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1 Introduction
Out of band blocking has been discussed for a number of meetings and as yet no satisfactory solution of how to derive an OTA requirement has been agreed.

In the last meeting [1] investigated the background behind the current -15dBm conducted out of band interfere level, and [2] highlighted the issues with attempting to maintain the existing conducted interferer level using a far field chamber.

This paper further discusses the problem and tries to narrow down the options for an OTA solution.

2 Discussion

As stated in [1] the interference analysis done to derive the blocking level was originally for the UE and was based on a few interferes in the range 2 to 3GHz. As summary of the analysis is give below:
	Description
	lower Freq
	upper Freq
	source EIRP
	Coupling loss
	level
	Comments

	
	MHz
	MHz
	dBm
	dB
	dBm
	

	TDD UE<->UE
	2010
	2025
	29
	40
	-11
	TDD  high power terminal (Pout =33dBm-4dB for normal operating point)

	TDD BS<->UE
	2010
	2025
	43
	60
	-17
	 

	Fixed radio links
	2025
	2110
	70
	100
	-30
	 

	MSS
	2170
	2200
	 
	 
	-119.5
	 

	Fixed radio links
	2200
	2255
	70
	100
	-30
	 

	 
	2255
	2400
	 
	 
	-15
	statement that interference not expected.

	ISM/WLAN
	2400
	 
	30
	 
	-15
	Blocking level by statement

	 
	 
	 
	 
	 
	0
	 


The analysis was done based on assumptions of system output power and coupling loss. 
2.1 3GPP systems

It is interesting that TDD base stations are included but not other 3GPP FDD base stations (or UE’s). Co-location of other 3GPP systems is handled separately but co-existence (same geographical area) is not so should be included in the minimum performance. 
3GPP system cover 

Other BS in same geographic location
In other requirements the co-existence scenarios have been identified, Co-existence is based on the following:
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The path loss of 87dB is 288m line of sight at 2GHz.

If the aggressor BS is transmitting at 43dBm and assuming the antenna gain is valid the interference level would be 


43 – 67 = -24dBm

This is less than the existing -15dBm so is covered in the conducted requirement

 Other 3GPP UE’s

We assume that UE’s are separated by the base station by a MCL or for OTA requirements a minimum distance. Power levels from UE’s as out of band blockers can therefore be estimated


PUE – MCL = 21 – 70 = -49dBm

Once again this is considerably lower than the existing -15dBm conducted requirement.
Using the rules for co-existence of BS and of UE’s however we can start to derive a meaningful OTA out of band blocking requirement.

Based on the assumptions used for co-location requirements of other BS

· A non-co-located BS can be expected to be >250m away 
· The antenna gain of the aggressor will be that of a typical BS antenna (13dBi including cable losses)

· The antenna gain of the victim can be included as part of the OTA test

· Some account for down tilting is used e.g. 6dB

·  The aggressor output power is 43dBm

This information can be used to form a specification for 3GPP DL bands, for example


OTA out of band blocker is 50 dBm EIRP (43+13-6) at a distance of 288m

For the UL bands a similar exercise can be carried out

· Closest UE is 35m away on ground, for a 25m BS, 1.5m UE, i.e. 42m LOS

· UE antenna gain is 0dBi

· Antenna gain of victim is included as part of OTA test

· Possibly as UE is not in main beam some tilting correction should be applied
· UE power is 21dBm

A specification could be:


OTA out of band blocker is 21 dBm EIRP at a distance of 42m

Although FSPL varies with frequency the different between the 2 distances remains constant
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This can be used to resolve a single requirement which covers both 
The UE interference level is hence 37.7dBm EIRP at a distance of 288m, clearly this is less strict than the requirement from the BS.

Of course for testing 288m is too large for a chamber – but the same relationship of distance can be used to derive a level for any distance. 

For example all 3GPP out of band interferes could be covered with a requirement of +20dBm EIRP at a distance of 10m.

2.2 Other Interferers

3GPP interferers are the easiest to analysis as we know all the details, however out of band blocking must deal with a wide range of interferes.

However we could broadly classify interferes as being BS like, UE like, and maybe others such as broadcast etc.

