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4.12	Co-location requirements
[bookmark: _Toc535442213]4.12.2	Co-location test antenna
[bookmark: _Toc535442214]4.12.2.1	General
Co-location requirements are specified as power levels into or out of the conducted interface of the co-location reference antenna. For conformance testing the requirements are translated to the input or output of a co-location test antenna (CLTA).
A CLTA is a practical antenna which can be used to test conformance to the co-location requirements.
[bookmark: _Toc535442215]4.12.2.2	Co-location test antenna characteristics
A co-location test antenna is a practical passive antenna that is used for conformance testing of the co-location requirements and is based on the definition of the co-location reference antenna. Unless stated otherwise, aA CLTA shall comply with the requirements specified in table 4.12.2.2-1.
Translation of the requirements to other test antennas are not precluded but suitable translations between the co-location reference antenna and test antenna must be provided to demonstrate that the method is within the specified MU.
The currently defined CLTAs are suitable for testing BS type 1-O implemented with a planar antenna array. The method for testing BS with other antenna array implementations is FFS and not covered by the present release of this specification.
Table 4.12.2.2-1: CLTA characteristics
	Parameter
	In-band CLTA
	Out-of-band CLTAs

	Vertical radiating dimension (h)
	Test object vertical radiating length ±30%
	N/A

	Horizontal beam width
	65° ± 10°
	65° ± 10°

	Vertical beam width
	N/A
	The half-power vertical beam width of the CLTA equals the narrowest declared (D.3) vertical beamwidth ±3°

	Polarization
	Match
	Match to in-band

	Conducted interface return loss
	> 10 dB
	> 10 dB

	NOTE: If a multi-column or multi-band antenna is used the column closest to the NR BS shall be selected while other columns are terminated during testing.  



[bookmark: _Toc535442216]4.12.2.3	Co-location test antenna alignment
The alignment between the NR BS under test and the co-location test antenna is described in table 4.12.2.3-1 and figure 4.12.2.3-1. The same physical alignment applies to in-band and out-of-band co-location requirements.
Table 4.12.2.3-1: CLTA alignment tolerances
	Parameter
	

