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1 Background
Ever since specification of minimum requirements for Rel-8 it has been assumed that the antenna port isolation is 10 dB. This value is admittedly very conservative for conductive testing and is one reason for large margins between actual receiver performance and that required by the 3GPP specifications – not only for REFSENS and MSD. A value larger than 10 dB could be considered, although not as large as that achieved between ports of the test equipment (many order of magnitudes larger). In this paper we discuss the port isolation and a possible value for conductive requirements for Rel-14 and onwards. 
2 Discussion
For the specifications of minimum requirements for receiver performance several leakage paths between the TX and the RX branches of the main and diversity paths. Figure 1 shows the example of a UE supporting the B1 + B28 combination with some of the leakage paths shown. Leakage between the main and diversity branches occurs both in the radio Front- End Modules (FEM that include PA, duplexer and switches) and on the RFIC itself if the latter supports both the main and diversity branches. There is also coupling between the FEMs and the RFIC. Values used for isolation between the branches on the RFIC typically range between 60-80 dB.
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Figure 1: examples of leakage paths for a UE supporting a B1 + B28 combination.
An antenna port isolation of 10 dB is assumed for the paths coupled via the main and diversity FEM. This is much less than the port isolation achieved by the test equipment. However, there may also be internal route lines between the RFIC/FEM and the antenna ports inside the UE. Figure 2 shows an example of a UE in which the RFIC and FEM are located with a large separation to the diversity antenna port. We remark that this UE does not represent a real design and is only provided as an example. The isolation between the route lines to the main and diversity antennas can then be less than the port coupling achieved by the test equipment in conducative testing but a good UE design should still achieve a value much better than the antenna isolation experienced under OTA conditions (the latter is around 8-20 dB, say).
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Figure 2: a UE with a long route between the transceiver and the diversity port.
The impact of the long wire can be improved by using external LNAs closer to the diversity antenna port, which normally reduces the noise factor. The external LNA is indicated by the dotted box in Figure 2. However, for in-band leakage this, this arrangement will put higher requirements on the isolation to the LNA input on the RFIC. The long route line can also act as an antenna emitting energy to the main path and its components.
The antenna port coupling is therefore not the same as that of the test equipment, leakage between the main and diversity paths may also occur due to long route lines between the RF transciever and the antenna ports inside the UE in addition to the leakage within the RFIC itelf and the radio front ends.
3 Conductive and OTA tests

The antenna port isolation discussed for conductive should not be confused with the antenna coupling, assuming that a coupler is not introduced between the test ports. The tests in 36.101 are indeed conductive:
Unless otherwise stated the receiver characteristics are specified at the antenna connector(s) of the UE. For UE(s) with an integral antenna only, a reference antenna(s) with a gain of 0 dBi is assumed for each antenna port(s). UE with an integral antenna(s) may be taken into account by converting these power levels into field strength requirements, assuming a 0 dBi gain antenna.
The 0 dBi antenna gain is assumed for a UE that is not equipped with a permanent connector such that the antenna can be disconnected and a cable connected to the antenna port. Permanent connectors for conductive tests are commonplace nowadays. The gain assumption has been around since GSM days, already in the 45.005 we find:
Throughout this clause, unless otherwise stated, requirements are given in terms of power levels at the antenna connector of the equipment. For equipment with integral antenna only, a reference antenna with 0 dBi gain shall be assumed.

For MS without a permanent connector such that the antenna can be disconnected and a cable connected, radiated measurements are made and a calibration procedure, specified in 51.010, is used to find the relation between the received power and the conducted output power output with a half-way dipole replacing the MS under test. 
REFSENS is often used for devising nominal cell plans together with an assumed antenna gain. This method is more questionable for devices supporting multiple receive antennas, since the antenna correlation/coupling is not the only factor that determines the noise-limited coverage. A TRS value is more relevant. Nevertheless, the REFSENS test still yields the noise contribution from the radio including the impact of internal leakage between the receiver branches – it is a noise-factor test.
4 Concluding remarks

The antenna port isolation is not the same as that of the test equipment; leakage between the main and diversity paths may also occur due to long route lines between the RF transciever and the antenna ports inside the UE in addition to the leakage within the RFIC itelf and the radio front ends. At any rate, it should be possible to achieve a antenna port isolation (much) better than the antenna isolation experienced under OTA conditions that is typically around 8-20 dB, say. A value of the antenna port isolation around 20 dB therefore appears possible for estimating minimum requirements bearing in mind that the REFSENS requirements apply for UE form factors from USBs to laptops. 

