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Introduction
The Electronic Communications Committee (ECC) of the European Conference of Postal and Telecommunications Administrations (CEPT) now is finalizing a draft revision of ERC Recommendation 74-01 [1] under the final approval process after successful completion of public consultation. The final draft is on the table of WGSE for final approval during the meeting in May 27-29. In this final draft, the spurious emission limits for FR2 UEs are further revised in response of public consultation.  In this contribution, we discuss the CEPT draft specifications and show the difference with current FR2 spurious emission in 3GPP 38.101-2, and propose 3GPP to align CEPT recommendations on spurious emission limits once the CEPT finalizes them.  
Discussion
Background
The latest version of CEPT draft of ERC Recommendation 74-01 [1] specifies spurious emission limits to the terminals operating above 24.25 GHz using AAS and beamforming with integrated antennas. This category of terminals includes FR2 UEs completely. The draft currently is waiting for WGSE for final approval. The spurious emission limits corresponding to FR2 UEs are given in 2.1.8 in following table from [1].a2.1 Limits
Table 1: Spurious domain emission limits for the land mobile service, maritime mobile service and short range devices
Reference number
Type of equipment
Frequency of the spurious domain emission f
Limits: mean power or, when applicable, average power during bursts duration in the reference bandwidth
2.1.1
Terminals and Base Stations
(in transmit mode), except the equipment specified below
9 kHz  f  1 GHz
-36 dBm


1 GHz < f  FUPPER (see recommend 3)
-30 dBm
…



2.1.4
Receivers and idle/standby transmitters except the equipment specified below
9 kHz  f  1 GHz
- 57 dBm


1 GHz < f  FUPPER (see recommend 11)
- 47 dBm
2.1.7
Base Stations using AAS and beamforming with integrated antennas operating above 24.25 GHz (Note XX)
9 kHz  f  1 GHz
-36 dBm (Note 4) (Note XX)


1 GHz < f  18 GHz 
-30 dBm (Note 4) (Note XX)


18 GHz < f  FUPPER (see recommend 3)
-20 dBm/10 MHz (other limits apply for specific frequency separations, see Figure 7) (Note 4)
2.1.8
Terminals operating above 24.25 GHz using AAS and beamforming with integrated antennas
9 kHz  f  1 GHz
-36 dBm (Note 4)


1 GHz < f  7.25 GHz
-30 dBm (Note 4)


7.25 GHz < f  FUPPER (see recommend 3)
-13 dBm/MHz and 
-10 dBm/100 MHz (Note 4) (Note 5)



The related notes and recommends are listed in Appendix.

Observation 1: CEPT has -13dBm/MHz emission limit above 7.25 GHz in the draft recommendation for FR2 UEs.

Observation 2:  CEPT adds -10dBm/100MHz additional requirement above 7.25GHz in the draft recommendation for FR2 UEs.

Please note, the existing cat.B (-30dBm/MHz) limits still are applicable to terminals operating in sub-6 frequency range with non-AAS configurations in this CEPT draft recommendation, see spurious emission limits in reference number 2.1.1 in above table. The current Tx spurious emission limits in 38.101-1 (FR1) is consistent with CEPT recommendations. 

Discussion
The current 38.101-2 defines the Tx spurious emission mask with -13dBm/MHz limit over 12.75 GHz ≤ f ≤ 2nd harmonic, see Table 2 below. CEPT draft recommendation has -13dBm/MHz emission limit down to 7.25 GHz but with additional requirement of -10dBm/100MHz in place. The CEPT emission limits with both -13dBm/MHz and -10dBm/100MHz for terminals operating above 24.25 GHz using AAS and beamforming with integrated antennas came from CEPT studies on unwanted emissions in the spurious domain which targeted to enhance spectrum efficiency in term of spectrum sharing and compatibility. See draft ECC Recommendation “Unwanted Emissions – Guidance and methodologies when using typical equipment performance in sharing/compatibility studies”[2].

Observation 3: CEPT emission limits in draft recommendation [1] were specified based on spectrum sharing and compatibility studies [2].

