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1 Introduction
In RAN#71 a new WI on enhanced AAS was approved [1]. The main goal of the new WI is to create a set of AAS BS requirements which no longer require a conducted interface and are all OTA.
An approximate plan on how we should start the work was submitted for discussion this meeting. This document expands on the subject of the out of band TX requirements.

2 Discussion
In the WID [1] it states the following about the in-band requirements
Out of band requirements when the antenna element pattern is not known.

· Interference to other systems is inherently a radiated effect. For a radiated requirement which offers the same level of protection as the existing conducted requirements, it will be necessary to decide if EIRP or TRP requirements are more relevant.  Out of band requirements should be specified in a manner which does not require excessive measurement but offers the same co-existence and co-location protection as the existing conducted requirements.

· There is a risk that the requirements will be over large frequency ranges and over many measurement directions (full sphere around the equipment). The requirement must be balanced between robustness and practicality.

The major out of band requirement for the Tx (and indeed the Rx) is the spurious emissions.
2.1 Unknown element pattern

For in-band measurements based on the OTA declarations the intended direction of radiation from the antenna is known [2], this leads to the statement that the antenna element pattern is known. However the same cannot be said for frequencies which are very different from the intended use frequencies of the antenna.

The out of band emissions requirements cover a large frequency range, 9kHz to 12.75 GHz (or higher). Over this range the antenna element radiation pattern is not known, hence it is not possible to easily predict the direction of maximum radiation, even if the correlation of the signal sources is known.

For example a half wave dipole theoretically has the following radiation pattern:
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If the dipole is short (frequency is low) although the radiation efficiency will drop significantly the direction of the radiation is maintained. If the dipole is long (high freq) however the direction of the radiation varies significantly.
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Figure 1. theoretical radiation pattern of dipole, Left; short dipole (0.1λ). Right; long dipole (4 λ)

As can be seen for the theoretical radiation patterns of a dipole, when the frequency is significantly higher that that the one the dipole was intended for then it cannot be guaranteed that the direction of maximum radiation is the same as that for the wanted signal.

The variation in the direction of maximum gain will of course be dependent on the design of the antenna elements, as this is implementation specific it would be very difficult to make any generalisations about the direction of radiation at high frequencies.
2.2 Requirements

The out of band unwanted emission requirements (or spurious emissions) broadly fall into 2 categories:

1) Mandatory requirements (e.g. sub-clause 6.6.4.1 TS36.104)

These are based on the regulatory requirements such as SM3.29 (FCC etc…), they are the requirements that cover the large frequency range  (9kHz to 12.75GHz or higher).
There is little flexibility in such requirements as they are not controlled by 3GPP

2) Requirements based on interfering with other 3GPP systems.

Interference with your own Rx band, interference with co-located and/or co-sited 3GPP systems. These requirements are generally based on studies and assumptions made within 3GPP. The coupling between systems assumptions are based on non-AAS systems and may be readdressed for AAS antennas which have a different structure.

2.2.1 Mandatory Requirements

These requirements fall into 2 classes, A and B as follows:

	Frequency range
	Maximum Level
	Measurement Bandwidth

	
	Class A
	Class B
	

	9 kHz ( 150 kHz
	-13dBm
	-36dBm
	1 kHz 

	150 kHz ( 30 MHz
	
	
	10 kHz 

	30 MHz ( 1 GHz
	
	
	100 kHz

	1 GHz ( 12.75 GHz
	
	-30dBm
	1 MHz

	12.75 GHz ( 5th harmonic of the upper frequency edge of the DL operating band in GHz
	
	
	1 MHz


There are number of things which can be noted about these requirements:
1) Compared to the 3GPP imposed requirements (co-location etc..) they are not very low. 

2) The frequency range and requirements are very similar to the current EMC radiated emissions requirements

The 2nd point is interesting as the EMC requirement is already a radiated requirement and measurement.

