,high  + 10 MHz (Note 1)
	Not defined

	NOTE 1:	For BS capable of multi-band operation, the frequency ranges relating to the RF bandwidths of all supported bands apply.



Based on the information in Table 4, we can observe that the received power shall be measured over the frequency range 30 MHz to 12.75 GHz, excluding 10 MHz below the lower RF bandwidth edge to 10 MHz above the upper RF bandwidth edge. The measurement bandwidth shall be 100 kHz between 30 MHz and 1 GHz and 1 MHz above 1 GHz. 
Observation 3: For the EMC radiated emissions requirement OTA for MSR BS, frequency range shall be specified as 30 MHz – 12.75 GHz.
Observation 4: Exclusion frequency ranges for the operating band unwanted emission for UTRA, E-UTRA and MSR BS are formulated in various exclusion ranges.
Observation 5: Minimum requirements for the EMC radiated emissions for UTRA, E-UTRA and MSR BS are formulated in the same ways, i.e. -36 dBm/100 kHz for 30 MHz f <1000 MHz frequency range, and -30 dBm/ 1MHz for 1 GHz f <12,75 GHz frequency range. No requirements are defined for the exclusion frequency ranges for the operating band unwanted emission (refer to Observation 4). 
Frequency limits for RF radiated spurious emissions requirement 
NOTE: The discussion below is related to the Tx spurious requirements, i.e. not the Rx spurious requirements. Category A only limits were analyzed, for simplicity. 
1.1.4 UTRA FDD
Referring to TS 25.104 [11], the following RF spurious emissions requirements were defined for UTRA FDD BS, based on the ITU-R SM.329 recommendation:
Table 5: BS Mandatory spurious emissions limits, Category A [11]
	Band
	Maximum level
	Measurement Bandwidth
	Note

	9kHz ‑ 150kHz
	-13 dBm
	1 kHz 
	Note 1

	150kHz ‑ 30MHz
	
	10 kHz 
	Note 1

	30MHz ‑ 1GHz
	
	100 kHz
	Note 1

	1GHz ‑ 12.75 GHz
	
	1 MHz
	Note 2

	12.75 GHz ‑ 5th harmonic of the upper frequency edge of the DL operating band in GHz
	
	1 MHz
	Note 2, Note 3

	NOTE 1:	Bandwidth as in ITU-R SM.329 [1], s4.1
NOTE 2:	Upper frequency as in ITU-R SM.329 [1], s2.5 table 1
NOTE 3: 	Applies only for Band XXII



The requirements apply at frequencies within the specified frequency ranges, which are more than 12.5MHz below the first carrier frequency used or more than 12.5MHz above the last carrier frequency used.
1. UTRA TDD
Referring to TS 25.105 [12], the following RF spurious emissions requirements were defined for UTRA TDD BS (1.28 Mcps, 3.84 Mcps and 7.68 Mcps TDD options), based on the ITU-R SM.329 recommendation:
Table 6: BS Mandatory spurious emissions limits, Category A [12]
	Band
	Minimum requirement
	Measurement Bandwidth
	Notes

	9kHz - 150kHz
	-13 dBm
	1 kHz 
	Note 1

	150kHz - 30MHz
	
	10 kHz 
	Note 1

	30MHz - 1GHz
	
	100 kHz
	Note 1

	1GHz - 12.75 GHz
	
	1 MHz
	Note 2

	NOTE 1:	Bandwidth as in ITU SM.329 [1], s4.1
NOTE 2:	Upper frequency as in ITU SM.329 [1], s2.5 table 1



The mandatory spurious emission requirement applies from 9kHz to 12.75GHz. 
For 1.28 Mcps TDD option, the exclusion the frequency range from 4 MHz below the lowest frequency of each operating band to 4 MHz above the highest frequency of each operating band. 
For 3.84 Mcps TDD option, either requirement applies at frequencies within the specified frequency ranges which are more than 12.5 MHz under the first carrier frequency used or more than 12.5 MHz above the last carrier frequency used.
For 7.68 Mcps TDD option, either requirement applies at frequencies within the specified frequency ranges which are more than 25 MHz under the first carrier frequency used or more than 25 MHz above the last carrier frequency used.
1.1.6 E-UTRA 
Referring to TS 36.104 [13], the following RF spurious emissions requirements were defined for E-UTRA BS, based on the ITU-R SM.329 recommendation:
Table 7: BS Spurious emission limits, Category A [13]
	Frequency range
	Maximum level
	Measurement Bandwidth
	Note

	9kHz ‑ 150kHz
	-13 dBm
	1 kHz 
	Note 1

	150kHz ‑ 30MHz
	
	10 kHz 
	Note 1

	30MHz ‑ 1GHz
	
	100 kHz
	Note 1

	1GHz ‑ 12.75 GHz
	
	1 MHz
	Note 2

	12.75 GHz ‑ 5th harmonic of the upper frequency edge of the DL operating band in GHz
	
	1 MHz
	Note 2, Note 3

	12.75 GHz - 26 GHz
	
	1 MHz
	Note 2, Note 4

	NOTE 1:	Bandwidth as in ITU-R SM.329 [2] , s4.1
NOTE 2:	Bandwidth as in ITU-R SM.329 [2] , s4.1. Upper frequency as in ITU-R SM.329 [2] , s2.5 table 1 
NOTE 3: 	Applies only for Bands 22, 42, 43 and 48.
NOTE 4:	Applies only for Band 46.



