



3GPP TSG-RAN4 Meeting #97-e	R4-2014161
E-meeting, 2  – 18 November, 2020

Source: 	Ligado Networks
Title: 	Band 24 UE additional emission requirements, A-MPR scenarios and assumptions and UE REFSENS
Agenda item:	14.8.2
Document for: 	Approval
Introduction
One of the objectives specified in [1] was to “address implications of tighter out of band emission limits specified for the UE in the FCC Order recently published”.  In order to progress the work related to this objective this document proposes i) a table for inclusion in 36.101 to capture additional emission requirements for Band 24 as a result of the regulatory updates and ii) specify A-MPR simulation scenarios and assumptions.  

In addition, impact on the UE REFSENS is also assessed.
Additional Emission Requirements for Band 24
Below is summary of the FCC emission requirements for the user equipment [2]:

The wideband OOBE EIRP emissions limits:
· -67 dBW/4kHz at 1627.5 MHz;
· a level determined by linear interpolation from -67 dBW/4kHz at 1627.5 MHz to -100 dBW/MHz at 1610 MHz in the 1627.5-1610 MHz frequency range;
· a level determined by linear interpolation from -100 dBW/MHz at 1610 MHz to -105 dBW/MHz at 1608 MHz in the 1610-1608 MHz frequency range;
· -105 dBW/MHz in the 1541-1608 MHz frequency range;
· -58 dBW/4 kHz at a 1 megahertz offset beyond the edges of the authorized and internationally coordinated MSS frequency assignment at 1646.5-1656.5 MHz
The narrowband EIRP emission limits:

·  a level determined by linear interpolation from -44 dBW/700 Hz at 1625 MHz to -110 dBW/700 Hz at 1610 MHz in the 1625-1610 MHz frequency range;
· a level determined by linear interpolation from -110 dBW/700 Hz at 1610 MHz to –115 dBW/700 Hz at 1608 MHz in the 1610-1608 MHz frequency range;
· -115 dBW/700 Hz in the 1608-1559 MHz frequency range;
· [bookmark: _Hlk53558941]-132 dBW/2 kHz in the 1559-1541 MHz frequency range.

[bookmark: _Hlk53129210]Observation 1:  The regulations specify out of band emissions in terms of radiated measurements rather than conducted measurements.

Table 1 specifies the additional emission requirements for Band 24 in a tabular format for inclusion in the UE technical specifications.  Similar to that for V2X band, the additional emission requirements are specified in terms of EIRP.

	Frequency band
(MHz)
	Channel bandwidth / Spectrum emission limit in EIRP1 (dBm)
	Measurement bandwidth 
	Note

	
	10MHz

	
	

	1541 ≤ f ≤ 1559
	-102
	2kHz
	EIRP of discrete emissions of less than 700 Hz bandwidth, averaged over any 2 millisecond active transmission interval

	1559≤ f ≤ 1608
	-85
	700Hz
	

	1608≤ f ≤ 1610
	-85 +5/2 (f-1608)
	700Hz
	

	1610≤ f ≤ 1625
	-80+ 66/15 (f-1610)
	700Hz
	

	1541 ≤ f ≤ 1608
	-75
	1MHz
	EIRP and averaged over any 2 millisecond active transmission interval

	1608≤ f ≤ 1610
	-75 + 5/2 (f-1608)
	1MHz
	

	1610≤ f ≤ 1627.5
	-70+ 57/17.5 (f-1610)
	1MHz
	

	1627.5
	-37
	4kHz
	

	1638.5 ≤f ≤ 1645.5
	-28
	4kHz
	

	1657.5 ≤f ≤ 1660.5
	-28
	4kHz
	

	NOTE 1: The EIRP requirement is converted to conducted requirement depending on the supported antenna gain Gant declared by the UE manufacturer. If not declared by the UE manufacturer, a 0 dBi antenna gain shall be used.


[bookmark: _Ref52984293][bookmark: _Ref52984256]Table 1: Additional Emission Requirements

Proposal 1: Based on the regulatory updates above, it is proposed that Table 1 above be included as additional emission requirements for band 24 in section 6.6.3.3 of TS 36.101.
Scenarios for A-MPR Simulations
Given the strict emission requirements, it is proposed to perform A-MPR simulations for both the lower (1627.5 – 1637.5 MHz) and the upper (1646.5 – 1656.5 MHz) channels. 

[bookmark: _Hlk53129163]Proposal 2:  The A-MPR simulations and tables should at a minimum cover and be optimized for scenario 1- 6 specified below.

1) 5 MHz carrier from 1627.5 – 1632.5 MHz
2) 5 MHz carrier from 1632.5 – 1637.5 MHz
3) 5 MHz carrier from 1646.5 – 1651.5 MHz
4) 5 MHz carrier from 1651.5 – 1656.5 MHz
5) 10 MHz carrier from 1627.5 – 1637.5 MHz
6) 10 MHz carrier from 1646.5 – 1656.5 MHz

Parameters for A-MPR Simulations
Table 1 shown above summarizes the additional emission requirements that will have to be met by Band 24 UE as a result of regulatory updates in [2].  Figure 1 depicts these requirements visually.