Some examples are considered below:

2.2.1 WLAN

WLAN was in the original table of bands to consider. WLAN terminals could be considered to be similar to UE’s hence it is reasonable to place the same min distance of 42m LOS restriction on them. WLAN has a EIRP restriction of 30dBm so the requirement is 30dBm at 42m, or once gain this can be standardized for 10m distance


30dBm -20*log10(42/10) = 30 – 12.5 = 17.5dBm
This is higher than the 3GPP UE interference but lower than the oob BS interference level.

2.2.2 Radars

Investigation is being carried out in reverse to study the effect of C-band 3GPP systems on mobile radars, however the same scenarios can be used to investigate the effect of radars on 3GPP systems

ECC report 174 looks at compatibility between radars in the band 2700-2900MHz and mobile services in the band 2500-2690MHz.

It has the following specification for the radar:
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In section 6.2.4 of the report the analysis states that the existing -15dB oob blocking requirement is sufficient, it’s not immediately clear how this conclusion was made as the radar seems to have an extremely high output power and antenna gain resulting in a very high EIRP.

100kW transmission power and 40dBm antenna gain gives and EIRP of 130dBm

Translating this into a conducted blocking level with the radar at 1km and assuming the BS antenna retains most of its gain this gives a conducted oob interference level of:


90dBm + 40dBi -101dB (FSPL) + 13dBi (BS antenna) – 3dB (pointing loss) = 39dBm
Clearly this is much higher than even the co-location oob blocking level.

It seems that oob blocking protection for such systems would have to be done on a regional basis and hence not form part of the minimum requirement.

2.2.3 
TV broadcast
Studies were done when looking at the digital dividend bands which contain information on the broadcast TV signal strength

One study is in TR 36.820, measurement results are presented for a broadcast TV tower with a height of 326m and a broadcast power of 600kW (analog) and 50kW (digital), studies of the TV transmission signal power vs. distance were done in the freq  range 498MHz to 722MHz

The received signal level was more complex than calculating FSPL as the TV tower is very high and the antenna gain is oriented to deliver power at larger distances. As such the power distribution with distance from the tower is quite flat.
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As this was done for the antenna gain considered was 0dBi, this is useful for the BS as we do not need to de-embed any antenna gain, the BS antenna gain is part of the OTA system.

Worst case is clearly at the closest distance of 0.4km and a power level of -23dBm.
To compare with the power levels for the 3GPP BS interference, at 10m this level would be 32dB lower, or -55dBm.

IN addition as the TV transmitter is so much higher than the BS antenna either the oob blocker should be applied at an extreme angle or if specified in the direction of maximum gain (reference direction) a correction factor should be added to take into account the likely attenuation from the BS antenna.

It is not necessary to go into too much detail however as it seems that the power level is considerably lower than that derived for the 3GPP BS-BS oob blocker level.

3 Summary
Interference has been examined from other 3GPP system, WLAN and also military radar and broadcast TV. Each has been normalized to an OTA level at a distance of 10m from the BS. Where appropriate the loss of gain due variation in elevation of the antennas has been taken into account so that the oob blocker levels can all be compared in the bore sight of the AAS antenna.
	Description
	OTA level @ 10m
	Comments

	
	dBm
	

	3GPP BS-BS
	20
	 

	3GPP UE - BS
	8.5
	 

	WLAN
	17.5
	 

	Radar
	90
	This is outside the existing conducted requirement

	TV broadcast
	-55
	 


It can be seen that with the exception of the radar, which is is an extremely high level and is way beyond the existing protection offered by the oob blocking requirements, the 3GPP BS-BS seems to be worst case.

If a ‘flat’ oob blocking requirement is to be maintained then a suitable requirement could be:


20dBm EIRP at a distance of 10m from the AAS BS.

Clearly more systems need to be studied and some of the assumptions in the BS-BS co-existence scenario can be better investigated. However an oob blocking level using this approach has the advantage that it is simple in nature (similar to the existing conducted oob blocking requirement) and can be tested in a small chamber.
The value of 10m was selected arbitrarily, it can be stated in the conformance requirements that the tested difference may vary.

The lowest frequency investigated here is around 500MHz, clearly there may be issues with lower frequencies and far field assumptions, but if as the existing analysis has shown the requirement is driven by 3GPP BS-BS co-existence then there will be margin for lower frequencies.
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