For E-UTRA BS, frequency range up to 26GHz has been specified in TS 36.104, based on SM.329 recommendation.  More details on the rationale to consider the upper frequency range above the 12.75GHz is presented on Figure 1 below, where 5th harmonics for selected E-UTRA bands were depicted.  
[image: ]
Figure 1: Spurious region illustration for E-UTRA bands; only selected E-UTRA bands depicted as examples 

The transmitter spurious emission limits apply from 9 kHz to 12.75 GHz, excluding the frequency range from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band. 
1.1.7 MSR 
Referring to TS 37.104 [14], the following RF spurious emissions requirements were defined for MSR BS, based on the ITU-R SM.329 recommendation:
Table 8: BS Spurious emission limits, Category A [14]
	Frequency range
	Maximum level
	Measurement Bandwidth
	Note

	9kHz ‑ 150kHz
	-13 dBm
	1 kHz 
	Note 1

	150kHz ‑ 30MHz
	
	10 kHz 
	Note 1

	30MHz ‑ 1GHz
	
	100 kHz
	Note 1

	1GHz ‑ 12.75 GHz
	
	1 MHz
	Note 2

	12.75 GHz – 5th harmonic of the upper frequency edge of the DL operating band in GHz
	
	1 MHz
	Note 2, Note 3

	NOTE 1:	Bandwidth as in ITU-R SM.329 [2] , s4.1
NOTE 2:	Bandwidth as in ITU-R SM.329 [2] , s4.1. Upper frequency as in ITU-R SM.329 [2] , s2.5 table 1
NOTE 3:	Applies only for Bands 22, 42, 43 and 48.



The transmitter spurious emission limits apply from 9 kHz to 12.75 GHz, excluding the frequency range from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band.
1.1.8 AAS BS
The AAS BS specification in TS 37.105 [15] defines the Tx spurious emissions requirement, by referring to single RAT and MSR specifications. At the same time, the TS 37.105 [15] claims that the transmitter spurious emission limits apply from 9 kHz to 12.75 GHz, excluding the frequency range from 10 MHz below the lowest frequency of the downlink operating band up to 10 MHz above the highest frequency of the downlink operating band. 
In order to address frequency bands for which the 5th	harmonic reaches beyond 12.75Gz, the TS 37.105 [15] additionally claims that for some operating bands the upper frequency limit is higher than 12.75 GHz. 
Another clarification addresses also the issues of various OBUE limits, by stating that in some exceptional cases, the Tx spurious emissions requirements apply also closer than 10 MHz from the downlink operating band;
1. Spurious requirement measurement OTA
The spurious frequency range was already discussed for the OTA measurements in NR. It was decided to set the lower frequency limit for OTA measurement to 30MHz (in line with the SM.329 recommendation). However, for the conducted Tx spurious measurement, the lower limit was decide to be kept as in the legacy specifications, i.e. 9 kHz. For eAAS specification, the same approach shall be applied. 
Observation 6: Considering the agreements for NR BS on the OTA spurious measurements as well as the SM.329 recommendation, the lower limit for the RF RSE shall be set to 30MHz (i.e. not 9kHz).
Conclusions
Based on the UTRA, E-UTRA, MSR and AAS summaries, the following proposals are made in order to refine the already agreed frequency range for the EMC RE and RF RSE requirement: 
Proposal 1: the lower limit shall be modified to 30MHz, to be in line with the SM.329 recommendation and the OTA testing approach for NR. 
Proposal 2: the upper limit of 12.75GHz shall be extended for some bands, to consider 5th harmonic for the RF RSE requirement.
Proposal 3: exclusion frequency ranges for the OBUE/SEM shall be considered also for both EMC RE and RF RSE requirements. It shall be noted, that various OBUE exclusion definitions were defined depending on RAT.
Proposal 4: power level limits for common EMC RE and RF RSE requirement across the frequency range shall reflect all the above proposals, i.e. for in some frequency ranges, the emissions power limit will consider only RF RSE limit (not both). Detailed consideration is FFS.
Proposal 5: for the RF RSE, category A and category B limits are to be considered, which is FFS. 
TP to the TR 37.843 addressing the above proposals was submitted in [16].
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