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1 Introduction
Currently there are no FR2 co-location requirements whilst FR1 frequencies have conducted co-location requirements specified for BS type 1-0 and 1-H and OTA co-location requirements specified for BS type 1-O.

For FR2 in some cases the co-location requirements are not required as the higher frequency makes them unnecessary (the combination of isolation and other RF requirements mean co-location performance is covered by other requirements) or there is no deployment need for them currently.
Clearly in the range between FR1 and FR2 there will be a frequency where co-location requirement are necessary below that frequency and unnecessary above it.

This paper further investigates the co-location requirements and where such a frequency break point may occur.
2 Discussion
2.1 TX IMD

2.1.1 Background
It was agreed for FR2 that it was not necessary to specify TX IMD requirements due to the high isolation between co-located FR2 antennas.

In [1] some technical justification for this decision was provided based on the level of reverse signal being large enough to generate an IMD product larger than the ACLR of the forward signal.

The following assumptions were made:

· The worst case coupling would be the FSPL at 10cm separation

· The PA reverse linearity would be at least Pout + PAR

· Usually IP3 would be estimated to be 10dB above P1dB, however with a linearized system the ACLR performance and the PA IP3 are not necessarily linked. However the PA must be capable of generating peak power equal to the average power + the peak to average ratio giving an accurate estimate of the P1dB requirement. The assumption here is that reverse IP3 is the same as the P1dBm point – which is conservative.

· The output power was 20W

This resulted in the following analysis (at 2GHz and at 30GHz)

	f
	2
	30
	GHz

	d
	
	0.1
	m

	FSPL
	
	42
	dB

	Assumed coupling 
	30
	42
	 dB

	Pout
	43
	43
	dBm

	ACLR
	45
	28
	dBc

	Adj channel (Pout-ACLR)
	-2
	15
	dBm

	IP3 
	51
	51
	dBm

	 
	
	
	 

	PInterferer
	13
	1
	dBm

	P 3rd order 1
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It can be seen that at 2GHz the interferer power is 15dB larger than the ACLR power, and the resulting worst case IMD product is only 1dB lower than the ALCR level, hence it is necessary to have the additional reverse IMD requirement to ensure compliance.

However for 30GHz the interferer power is 14dB lower than the ACLR power, and the worst case IMD product is 30dB lower than the ACLR level. As such it is very unlikely that reverse IMD could exceed the existing forward linearity requirements.

Whilst it is noted that reverse IMD is not the same as forward IMD the assumptions represent a worst case and there is still significant margin (at 30GHz), as such the decision to not require an TX IMD requirement was quite clear.

2.1.2 7-24GHz TX IMD
The 7 to 24GHz frequency range fills the gap between FR1 and FR2 as such at some point the decision to have a TX IMD requirement must change, an estimate can be made using the same assumptions that were used for 2 GHZ and for 30GHz.

As the ACLR requirement forms part of the assumptions and is not known it is estimated using a log curve fit on existing values as discussed in [2].

	f
	2
	7
	10
	13
	16
	19
	24
	30
	GHz

	d
	 
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1
	m

	FSPL
	 
	29.3
	32.4
	34.7
	36.5
	38.0
	40.0
	42.0
	dB

	Assumed coupling 
	30
	29.3
	32.4
	34.7
	36.5
	38.0
	40.0
	42
	 dB

	Pout (P1)
	43
	43
	43
	43
	43
	43
	43
	43
	dBm

	ACLR
	45
	36.8
	35.2
	34.1
	33.2
	32.5
	31.4
	28
	dBc

	Adj channel (Pout-ACLR)
	-2
	6.2
	7.8
	8.9
	9.8
	10.5
	11.6
	15
	dBm

	IP3 (Pout + ACLR/2)
	51
	51
	51
	51
	51
	51
	51
	51
	dBm

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	P Interferer (P2)
	13.0
	13.7
	10.6
	8.3
	6.5
	5.0
	3.0
	1.0
	dBm

	P 3rd order 1
	-33.0
	-31.7
	-37.9
	-42.4
	-46.0
	-49.0
	-53.1
	-57.0
	dBm

	P 3rd order 2
	-3.0
	-2.3
	-5.4
	-7.7
	-9.5
	-11.0
	-13.0
	-15.0
	dBm

	Margin
	1.0
	8.6
	13.2
	16.6
	19.3
	21.6
	24.6
	30
	dBm


As the frequency increases so the margin increases (as expected). 