Figure 1: 3GPP NR SEM mask vs. FCC Band 24 UE OOBE requirements

Typically, OOBE are specified in terms of conducted measurements and A-MPR simulations are accordingly performed based on conducted emission requirements.  In the case of Band 24, regulations specify OOBE in terms of radiated measurements.  The radiated emissions will be dependent on the UE gain.  

Proposal 3: It is proposed that a 0 dBi omni-directional UE antenna be assumed for the A-MPR simulations.

Given the large gap between 3GPP and regulatory SEM requirements, the following are important considerations in performing A-MPR simulations: (i) use of a measurement based PA model representing a practical but better-than-average PA; (ii) a duplexer that is expected to reduce the out of band emissions in 1608 – 1627.5 MHz.  

PA Parameters
The following sections details PA data measurements and subsequent ACLR calculations. Figure 2 below depicts OOBE measurements for PA from vendor #1 (PA #1).
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Figure 2: Measured OOBE data for PA #1 (Room Temeprature)

Figure 3 below depicts OOBE measurements for PA from vendor #2 (PA #2).

[image: ]
Figure 3: Measured OOBE data for PA #2 (Room Temperature)

Finally, Figure 4 below depicts OOBE measurements for PA #2 over temperature.

[image: ]
Figure 4: Measured OOBE data for PA #2 (Over Temperature); RT is room temperature, HT is high temperature and LT is low temerature

The calculated ACLR values of both PA’s are shown in Table 2.
[bookmark: _Ref53558859]
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Table 2: Measured ACLR values of PA samples and proposed PA model

The OOBE emissions shown above represent two PA samples with lower-than-average OOBE.  The measurements in Figure 2 are for a Band 24 PA (PA#1) at room temperature.   Figures 3 and 4 depict the measurements for a Band 4 PA at room temperature and extreme temperature conditions, respectively – the Band 4 PA data is used as an example of what is expected to be technically feasible in Band 24.  Both PAs show lower OOBE than required to comply minimally with 3GPP PC3 SEM and ACLR requirements, suggesting better-than-average linearity.  For conservative simulations, we propose using the Band 4 PA, which showed somewhat higher OOBE of the two samples.

It is proposed that a minimum ACLR value of -35 dBc EUTRA, -38 dBc UTRA ACLR1 and -41 dBc UTRA ACLR2 be used in the A-MPR simulations.

Proposal 4: It is proposed that a PA model calibrated to achieve a minimum E-UTRA ACLR of -35 dBc,  a UTRA ACLR1 of -38 dBc and a UTRA ACLR2 of -41 dBc for a full channel QPSK with 1 dB MPR be used for A-MPR simulations. 

Proposal 5: It is proposed that the standard modulator/transceiver parameters of IQ-Image and LO leakage = -25 dBc, C-IM3 = -60 dBc, C-IM5 = -70 dBc and 4 dB of post-PA losses be used for A-MPR simulations.

Filter Rejection
The filter will not assist in the region close to the channel edge; however, it will assist in meeting the FCC emissions requirements away from the band edge. Considering large region specified in the FCC order for out of band, duplexer rejection needs to be considered for A-MPR simulations.
Table 3 below summarizes the Tx to Ant attenuation data from multiple vendors for a Band 24 duplexer based on recent simulations by these vendors

	 
	Minimum attenuation after accounting for ETC and manufacturing variations ( Tx. To Ant)