Besides European regulation from CEPT, FCC also imposes emission limited which is at -13dBm/MHz except that at immediate 10% channel bandwidth outside the channel edges where the emission limit is at -5dBm/MHz which is also captured in FR2 SEM requirements in 38.101-2. The exact requirements on emission limit from FCC [3] say:§30.203   Emission limits.
(a) The conductive power or the total radiated power of any emission outside a licensee's frequency block shall be −13 dBm/MHz or lower. However, in the bands immediately outside and adjacent to the licensee's frequency block, having a bandwidth equal to 10 percent of the channel bandwidth, the conductive power or the total radiated power of any emission shall be −5 dBm/MHz or lower.
(b)(1) Compliance with this provision is based on the use of measurement instrumentation employing a resolution bandwidth of 1 megahertz or greater.
(2) When measuring the emission limits, the nominal carrier frequency shall be adjusted as close to the licensee's frequency block edges as the design permits.
(3) The measurements of emission power can be expressed in peak or average values.
(c) For fixed point-to-point and point-to-multipoint limits see §30.404.



Observation 4: FCC has further relaxed emission limit comparing with CEPT.

Table 2 provides Tx spurious emission requirements comparisons among current 3GPP spec, latest draft CEPT recommendation, and FCC rules.

Table 2 Tx spurious emission limit comparison among 3GPP, CEPT and FCC
	Frequency range
	3GPP 38.101-2 Tx emission limit
	CEPT emission limit (draft recommendation)
	FCC emission limit

	9KHz f30MHz
	N/A
	-36dBm
(See reference BW recommend 3 in appendix)
	-13dBm/MHz

	30MHz f1GHz
	-36dBm/100KHz
	-36dBm/100KHz
	-13dBm/MHz

	1GHz f7.25GHz
	-30dBm/MHz
	-30dBm/MHz
	-13dBm/MHz

	7.25GHz f12.75GHz
	-30dBm/MHz
	-13dBm/MHz and -10dBm/100MHz
	-13dBm/MHz

	12.75GHz f2nd harmonic
	-13dBm/MHz
	-13dBm/MHz and -10dBm/100MHz
	-13dBm/MHz

	2nd harmonic  f 
	N/A
	-13dBm/MHz and -10dBm/100MHz
	-13dBm/MHz



Note: The ‘’ and ‘<’ sign are not differentiated here for presentation purpose. The exact signs for each frequency segment should reference to corresponding spec or regulations.

[bookmark: _GoBack]It can be seen that for the frequency segment of 7.25GHz f12.75GHz, current 3GPP has -30dBm/MHz emission limit while CEPT and FCC both have -13dBm/MHz emission limit, on top of that CEPT has additional emission limit of -10dBm/100MHz to have further protection. So 3GPP FR2 Tx emission has been defined unnecessarily tight comparing with CEPT and FCC in the frequency range of 7.25GHz f12.75GHz.

For FR2 UEs, unnecessary stringent emission requirements incur additional cost in UE design which could be potentially saved for chipset vendors, OEM vendors and operators and customers if 3GPP FR2 UE emission limits can be aligned with CEPT and FCC emission limits. So RAN4 should consider reasonable spec changes to align with CEPT regulatory requirements on Tx spurious emission. Such changes can still meet FCC regulations.  

Observation 5: The Tx spurious emission limit in 3GPP 38.101-2 can be updated to align with CEPT.

We have following proposal for such alignment.

Proposal: RAN4 should align with CEPT on Tx spurious emission limits in 38.101-2 for Rel-15 once CEPT approves the final draft recommendation on spurious emission limit.

The Tx spurious emission in 38.101-2 based on the latest draft of CEPT recommendations can be modified as follow to have such alignment:
Table 6.5.3-2: Spurious emissions limits
	Frequency Range
	Maximum Level
	Measurement bandwidth
	NOTE

	30 MHz  f < 1000 MHz
	-36 dBm
	100 kHz
	

	1 GHz  f < 12.75 7.25 GHz
	-30 dBm
	1 MHz
	

	12.75 7.25 GHz ≤ f ≤ 2nd harmonic of the upper frequency edge of the UL operating band in GHz
	-13 dBm
	1 MHz
	

	
	-10dBm
	100MHz
	



Observation 6: The proposed alignments between 3GPP and CEPT still meet FCC regulations on emission limits.
Conclusion
The recent study performed by CEPT suggests new emission limits reflected in draft ERC recommendation 74-01 as discussed in Section 2. The draft recommendation is expected to be finalized by end of May. We provide a few observations and considering current Tx emission limits in 38.101-2 is unnecessarily tight we make a proposal to align the 3GPP and CEPT emission limits.