Table 8.2.1: Limits for radiated emissions from BS and repeater

	Frequency range
	Minimum requirement (e.r.p.)/Reference Bandwidth

	30 MHz( f <1000 MHz
	-36 dBm/100 kHz

	1 GHz( f <12,75 GHz
	-30 dBm/ 1MHz

	Fc1 - 2.5 x BWChannel MHz < f < Fc2 + 2.5 x BWChannel MHz 
(Note 1)
	Not defined

	


It can be seen that the EMC requirement from 30MHZ upwards is the same as the class B spurious emissions requirement.
Whilst on 1st glance it looks like these requirements have the same source, it should be noted that the EMC requirements are EIRP and hence include any possible radiator (the term radiator is used to distinguish form an intentional antenna) gain.

For an OTA version of the conducted emissions the primary source of radiation would be the antenna array (which is disconnected for EMC tests) which may have gain even at spurious frequencies. Therefore it is not certain that the same radiated power levels should be used for the OTA AAS BS spurious emissions as for the conducted.

Study 1: Effect of antenna gain on radiated spurious emissions requirements compared to EMC requirements.
Another difference between the 2 requirements is that non AAS BS requirements apply per antenna connector, AAS requirements are scaled by NTXU,countedpercell so that a similar approach is applied. EMC requirements however apply per BS enclosure and hence may be for a number of equivalent non-AAS systems. The EMC requirements effectively  scale with number of physical cabinets rather than with number of antenna connectors.

Another key point is that the measurement uncertainty of the conducted spurious emissions test on the BS is lower than that for the EMC radiated test

From 36.141 table 4.1.2-1

	6.6.4.5.2
Transmitter spurious emissions, Mandatory Requirements
	9 kHz < f ≤ 4 GHz:±2.0 dB

4 GHz < f ≤ 19 GHz:±4.0 dB


And from 36.113
Maximum measurement uncertainty (BS, and Repeater)

	Parameter
	Uncertainty for EUT dimension ≤ 1 m
	Uncertainty for EUT dimension >1 m

	Effective radiated RF power between 30 MHz to 180 MHz
	(6 dB
	(6 dB

	Effective radiated RF power between 180 MHz to 4 GHz
	(4 dB
	(6 dB

	Effective radiated RF power between 4 GHz to 12,75 GHz
	(6 dB
	(9* dB

	*Note: 
This value may be reduced to (6 dB when further information on the potential radiation characteristic of the EUT is available.


Assuming the AAS is larger than 1m in size the uncertainty using the EMC method is 4dB greater below 4GHz and 2-5dB greater above 4GHz. If the same measurement techniques were used for AAS BS OTA spurious emissions the test limits would have to be tightened by this amount. 
Another difference between the 2 tests is that for the current EMC tests the wanted power is put into resistive loads and not radiated. The power being radiated in the chamber is therefore very low. It is likely that an AAS BS transmitting large amounts of power would necessitate changes in such chambers.

Whilst it seems there are a number of key differences between the EMC test and the AAS BS spurious emissions requirements it should be noted that in general the EMC test has the same goal as the spurious emissions test, that is to capture the highest levels of radiated emission from the BS in every direction over a large frequency range.

The EMC test would therefore seem like both a good indicator that such requirements can be tested without excessive test overhead, and is worth studying to see if can form a basis for the spurious emissions tests.
Study 2: Investigate if the EMC radiated emissions test can be adapted for the mandatory spurious emissions tests.

2.2.2 3GPP imposed requirements

There are a number of requirements which are defined in order to protect other 3GPP bands. The requirements are not mandatory as they may depend on deployment and come in different levels of difficulty i.e. co-existence is generally a higher level than co-location requirement.
· Protection of your own (or other in same band) receiver
· Lowest level for measurement purposes (e.g. -96dBm Wide area E-UTRA BS)

· Protection of own receiver is not required for OTA measurement

· Protection of other BS, assumptions based on coupling could be replaced with assumptions based on physical proximity when doing OTA testing.

