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1 Introduction
In the last meeting a number of papers [1-3] were submitted on the subject of FR2 out of band blocking requirements.

In the papers and in the online discussion there were some similarities in companies views and some differences.

In this paper we attempt to gather the possible agreements and once again offer our view on the open issues.

2 Discussion

2.1 Background

2.1.1 FR1

FR1 OTA out of band blocking has been agreed, the back ground for the requirement is captured in TR 37.843 and the justification is based on both the existing conducted requirement and also the interference scenarios from which this was derived.

The requirement is equivalent to 36dBm at a distance of 30m and is represented as a field strength at the victim of 0.36V/m;

From the conducted requirement we calculate

EIRP(30m) = Prx – Gant + FSPL(30m) = -15dBm – 17dBi + 68dB(frequency=2 GHz, FSPL 30m)  = 36dBm
And from the interference scenario (50dBm EIRP @288m = 30dBm @ 30m):

Prx = Pout + Gant_agressor – LDT – FSPL + Gant_victim - LDT = 43dBm + 17dBi  - 3dB - 87.65dB + 17dBi – 3dB = -16.65dBm

The two cases are not exactly the same as the exact calculations for the conducted value are not very well documented. However it is clear that interferer level is greater than the in-band interference level and is not based on the UE interference.

This is reasonable as FR1 systems are mainly FDD and hence BS are transmitting at all times so synchronization does not help.

It can also be noted that although the interferer level is based on a few worst case bands the requirement is applied at a flat level from 30MHz to 12.75GHz.

Co-location clocking is also based on FDD systems where a co-located transmitter is operating at the same time as a co-located victim. Conducted requirements are based on a 30dB isolation between co-located systems. OTA requirements are based on a co-located aggressor system placed at 10cm from the victim. Co-location requirements are band specific and are based on declaration of conformance to certain bands.
2.1.2 FR2 in-band Blocking

In-band blocking is based on co-existence analysis of an adjacent network in the same band. It is assumed that such networks are synchronized TDD and hence the victim BS receiver is only subjected to interference from other UE’s.
Due to the unknown level of antenna gain for FR2 systems and its effect on the wanted and blocking interferer signal levels the OTA interference levels are relative to the antenna gain

The wanted signal level is EISREFSENS + 6dB, and the interferer is EISREFSENS + 33dB.

For wide area BS class EISREFSENS is declared in the range -119dBm to -96dBm. So the interferer is in the range -86dBm to -63dBm.

2.2 Current proposals

Out of band blocking 

1. General ‘flat’ level over all frequencies

2. Band specific co-existence in same geographical area as other non synchronized BS in different operating bands

3. Band specific co-location with other non synchronized BS in different operating bands

4. How to handle FR1 blocking frequency range

Looking at each of these.

2.2.1 General out of band blocking

Due to the design restrictions of FR2 it is a design goal that if possible not antenna filters are used in implementation. Hence the active RF circuits at the front end of the receiver will be subjected to out of band blocking interferers without any reduction in their amplitude from filtering. For FR1 in-band blocking interfere levels generally drive the linearity of the RF front end, however if no filters are used then it will be dominated by out of band blocking levels.

In FR1 because many of the systems are FDD and even TDD systems are located with very tight band edge emissions restrictions very sharp RF filters are required. Hence when out of band blocking is considered it is not unusual for the interfere to be attenuated by at least 45dB (for wide area likely much more than this), making the residual out of band interferer < -60dBm. This is considerably lower than the in-band interferer and hence does not drive the design significantly. As this is the case it was not difficult to agree a ‘flat’ out of band blocking requirement which was equal to the worst case interferer as it did not drive implementation.

For FR2 a similar approach could drive the design to be artificially difficult resulting in either having to use an RF filter or by having a much more linear receive chain. This is particularly important when the interfere frequency is close to the operating band as the antenna will be operating with a similar efficient to the in-band region and filtering is much more difficult.

It is preferable therefore not to introduce a general level, especially close to the in-band region based on worst case interferers which only exist in certain bands.

We believe therefore that if a general ‘flat’ requirement is applied it should be the same as the in-band requirement.

· This is the same as proposal 1 in [3] (Nokia)

· Different from proposal in [2] (Ericsson) which is 0.1V/m (based on co-existence with other BS)

Open issue 1: There is disagreement on the approach taken for a general out of band blocking level.

1. Use in-band limit

2. Use limit based on co-existence in same geographical area scenario

2.2.2 specific co-existence in same geographical area as other non synchronized BS in different operating bands

The key issue with this requirement is if the systems in other operating bands are synchronized or not, clearly f they are synchronized then there is no need for such a requirement. However assuming that systems in different operating bands are unlikely to be synchronized it is necessary to consider.