Observation 1: CEPT has -13dBm/MHz emission limit above 7.25 GHz in the draft recommendation for FR2 UEs.

Observation 2:  CEPT adds -10dBm/100MHz additional requirement above 7.25GHz in the draft recommendation for FR2 UEs.

Observation 3: CEPT emission limits in draft recommendation [1] were specified based on spectrum sharing and compatibility studies [2].

Observation 4: FCC has further relaxed emission limit comparing with CEPT.

Observation 5: The Tx spurious emission limit in 3GPP 38.101-2 can be updated to align with CEPT.

Proposal: RAN4 should align with CEPT on Tx spurious emission limits in 38.101-2 for Rel-15 once CEPT approves the final draft recommendation on spurious emission limit.

Observation 6: The proposed alignments between 3GPP and CEPT still meet FCC regulations on emission limits.
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Appendix
Related notes and recommendations to the table 1.

Note 1: ƒ is the frequency of the spurious domain emission	
Note 2: for systems that use digital modulation and narrow-band high power (1 Watt) analogue modulated systems, the reference bandwidth is specified in section 2 of this annex, while for any other analogue modulation the reference bandwidth specified in recommend 4 is applicable. 
Note 3: 	Levels are H-field limit at 10 m distance, measured by shielded loop antenna as specified by CISPR.
Note 4: For Terminals and Base Stations using AAS and beamforming with integrated antennas the metric for unwanted emission is defined as Total Radiated Power (TRP):


where PD(r,,) is the power density in W/m2 at a distance r of two orthogonal polarizations. 
[Omit long additional description here]

Note 5: both limits are simultaneously applicable
…
Note xx: There is currently no information on base stations using AAS and beamforming with integrated antennas operating between 6 and 24.25 GHz. These could be considered in a future revision as necessary.


Recommends: 

1. that limits of unwanted emissions in the spurious domain normally apply at frequencies beyond the limit of 250% of the necessary bandwidth above and below the centre frequency of the emission. However, this frequency separation may be dependent on the type of modulation used, the maximum bit rate in the case of digital modulation, the type of transmitter, and frequency co-ordination factors. For example, where practical the  250% of the relevant Channel Separation (CS) may be used. In certain cases the frequency separation may be greater or less than  250%.
2. ….
3. that the spurious domain emission limits for radio equipment are considered here to be applicable for the range 9 kHz to 300 GHz. However, for practical measurement purposes only, the frequency range of spurious emissions measurements may be restricted still ensuring that the limits are met. As guidance for practical purposes, the following measurement parameters are normally recommended: 
Table 3: Recommended measurement ranges
	Fundamental frequency range
	Frequency range for measurements

	
	Lower frequency
	Upper frequency*

	9 kHz - 100 MHz
	9 kHz
	1 GHz

	100-300 MHz
	9 kHz
	10th harmonic

	300-600 MHz
	30 MHz
	3 GHz

	600 MHz - 5.2 GHz
	30 MHz
	5th harmonic 

	5.2-13 GHz
	30 MHz
	26 GHz

	13-150 GHz
	30 MHz
	2nd harmonic

	150-300 GHz
	30 MHz
	300 GHz

	*The test should include the entire harmonic band and not be truncated at the precise upper frequency limit stated


4. that the following reference bandwidths should be used:
· 1 kHz 		between 	9 and 150 kHz
· 10 kHz 		between 	150 kHz and 30 MHz
· 100 kHz between 	30 MHz and 1 GHz
· 1 MHz		above 		1 GHz 

…

11. that, when measuring spurious emissions of receivers, no frequency range exclusion, such as the 250% of the necessary bandwidth limit, quoted in recommends 1 should apply. Measurements should be made in accordance with recommends 3, where the fundamental frequency range should include the highest oscillator frequency used in the receiver and the harmonics are those of the highest oscillator frequency;
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