As the ALCR must pass with both the forward adjacent channel contribution and the reverse a margin of approx. 15dB should be expected as a minimum (equivalent in an increase in adjacent channel of approx. 0.1dB).

This puts the frequency for needing a co-location reverse IMD requirement at approx. 10 to 13GHz in this analysis.

Of course there are some big assumptions in this analysis, which could significantly alter the transit/ion frequency, specifically:

· the coupling assumptions are based on FSPL, these are probably 10-15dB pessimistic

· ACLR assumptions are based on curve fitting in [2] – it is unlikely that a different ACLTR value will be used for each frequency. One or 2 values may be selected in the range.
However it is clear that for much of the 7-24GHz range it will not be necessary to have a TX IMD requirement, much like for FR2.

Observation: as co-location isolation was derived based on 2GHz, co-location requirements are likely over specified at the top end of FR1 already.

Observation: initial analysis shows Tx IMD requirements may not be necessary in the 7-24GHz range.

2.2 Spurious emissions

The transmitter co-location spurious emissions are based on the noise in the receive band of other 3GPP bands being sufficiently low as to not cause desensitization of the receivers when co-located.

Once again FR1 conducted requirements are based on the assumption that there is 30dB isolation between co-located antennas and the radiated requirements are based on the output of a co-location reference antenna at 10cm distance from the AAS BS.

The co-location requirements are based on an acceptable desensitization of the co-located victim of 0.6dB

The co-location noise requirement level is -96dBm/100kHz:
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Or a 0.6dB desensitization.

FR2 currently has no co-location emission requirement based on the assumptions:
· The coupling between co-located antennas is much higher than for FR1

· The sensitivity of the receiver is lower

· Co-located systems in the same band will need to be synchronised

· Few mm wave bands are identified in same geographical area so co-location is not strictly necessary.

The higher isolation and higher noise figure of the receiver on their own are not sufficient to rule out co-location requirements as they result in levels which are lower than the class B emissions limits and hence could cause desensitisation for a co-located victim.

Vert high isolation was measured between FR2 and FR1 systems and hence it was not deemed necessary to have co-location emissions requirement for FR1 aggressor in FR2 victim bands and vica-verca

Depending on the deployment scenarios therefore it seems likely that co-location emissions requirements may be required in the band 7 to 24GHz.

Any co-location emissions requirements are significantly lower than the noise floor of the victim BS, for FR1 a solution was found using the conducted output of a co-location reference antenna. This was possible because there is an existing infrastructure passive BS antennas (for use with non-AAS BS) which can be used as co-location test antennas. In newer higher frequency ranges such a resource will not exist hence the concept of a co-location test antenna will be difficult to practically implement, however alternative methods yield power levels which are too low to practical measure.
Hence co-location for OTA systems in the 7-24GHz region (and indeed in FR2) are easy to specify but almost impossible to measure. 

Observation : Co-location emissions requirements may be needed to ensure protection of co-located receivers
Observation : practical measurement of these requirements is very difficult and may require different methods from FR1.

3 Conclusion
The Tx IMD and the co-locations emissions requirements have been studied using assumptions on isolation and ACLR between 7 to 24GHz.
Analysis of TX IMD scenarios has the following observations:

Observation: as co-location isolation was derived based on 2GHz, co-location requirements are likely over specified at the top end of FR1 already.

Observation: initial analysis shows Tx IMD requirements may not be necessary in the 7-24GHz range.

Analysis of co-location emissions shows:
Observation: Co-location emissions requirements may be needed to ensure protection of co-located receivers

Observation: practical measurement of these requirements is very difficult and may require different methods from FR1.
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