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1 Introduction
In band blocking has been discussed over the last few meetings and most of the issues now resolved, however out of band blocking has not yet been addressed.
Out of band blocking interfering signal has a wide frequency range from 1MHz to 12.75GHz so poses a challenge when translating the requirement to OTA.

This contribution discusses some of the potential issues and possible solutions. 
2 Discussion

2.1 History

Out of band blocking has existed in the specifications since the GSM specifications. GSM out of band blocking had higher levels than the UTRA,E-UTRA and MSR requirements. This is explained by the GSM requirements including the co-location scenario’s whereas the UTRA,E-UTRA and MSR general oob blocking excludes BS-BS co-location (this is covered in a separate requirement).

The background of the -15dBm figure is not in any of the technical reports on system parameters, whilst significant network simulation work has been done to derive the in-band blocking level (which is well documented) very little seems to have been captured on how the out of band blocking level was found.
Examining the T-docs submitted and documented agreements in the RAN4 meetings when the -15dBm level was decided yields the following:
The level of -15dBm appeared in the 1st version of the UE RF specification (R4-99024) in RAN4#02. The BS specification at this time (R4-99029) had no figure.

The -15dBm for the UE was somewhat justified in R4-99038 as follows:

· The most significant blocker will be TDD2 band (2010 - 2025 MHz) UEs and BTSs. Let's  assume  similar power classes as in FDD and MCL of 40 dB between TDD and FDD UEs.   In addition we should bear in mind that the terminal will usually operate ~ 4-6 dB below maximum transmitter power level. 

UE<->UE case:

2010-2025 MHz band the blocking –15 dBm looks reasonable value based on following: 33 dBm – 4 dB –40 dB = -11 dBm. Probability for blocking of theses terminals is very low, because the high power terminal density is low. When re-calculating with more standard TDD power class (24 dBm) we get: 24 dBm – 4 dB –40 dB = - 20 dBm.

BS<->UE case: 

43 dBm-60 dB = -17 dBm

· In the band 2025-2110 MHz, the main source of interference comes from fixed radio links which have typically ~ 1W power.   According regulations in Europe, the maximum EIRP can be 70 dBm. However, the antenna radiation patterns are much more narrower than for example 3GGPP macro BTS, so we can expect MCL for these links to be significant more than 80 dB, approx. 100 dB gives 70 dBm – 100 dB = -30 dBm. Anyway such a radio transmission is not densed, an such transmitters are located less croudly areas 

· 2170-2200 MHz is MSS band  (space operation downlink band)   The expected interference at the UMTS UE from a satellite is ~ –119.5 dBm. In-band blocking level should be more that adequate to cope with this operation.

· At 2200-2255 MHz band there is also a fixed radio link operation. –30 dBm interferer level can be assumed as in band 2025-2110 MHz

· 2255 –2400 MHz there isn't expected to be interferers  at the level of –15 dBm.

· 2400 MHz and above starts ISM (industrial, scientific, medical) –band. Unlicenced usage (WLAN, Microwave oven, etc.). Maximum emitted power up to 30 dBm (WLAN). Requirement approx. –15 dBm as a blocker level

· Conclusions for out-of-band blocking analysis:

· Values proposed by ARIB seem to be reasonable 

It can be noted all scenarios are with systems operating in frequency bands which are 3GPP bands or close to the 3GPP bands, not examples are given for interferers below 1GHz or above 3GHz.

In RAN4#03 document [1] the oob blocking interferer is discussed the frequency range and fact that is CW shown

The blocking characteristics are a measure of the receiver ability to receive a wanted signal at an assigned channel frequency in the presence of an unwanted interferer at frequencies outside the adjacent channel frequencies. The blocking level needs to be specified differently for different regions where different blocking interferers, from other systems, could exist.  The proposal is to specify one in band level (1920-1980 MHz), one out of band (0.1-12.75 GHz except for the in band frequency region) level and separate levels for the different frequencies used by other systems. All levels shall be fixed power levels. The levels can have different values for different base station types, but the frequency bands shall be the same. Due to the major impact of the blocking interference, there cannot be any allowed spurious frequencies.

The test shall be performed the following way:

· A desired signal shall be applied 3 dB above the specified sensitivity level

· A CW interferer shall be applied.

· The interferer shall be swept from 0.1 to 12.75 GHz, except for the desired signal and the adjacent channels, with a maximum frequency step of 500 kHz. The interferer shall be adjusted to the level specified for the appropriate frequency band.

· The BER requirement for the specified sensitivity level shall be met for all interferer conditions above, i.e. no spurious frequencies are allowed.

The figure of -15dBm seems to have been decided at RAN4#05, the following is recorded in the meeting report [2], 

For out of band (<1900MHz or >2000MHz) interferers: CW interfering signal with power level of –15dB at  +/-20MHz offset from the wanted signal carrier causing degradation of BTS receiver sensitivity by 6dB or less.

This seems to be based on a proposal from Nokia [3], where it states:

Out-of-band blocking level of –15dBm is proposed based on analysis presented in Tdoc  R4-99038 in Turin.

R4-99038 derived discussed out of band blocking level for the UE of -15dBm but not for the BS, however the level of the analysis would apply to the BS as well as the UE.
Based on the analysis of the documented decision making process it seems:

· Analysis was done for a small number of possible out of band interfering systems all between 1 to 3 GHZ

· Analysis was done for the UE not the BS but as no link budgets, antenna gain assumptions etc were made, it is perhaps valid for both.

