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Background
In this paper, text proposal for NR co-location between sub-6 GHz and mm-wave bands (FR2) is proposed. The proposal on this paper based on analysis, simulations and empirical measurements discussed in previous RAN4 meetings. The TP in this paper cover both transmit spurious emission as well as out-of-band blocking requirements.
This is a revised version of R4-1710823.
Discussion
In [1 & 2], the coupling between different type of antennas operating in FR1 and FR2 was extensively discussed. The coupling between a 2 GHz and ~30 GHz was measured and the results were summarized as following:
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Figure 3
Simplified measurement set up for isolation between 2 GHz and 28 GHz antennas

Note that the peak around 5 GHz is an interfering WiFi ~5 GHz otherwise the isolation is ~80 dB. The exact coupling values at different physical separations is presented in table 1.
Table 2 : Measurement results (2 GHz to 28 GHz)

	Isolation [dB]

	
	Separation [mm]

	Frequency [GHz]
	0
	1000

	0.45-2
	90
	95

	2-3.5
	85
	95

	3.5-6
	75
	80

	10
	80
	85

	20
	85
	85

	30
	82
	82


In addition, considering antennas for ~30 GHz, the antenna gain response indicate high attenuation towards sub-6 GHz frequency bands as described in [3].
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Figure 2: Simulated peak gain vs frequency for 28 GHz
Considering the coupling measurements and also antenna gain response, the isolation between sub-6 GHz (FR1) and mm-wave bands are excessive and thus co-location requirements between FR1 and FR2 bands are obsolete and should not be specified. 
Summary
In this paper, several aspects in relation to co-location requirements between FR1 and FR2 bands is discussed. Based on simulations and empirical measurements, the isolation between FR1 and FR2 antennas are excessive which in addition to antenna gain response where a mm-wave band antenna gives significant rejection towards FR1 bands, the colocation requirement between FR1 and FR2 bands become obsolete and should not be specified.
Proposal

It is proposed that the attached text proposal is included in TR 38.817-02.
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TEXT PROPOSAL:
9.7.5
OTA Transmitter spurious emissions

9.7.5.1
General

The metric used to capture transmitter spurious emissions OTA is total radiated power (TRP).   
OTA Tx spurious emissions co-location requirements and regional requirements are FFS.
Measurement bandwidths as well as the spurious range frequency limits are defined according to SM.329 [4].

9.7.5.2
AAS radiated Tx spurious emissions requirement for FR1
The OTA Tx spurious emission requirement for 1-O type NR BS is defined at RIB interface for the spurious range from 30 MHz (as opposed to the 9 kHz limit for the conducted requirement) up to the 12.75 GHz, excluding the frequency range from ΔfUEM below the lowest frequency of each supported downlink operating band, up to ΔfUEM above the highest frequency of each supported downlink operating band, where the ΔfUEM is defined in sub-clause 6.6.4. For operating bands for which the 5th harmonics reaches beyond the 12.75 GHz, the upper limit of the spurious range is extended up to the 5th harmonic of the fundamental range, but not higher than 26 GHz.
Spurious emissions limits for 1-O are based on the basic limits defined for Cat. A and for Cat. B in Table 6.6.5-1 and Table 6.6.5-2, with the fixed emissions scaling applied based on the basic limit as described in sub-clause 5.9. 

Minimum radiated requirement for 1-O NR BS in FR1 is defined based on basic limit with the emissions scaling applied. Refer to sub-clause 6.6.5.2 for basic limit definition. 
Minimum radiated requirement for 2-O NR BS in FR2 is FFS.

9.7.5.3
AAS radiated Tx spurious emissions requirement for FR2
The OTA Tx spurious emission requirement for 2-O type NR BS is defined at RIB interface for the spurious range from 30 MHz up to the 2nd
 harmonics of the upper frequency edge of the operating band.

Only Category A limits are defined for FR2 and are the same as limits defined for basic limits in sub-clause 6.6.5.2. 
For conformance testing in FR2, the upper frequency limit of the spurious range might be limited by to [TBD GHz] value, considering practical OTA measurement capabilities of the OTA test ranges in the spurious range.
9.7.5.4
Co-location spurious emission between FR1 and FR2

The coupling between different type of antennas operating in FR1 and FR2 was extensively investigate and coupling between a 2 GHz and ~30 GHz was empirically measured and the results are summarized as following:
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Figure 9.7.5.4-1
Simplified measurement set up for isolation between 2 GHz and 28 GHz antennas

Note that the peak around 5 GHz is an interfering WiFi ~5 GHz otherwise the isolation is ~80 dB. The exact isolation values at different physical separations is presented in table 9.7.5.4-1.

Table 9.7.5.4-1 : Antenna isolation measurement results (2 GHz to 28 GHz)

	Isolation [dB]

	
	Separation [mm]

	Frequency [GHz]
	0
	1000

	0.45-2
	90
	95

	2-3.5
	85
	95

	3.5-6
	75
	80

	10
	80
	85

	20
	85
	85

	30
	82
	82


In addition, considering antennas for ~30 GHz, the antenna gain response indicate high attenuation towards sub-6 GHz frequency bands, significant suppression towards FR1 bands is achieved as in Figure 9.7.5.4-2.
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Figure 9.7.5.4-2: Simulated peak gain vs frequency for 28 GHz

Considering the coupling/isolation measurements and also antenna gain response, the isolation between sub-6 GHz (FR1) and mm-wave bands are excessive and thus spurious emission co-location requirements between FR1 and FR2 bands are obsolete and should not be specified. 

*********************End of change*****************
*********************Next change*****************
10.6
OTA Out-of-band blocking


Detailed structure of the subclause is TBD.

10.6.1 General

10.6.1.1 Co-location blocking between FR1 and FR2

The coupling between different type of antennas operating in FR1 and FR2 was extensively investigate and coupling between a 2 GHz and ~30 GHz was empirically measured and the results are summarized in Figure 9.7.5.4-1. 
Note that the peak around 5 GHz is an interfering WiFi ~5 GHz otherwise the isolation is ~80 dB. The exact isolation values at different physical separations is presented in table 9.7.5.4-1.

In addition, considering antennas for ~30 GHz, the antenna gain response indicate high attenuation towards sub-6 GHz frequency bands, significant suppression towards FR1 bands is achieved as in Figure 9.7.5.4-2.

Considering the coupling/isolation measurements and also antenna gain response, the isolation between sub-6 GHz (FR1) and mm-wave bands are excessive and thus spurious emission co-location requirements between FR1 and FR2 bands are obsolete and should not be specified. 

*********************End of change*****************
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