	Edge-to-edge separation between the NR BS and the CLTA, d
	0.1 m ± 0.01 m

	Vertical alignment
	Centre ± 0.01 m

	Front alignment
	Radome front ± 0.01 m



[image: ]
Figure 4.12.2.3-1: Alignment of NR BS and CLTA
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6.8	OTA transmitter intermodulation
6.8.4.2	Procedure
1)	Select a CLTA according to the description in subclause 4.12 and parameters given in table 4.12.2.2-1.
2)	Place the CLTA according to the description in subclause 4.12 and parameters given in table 4.12.2.3-1. The CLTA shall be excited with a single polarization. For a dual polarized BS, the CLTA polarization shall be selected in the middle of both supported polarizations of the DUT and such that the vertical component of the polarization is at least as strong as the horizontal component. For instance, for a ±45° polarized DUT, the CLTA shall use vertical polarization and for an H/V-polarized DUT, the CLTA shall use either +45° or -45° polarization. For a single-polarized BS, the CLTA polarization shall be in the middle of the polarization of the DUT and the polarization orthogonal to it and the vertical component of the polarization shall be at least as strong as the horizontal component. If no CLTA with the ‘middle’ polarization is available, the CLTA shall be dual-polarized with the same polarizations as the BS under test and both interferer polarizations shall be tested sequentially.
3)	The test antenna(s) shall be dual (or single) polarized covering the same frequency range as the NR BS and the emission frequencies.
4)	Several test antennas and CLTAs are required to cover both the NR BS and the whole emission frequency range.
5)	Connect test antenna and CLTA to the measurement equipment as shown in annex E.1.5.
6)	During the OTA emission measurements at the test antenna conducted output(s), both NR BS and CLTA are rotated around same axis.
7)	The OTA emission measurement method shall be TRP, according to the procedure described in annex I.
8)	The measurement device (signal analyzer) characteristics shall be:
-	Detection mode: True RMS.
9)	Set the NR BS to transmit:
-	Set the NR BS to transmit maximum power according to the applicable test configuration in subclause 4.7 using the corresponding test models or set of physical channels in subclause 4.9.2.
10)	Generate the interfering signal via the CLTA. The CLTA is fed with a power level equal to the declared Prated,t,TRP, divided over all the supported polarizations, from the same signal generator source:
-	using test model as defined in subclause 4.9.2, at a centre frequency offset according to the conditions in table 9.8.2-1 in TS 38.104 [1], but exclude interfering frequencies that are outside of the allocated downlink operating band or interfering frequencies that are not completely within the sub-block gap or within the Inter RF Bandwidth gap.
11)	Adjust the interfering signal level at the tested CLTA conducted input(s) as defined in:
-	transmitter intermodulation table 9.8.2-1 in TS 38.104 [1].
12)	If the interferer signal is applicable according to subclause 4.7, perform the unwanted emission tests specified in subclauses 6.7.3 (OTA ACLR) and 6.7.4 (OTA OBUE) for all third and fifth order intermodulation products which appear in the frequency ranges defined in subclauses 6.7.3 and 6.7.4 (Note 2). The width of the intermodulation products shall be taken into account.
13)	If the interferer signal is applicable according to subclause 4.7, perform the Transmitter spurious emissions test as specified in subclause 6.7.5 (OTA spurious emission), except OTA co-location spurious emission, for all third and fifth order intermodulation products which appear in the frequency ranges defined in subclause 6.7.5 (Note 2). The width of the intermodulation products shall be taken into account.
14)	Verify that the emission level does not exceed the required level in subclause 6.8.5 (Test requirements) with the exception of interfering signal frequencies.
15)	Repeat the test for the remaining interfering signal centre frequency offsets according to the conditions of:
-	transmitter intermodulation table 9.8.2-1 in TS 38.104 [1].
16)	Repeat the test for the remaining interfering signals defined in subclause 4.7 for requirements 6.7.3 (OTA ACLR), 6.7.4 (OTA OBUE) and 6.7.5 (OTA spurious emission), except OTA co-location spurious emission.
In addition, for multi-band RIB, the following steps shall apply:
17)	For multi-band RIB and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
NOTE 1:	The third order intermodulation products are centred at 2F1F2 and 2F2F1. The fifth order intermodulation products are centred at 3F12F2, 3F22F1, 4F1F2, and 4F2F1 where F1 represents the test signal centre frequency or centre frequency of each sub-block and F2 represents the interfering signal centre frequency. The widths of intermodulation products are:
-	(n*BWF1 + m* BWF2) for the nF1mF2 products;
-	(n* BWF2 + m* BWF1) for the nF2mF1 products;
	where BWF1 represents the test wanted signal RF bandwidth or channel bandwidth in case of single carrier, or sub-block bandwidth and BWF2  represents the interfering signal channel bandwidth..
NOTE 2:	During the conformance test the interferer signal can be applied on one side of the wanted signal, while the transmitter intermodulation emission is measured only on the opposite side of the wanted signal. This applies for intermodulation products which are within the operating band or OBUE region.
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6.8.5	Test requirements
6.8.5.1	Requirement for BS type 1-O
The transmitter intermodulation level shall not exceed the TRP unwanted emission limits specified for OTA transmitter spurious emission in subclause 6.7.5 (except co-location with other base stations), OTA out-of-band emissions in subclause 6.7.4 and OTA ACLR in subclause 6.7.3 in the presence of a wanted signal and an interfering signal, defined in table 6.8.5.1-1.
The requirement is applicable outside the Base Station RF Bandwidth edges. The interfering signal offset is defined relative to the Base Station RF Bandwidth edges or Radio Bandwidth edges.
For RIBs supporting operation in non-contiguous spectrum, the requirement is also applicable inside a sub-block gap for interfering signal offsets where the interfering signal falls completely within the sub-block gap. The interfering signal offset is defined relative to the sub-block edges.
For RIBs supporting operation in multiple operating bands, the requirement shall apply relative to the Base Station RF Bandwidth edges of each operating band. In case the inter RF Bandwidth gap is less than 3*BWChannel MHz (where BWChannel is the minimal BS channel bandwidth of the band), the requirement in the gap shall apply only for interfering signal offsets where the interfering signal falls completely within the inter RF Bandwidth gap.
Table 6.8.5.1-1: Interfering and wanted signals for the OTA transmitter intermodulation requirement
	Parameter
	Value

	Wanted signal
	NR single or multi-carrier, or multiple intra-band contiguously or non-contiguously aggregated carriers

	Interfering signal type
	NR signal of minimum supported BS channel bandwidth (BWChannel) and SCS set to 15 kHz

	Interfering signal level
	The interfering signal level is the same power level as the BS (Prated,t,TRP) fed into a CLTA.

	Interfering signal centre frequency offset from the lower (upper) edge of the wanted signal or edge of sub-block inside a gap
	