	Frequency (MHz)
	Vendor A
	Vendor B
	Vendor C
	Vendor D
	Average
	Units

	1541-1590
	-45.0
	-48.0
	-40.0
	-50.0
	-45.8
	dB

	1590-1608
	-45.0
	-46.0
	-35.0
	-45.0
	-42.8
	dB

	1608
	-45.0
	-48.1
	-35.0
	-45.0
	-43.3
	dB

	1609
	-45.0
	-48.2
	-38.0
	-45.0
	-44.0
	dB

	1610
	-45.0
	-48.9
	-38.0
	-45.0
	-44.2
	dB

	1611
	-45.0
	-49.9
	-38.0
	-45.0
	-44.5
	dB

	1612
	-40.0
	-51.4
	-38.0
	-43.0
	-43.1
	dB

	1613
	-38.0
	-51.4
	-33.0
	-37.0
	-39.8
	dB

	1614
	-30.0
	-40.3
	-30.0
	-30.0
	-32.6
	dB

	1615
	-25.0
	-27.3
	-26.0
	-25.0
	-25.8
	dB

	1616
	-20.0
	-17.3
	-22.0
	-20.0
	-19.8
	dB

	1617
	-19.0
	-13.5
	-13.0
	-17.0
	-15.6
	dB

	1618
	-15.0
	-9.9
	-12.0
	-16.0
	-13.2
	dB

	1619
	-10.0
	-6.0
	-7.0
	-15.0
	-9.5
	dB

	1620
	-8.0
	-3.8
	-5.0
	-10.0
	-6.7
	dB

	1621
	-6.0
	-3.0
	-4.0
	-5.0
	-4.5
	dB

	1622
	-3.0
	-2.7
	-3.0
	-3.0
	-2.9
	dB

	1623
	-3.0
	-2.4
	-3.0
	-3.0
	-2.8
	dB

	1624
	-2.0
	-2.0
	-3.0
	-3.0
	-2.5
	dB

	1625
	-2.0
	-1.8
	-3.0
	-3.0
	-2.4
	dB

	1626
	-2.0
	-1.7
	-3.0
	-2.5
	-2.3
	dB

	1627
	-2.0
	-1.7
	-3.0
	-2.5
	-2.3
	dB

	Note: The attenuation levels are absolute and not in addition to the insertion loss value


[bookmark: _Ref52991034]Table 3: Duplexer Attenuation Data from Vendors


Proposal 6:  It is proposed that the average value of the minimum transmit filter rejection mask specified  in Table 3 above be used in the A-MPR simulations.

Proposal 7:  Companies are encouraged to bring A-MPR simulations with the agreed upon A-MPR assumptions to the RAN4#98e meeting.

Band 24 Filter Simulations and Implications for UE REFSENS
Table 4 summarizes the recent simulation data for  Band 24 duplexer while Table 5 summarizes the original simulation data from 2011.

	 
	Max Rx IL (dB) 
	Min Tx Isolation (1626.5 – 1660.5 MHz)
	Rx Isolation (1526 – 1559 MHz)

	Vendor A
	3.5
	> 48
	> 48

	Vendor B
	2
	> 60
	> 60

	Vendor C
	2.2
	> 40
	> 50

	Vendor D
	2
	>50
	>52

	Average
	2.4
	> 49
	> 52



[bookmark: _Ref53558957]Table 4: Recent Band 24 duplexer simulation data (to facilitate improved rejection in Foob region)

	
	Rx IL (dB) – ETC
	Tx Isolation (dB)
	Rx Isolation (dB)

	Vendor X
	2.7
	> 50
	> 50



[bookmark: _Ref53558985]Table 5: 2011 Band 24 duplexer simulation data

The expected average of the maximum Rx IL and minimum Tx/Rx isolation is comparable to that of the 2011 duplexer. 

Proposal 8: It is proposed that the Band 24 UE REFSENS remain unchanged in specification TS 36.101.   

Observations and Proposals

Observation 1:  The regulations specify out of band emissions in terms of radiated measurements rather than conducted measurements.

Proposal 1: Based on the regulatory updates above, it is proposed that Table 1 above be included as additional emission requirements for band 24 in section 6.6.3.3 of TS 36.101.

Proposal 2:  The A-MPR simulations and tables should at a minimum cover and be optimized for scenario 1- 6 specified below.

1) 5 MHz carrier from 1627.5 – 1632.5 MHz
2) 5 MHz carrier from 1632.5 – 1637.5 MHz
3) 5 MHz carrier from 1646.5 – 1651.5 MHz
4) 5 MHz carrier from 1651.5 – 1656.5 MHz
5) 10 MHz carrier from 1627.5 – 1637.5 MHz
6) 10 MHz carrier from 1646.5 – 1656.5 MHz

Proposal 3: It is proposed that a 0 dBi omni-directional UE antenna be assumed for the A-MPR simulations.

Proposal 4: It is proposed that a PA model calibrated to achieve a minimum E-UTRA ACLR of -35 dBc, and a UTRA ACLR1 of -38 dBc for a full channel QPSK with 1 dB MPR be used for A-MPR simulations. 

Proposal 5: It is proposed that the standard modulator/transceiver parameters of IQ-Image and LO leakage = -25 dBc, C-IM3 = -60 dBc, C-IM5 = -70 dBc and 4 dB of post-PA losses be used for A-MPR simulations.

Proposal 6:  It is proposed that the average value of the minimum transmit filter rejection mask specified in Table 3 above be used in the A-MPR simulations.

Proposal 7:  Companies are encouraged to bring A-MPR simulations with the agreed upon A-MPR assumptions to the RAN4#98e meeting.

Proposal 8: It is proposed that the Band 24 UE REFSENS remain unchanged in specification TS 36.101.
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[1] LTE with QPSK mod. 10 MHz bw, 50 RB and PBO =1 dB, Center frequency 1632.5 MHz

[2] Interference window: Center frequency 1622.5 MHz. Bandwidth 9 MHz, rectangular passband

[3] Interference window: Center frequency 1625.0 MHz. Bandwidth 3.84 MHz, RRC window, 0.22 roll-off factor
[4] Interference window: Center frequency 1620.0 MHz. Bandwidth 3.84 MHz, RRC window, 0.22 roll-off factor




