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1 Introduction
It has been agreed that TRP will be used for the out of band unwanted emission requirement metric. However the co-existence and co-location requirements have been excluded from this agreement up to this point as the low level of the requirement means that a meaningful TRP measurement is not possible. Also as these requirements are related to interference between 3GPP systems we have more information available about their derivation.

This paper further discusses the co-existence requirements.
2 Discussion

Based on some assumption s on measurement equipment noise floor and far field distance in [1], it is estimated that TRP can be measured accurately to approximately -45dBm (100kHz).

The co-existence requirements are approx -50dBm in 1MHz so are 15dB lower than this. Whilst it may be possible to improve on the lower limit of TRP accuracy it is worth further study of the limits to see if this is either worthwhile or correct. 
2.1 Co-existence (same geographical area)
These requirements are described in TS 36.104 as:
These requirements may be applied for the protection of system operating in frequency ranges other than the E-UTRA BS downlink operating band. The limits may apply as an optional protection of such systems that are deployed in the same geographical area as the E-UTRA BS, or they may be set by local or regional regulation as a mandatory requirement for an E-UTRA operating band. It is in some cases not stated in the present document whether a requirement is mandatory or under what exact circumstances that a limit applies, since this is set by local or regional regulation. An overview of regional requirements in the present document is given in subclause 4.3. 

Some requirements may apply for the protection of specific equipment (UE, MS and/or BS) or equipment operating in specific systems (GSM, CDMA, UTRA, E-UTRA, etc.) as listed below.

The requirements are slightly more variable that the co-location requirements but they are broadly split into UL and DL

UL bands provide protection for other BS receivers, DL band provide protection for UE receivers. They are stricter when looking a co-existence with GSM systems rather than other E-UTRA systems.

For E-UTRA system the requirements are generally:


DL band < -49dBm/1MHz


UL band <-52dBm/1MHz

2.1.1 BS to BS

The assumptions for this figure are given in 25.942 and are based on a 67dB MCL value, and an allowable desensitization.
The following scenario is captured in chapter  7.4.1.2.1.3 BS-to-BS propogation model:


87 dB 
Pathloss (288 m Line-of-sight)


+13 dB
TX antenna gain


+13 dB
RX antenna gain


-6 dB
Reduction in effective antenna gain due to antenna tilt


= 67 dB
MCL
A MCL of 67 dB is considered as the reference scenario for Macro BS to Macro BS interference for operation in the same geographic area.

Using this BS-BS MCL with the UL (BS RX) requirement the limit of -52dBm/1MHz , so the interfering signal at the victim RX is:


-52 – 67 = -119dBm

Assuming a victim BS NF of 5dB


Desensitization  = 10*log10 (10-119/10 + 10(-174+60+5)/10 / 10(-174+60+5)/10 ) = 0.4dB

This fails to take into account that for different frequencies the antenna gain and the path loss will vary. However it is at least simple.

As the location of the aggressor and victim BS are fixed and the MCL calculation is representing a worst case, the unwanted emission requirement should also be worst case rather than statistical in nature. Hence this requirement should be EIRP rather than TRP

When translating this into an OTA requirement it is relatively simple as the antenna gain assumptions are quite clear.
PEIRP_coex = PBS_cond – GBS_ANT + Tilt_margin = -52 + 13 – 3 = -42dBm

This EIRP level can easily be measured in a far field chamber.

2.1.2 BS to UE
The assumptions for the BS to UE value are not as clear, however the MCL for BS to UE is assumed as 70dB, using this figure gives an interferer at the victim UE Rx of:


-49dBm – 70 = -119dBm

Coincidentally this is the same as the interferer level at the victim BS.
However as the assumed UE NF (9dB) is higher the desensitization is:


Desensitization  = 10*log10 (10-119/10 + 10(-174+60+9)/10 / 10(-174+60+9)/10 ) = 0.2dB

The source of the 70dB MCL value for BS to UE for a wide area system is not very clear, however it’s clear that it includes the antenna gain.

The UE antenna gain is always assumed to be zero,
The BS antenna gain can be thought of as 2 extremes, of the system scenario where the BS is 25m height, the UE is 1.5m high and the min distance is 35m:
1.  The UE is close to the BS, hence it will be at a large offset angle, (34°). At this angle the antenna gain will be outside the main lobe and to some extent dependent on the antenna design and the electrical tilt, however 0dBi is a good high estimation for the gain at that angle. So the calculation for MCL includes gain but it is assumed to be zero.

MCL = Gant_BS + PL + Gant_UE = 0 + 70 + 0 = 70dB

(70dB is FSPL at 2GHz, 42m)

2. The UE is at the edge of a small cell with the beam peak directed at it, in such as case the PL will be higher but there will be BS antenna gain. If the ISD is 300m, the cell edge is 200m, if the antenna gain is assumed to be 16dBi then this also gives MCL of approx 70dB.

MCL = Gant_BS + PL + Gant_UE = 16 + 84 + 0 = 70dB

(84dB is FSPL at 2GHz, 200m)

It is also clear from the scenario that the requirement is between the BS and a worst case UE (worst case being it suffers MCL), it is not a statistical performance calculation as is done for co-existence. As such the requirement should be EIRP rather than TRP.

In order to translate this requirement into an OTA requirement all that needs to be considered is the power received at the UE. When considering where the UE should be in terms of angle, it is easier to consider the 2nd case where it is in the main beam but at a larger distance as the main beam performance is stable, the off beam gain is less stangel so harder to get a relaibel requirement.
The OTA requirement should therefore be in the reference direction:

PEIRP_coex = PUE + PL = (-49-70) + 85 = -34dBm

Alternatively it could be thought of as 

PEIRP_coex = PBS_cond + GBS = -49 + 15 = -34dBm

The same EIRP requirement can exist in all directions but this is worst case.

This EIRP level is easily measured using a far field chamber.

2.1.3 Inconsistency

There is an inconsistence in the assumptions above. For the BS to BS the antenna gain assumption is 13dBi, however for the calculation of MCL for the BS to MS it is 15dBi.

There is no reason why these gains should be different. As the co-existence bands in this case are not the same frequency band as the aggressor operating band there is perhaps a good reason to make a lower gain assumption. In this case using 13dBi would make the BS-BS requirement -36dBm rather than -34dBm.
3 Summary
The co-existence requirement is below the level which can be accurately measured as an OTA TRP level. Looking at the origin of both the BS-BS requirements and the BS-UE requirements however it can be seen these are based on worst case assumption between a single fixed aggressor BS and a single fixed victim, as such EIRP is the correct metric for these unwanted emission requirements.
Some of the background for the derivation of the conducted limits is documented, this can be used to de-embed the aggressor BS antenna gain assumptions and derive a OTA EIRP requirement.

It should be noted that there are some inconsistencies in the assumptions for BS-BS and BS-UE, it make sense to use common assumptions for the OTA requirements.

The OTA requirements are:


In UL band (is BE-BE), PEIRP < -42dBm (1MHz)


In DL band (i.e. BS-UE), PEIRP < -36dBm (1MHz)

Note some bands may have different requirements (particularly the GSM bands) but the asme methodology should be applied to find the correct values for these bands.
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