, for n=1, 2 and 3

	NOTE:	The Prated,t,TRP is split between supported polarizations at the CLTA input ports.
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7.6	OTA out-of-band blocking	
7.6.1	Definition and applicability
The OTA out-of-band blocking characteristics are a measure of the receiver unit ability to receive a wanted signal at the RIB at its assigned channel in the presence of an unwanted interferer.
For the general OTA out-of-band blocking the requirement applies to the wanted signal for each supported polarization, under the assumption of polarization match. The interferer shall be polarization matched for in-band frequencies and the polarization maintained for out-of-band frequencies.
The additional co-location requirement applies to the wanted signal for each supported polarization, under the assumption of polarization match. The interfering signal arrives from a direction perpendicular to the direction of the wanted signal.  
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7.6.4.2.2	BS type 1-O procedure for co-location blocking
1)	Place NR BS and CLTA as specified in subclause 4.12.2.3.
2)	Several CLTA may be necessaryare required to cover the whole declared co-location blocking frequency ranges. The CLTA shall be selected according to subclause 4.12.2.2. The CLTA shall be excited with a single polarization. For a dual polarized BS, the CLTA polarization shall be selected in the middle of both supported polarizations of the DUT and such that the vertical component of the polarization is at least as strong as the horizontal component. For instance, for a ±45° polarized DUT, the CLTA shall use vertical polarization and for an H/V-polarized DUT, the CLTA shall use either +45° or -45° polarization. For a single-polarized BS, the CLTA polarization shall be in the middle of the polarization of the DUT and the polarization orthogonal to the supported polarization and the vertical component of the polarization shall be at least as strong as the horizontal component. If no CLTA with the required ‘middle’ polarization is available, the CLTA shall be dual-polarized with the same polarizations as the BS under test, or – for a single-polarized BS – the supported polarization and its orthogonal polarization and both interferer polarizations shall be tested sequentially.
3)	Align the NR BS and test antenna(s) according to the directions to be tested.
4)	Connect test antenna and CLTA to the measurement equipment as depicted in annex E.2.4.2.
5)	The NR BS receives the wanted signal in all supported polarizations, in the receiver target reference direction from the test antenna.
6)	The OTA co-location blocking interferer is injected via the CLTA. The CLTA is fed with the specified co-location blocking interferer power per supported polarization.If two CLTA polarizations are tested sequentially according to step 2, the interferer power level complies with the level specified in subclause 7.6.5.1.2. If only a single CLTA polarization is tested according to step 2, the interferer level specified in subclause 7.6.5.1.2 is increased by 3 dB.
7)	Generate the wanted signal in receiver target reference direction, oneall supported polarization at a times, from the test antenna, according to the applicable test configuration (see subclause 4.8) using applicable reference measurement channel to the RIB, according to TS 38.141 [2], annex A.1.
8)	Set the transmitter unit associated with the RIB under test to transmit in receiver target reference direction with the carrier set-up and power allocation according to the applicable test configuration(s) (see subclause 4.8). The transmitter may be turned OFF for the out-of-band blocker tests when the frequency of the blocker is such that no IM2 or IM3 products fall inside the bandwidth of the wanted signal.
9)	Adjust the signal generators to the type of interfering signals, levels and the frequency offsets as specified for general test requirements in table 7.6.5.1.1-1 and, when applicable, for co-location test requirements in table 7.6.5.1.2-1.
10)	The CW interfering signal shall be swept with a step size of 1 MHz within the specified range.
11)	Measure the performance of the wanted signal at the receiver unit associated with the RIB, as defined in the subclause 7.6.5, for the relevant carriers specified by the test configuration in subclause 4.7.
In addition, for multi-band RIB, the following steps shall apply:
12)	For multi-band RIB and single band tests, repeat the steps above per involved band where single band test configurations and test models shall apply with no carrier activated in the other band.
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7.6.5	Test requirements
7.6.5.1.2	Co-location requirement
This additional OTA out-of-band blocking requirement may be applied for the protection of BS receivers when NR, E‑UTRA BS, UTRA BS, CDMA BS or GSM/EDGE BS operating in a different frequency band are co-located with a BS.
The interferer power level is specified at the CLTA conducted input(s). If two CLTA polarizations are injected sequentially, the interfering power level is specified in table 7.6.5.1.2-1. as the signal power per supported polarization If only a single CLTA polarization is tested, the interferer power injected into the CLTA, as specified in table 7.6.5.1.2-1, is increased by 3 dB.
For OTA wanted and OTA interfering signal provided at the RIB using the parameters in table 7.6.5.1.2-1, the following requirements shall be met:
-	The throughput shall be ≥ 95% of the maximum throughput of the reference measurement channel. The reference measurement channel for the OTA wanted signal is identified in subclause 10.3.2 in [1] for each BS channel bandwidth and further specified in annex A in TS 38.104 [1]. The characteristics of the interfering signal is further specified in annex D in TS 38.104 [1].
For BS type 1-O the OTA blocking requirement for co-location with BS in other frequency bands is applied for all operating bands for which co-location protection is provided.
Table 7.6.5.1.2-1: OTA blocking requirement for co-location with BS in other frequency bands
	Frequency range of interfering signal
	Wanted signal mean power (dBm)
	Interfering signal mean power for WA BS (dBm)
	Interfering signal mean power for MR BS (dBm)
	Interfering signal mean power for LA BS (dBm)
	Type of interfering signal

	Frequency range of co-located downlink operating band
	EISminSENS + 6 dB
 (Note 1)
	+46
	+38
	+24
	CW carrier

	NOTE 1:	EISminSENS depends on the BS class and on the BS channel bandwidth as specified in TS 38.104 [2], subclause 10.2.1.
NOTE 2:	The requirement does not apply when the interfering signal falls within any of the supported uplink operating band(s) or in ΔfOOBimmediately outside any of the supported uplink operating band(s).
NOTE 3:   The specified interferer signal power level is applied to all supported CLTA input ports.
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