· Co-existence with other systems

· Applied to UL and DL band of other 3GPP (and some other telecom) systems

· For wide area E-UTRA; DL bands  in range -47 to -57dBm  , UL bands in range  -49 to -61dBm
· Bands where requirements apply approx, 0.7 to 1GHz, 1.8 to 2.7GHz, 3.47 to 3.7GHz. 
· Co-location with other systems
· Additional protection for co-located receivers of other BS

· Level similar to protection of own receiver (in most cases -96dBm)

· Bands where requirements apply are known as with the co-existence.
These requirements are slightly easier to analyse as the assumptions used in generating them are more clear.

2.2.2.1 Co-located receiver interference

The interference to your own or other receive bands (bullets 1 and 3 above) is based on an assumption of coupling between the transmitter and the receiver input.

A LTE receiver which just passed the reference sensitivity requirement has a NF of approx 5dB
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If an in band interfering signal of -96dBm with a coupling factor of 30dB (ref 45.050 sub-clause A.5.1) is added to this then the sensitivity degrades by less than 0.02dB.
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An alternative analysis would be to fix the coupling assumption and increase the interference level, but a similar curve would emerge.
If the coupling assumption is 30dB then the current level of -96dB would seem very strict as a degradation of 0.02dB is unlikely to be measureable.

The coupling factor between the antennas is based on a very old assumption about coupling between antennas. The same assumption is used for the coupling factor used in the co-location IMD requirements. During the REL13 WI this assumption was investigated for AAS systems and measurement data indicated that there may be some differences due to the AAS architecture and size.

The coupling assumption however does not have a direct relationship with antenna gain, either that of the victim or the aggressor system, as the coupling is not due to the antenna’s facing each other but being place next to each other. To translate a figure which is based on an assumption about near filed coupling of the unwanted radiation pattern of both the victim and the aggressor and then to place upon it a further assumption bout the system under test radiation would seem to be unnecessary when an OTA measurement is available.
The source of the problem is unwanted radiation in a specific band being coupled to a victim system and causing degradation. Using an OTA test it should be possible to measure that directly without making assumptions on coupling.

It should be noted however that the current assumption seems to be that the interferer at the aggressor system arriving at -126dBm in a system with a noise floor of -107.5dB. The requirement is based on the degradation of that noise floor due to the interferer. The interferer itself cannot be directly measured as it is below the noise floor.

This could cause some challenges.

Study 3: Investigate means of measuring OTA interference at levels in line with co-location levels.

2.2.2.2 Co-existence

Co-existence requirements are based on interference with systems in the same geographic area. The interference with other BS and UE therefore are based on far field assumptions about the aggressor antenna gain and the victim (UE or BS) antenna gain. 
For an OTA test the assumptions made about the aggressor antenna gain can be removed and an EIRP value identified to act as a OTA requirement.

Study 4: Identify the assumptions made in defining the co-existence spurious emissions levels

For measurement it is then necessary to identify the direction of highest EIRP. However it is worth noting that the frequency ranges which are covered by the specification are limited. In many cases they are comparable (or below) the frequency of the wanted signal and therefore the direction of max EIRP for the wanted signal declaration can possibly be assumed to apply to the co-existence interferer as well.

For frequencies where the direction of max EIRP is not know (or possible to estimate) a search for the maximum direction should not be an excessive amount of work in a test chamber.

Study 5: Investigate AAS BS antenna radiation patterns in the co-existence bands and how to identify direction of peak EIRP.

3 Summary
This document discusses each of the conducted out of band  requirements in the REL13 AAS BS specification and how they may be translated to OTA requirements. The mandatory (wide frequency range) requirements and the 3GPP imposed requirements are discussed and study proposals to help resolve open issues are suggested.
 
Study 1: Effect of antenna gain on radiated spurious emissions requirements compared to EMC requirements. 
Study 2: Investigate if the EMC radiated emissions test can be adapted for the mandatory spurious emissions tests.

Study 3: Investigate means of measuring OTA interference at levels in line with co-location levels.

Study 4: Identify the assumptions made in defining the co-existence spurious emissions levels

Study 5: Investigate AAS BS antenna radiation patterns in the co-existence bands and how to identify direction of peak EIRP.
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