· -15dBm seems to be derived from  interference from the WLAN system (at 2.4GHZ)

2.2 Further analysis
The purpose of the eAAS WI is to derive a set of requirements which offer the same performance and protection as the conducted requirements. As such the -15dBm conducted blocker level should be regarded as the target.

However it seems that the -15dBm figure was somewhat arbitrarily decided and as such it is difficult to remove any antenna gain assumptions which may have been made so that a reasonable OTA requirement can be derived.

This is particularly true for frequencies below 1GHz and >3 GHZ where no analysis of interferers seems to have been documented. Whilst providing a conducted interferer at -15dBm at a conducted interface is quite straight forward doing the same in a OTA chamber designed to receive a REFSENS+6dB signal in the far field is not so simple.

There are a number of significant issues:
2.2.1 Free space path loss and minimum coupling loss

For a wide area AAS BS the condition for the MCL of 70dBc is based on the BS being at a height of 25m and the closest UE being 35m distant along the ground at a height of 1.5m. If considering FSPL this distance is ~42m.

Assuming an interferer is no closer than the closest UE (if it is on the same mast this is a co-location issue and dealt with separately). The FSPL at this distance is:
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At 2400MHz (the WLAN example given I deriving the -15dBm figure) the FSPL is approx 72.5dB. The 30dBm EIPR for the WLAN router would therefore reach the antenna of the BS at a level of -42dBm. Even if the antenna retained its full gain (approx 16dBi) at this frequency the level would only be -26dBm at the conducted point.

As the frequency goes up the situation becomes worse, at the extreme of 12.75GHz, the FSPL is 87dB, so a 1 W interferer would reach the AAS BS at -57dBm. As this frequency it is difficult to estimate what the antenna gain would be but so far pout of its design range it is unlikely to remain positive, however even if we assume 0dBi gain, the interferer level is much lower than the -15dBm currently in the specification.

It is also interesting to note that the -15dBm out of band blocking level is exactly the same for all BS classes and yet we assume different minimum distances and different MCL for different BS classes. 

For local area class the minimum distance assumed is 2m and generally 0dBi is assumed for the antenna gain. This would resulting the 30dBm WLAN interferer arriving at the conducted point at -16dBm – which is very close to the -15dBm specification.
In band blocking interference levels get larger for the smaller BS classes (and REFSENS gets higher) in order to account for the smaller minimum distances (and smaller MCL’s). However the out of band blocking level remains constant.
2.2.2 Test set up
As the wanted signal has to be measured at OTA REFSENS =6dBm (for WA) in a fixed direction it is lilely a far field range will be needed. Examining the power levels using a simple far field distance

For example for a 2GHz AAS BS with a max height/width of 1.5m the far field distance is:
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Once again it is difficult to estimate AAS BS antenna gain out of band but even assuming it is 0dBi the interfere would need to be:
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At 12.75GHz the interferer would need to be almost 70dBm (10MW), If accounting for AAS BS antenna loss at these frequencies (to maintain -15dBm conducted power level) this figure would be even larger.

Clearly generating such a large interfere in a OTA chamber is both difficult and would seem to be unnecessary as the interferer is many times larger than any reasonable interferer and also much closer than any reasonable interferer (at least for a wide area AAS BS).

3 Summary
It seems that forming an OTA out of band interferer which will provide an equivalent -15dBm at the conducted interface is very difficult.

· Antenna gain out of band is impossible to accurately estimate

· The wanted signal must be applied in far field, at these distances the interfere levels are so large they become impractical
In addition it also seems unnecessary
· At minimum distances (associated with MCL) the OTA power level from realistic interferes are much lower than the current requirement – particularly if you consider high frequencies.

· The analysis provided when setting the out of band interferer level did not seem to consider frequencies very different (either higher or lower) than the 3GPP frequencies.

When considering the conducted requirement is perhaps easier to have a flat requirement across frequency. Whilst in reality interferers at greater frequency offsets may be smaller, the nature of the BS filter would mean they are easier to deal with and the -15dBm level has never been a problem. Translating the requirement to OTA however does not allow for the same simplicity as both deriving the OTA requirement and also testing the requirement with very high power levels is a problem.

At this stage no obvious solution presents itself at this stage however based on the discussion above some possible solutions are:

1. Use a similar methodology to the in-band blocking levels where the same offset between OTA REFSESN and blocking interferer level is maintained at the OTA interface as it is at the conducted interface.

2. Agree a EIRP interferer level at the minimum 3d distance from the AAS BS

a. For example for wide area interferer EIRP of 30dBm at 42m

b. The conducted level would naturally drop as the FSPL loss increases 

c. AAS BS antenna gain would be included as part of the measurement do would not need to be estimated.

d. Min distance would change with BS class

3. Estimate out of band antenna gain use to ensure a -15dBm conducted level
a. Antenna gain could be estimated by:

i. By formula based on physical size?

ii. By declaration?

iii. Assume its 0dBi out of band?

iv. Assume it’s the element gain at all frequencies?

v. Assume it’s the array gain at all frequencies?

Option 2 clearly has a number of problems which have been pointed out in this paper.

Option 1 is more suitable for an OTA requirements but requires analysis to ensure the minimum distances and EIRP interferer levels are correct so that the OTA AAS BS provides equivalent protection to the conducted requirement.
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