From the last meeting [1] and [2] both offer scenarios to calculate the interference level from another BS in the same geographical area however they have some differences:
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Figure 2.2.2-1: Interference scenario from [1]
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Figure 2.2.2-2: Interference scenario from [2]
There are a number of key differences in the assumptions:

	Scenario
	Aggressor
	d
	FSPL
	Pint
	E

	
	P_TX
	G_ant
	EIRP
	Down tilt
	
	
	
	

	
	dBm
	dBi
	dBm
	dB
	m
	dB
	dBm
	V/m

	[1]
	43
	27
	70
	-7
	100
	101.4
	-38.4
	2.4

	[2]
	x
	x
	55
	-13
	200
	107.4
	-65.4
	0.1


Aggressor EIRP

[1] uses 43dBm and antenna gain of 27dBi (70dBm EIRP) as this was used in the co-existence studies, however it has been discussed that this is a very high power level for a FR2 BS and it is not necessary to use this assumption when deriving all requirements. A more reasonable proposal has been to use 29dBm, it is not stated exactly in [2] the distribution of output power and antenna gain however 29ddBm and 26dBi  give the indicated 55dB,.

Both analysis use similar antenna gain (27 and 26dBi) so this can be agreed.

The argument to use a more reasonable transmit power seems reasonable so 29dBm can be adopted.

Compromise: Use 55dBm EIRP
Down tilt and BS- BS separation

[1] assumes that the aggressor BS may be paced closer to the victim that the cell edge, this is consistent with the approach taken for FR2 where the same geographical area co-existence scenarios used 288m BS to BS separation despite the ISD being much greater. As the aggressor BS are not on the same network, it is feasible that they will not be on the same deployment grid as the victim BS. Hence the separation distance may be only 100m rather than the ISD of 200 used in [2].

The separation of the BS effects the estimated effect of the beam down tilt [1] assume as down tilt of 7° giving a reduction in gain for the specified 27dBi beam of only 3.5dB (x2 as used of aggressor and victim). [2] assume that the victim is in the 1st side lobe of the aggressor beam at 13dB down. This is not supported by the scenario which uses the same 200m distance between the aggressor BS and its UE, so it seems has been overestimated in [2].

Compromise: d needs to be further discussed (between 100 and 200m)

Compromise: down little should be 3.5dB per antenna.
Using the compromises above gives and range between 0.2 to 0.4 V/m

	Scenario
	Aggressor
	d
	FSPL
	Pint
	E

	
	P_TX
	G_ant
	EIRP
	Down tilt
	
	
	
	

	
	dBm
	dBi
	dBm
	dB
	m
	dB
	dBm
	V/m

	min
	29
	26
	55
	-7
	100
	101.4
	-53.4
	0.4

	max
	29
	26
	55
	-7
	200
	107.4
	-59.4
	0.2


It can be noted that the FR1 value of 36V/m is inside this range.

Proposal 1: If specified non-synchronized co-existence in the same geographical area interference level is in the range 0.2 to 0.4 V/m.

Open issue 2: Agree on distance between aggressor and victim in same geographical area co-existence scenario
These levels are significantly higher than those in the in-band blocking range (-86 to -63dBm) so we do not believe that the co-existence power levels should be used for a flat requirement. This forms part of the open issue identified in open issue 1.

2.2.3 Co-location 

The higher isolation expected between antennas at FR2 means that estimated co-location levels are much lower than FR1. Both [1] and [3] suggest that co-location requirements are not needed. If any co-location issues arise they can be handled by site design or by synchronization of the networks.

Proposal 2: No co-location out of band blocking requirements are needed.

2.2.4 FR1 blocking interferer range

The FR1 out of band blocking specification is 0.36V.m from 30MHz to 12.75GHz. There are no FR2 operating bands in this range however the scenarios for FR1 are no different to those analyzed for the FR1 (AAS OTA) work.

It is unlikely that the FR1 bands will be a significant cause of interference to the FR2 receivers as the antenna will be a long way from its intended operating frequency. It has previously been agreed that due to the large isolation between co-located FR1 and FR2 systems that FR1 to FR2 co-location blocking requirements are not necessary, to avoid excessive testing the same may be true for all FR1 bands.

It may also be reasonable to specify specific FR1 co-existence band using the same approach as FR2 co-existence.
The final decision of FR1 to FR2 blocking will not be clear until the general FR2 out of band blocking requirement is agreed.

Open issue 3: FR1 out of band blocking level in frequency range 30MHz to 12.75GHz

3 Summary

The 
Open issue 1: There is disagreement on the approach taken for a general out of band blocking level.

1. Use in-band limit

2. Use limit based on co-existence in same geographical area scenario

Proposal 1: If specified non-synchronized co-existence in the same geographical area interference level is in the range 0.2 to 0.4 V/m.


Open issue 2: Agree on distance between aggressor and victim in same geographical area co-existence scenario
Proposal 2: No co-location out of band blocking requirements are needed.
Open issue 3: FR1 out of band blocking level in frequency range 30MHz to 12.75GHz
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